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1 

FOREWORD 

The Panel on Telecommunications Research of the Commi ttee 
on Telecommunic ations , wi th support from the Nat ional Science 
Foundation , made a pre l iminary survey o f  telecommunicat ions 
research in this country and a compar i son o f  it with s imi l ar 
research in other technological l y  advanced countrie s . The 
goal was to determine i t s  adequacy ,  ba lanc e and relevance to 
u.s. national need s . 

The Panel effort has re sul ted in a two volume study . 
Volume I summarizes the various a spec t s  of tel ecommunications 
which the Panel reviewed and contains the Panel ' s  conc lusions . 
Volume II i s  a c o l l ec tion of original paper s on a number o f  
telecommunic ations -re lated t opi c s  which the Panel reques ted 
from its member s  and from out s ide expert s in order to provide 
it with background mater ial for its study . The Panel conc luded 
that these individual paper s should be pr inted so that other 
reader s besides the Panel member s could have acce s s  to them . 
However , the individual authors accept sole re sponsib i l i ty 
for the content o f  their papers . The views expressed therein 
are not to be attr ibuted to t he Panel , the Commi ttee on Tele­
communica tions , or to the Nat ional Academy of Engineer ing . 

The Pane l wi shes to express its great apprec i ation for 
the thoughtful effort that went into the se individua l paper s , 
both by Panel member s and other volunteer s .  The latter 
inc luded : G .  c. Bacon , IBM ;  L .  R. Bloom , GTE Laboratories , 
Inc . ; P .  S .  Dauber , IBM ;  S .  W .  Dunwe ll , I BM ;  H .  F .  Ol son , RCA 
Laborator ies ; E .  F .  O ' Nei l l , BTL ; E .  N .  Pinson , BTL ; L .  G .  
Robert s , ARPA ; D .  P .  Roger s ,  NASA ; s. N .  Ro scoe , Univer sity 
o f  I llinoi s ;  Jared S .  Smith , General Electric Co . ,  and P . D .  
Welch , IBM .  

The Panel also wi she s to express its  great apprec iation 
to the Nationa l Science Foundation for the financ ial and sub­
stantive support whic h  the Foundation gave to make pos s ib le 
thi s study o f  the status and trend s  of te lecommunications 
research in the United Stat e s . 

Copyright © National Academy of Sciences. All rights reserved.

Telecommunications Research in the United States and Selected Foreign Countries: a Preliminary Survey. Report to the National Science Foundation
http://www.nap.edu/catalog.php?record_id=18640

http://www.nap.edu/catalog.php?record_id=18640


2 

PANEL ON TELECOMMUNICATIONS RESEARCH 

COMMITTEE ON TELECOMMUNICATIONS 
NATIONAL ACADEMY OF ENGINEERING 

Dr . Henri G .  Busignies , Chairman 
Senior Vice Pre s i den t and Chie f Scienti s t  
In ternational Telephone and Telegraph Corporation 

w .  Ross Adey , M. D . 
School of Medicine 
Univers i ty of Cal i fornia , Los Ange le s 

Dr . George H .  Brown 
RCA 
Prince ton 

Dr . Solomon J .  Buchsbaum 
Executive Director 
Research Communications Sciences Divi sion 
Bel l  Laboratories 

Dr . Marvin Cho dorow 
Director , Microwave Laboratory 
Stanford University 

Dr . Lee L. Davenport 
President 
GTE Laboratories , Incorporate d 

Mr. Lynn El l i s  
Director - Te lecommunications 
International Te lephone an d Telegraph Corporation 

Dr . Wi l liam L. Everitt* 
Dean Emeritus 
Co llege of Engineering 
University of I l l inoi s  at Urbana 

Mr. Richard P .  Gi f ford 
Vice Pre s ident and General Manager 
Communications Syste ms Divi s ion 
General Electric Company 

Mr .  Robert A .  Henle 
IBM Fe llow 
Internati onal Bus ine s s  Machine s Corporation 

* Ex Offic io as Chairman of the Committee on Te lecommunications 
during the preparat i on of thi s Report 

Copyright © National Academy of Sciences. All rights reserved.

Telecommunications Research in the United States and Selected Foreign Countries: a Preliminary Survey. Report to the National Science Foundation
http://www.nap.edu/catalog.php?record_id=18640

http://www.nap.edu/catalog.php?record_id=18640


3 

Mr. Leonard Jaffe 
Dep uty Associate Admini strator 
Office of Appl ications 
National Aeronautics and Space Admini stration 

Dr . Edward c. Jordan 
Profes sor and Head 
Department of Electrical Enginee ring 
University of Illino i s  at Urbana 

Dr . Armig G .  Kandoian 
Telecommunications Consul tant 
Ridgewood , New Jersey 

Dr . Richard B .  Marsten 
Director , Communications Programs 
Office of Applications 
National Aeronautics and Space Admi ni stration 

Mr. Sidney Metzger 
As s i s tant Vice Preside nt and Chie f  Engineer 
Communications Satelli te Corporation 

Dr . Eberhardt Rec htin 
As si stant Secre tary of Defense - Telecommunicat ions 
Department of Defense 

Dr . Richard B .  Roberts 
Department of Terres trial Magneti s m  
Carnegie Insti tution o f  Washington 

Dr . Jack P . Ruina 
Vice Pre s ident for Special Laboratorie s , and 
Profe ssor , Departmen t of Electrical Engineering 
Mas sachusetts I nstitute of Technology 

Mr. R .  v .  Mro z i nski 
Executive Secre tary 
Commi ttee on Te lecommunications 

Mi s s  He len Fe nne l l  
Admini s tra tive As s i s tant 
Commi ttee on Te lecommunications 

Copyright © National Academy of Sciences. All rights reserved.

Telecommunications Research in the United States and Selected Foreign Countries: a Preliminary Survey. Report to the National Science Foundation
http://www.nap.edu/catalog.php?record_id=18640

http://www.nap.edu/catalog.php?record_id=18640


4 

TABLE OF CONTENTS 

F OREWORD . • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 1 

PANEL ON TELECOMMUNICATIONS RES EARCH . . . . . . . . . . . . . . . . . . . . 2 

THE S YSTEMS APPROACH 

An Analytical Approach to the Study of Tele­
communications Researc h - R. P .  Gi fford and 
Jared S .  S mith . • . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . .  • • • • 

Interdisci plinary Re search and Deve lopment Proble ms 
in Telec ommunications - A. G. Kandoi an •••••••••••••••••• 

Research on S pectr�Propagation and Related Areas 
of Telecommunications Tec hno logy - A .  G. Kando ian ••••••• 

The Ef fec t  o f  S tandard s on Research and Development 
in Telec ommunications - Lee L.  Davenpor t  •••••••••••••••• 

HUMAN FACTORS 

Bio medica l and Socio log ical I mplications o f  u . s.  
Te leco mmunications Research - W.  R. Adey . •••. ••••••••••• 

Exces s ive Co mmunication - w .  L.  Everitt •••••••••••• 

Interface Man- Co mputer Data Entry - R .  A .  Hen le , 
G .  c. Bacon an d P .  D .  We lch •••••••••••••••••••••• . •••. •• 

Interac tive Cable Te levi sion Sys te ms -

H. Bus ignies . • . . . . . . . . . . . • . . . • . . . . . . . . . . . . . . . • . . . . . • . . . .  

Training and Education of Profe s s iona l Te leco mmuni­
cati ons Engineers - A. G. Kando ian •••••••••••••••••••••• 

TE RMINALS , S ENS ORS AND DISP LAYS 

Computer Ter minals - s. w. Dunwe ll ••••••••••••••••• 

Future Use of  Communications an d Te rminal s in 

6 

11 

17 

24 

34 

43 

48 

64 

7 0  

79 

Educati on - s. w. Dunwel l . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  85 

TRANS MISS ION , MODULATI ON/DEMODULATION AND CODING 

The Pros pect for u. s.  Terre s trial Communications in 
the 1980's - E .  F .  O'Ne i l l . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 103 

Op tical Communications - Sol Buchsbaum. . . . . . . . . . . . .  114 

Optical Co mmunica tions - In the 7 0's and Beyond -
wui s R. Bloom . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  118 

Copyright © National Academy of Sciences. Al l  r ights reserved.

Telecommunicat ions Research in the United States and Selected Foreign Countr ies: a Prel iminary Survey. Report to the National Science Foundation
http:/ /www.nap.edu/catalog.php?record_id=18640

http://www.nap.edu/catalog.php?record_id=18640


5 

R&D Trends f or Communica ti ons Sate l l i te s :  Co mpar-
i son of u.s. and Other Programs - s. Me tzger . . . . . . . . . . . . 130 

Earth S tation s - s. Me tzger . . . . . . . . . . . . . . . . . . . . . . . .  !41 

ATS Alas ka Te le medicine Exper �iment - Richard B .  
Mars ten and Donald P .  Rogers . . . . . . . . . . . . . . . . . . . . . . . . . . . . 147 

SWITCHING, ROUTING AND CONTROL 

Co mputer Communica tions Networ ks E. N .  Pinson • • • • 15 2 

Research Direc ti ons in Ne tworks of Computers -
P .  s. Dauber . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  158 

ARPA Ne twork Rationale :  A 5-Year Reevaluation -
Lawrence G. Ro berts . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  160 

Researc h in Te lecommunicati ons Switching -
Lynn W .  El li s . • • • • • • • • • • • • • • • . • . • . • . • . • . • . • . • . • . • . • . • . • • 166 

Research on the Comman d and Contro l of Rail Trans-
portation - Lynn W. Ellis . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . .  181 

PROCESS ING AND STORAGE 

Micropr ogramming - E. Rechtin . . . . . . . . . . . . . . . . . . . . . .  200 

Speech Analysis and Synthesis  - H. F .  Olson . . . . . . . .  204 

MISCELLANEOUS 

Te lecommunications Researc h S tudy - E. c. Jordan . . .  211 

Comments by E.  Recht in on "Telecommunications 
Research S tudy". . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 215 

Copyright © National Academy of Sciences. All rights reserved.

Telecommunications Research in the United States and Selected Foreign Countries: a Preliminary Survey. Report to the National Science Foundation
http://www.nap.edu/catalog.php?record_id=18640

http://www.nap.edu/catalog.php?record_id=18640


6 

AN ANALYTICAL APPROACH TO THE STUDY 
OF TELECOMMUNICATIONS RESEARC H 

In a survey of  telecommunications research , what shall  
we include within the scope of  the term te lecommun ications? 
We must take care not to l imi t the f ield to hardware tech­
no logy , for commun ications is ba s ically a human re lationship . 
S imi larly , we must recogni z e  that communications can occur 
via many alternate forms - trave l , books , maga z ine s , and 
pre sentations before aud iences . The s e  are but a few examples 
of communications that might be overlooked by re searcher s 
searching for more sophi sticated forms o f  communications . 

In fact , a l iteral def inition of telecommunicat ions can 
be had from examining the or igins of the word . Tele , from the 
Greek , means " d i s tant . "  Communicare , from the Latin , means 
" to impart . "  "To impar t at a distance , "  then , i s  the gener ic 
meaning of telecommunications . While that could inc lude such 
archaic forms as notche s on a stick carr ied by an abor igina l  
tr iba l runner , w e  sha l l  l imit our gener ic f i e ld to the currently 
popular use of the word . Char t I on page 7 provides a back­
ground panorama o f  what we are talking about when we speak of 
gener ic telecommunications . The reader with add itiona l  per­
spective s  and creative thinking may be able to add more 
examples to the chart ; what i s  already recorded , however , 
should suff ice to empha s i z e  the breadth of the subj ect . 

The reader might que stion including the category of 
" information proc e s s ing " under the subj ect o f  te lecommunica­
t ions . We are trying to i llustrate that "communicat ion " doe s  
not genera l ly take place without some form o f  informa t ion 
proce s s ing . In our rout ine interper sonal communications , this 
proc e s s ing i s  entire ly within the two human peings invo lved , 
too intimate ly related to the human biolog ical factors in the 
ba sic information trans fer proce s s  to merit s eparate ana ly s i s . 
There are over s ix informat ion processes  between the bra in of 
the speaker and the bra in of the l i stener . In ora l communi ­
cations the bra in initiates nerve pul se s ; the pul s e s  contro l 
mu sc les to generate sound and to contro l oral re sonances and 
l ip noi s e s  to change the idea s to acoustic waves ; the wave s hit 
the outer ear drum which i s  connected by the impedance trans­
former (anvi l hammer and stirrup ) to exc ite the inner ear drum 
to st imulate the nerve pul ses which reach the bra in for inter ­
pretation . But there are some commun ic ations which do require 
a spec i f ic proce s s ing step out s ide the human part ic ipants ; �t 
i s  the se that we have tr ied to ident ify a s  part of  the tota l 
communications wor ld . 

U s ing Chart I as the broad picture background , let us  
examine a more practical structure for further study . Our 
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CHART I 
THE GENERIC FIELD OF TELECOMMUNICATIONS (Transmission By Any Means) 

Currant Information Transfer Modes 

COMMUNICATORS, 
Graphic Voice Visual 

INFORMATION 
SOURCES & SINKS live stored live stored live stored PROCESSING 

Personal telescratch pad mail telephone tapes travel home mini· 
teleprinters cards voice conferences movies computers, 

telegrams gram picture slides adding 
phone videotape machines 

Mass Dow-Jones books radio records TV tapes option 

11 -.NI APwira magazines p.a. tapes meetings films generation 
advertise shows &display; 

newspapers Plato IV 

Mass pollsters polling tapa TV news tapes election 
IN -.11 voting response interviews coverage films prediction, ...a 

at rally CCTV battle mgmt. 
monitor 

Man _.Machine controls stored voice/graph voice Computer 
prog. translator prog. assistance 
comp. computer to design 
image by group 
recogn. 

Machine _.Man teleprinter teleprinter vocoder voice displays 
display display answerback 

Machine _.Machine data data distributed 
comm comm computation 

Environment _.Mach. _.Man pollution pollution radar computer warning 
sensors sensors display (multi-sensor 

traffic traffic correlation) 
sensors sensors 

biotelemetry 
monitor 
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broad interpretation o f  the word , "te lecommunicat ions , "  ha s 
allowed us to examine a co smos of information trans fer , while , 
as a pract ical matter , the world of te lecommunications i s  
more general ly under s tood to imply "means t o  impart informa ­
tion at a distance through the tran smis sion of e lectromagnetic 
wave symbo l s . " 

Some explanation may be needed in a few of the terms : 

1 .  The word " technical" i s  used to denote spec ial i zed 
profe ssiona l act ivi ty . Ju st a s  medic ine ha s its sensor ( eye 
and ear ) doctor s and transmi s s ion experts (neuro log i sts ) , 
c ommunica tions a l s o  ha s its spec ial i z ed area s of experti se 
which we have labeled "TECHNICAL RESPONSE ACTIVITY AREAS . "  
Each of the se area s can be a candidate for spec i f ic research 
proj ect s . 

2. In " Human Factor s "  we are attempting to find a term 
to cover those bio log ical and psycholog ical traits o f  man 
that are vita l to the communic ation proc e s s . How do we per­
ce ive? What aspect of interper sona l communications is mo st 
s ignif icant to achieving interpersonal understanding of  the 
subj ect s  being covered ? Can man be educated and trained to 
make better use of ava i lable man-made systems ? 

This category include s the concept of ensur ing that 
the human interface to the communicat ion system is optimi zed 
from both a hardwar e and a software standpoint . The hard­
ware/human fac tor s inter face might inc lude such items a s  
adequate frequency re sponse , leve l , fidel ity , contra st , br ight­
ne s s  and definit ion , as well as s i z e  and shape to fit the 
human hand , eye or ear s ensor s . The software/human factor s 
interface might inc lude time-study designed operator routines 
to s tructure telephone cal l s  for a maximum transfer of informa­
t ion in a minim� time . 

3 .  By " System Architecture , "  we are mak ing reference 
to the fact that communicat ion media used have a certain 
structure that determines to a large degree their uti lity in 
meet ing new challenges . We feel that there are cases where 
a new structure might provide more effective means for the 
publ ic to ava i l  itself of the benefits of the new technology . 
Examples : the pre sent means to handle intra -organi zat ion 
procedure s  such a s  internal ma i l ,  te lex or a te lepr inter system 
are thus far mere extensions of past ways of handling input/ 
output and fi l ing . The ba sic too l s  to do a much more effective 
j ob in office or interoff ice procedures , including the genera­
tion , pr int-out , editing , f i l ing , coding , me s sage handl ing , 
etc . , are on hand . The bott l eneck i s  the need for the design 
of an entirely new " System Architecture " that wi ll tend to be 
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standard . A s  another example , d istributi on of telev i s ion 
and other informat ion to the horne might better be achieved 
f or long run needs via cable , waveguide or f iber optic s . 
Exi st ing sy stems such a s  TV broadca st and the ma il are vulner ­
able in any change . Hence a new approach , invo lving technical , 
economic ,  soc ial and po l itical input s , i s  needed for progres s . 

4 .  In identi fying the "Lega l Fac tor s , "  we are calling 
attent ion to the thought that , in progre s s  toward meeting the 
cited c ommunication need s , there are as yet unresolved lega l 
ques ti ons needing study and reconc il iation .  Some of the se 
lega l que stions ar e ba sed upon needed leg i s lative act ion ; 
they may a lso thread back into ba s ic soc io-economic problems . 

We have provided in Chart II a view as to the re lat i ve 
impor tance of research activities vs . need s . It i s  an 
attempt to respond to the que stion posed aga inst the " needs" 
categor ie s  a s  to which of the response area s seems to ho ld 
the key to s ignif icant progr e s s  toward s meet ing that need . 
The reader may wi sh to develop h i s  own appra i sal . In any 
event , the chart can provide a framework for c la s s i f ication 
of effort s  in resp onsive research . 

Richard P .  Gif ford 
Jared s. Smith 

General Electric Company 
Lynchburg , Virginia 
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CHART II 
IMPORTANCE OF SYSTEM COMPONENTS IN FUNCTIONAL COMMUNICATIONS 

Technical Response Activity Areas 

Communication Terminals Transmission Switching 
Needs in System Human Sensors Mod/Demod Routing Processing 
Societal Systems Architecture Factors Displays Coding Control ·Storage 

Interpersonal 
Relations 2 1x 3 

Entertainment 3 2x 

Business & 
Government 
-Transactions 3 3x 1 2 � 
-General 2 1x 3 0 

Polling 1 2x 3 3 3 

Transportation 2 1 3 3 2 

Defense 1 3 2 1 1 2 

Medical Care 1 3x 2 2 

Education 1 2x 3 2 

Public Safety 1x 3 2 

Explore/Experiment 2 1 3 

Energy /Waste 3 1 2 

Code 1 Very Significant 
2 Moderately Significant 
3 Significant 
x Legal Factors must also be considered 

.. 
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INTERDISCIPLINARY RESEARCH AND DEVELOPMENT 
PROBLEMS I N  TELECOMMUNI.CATIONS 

I .  Introduction 

The Nationa l  Science Foundation ( NSF ) is properly concerned 
about the status of telecommunication research in thi s country 
in order to establish i f  we are in danger o f  los ing our 
technological l ead to other nat ions . The intent is presumab ly 
to take whatever steps may be neces sary to retain our tech­
nol ogical superior ity in the fore seeable future . 

An important related question i s , of cours e ,  how wel l and 
how rap idly we are apply ing the bene fits of exi sting advanced 
te lecommunication technology in the public and national 
interests . Are some of the foreign countries , in fact , tak ing 
better advantage of the existing technology than we are - in 
exploiting its soc ial and economic benefits ? 

II . Real Concern 

In the background i s  the rea l concern and uneasine s s  about 
our own industr ial and c ommerc ial exploitation o f  thi s  tech­
nol ogy both for domestic needs and in international trade . 
We find ourselve s  all o f  a sudden in the ear ly 7 0 ' s  with a 
subs tantial exces s  o f  engineering manpower and al so at the 
short end of the balance o f  internat i onal trade . We are 
importing more product s  and services in telecommunications than 
we are exporting - a rather embarras s ing pos ition for the most 
technological ly advanced country in the world .  And this i s  
happening at a t ime when our own engineering talents and 
production capac ities are nowhere near ful ly uti l i zed . 

So let us examine the s ituation in order to see how 
improvements might be brought about from the standpoint of 
new research . What type of telecommunication research shou ld 
get the highest priority from NSF it the public and nati onal 
interests are to be served? 

II I . General Evaluation 

The United States has done remarkably wel l  in advancing 
the state of the art in telecommunications in the past decades . 
our research and technology have been unexcel led . Industry 
has expanded tremendous ly . Meanwhi le the telecommunications of 
other countrie s have also advanced , in mo s t  ca ses with our help . 
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We are still substantially ahead of  them in pure technology , 
though not as far ahead comparat ive ly as ten or twenty year s 
ago . There i s  no tangible evidence that we sha l l  lose our 
technological lead in the near , or for that matter , in the 
fore seeable future , if we maintain our pre sent leve l of 
e f fort in the "hard " science s . 

From the standpoint of exploitation of the technology 
in our public intere st , however , there i s  a genera l consen­
sus that we are not doing so wel l .  Many important areas o f  
sophisticated te lecommunications applications , such as 
education , health service s ,  tran sportation , public safety 
and the general economy have not bene fitted nearly as much 
from this technology as many of us be l ieve they should . The 
advance in applications has many pitfa l l s  and imped iments 
and hence progre s s  is s low .  

Why i s  thi s ?  The reason , o f  course , i s  that in apply­
ing te lecommunication technology to human needs and nationa l 
need s , much more than techno logy i s  involved . In addition 
to vast and difficult system architecture and engineering 
problems , they give rise to conflicts of intere sts in 
indu stry and government .  

The i s sue s rai sed involve soc ial , economic ,  po l itica l , 
legal , regulatory and re lated problems . The se i s sue s , not 
being sufficiently re so lved , are inhibiting the growth of 
the industry and de laying advances in very important te le­
communication applications , such as cable te levi s i on ,  
domestic sate l l i te service s ,  interconnecting data network s ,  
publ ic broadcast ing , educationa l networks ,  etc . 

IV . Interd isciplinary Problems 

Thu s the bottleneck is not technological exploratory 
re search , tradi tional ly of direct intere st to s c ient ists 
and engineers . Further advance s in more technology may , in 
fac t ,  embarras s  us more because we do not effective ly apply 
a l l  the sophisticated telecommunicat ion technology which i s  
now availab le to us and probab ly wil l not apply i t  for a 
number of years to come . 

The bottleneck invo lve s  prob lems in economic , soc ia l , 
politica l , legal and institutional areas where there is 
plenty of room , and need , for exploratory research . Such 
re search and analys i s , when carried out competent ly and 
ob j ectively , would provide the bas i s  for pol icy determina­
tions in the public and nationa l intere sts . S ince it 
would inc lude the " soft "  sc ience s ,  in addition to the 
" hard " science of te lecommun ication technology , it would 
be very much of an interdiscip l inary effort . It is thi s 
area that should ge t the highe st prior ity from the stand­
point of the Nationa l Sc ience Foundation . 
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It shou ld not be con strued that the i s sue s and que stions 
rai sed , and l i sted be low ,  are receiving no attention at the 
pre sent time . A re ference to the current trade and profe s­
s ional pre s s , in fact , wi l l  show that there i s  a rel ative ly 
great awarene s s  of many of the se problems , some of which , 
part icularly in the broadcast fi e ld , recur year after year . 
There i s  sub stantial e ffort on the part of many organizations , 
both public and private , with varying degre es of competence 
and ob j ectivity , to re solve these i s sue s in their own part icu­
lar favor . 

But mos t  o f  the se effort s ,  to date at least , cannot be 
c l a s s i fied as ob j ective research and analys i s  to form a bas i s  
for sound long term pol icy determination . The shortcomings 
o f  these e ffort s may be summari z ed as follows : 

a . too meagre , in view of the very sub stant ial public 
intere st involved 

b . lack suf fic ient depth of profess ional competence on 
the part of the organ i z ational units involved 

c . not sufficiently free from industria l and po lit ical 
bias and pre s sure s 

d .  lack appropriate institutional foundation to in sure 
competence , ob j ectivity , and cont inuity o f  effort . 

The appropriate analy s i s  and reso lut ion of these i s sues 
should be a serious national concern . It is, therefore , 
appropriate that the NSF ponder serious ly thi s problem with 
a view toward g iving a higher priority to the needed bas ic 
interdiscipl inary re search . 

VI . Interdiscipl inary Te lecommunication Re search Center ( s )  

S ince the requis ite tal ent s and capab i l i t ie s  are not 
readi ly ava ilab le , where can they be reas onably mustered to 
do thi s  re search and become the focal point for thi s type 
of interdiscipl inary telecommun ication act ivity ? The most 
l ikely plac e  to find the nec e s s ary talents i s  in the l arger 
un ive rs ity environment where the separate discipl ine s of 
economics , law ,  soc io logy and related area s exi st , in addi­
tion to a good technical and sc i ent i f i c  base . Then the 
appropr iate interdiscipl inary teams might be brought together 
to addre s s  these i s sues and explore obj ectively al l relevant 
pos s ibil it ies . The ir f indings and the re sult of their 
re search c ould then be pub l i shed with a minimum o f  pol itical 
or industrial bias or pre s sure . 
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The que stion of promoting and e stabl i shing such inter­
di scipl inary competency in one or several environment s out­
s ide of government and industry i s  one that the NSF and NAE 
might cons ider serious ly , because of the l ong range 
impl ications . 

VI I . Specific I s sues and Problems 

What are the interdiscipl inary i s sue s and prob lems 
which require and de serve s ignificant re search and analys i s  
e f f ort which the N S F  may appropriate ly sponsor ? 

Fo l lowing is a repre sentative , but far from complete 
l i st . No priority is intended because of the l ist ing 
sequence . There i s  cons iderab le over lap between the var ious 
items , but that is the nature of mo st of the problems : 

1 .  Nature o f  demand for broadband communication dis ­
tribution sys tem. Who need s it , who wants it , and how much 
are they wil l ing to pay for it?  

2 . Impact of CATV on education 

a. e l ementary scho ol s 

b .  secondary s chools 

c .  universities and c ol l ege s 

d. adult educati on 

I f  favorable , how can it be enhanced and speeded up? 

3 . Te lecommunication technology and impact on soc ial 
serv ice s - health , education , welfare , publ ic sa fety , etc . 
I s  the rate of progre s s  sati s factory ? 

4 .  Re lative merits of pr ivate owner ship and exploitation 
of broadband telecommunication sys tems , ver sus mun icipa l or 
pub l ic ownership . 

5. Pub l ic versus private ownership in the oper ation of 
other te lecommunication fac i l it ies , such as common carr ier , 
broadcast , etc . 

6 .  Regulation in the publ ic intere st . What are the 
nece ssary ingred ients for e f fective and t imely regulat ion ? 
Doe s  the regu latory body have an adequate sourc e of unb ia sed 
technical and othe r re levant in formati on nece s sary to do an 
e f fective j ob ?  
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7 .  Federal , State and local j urisdict ions in tele­
commun ications . 

8 .  What rate o f  growth of the telecommunication industry 
i s  in the public interest? 

9 .  Impact o f  TV on society . 

10 . Censorship in te lecommun ications , including broad­
casting . 

1 1 . TV programming - what a lternat ives are there? What 
are the merits of  these alternat ive s ?  

12. Polit ical use of telecommunicat ions - Fairnes s  
Doctrine . 

1 3 . Advert i s ing inf luence on TV programs . 

14 . Cost and pric ing o f  telecommunicat ion services . 
Margina l costs . Cos t averaging . Effect on potent ial compet it ion. 

1 5 . Savings and capital needs o f  the telecommunicat ions 
industry . 

16 . Franchi s ing of telecommunicat ion service s . 

17 . Copyright laws and the ir applications to TV ,  CATV and 
te lecommunications in genera l . 

1 8 . Open channel s  - who pays for them? 

1 9 . Who pays for broadcast service s ?  - What are the merits 
of alternat ive s to the pre sent sy s tem ? 

2 0 . I s  competition in telecommunication nece ssar ily in the 
pub l ic intere st? I s  there a good case for natural monopoly -
wi th e ffective regulation ? 

2 1 . Should the rate of techno logical growth in te le­
communications be encouraged , restrained , or l eft alone ? Is the 
rate of obso le scence of te lecommunicat ions equipment too rapid 
from the publ ic inte rest standpo int ? 

2 2 . Should CATV be regulated? Why and by whom ? 

23. Spec trum uti l i z ation po licy guide l ines , taking into 
cons ider ation technical , economic ,  soc ial , legal and inter­
nationa l aspects . 

2 4 . Inte rnational aspects of telecommun ications . Deal ing 
with fore i gn governments. Bal ance of t rade con s iderations . 
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2 5 . S ince many i s sue s  are compl icated by too many 
variable and unknown factor s for accurate analys i s , i s  
there an e f fective mechani sm to make s ignif icant p ilot 
exper iments in the social and economic areas before 
fina l i z ing long range pol icie s ?  

2 6 .  What are the short and long range impl icat ions 
o f  the interconnection dec is ion ? 

2 7 .  Dome stic sate l l ite i s sues . Services in the 
continenta l USA . Service s to Alaska and Hawaii . Impact 
on industrial growth . 

2 8 . In formation pol lut ion . Much of the information 
transmitted over communicat ions fac il it ie s  i s  irrelevant 
and wasteful . Should any l imits be set to the amount o f  
in formation transmitted? I f  so , who enforce s  i t ?  

2 9 .  Compatibil ity and commonal ity between civi l ian 
and mil itary needs in telecommun ications . How much 
"hardening " and redundancy of plant is appropriate from 
the standpoint of pos s ible natural disasters ? How much 
for mi l itary emer genc ie s ?  

3 0 . I s  there a good case for Federal subs idy to 
enhance the competitive advantage of the u. s. telecommuni­
cations indus try over those in other countries - keeping in 
mind that te lecommunications are government-contro l led 
abroad ? 

3 1 .  Multi-national compan ies in te lecommun ication and 
e lectron ics . The ir natur e and characte r istics . Are they 
advantageous from the long range u.s. s tandpoint ? 

3 2 .  Are the u. s. patent laws as s ign ificant as 
origina lly intended , in the pre s ent telecommunication 
industry ?  Cons ider from the standpoint of industry , inventor 
and publ ic intere s t . What improvements are in order ? 

3 3 . Impact of ant i-trust laws on the telecommunications 
industry and the bal ance of  trade . 

3 4 . Impact and importance of the telecommunications 
indus try on the u. s. economy . 

Armig G . Kando ian 
Telecommunications Consultant 
Ridgewood , New Jer sey 
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RES EARCH ON S PECTRUM, PROPAGATION AND RELATED AREAS OF 
TELECOMMUNICATI ONS TECHNOLOGY 

I .  Genera l 

The electromagnetic spectrum is a very important r esource 
which is vita l to moder n telecommunications in the broades t 
sense . Much has been written on the importa nce , u s e ,  regu la­
tion and exploitat ion of this resource in the public i nteres t .  
From our standpoint i t  i s  only neces s ary to recognize that the 
demand for radio frequency spectrum i s  large and growing every 
day as individuals , industry and institutions find more users 
for this resource .  

I n  some cases , the u s e  o f  the spectrum resource i s  indis­
pensable for the s ervices rendered and no reasonable alterna­
t ives are pos s ible . Such ,  for example , are the uses of the 
radio spectrum in navigation aids , mobile communications , 
satel l ite communications and certain broadcast appli cations . 
In other cases , there are alternatives to the use of the radio 

spectr um ,but the alternatives may be uneconomi cal or awkward 
or both . 

An NAE Commi ttee on Telecommunications report* had the 
fol lowing to say on the growing overcrowding of the spectrum : 

"Dur ing the pas t twenty years there has been a s eries o f  
spectr um management s tudies • • •  Th e  mos t  general and the mos t 
bas ic cons ideration evidenced in all  o f  these s tudies is  the 
indisputable fact that spectrum usage is expanding and spectrum 
space is l imi ted . Thi s combination makes eventual s carc ity 
inevitable . The question rema ins , however , as to exactly when 
this s carc ity wi l l  reach critical proportions and what e ffects 
it wi ll  have on the nation . " 

Thus ,with the res ource limited a nd the demand growing, a 
serious challenge is presented to s cientists and engineers to 

*The Application o f  Social and Economi c va lues to Spectrum 
Management , Commi ttee on Te lecommunications , Nationa l 
Ac ademy o f  Engineer ing , June 1970. 
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delay and , i f  pos s ibl e ,  pos tpone inde fini tely , the day when 
the spectr um i s  saturated and no additiona l  s ervi ces can be 
provided without very ser ious inter ference problems between 
s ervices . 

Actual ly the use o f  the radio spectr um has evolved over 
the years in a rather haphazard manner and the method o f  
as s igning spectrum and allocating channels for the var ious 
s ervices is far from optimum from the s tandpoint of the pr es ent 
s tate o f  the art . 

I I . New Research 

With additional res earch and improved technology i t  can 
be said with some con fidence that perhaps another order o f  
magnitude improvement i n  dens i ty o f  s ervices i s  pos s ible within 
the pres ently a l located spectr um without undue des tructive 
inter ference between services . With further expans ion o f  the 
spectrum to shorter and shorter wave lengths , much more usable 
spectrum space can be ava i lable for telecommunic ations and 
related applications . 

S igni ficant res earch e ffor t whi ch would help pos tpone 
inde finitely the extreme s c arcity or saturation of the radio 
spectr um may be c las s i fied under the s even headings lis ted 
below .  The National S cience Foundation (NS F) might cons ider 
soliciting creative res earch ideas in each area and spons or ing 
the bes t o f  these not dupli c ating ongoing work . 

1 )  S pectrum extens ion 
2) Modulation theory 
3) Propagation 
4 )  Antenna systems 
5 )  Noise and inter ference 
6 ) S ocial and economic aspects o f  spectrum utili zation 
7) Management of spectrum 

Fol lowing are some genera l  comments on each area fol lowed 
by a list  o f  res earch topics submitted by knowledgeable workers 
in the field . 

A. Spectrum Extens ion 

This type of res earch is bas ic . The obj ect is to have 
more of the valuab le resources by expans ion of the usabl e  
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upper limi ts o f  the electromagnet ic spectrum . Thi s wou ld 
include the generation , precis ion measurements , component 
developments o f  means for modulation, transmi s s ion , reception 
and general control o f  radio frequencies through the infra­
red ,  optical and u ltra violet regions . 

Much o f  the upper reaches o f  the spectrum may actually 
have more important uses for medical and industr i al appli c a­
tions , in addition to communi cations . 

A great dea l o f  this  type o f  res earch is  actually going 
on in var ious indus tr ial and univers ity l aborator ies . It may 
only be neces s ary for the NS F to do a watch ful monitor ing of 
thes e activities to ens ure that vita l gaps are not le ft in the 
general knowledge and that what data is developed is  not 
monopol ized unduly for propr ietary advantage , but becomes pub­
li shed or generally avai lable in the public interes t .  

B . Modulation Theory 

The overall  obj ective o f  this  area of research is to find 
more e fficient modulati on s chemes whi ch wi ll  permit maximum in­
formation transmi ss ion and recept ion per unit o f  spectrum 
occupi ed . This invo lves information theory , adaptive communi­
cations techniques and more sophisticated modulation methods 
than used in much o f  the crowded spectrum at the pres ent time . 

Though there is  the pos s ibil ity o f  s ubs tantial improvement 
in the e f fic ient use o f  the spectrum fol lowin� this line o f  
res earch ,  it mus t b e  kept in  mind that it wi ll not b e  practical 
to implement this  potential improvement because o f  long s tanding 
channel as s ignments and inves tments in sys tems and equipment . 

However , the r esults wi l l  be appli cable to new servi ces 
in the not yet crowded portions of the spectrum ,  and in due 
cours e may provide a bas is for revi s ion and more e f fic ient 
ass ignments in the pr es ently well es tablished areas . 

c. Propagation 

The propagation of radio waves in the earth ' s  atmosphere 
is an extr emely complex phenomenon whi ch has attracted r es earchers 
from the time of Marconi and Heavi s ide . Much has been dis ­
covered over the years , but much still  remains either unknown or 
not fu lly predictable . 
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At the low end of the radio spectrum there is  need for 
detai led data to be able to evaluate controvers ial huge pro­
grams like S angu ine . At higher frequencies , in the HF band , 
the propagation is  still  not as predictable as we would like 
for many important applicat ions . There is , however , the very 
i ntr iguing fact , exper imentally es tablished ,  that the iono­
sphere can be modi fi ed arti ficially by high power directed 
beams to enhance des irable properties for s pecial appl ications . 
More intens ive work in thi s  area is a lmos t  certain to be pro­
ductive . 

In the UHF , S HF and the higher regions o f  the spectr um 
there are unknowns wi th respect to the e ffects o f  di f ferent 
types of rain and also re fractive index layers in c lear atmos­
phere which in some bands rais e  havoc with the " expected " line 
o f  s ight propagation .  

There i s  need to gather and coordinate wor ldwide experi­
menta l data on propagation as a function o f  time , wavelength , 
weather conditions , and geographi c area. There i s  also need 
to record and es tablish how e f fectively the spectr um is in 
fact us ed , as agains t how it is lega lly as s igned and intended 
for us e .  

On the theoretica l front it wou ld be very use ful to 
develop an overall uni fied engineering theory o f  propagation 
to encompas s  all important phys ical phenomena such as re fr ac­
tion , di ffraction and s catter ings . 

D .  Antenna Sys tems 

The s tate of the art in antenna sys tems is s uffic iently 
we ll advanced so that any reasonable r equirement can us ually 
be met . However , for the s a ke o f  completenes s i t  should be 
mentioned here that further work may be necess ary in certain 
important applications to confine radiation to the des ired 
path and avoid or minimi ze minor lobes and back and s ide 
r adiation . Related to thi s  is need for very prec ise s tabi li­
zation o f  antenna beams to prevent extremely narrow beams from 
shi fting o f f  target, a capabil ity par ticu lar ly impor tant in 
satellite communications . 

E .  Noi s e  and Inter ference 

In any telecommuni cations sys tem , the ultimate limi tation 
o f  the s ens itivity is determined by the nature and general 
level o f  the circuit nois e  in the frequency band us ed . 
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Noi s e  may have many sources inc luding the ever pr es ent 
thermal noi s e ,  a long with atmospher ic , solar , galacti c, as 
well as man-made noi s e . 

Cons iderable res earch has gone i nto the study , measure­
ment and characteri zation of the di fferent types of noi s e .  
But more wi ll be required i f  we are to optimi ze te lecommunica­
tions sys tems . It  is particularly important in some r ather 
unusual appl ications , s uch as at very low frequenc ies in sub­
marine , deep water and deep mine communi cations circuits . 

F .  Social and Economic Aspects o f  Spectrum Uti li zation 

The proper use of s pectrum resources in the pub lic interes t 
obvious ly involves some continuing research in technology as 
discus s ed above . But public interes t implies eva luation and 
trade o f f  analys i s  involving social, economi c, legal , regula­
tory and other factors . This calls for some obj ective inter­
di s ciplinary research where there are no established yardsticks 
or cr iteria for optimization . So it is doubly a res earch 
problem . 

Res earch o f  this  type could bes t be done in univers ities , 
where the requis ite talent in the social ,  economic ,  legal 
and other fields ( in addition to the techni cal talents ) are 
available and can be brought together to addres s speci fic 
res earch problems . Hope fully they can be fully obj ective and 
not be swayed by political  and industrial pres sures , and the 
results o f  their analys i s  can be made fully avai lable to 
everyone . 

G .  Management o f  Spectrum 

Finally,the method o f  managing the spectrum , in both its 
commercial and government aspects , has in fact been carried out 
fairly e ffectively in the pas t ,  as evidenced by the phenomenal 
growth o f  spectrum us e and the te lecommuni cations industry . 

However , as the spectrum becomes more crowded wi th us er s , 
the problems multiply .  It  is important , ther e fore , to s tudy 
and cons ider cr itically the des irabi lity o f  some new and 
improved approaches to the as s ignment o f  the s pectrum , its us e 
and management . Such res earch and studies might anticipate 
problems and find innovative solutions be fore the di fficulties 
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get hardened by large inves tments and es tablished pos itions 
which wi l l  be very di ffi cu lt to modi fy .  

I I I . Res earch Topi cs * 

Fol l owing are s ome speci fic res earch items s uggested for 
cons ideration by workers active and knowledgeable in this 
field (no pr ior ity is intended by the s equence of the lis ting ) : 

1 .  Char acter iz ing propagation through dens e ,  random , 
i nhomogeneous media , such as re-entry plasmas . 

2 .  Multiple s cattering in random media composed o f  
many coupled dis crete obj ects , s uch as heavy precipitation . 

3 . Coupling o f  large antennas to the propagation 
medium , s uch as in tropospher ic microwave l i nks .  

4 .  Deve lopment o f  a uni fied engineer ing theory o f  
propagation to encompas s  a l l  important phys ical phenomena, 
s uch as r e fraction ,  d i f fraction , and s catter ing . 

s. S igna l distort ion and bandwidth limi tations o f  
var ious propagation media ,  s uch a s  tropospher ic l ine-o f­
s ight , over-the-hor izon s catter , ducting ,  optica l and mi cro­
wave guides , and thru-the-earth . 

6 .  Non-linear e f fects in wave propagation wi th regard 
to high power transmiss ions and inter-modulation e f fects . 

7. Analyses o f  wave propagation on optical fibers , 
taking into account boundary roughness , bends , ki nks ,  and 
i nhomogeneities o f  the dielectr i c . 

8. Cons ideration o f  non-electromagnetic methods in 
communicat ions , such as  seismi c s ignaling .  

*Res ear ch i s  underway i n  many o f  thes e areas . The listing 
means that add itional e f fort may be productive , particu lar ly 
to mainta in the u. s. technological leadership . Many o f  the 
suggestions are from sta ff  members o f  the Ins t itute o f  
Telecommunications Sciences , Department o f  Commerce , Boulder , 
Colorado . 
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9. Ionosphere modi fication and applications . 

10 .  Radio technology appli ed to seismology and earth­
quake prediction . 

11 . Radio technology applied to tornado detection and 
predi ction . 

12 .  Res earch on c l ear atmosphere refractive index 
layers . (Appli cable to radio propagation and air navigation) 

13 . Rain and water vapor clas s i fication and e f fect on 
transmis sion .  

14 .  Sur face re flect ion , roughnes s and vegetation,and 
influence on propagation ducts . Propagation in modern urban 
environment ( ta l l  bui ldings ) and dependence on frequency band . 
Air -sea interaction . 

A . G .  Kandoian 
Telecommunications Consultant 
Ridgewood , New Jersey 
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THE EFFECT OF STANDARDS ON RESEARCH 
AND DEVELOPMENT IN TELECOMMUNICATIONS 

I .  Introduction 

The setting of standards in any industry is intended 
to s impli fy equipment , to make it le s s  costly and to use 
resource s more e f fic ient ly . There are many case s , however , 
where standards are a difficult compromi se and where the 
techniques for standard sett ing are not always optimized . 
I f  one studies the e f fect o f  sett ing standards on the 
research and deve lopment process as it appl i es to the tele­
communicat ions fie ld , it is quite obviou s that s tandards 
have a not iceable e f fect . On the po s it ive s ide , the 
establ i shment o f  standards narrows the areas for productive 
re search and thus permits a concentration o f  effort not 
otherwise pos s ible . On the negative s ide an agreement on 
s tandards can c lose o f f  a fruit ful technica l appro ach 
be fore the va lue o f  that approach may have been demon­
strated . One there fore hopes that standard sett ing bodie s 
are technical ly we l l  in formed , have a world-wide knowledge 
o f  developments and are tru ly obj ect ive in the estab l i sh­
ment of any new telecommunicat ions standards . 

A renewed attent ion is being given to the establish­
ment o f  a one-world conc ept in te lecommun icat ions . The 
ever increas ing avai lab i l ity and cons tant ly decreas ing 
c osts of international communications pre s ent a startling 
new c ha llenge to evolve and optimize a one-world system . 
Sate l l ite tran smi s s ion and other recent technical 
developments are creat ing a new urgency for a stronger 
attack on the problem . Because of  the advanced technology 
a lready ava i lable in the United States and our po sture o f  
continuing leadership i n  te lecommun icat ions re search and 
engineer ing , the balance of trade could be favorab ly 
in fluenced by foster ing the one-world concept . 

Speaking as part of a techn ical commun ity , the 
scientists involved with re search and deve lopment usually 
e stab l i sh their own c riteria for e ffect ive standards .• 

Those cr iter ia invo lve , at the very lea st , seeking a 
standard which incorporates the be st technical solution 
known at the t ime . In addit ion , that best techn ical 
solution should be the bas is for further growth and not 
stand as a roadblock against cont inuing deve lopment or the 
introduction o f  evolving newer technologies . It should 
also permit the e f fic ient use of techn ical manpower , 
avoiding dupl icat ion of re search and eng ineer ing , and 
shou ld , by engineering guidel ine s , be con s idered logical . 
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There are o ften many other inte rests pol itical , 
commerc ial , nationa l , regional -- which have vested 
intere sts in the e stab l i shment of s tandards . In many 
case s the s e  cons iderations lead to standards which are 
les s  than e ffective as measured by logica l  R&D criteria , 
or by the one-world criter ion . S tandard sett ing can be 
uti l i z ed as a means of restr icting markets , or converse ly 
of promot ing world trade . Standards can be used to 
restrict communications , to hinde r  further growth , or to 
foster regiona l i z ation . 

Often , standards s et ting bodies involved in the tele­
communications field are con fronted with the need to 
arrive at a compromise solut ion which best reflects the 
many interests which they perce ive . It is o ften true that 
the re sult ing standards have sign i f icant e f fect upon the 
R&D community and sometimes appear contrary to the best 
technical and engine er ing pract ices . Added to the above 
factors i s  the di lemma of setting standards too early , in 
which case the best ·  technical solutions have often not yet 
been demonstrated . On the contrary , setting s tandards too 
late ha s a tendency of obsolet ing investment s that have 
been made in beha l f  of a sys tem which was not adopted . 
The too-ea rly-too- late problem can s t i fle innovation on 
the one hand and was te resource s and investments on the 
other hand . Weaker groups o ften conclude that , in the 
absence of a standard , there are advantages to de ferring 
re search and deve lopment j ust to avoid that potentia l 
obsolesence . 

Sometime s because o f  the non-techn ical interests 
that a re re f lected in the fina l standards , a s ituation 
eventual ly ari ses  where multiple s tandards are adopted 
which con f l ict with one another . Although such a re sult 
i s  technica l ly unde s irable and o ften economically d i sad­
vantageous ,  it doe s arise in sat i s faction of  po l i t ical , 
commerc ial or other interests . When it occurs it i s  con­
trary to the one-wor ld concept o f  telecommun ications evo­
lution and it o ffends the logical sense o f  the engineer ing 
community . 

Most o f  the ci rcumstances sur rounding the development 
of s tandard s which have been outl ined previous ly are found 
in case studies which may be u sed as examples . One case 
s tudy centers around the deve lopment and adoption of  the 
standards for the format for Pu lse Code Modulated (PCM) 
Te lecommun ications Carr ier Systems . Thi s  part icular 
example al so i l lus trates one other factor un ique to tele­
communicat ions s tandards in the Un ited State s . The Bell 
System a s  the dominant force in te lecommun ications in the 
u. s.A. c an ,  and often has adopted standards which , o f  

C o p y r i g h t  ©  N a t i o n a l  A c a d e m y  o f  S c i e n c e s .  A l l  r i g h t s  r e s e r v e d .

T e l e c o m m u n i c a t i o n s  R e s e a r c h  i n  t h e  U n i t e d  S t a t e s  a n d  S e l e c t e d  F o r e i g n  C o u n t r i e s :  a  P r e l i m i n a r y  S u r v e y .  R e p o r t  t o  t h e  N a t i o n a l  S c i e n c e  F o u n d a t i o n
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ne ce s s ity ,  are copied by other carr iers and organ izations 
which must provide compatible equipment . Thi s  puts a 
special burden upon the Bel l System to cons ider carefu l ly 
the effect of Bel l  standards on the remainder of the u . s .  
common c arrier network , and add itiona lly , the e f fect upon 
wor ld standards . 

In the PCM case study a number of thes e  points are 
apparent . From thi s case , it i s  pos s ible to draw the 
conc lus ion that a more thorough s tudy of the process by 
which standards are e stab l i shed might be he lpful . It is  
pos s ible that a thorough review of the interre lat ionships 
between the American Nationa l Standards Institute (ANS I ) , 
the Electron ic Industries As soc iation ( EIA) , the Federal 
Commun ic at ions Commi s s ion ( FCC ) in the u . s . , and Con­
sul tat ive Committee on International Te l egraph & Te lephone 
( CCITT )  and Con ference Europeenne de s Pos te s et Telecom-

mun ications ( CEPT ) would be use ful . And , of  course , it i s  
import ant t o  factor i n  the various standards committees o f  
the Ins titute of  Electrical & Electronics Engineers ( IEEE ) 
and the sc ienti f ic and techno logi cal know-how they can 
bring to bear on standards . The prob lem is clear - a more 
order ly procedure would be help ful and would improve the 
e f fectivene s s  of Re search and Development . It could have 
a substantia l e f fect upon the ba lance o f  trade prob lems . 
The steps leading to a solut ion are not ent ire ly clear and 
should be the sub j ect o f  further s tudy .  

I I . �ecomrnun icat ion s Standards in the U . S . A . 

The te lecommun icat ions industry in the United State s , 
dominated almost ent ire ly by the common carri ers , has been 
ab le to manage i ts own standards activities very 
e f fective ly . Standards and spec i ficat ions for transmi s s ion 
and for equ ipment have been established primari ly by the 
Be l l  Sys tem and have been sufficient ly flex ible so that 
inter face problems between operat ing companies have usua lly 
not been overly di f f icult . 

Under this system , an obso lete crank ringer telephone 
connected to a hand switched 20-party local switchboard can 
talk to the Wor ld Trade Cente r  in New York City . The 
interconnec t s  take place for the most part automatically 
through long l ines trunks and then into the rece iving 
exchange . The two parties are totally unaware of the 
soph i s ticated system through which their conversat ion has 
been d i rected to provide them with this abi lity to 
communicate . Unt i l  recently , interconnection o f  any equip­
ment or system into the common carrier has be en on ly with 
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permi s s ion o f  the common carrier . With the new interconnect 
rul ings , however , addit ional standards wi l l  have to be 
deve loped in order to protect the common carrier network . 

As noted above , internal standards for the te lephone 
industry have gradua l ly evolved through the years - and 
the system has worked well . S ince most o f  the advanced 
communicat ions technology has come from the Be l l  System, it 
was natural that Be l l ' s  spec if ications were adopted .  In a 
few cases Bel l  spec i fications did not become industry 
standards where they did not a f fect performance or inter­
connect capab i l ity , or where an independent manufacturer 
or user found a more e f ficient or economical approach . 

In the non-te lephone communication industry we have 
a different s ituat ion . Lack o f  an adequate set o f  TV per­
formance standards , or lack of agreements between broad­
c asters on color standards even today give marked differ­
ence s in quality from stat ion-to- stat ion or even from 
camera-to-camera . The viewer o ften has to become h i s  own 
" standards " monitor by adjust ing dials to make green faces 
natural only later to have to readj ust at the next 
commerc ia l . 

For cab le TV systems , there are no standards governing 
CATV operations . Local commun ities must accept whatever 
the operator provide s in the way of s ignal leve l , s ignal­
to-no i se rat io , color qual ity , cros s-talk , without any 
recourse to a set o f  s tandards for per formance . I EEE has 
committees working in thi s  area , but standards have not 
been e stab l i shed . Thi s i s  an example of where late 
standard setting can be costly . A few years hence when 
instal lations become large , the late adoption of s tandards 
might obsolete terminal and transmiss ion equipment and 
everybody could suffer -- manufacturer ,  operator , and user . 

I I I . Telecommunications Standards in Europe 

European countries have taken te lecommunicat ions 
standa rds quite seriously . Although not often the case in 
telecommunications , standardization in Europe has sometimes 
been used to protect national markets from outs iders , and 
there are case s where the introduction of unique nat iona l 
standards have perhaps been a matter o f  national pride . 
Te levi s ion broadcasting in Europe now has three standards , 
the PAL system , the SECAM system and the 4 05 l ine system , 
none o f  whi ch are compatib le with the u.s. Standard NTSC 
system . Te levi s ion broadcast range s usually span several 
countries so that s i gnal s from a number of stations having 
di f fe rent standards are ava i l able for recept ion in many 
place s . However , to take advantage of the variety of 
channe ls , a more expens ive multi - standard rece ive r  is 
requi red . 
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In the point-to-po int te lecommunications area in 
Europe , there would appear to be a great deal of 
s tandard i z ation with both CCITT and CCIR having many 
years of  experience behind them and some s ignificant 
body of creditable technica l achievement . In fact , 
howeve r ,  there are still many smal l d i fferences from 
one country to another within Europe . Although it i s  
pos s ible for a competent manufacturer t o  bui ld equip­
ment for use in more than one country , it is no acc ident 
that the multinational te lecommunications manufacturing 
companies do have manufacturing fac i l ities in more than 
one c ountry . Even in frequency division mult iplex 
equipment , used for long lines that cro s s  nationa l 
borders ,  there are s i gn i f icant d i f ference s .  Often these 
wi l l  appear as alternative s  g iven in the CCITT documen­
tation . In addition , there are many details ins ide a 
system which are not s tandardized at al l by CCITT . 
The se are handled by the Nationa l PTT Admini strations 
and they vary from country to country .  In spite of the 
variances , a worldwide automat ic te lephone network is 
taking shape, although probably at greater cost than 
would be the case i f  uni form stand ards were a rea lity .  

IV . Pul se Code Modulat ion - The Case of the Multi-Standard 

Pulse code modulat ion carrier may become a c lassic 
example o f  the problems o f  adopting standards . Early 
s tandard i z at ion by Bel l began in the u . s .  and eventually 
there evolved the pre sent T1Dl , D2 , D3 2 4  channe l digital 
carrier system and its hierarchie s .  Its initia l use by 
Be ll was intended primari ly as an economic and e ffic ient 
alternative to FDM carr ier in exchange trunk ing systems for 
short haul trunks ( up to 5 0  mile s ) between exchange s in a 
ma j or city to permit more voice channe ls in such metropol i ­
tan areas over exi s ting cable s . 

In Europe where early dec is ions were not nece ssary , 
digital s tandards were ultimate ly stud ied as part of an 
overal l digital switching and transmiss ion system , rather 
than as a carrier technique . Large ly as a result o f  di f­
ferent phi losophie s ,  Be ll for the u . s .  and later CEPT for 
Europe adopted d i f ferent standards for PCM transmiss ion . 

A . Bel l  System PCM Standards 

In the u . s . , the Be l l  System pioneered in digital 
commun ication with the introduct ion of the Tl carrier in 
the early 1 9 6 0 ' s . Thi s  PCM system proved qu ite succe s s ful , 
and large quantities were ins tal led during the 1 9 6 0 ' s ,  thus 
setting , through large commit ted investment , the f irst U . S . 
" s tandards " for PCM . Compatibi lity with this in itial equip­
ment dictated standards which had then to be fol lowed by 
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succeeding transm i s s ion equipment . The Tl 2 4 channel 
system was developed solely for use on short hau l exchange 
trunks , but field experience quickly proved the equipment 
had much longer distance capabil ities . The refore addi­
t ional development occurred and led to the p lann ing of a 
PCM hierarchy to include an ent ire family o f  compat ible 
transmi s s ion equ ipmen t .  The fami ly include s a 4 x 2 4  
channe l group o f  9 6 , operating at 6 . 3 1 2  megab its/sec . 
de s ignated as T2 , and higher mu lt iples for T 3  and T4 and 
TS . In the plann ing of the digita l hierarchy i t  was 
quickly recognized by Bel l that the 01 coding format first 
used with the Tl d id not provide a suf fic iently high grade 
o f  tran smiss ion for tol l service . The principal prob lem 
existed in the quant i z ing no i se produced by the 7 -bit 
voice encoding pattern o f  the first version ( 01 ) . For 
this reason , a maj or change was made to an 8 -bit code , 
and the improved equipment and new " standa rd " was 
assigned the nomenclature " Tl/02 , "  for re ference to the 
02 channe l banks encoding the 8-bit code . For both 
vers ion s d igita l transmi s s ion on the exi s t ing 2 2  gauge 
l ine i s  at the rate of 1 . 5 4 4 megabits per second , with 
digital pu lse repeaters introduced in the l ine at the 
normal loading coil spac ing of approx imately 6 0 0 0  fe et . 
Thus , the pulse rate was made the same for e ither Tl/0 1 
( 7 -bit ) or Tl/02 ( 8 -bit ) s tandards . The Tl/02 may be used 

not on ly for the original short hau l exchange trunks ,  but 
with the 8 -bit format it i s  acceptable for long hau l , and 
thus it become s the bas i s  of plann ing for the nation -wide 
switched long distance digital network in the United S tate s . 

B .  Other PCM S tandards 

Elsewhere in the wor ld PCM digital carr ier equ ipment 
is now starting to be instal led in quant ity , though at a 
lower pace than in the United State s . Canada i s  adopt ing 
the Be ll System ' s  s tandards and thi s  wi l l  prov ide end-to­
end compatibility with u . s . equ ipment . Japan has standards 
which are qui te s imi la� but not ident ical to the United 
S tate s . European countries have recent ly adopted a standard 
of encod ing and grouping which fol lows a format d i f fe rent 
from that of the Be l l  System . As contrasted to the u . s .  
s tandard ( Be l l ) of 2 4  voice channe l s  for the Tl carr ier , a 
European s tandard worked out by CEPT ( Con ference Europeenne 
de s Poste s  et Telecommunicat ions ) , use s a grouping of 32 
channe ls of  which 3 0  are vo ice , and a transmiss ion rate of 
2 . 0 4 8  megab its per second . In the Be ll System Tl/02 
s tandard , signal ing in formation is added in place of one 
voice bit in every 6 th frame , permitting a l l  2 4  channe ls 
to be voice channe l s , each carrying its own signal ing 
in formation . The European CEPT standard grouping , on the 
other hand , use s 3 0  out of its 32 channe l s  for voice , 
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reserving one for framing , and the rema ining channe l for 
carry ing s igna ling information for all 3 0  vo ice channe l s . 
Thi s  basic d i f ference between u . s .  and Europe an s tandards 
re sults in equipment which is not compatible on an end­
to-end bas i s . There are also other sign i f icant d i fferences . 
At the pre sent time , thi s doe s not create a problem since 
there are no PCM transmis s ion links between North America 
and Europe . In the future , however , thi s incompat ibi lity 
wi ll cause unneces s ary expense for international PCM cal ls 
and wi l l  re sult ei ther in reduction to analog and reen­
coding , or complex automatic tran slating and buf fering 
( " tran scod ing " )  scheme s . 

A number of other standards have al so been proposed . 
Engl and ' s  BPO tried a 2 4 -channe l system , but has recently 
decided to go CEPT . Both France and Switzerland have tried 
other standards . At the pre sent time it seems probable 
that both Eas tern and We stern European nat ions , including 
England , wil l  gravitate toward the CEPT 3 2 -channel stan­
dard , while North Amer ica has adopted Bell ' s  standard , with 
Japan us ing its own scheme which i s  s imilar , but not iden­
tical to Be l l ' s  standard . 

c. Internationa l Standards in Te lecommunications 

International standard s are f inal ly recommended by 
CCITT , an organ i z at ion within the UN created for the pur­
pose of fac i l itating internat ional te lecommuni cations , and 
of which the United State s is a member . CCITT has reached 
a point where both Bel l  Tl/D2 2 4  channe l and CEPT 3 2  
channe l sys tems wi l l  be approved as standard� although they 
are not compatible . 

D .  The Di lemma 

The example of  multistandards in PCM point s up the 
dilemma of international standardization and the atmosphere 
for re search and deve lopment .  One can argue that PCM i s  an 
invent ion ahead o f  its time . It was born in the vacuum 
tube era , but became practical with semiconductors .  Its 
introduc tion in the u . s .  was directed toward increa s ing the 
uti l i zation of exis ting short haul multiconductor cable s . 
Its adoption in tbi s  country by the common carriers for 
thi s  application required early choi ce of coding format and 
number of channe l s . When the Be l l  standards were adopted , 
digital long distance networks ,  digital local and tol l 
switching equipment ,  international PCM , and satellite s  were 
not first priority cons iderations . In Europe , when digital 
tran smis s ion began to be cons idered and the ir early equip­
ments deve loped , no great con s ideration was given to the 
long range requirement for s impl i fying the eventual inter­
face wi th the North American continent and with Japan . Now 
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another requ irement appears , the PCM sate l l ite system shortly 
to be e stablished wil l span the world and wi ll re inforce 
the de s i rabi lity of common standards . 

V .  The Chal lenge 

Two new areas in which te le communication standards 
can be expected to have a maj or e f fect are video te le­
phone service s and data service s . In the former , as  was 
the case with PCM ,  the first unof f icial " standards " are 
those of the Be l l  Systems ' Picturephone , a service which 
i s  likely to be modi fied and improved with change s to be 
expected in the s tandards , as cus tomers gain experience 
with video systems . It is vital that CCITT , Be l l  and 
other interested groups a im  for un i form worldwide stan­
dards for this service in ant ic ipation of international 
traf fic . The co st of failing to do so can be a delay of 
many years in the avai lab i l i ty of international video 
te lephone service , as we l l  as a more expens ive service . 

Perhaps an even greater chal lenge lie s  in the area 
of pulse data transmi s s ion standards . Cons idering now 
solely the u . s .  s i tuation , we f ind the common carriers 
pre sently providing for pulse data tran smi s s ion on the 
voice network through the use of modems . The se devices 
at the sending end convert data pulses to tone bursts . 
The tone s are transmitted in exactly the same way as 
analog vo ice s ignals ;  then are reconstituted into the 
pulse data at the receiving end . Modems are currently 
in use or under development for many di fferent pulse 
rate s up to 50 kilobits pe r second . The lowe r rates 
(up to 4 8 0 0  bits per second ) can be accommodated on the 
sw�tched ne twork , the higher rate s are non- swi tched 
services .  There are already ne arly 3 0 0  ver s ions of 
modems and the number is growing . Additional ly , pro­
vi sion i s  being made by the common carr iers for a digital 
data network which wi l l  not use modems and which wi l l  
transmit pulse data a t  even higher rate s ; 5 6  kb/sec in 
1 9 7 4  and higher rate s approaching about 1 megabit per 
second in the future . When one cons iders the antic ipated 
prob lems of computer interconne ction , taking into account 
the variety and numbers of I/O devi ce s and periphe ral s , 
together with the growing legions o f  di fferent computers , 
all steadi ly demanding higher operating speeds , the 
chal lenge for standardiz ation is clear . 

It should be noted in pas sing that, in addition, 
the modem approach , and the d igital data network which 
the carriers offer to subscribers for pu l se data service , 
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the carrier s tran smit pul ses for internal use . Dial pulses 
at 1 0  per second and PCM carrier pulses at 1 . 5 4 4  and 6 . 3 1 2 
megab its per second are standards relat ing to the operation 
of the network and are not o ffered to , nor are they suitable 
for , direct customer use . 

Fina l ly , we must eventua lly face the computer inter­
connection problem . I f  computers in d i f ferent locations 
around the country are to talk to one another e fficiently 
at very high bit rate s with minimum buffering , it is apparent 
that standards should be deve loped which make computer cycle 
rate s compatible with communicat ion system bit rates . No 
agreement now exi s ts even among computer manufacturers for 
standardi z ing at these high rate s , and the communications 
compatib i l ity problem is there fore moot at thi s  t ime . It 
would appear ,  however , that the be st interest of  the nation 
wi l l  not be served by the computer manufacturers adopting 
one set of standard rate s for high speed synchroniz ation , 
whi le the common carriers independent ly opt imize the data 
communications network against a d i f ferent set of require­
ments . 

VI . Conc lus ion s 

With the rapid growth o f  international te lecommunica ­
tions faci lities there i s  need for improved procedure s for 
s tandardiz ation . What was at one time purely a u . s .  prob­
lem , or pure ly a European prob lem , now become s a world 
problem . International direct dia l ing standards are only 
a minor example of the growing requirements for a one-world 
bas i s  for telecommunications standards . The standards for 
s ate llite communi cations have not yet proven a maj or 
problem , but the introduction of  PCM technique s can change 
that s i tuation . Planning for video te lephone and data 
standards pre sents a chal lenge of the highe st order . 
Find ing a more ob j ective procedure for setting standards i s  
a most de s i rable goal . The procedure itse lf i s  sub j ect to 
study and recommendation and merit s  the attention of u . s .  
intere sts . A method for the channe l ing of worldwide R&D 
re sults to the groups respons ible for establ i shing and 
coordinating standards should al so improve the qual ity of  
the standards . With improvement in internationa l standard s , 
the u . s .  technological leadership in te lecommun ications 
could be better re f lected in a more favorable u . s . balance 
of trade . 
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Three potential area s for study might prove fruitful 
in supporting u . s .  representative s  in future telecommunica­
tions standards di scus s ions . 

1 .  Investigate the po s s ib i l ity of determining the 
key elements in a proposed standard . 

2 .  Inve s tigate methods of better uti liz ing key e lement 
information and other resource s .  

3 . Inve stigate the estimated extra costs of multiple 
s tandards to include : dup licat ion of R , D & E ,  interface 
equipment ,  and the l ike . Determine al so the penalty in 
fidelity ari s ing from the adoption of multiple standards . 

Lee L .  Davenport 
Pre sident , GTE Laborator ies , I nc . 
Stamford , Connecticut 
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BIOMEDICAL AND S OCI OLOGICAL IMPLICATIONS OF 
U . S . TELECOMMUNICATI ONS RESEARCH 

I .  I ntroduction 

Res earch in telecommunications technology has attracted 
engineer ing talent o f  the highes t calibre in this country and 
overs eas . The record over the pas t  quarter century has been 
one of unremitting purs uit of excel lence . With such out­
s tanding intel lectual resources , and with such highly motivated 
individuals and teams , it is there fore to be expected that the 
telecommunication field its e l f  wou ld competently es tablish long 
and short-term goals appropr iately related to national and 
internati onal needs . 

That thes e interna l j udgments and as s essments have been 
highly succes s ful in promoting technological development is  
wi thout ques tion . What is  now becoming les s c lear is the 
extent to whi ch the appli cation o f  c urrent arts o f  telecom­
munications has been most e f fectively carr ied out for general 
betterment over the wides t range o f  economic s trata within our 
own and other societies . 

I n  this context , the one question immed iately takes on a 
dual and press ing character . On the one hand , there is  the 
problem o f  d i f fus ion into society o f  communications devices and 
sys tems poor ly unders tood by the us er . In turn ,  this lack o f  
unders tanding breeds a paranoid reaction agains t acceptance o f  
further technology ,  no matter how care fu lly devised o r  respons ib ly 
applied by expert innovators .  On this problem , Murray Gell -Mann 
r ecently s tated that " thes e are the unfortunate e f fects o f  care­
les s ly deployed or careles s ly di ffused technology . "  On the 
other hand , there is a s eparate but related goal o f  optimiz ing 
the quality o f  li fe for the maj ority of our citizens for as 
long as pos s ible in their li fe span .  This is a ques tion c lear ly 
s eparate from user acceptance o f  a particular device or system . 
I t  is  a ques tion in which soc iety ' s broades t and bes t evalua t ion 
of its own goals mus t  encompas s the technologies of communica­
tions sys tems as such ,  and endeavor to bui ld them into the mos t 
e f fective forms o f  needed human communications . 

Clearly ,  we have reached a pos i tion where all  c urrent 
forms of communicat ion are not needed . Their very existence , or 
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at leas t their trivial appl ication , has been and may continue to 
be detr imental and even disas trous to human society .  There fore , 
it  is neces s ary in future planning that we dis card or suppres s 
thos e  forms o f  communication which have advers ely a ffected the 
qua lity ,  as wel l  as the breadth and depth o f  human communica­
tions . I t  is equally important that we nurture and fos ter 
communications techniques that promote our social development . 
We should s eek by their implementation and growing s ophis tica­
tion to prevent the tragedies in human relations that so 
commonly fol l ow  a fai lure of needed communications : 

Hea lth care del ivery , biomedical res earch ,  and child and 
adult education are representative areas whi ch wi l l  depend in­
creas i ngly on the full gamut o f  telecommunications development 
to broaden and increment man ' s unaided capabil ities . Many o f  
these areas pres ent problems that are unique to the United 
S tates . Thes e problems are o ften complicated rather than 
helped by high levels of technology in the general community , 
and the as sociated " careles s di f fus ion and car eles s deployment " 
cited above . 

Man ' s  capac ities in telecommuni cations reflect the spec ial 
development o f  his hand and bra in in toolmaking .  I n  the pas t 
2 0 years , he has str ikingly augmented hi s capac ities in per­
ception and dec is ion-making wi th the electronic computer . Thes e 
new tools which extend man ' s s ens es are already inextricably 
interwoven wi th many forms o f  telecommunicat ions � and as they 
have evolved , we have recogni zed maj or new areas o f  needed 
psychophys iologica l  and telecommunications knowl edge that would 
optimize man ' s i nteract ions with computing devices . 

How wel l  equipped is the u . s . to undertake such a s ub­
s tantive range of tasks in the coming decade ? 

In  particu lar , granted our technical s uperiority in both 
telecommunications and computer s ciences , does it  neces sar i ly 
fol l ow  that our s oc iety wi ll apply them to the mos t e ffective 
solutions of socia lly press ing problems ?  Or will others make 
more e f fective use o f  u . s . technology? The fol lowing para­
graphs wi l l  attempt an eva l uation of some maj or is s ues , bas ed 
on domes tic and foreign developments . 
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I I . Health care Delivery 

This Administration has committed itsel f to the concept 
o f  universal health care . We are now clear ly far removed from 
this des irable goa l , i n  terms o f  medical manpower and o f  
clinical fac ilities . Moreover , th e  training of more doctors 
may not of its e l f of fer an economi cal ly feas ible solution . 
Ins tead , we may antic ipate development o f  teams of para­
medical pro fes s ionals ,  heavily dependent on modern telecom­
munications , and entrus ted with much of the health care 
delivery in both urban and rural areas . 

A .  Logistics o f  Communication Sys tems in Health care 
Del ivery 

The unfortunate i nhabitant o f  a city ghetto may be as 
isolated from medical care as thos e living in remote rural 
areas , if he were to rely on avai lable forms of medical prac­
tice . For both groups , prompt ava ilability o f  medical care 
may be a matter o f  li fe or death . 

In  c ity areas , tradit ionally served by large city or 
county hospitals , there wi l l  be trends toward many smal l 
c linics dis tributed through the community ,  and delivering 
"minimal health care " in areas where none now exis ts . Thes e 
clinics wou ld operate under the direct survei llance of qua l i­
fied medical s ta f f  at a regional medical fac i l ity . S ta f fed by 
paramedi cal pers onnel , they wi l l  require two -way color video 
l i nks with one or more central medi cal fac i lities , including a 
capability for transmi ss ion of light microscopy images from the 
field s tation . They wi l l  also have fac ili ties for transmis s ion 
o f  graphic medical data , i nc luding the e lectrocardiogram, 
respiration , electroencephalogram , and a variety of data on the 
muscular sys tems . 

In rural areas , there are numerous minority communities , 
in addition to isolated farming groups , for whom local medica l 
care i s  non -exis tent , and a vis i t  to the doctor entails  a long 
and o ften hazardous j ourney by road .  Here ,  too , future plans 
for medical care envisage both mobile vans and regional c l inic s  
operated by paramedical personnel in close communi cation with 
regional medical center s . 
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B.  Principle s of te lemedic ine 

The traditional examination by the phys ician bas been 
heavi ly dependent on his perception wi th unaided sens es o f  
s igni ficant aberrations in s tructure and function . Th e  great 
advances in biochemistry over the pas t 25 years have brought 
about a ver itable r evolution in ancillary tes ts that have 
added orders o f  magnitude to the precis ion of the c l inical 
examination . 

Space age technology added a further dimens ion . Bio­
medical data acquis ition sys tems have made i ncreas ing us e o f  
microminiatur ized transducer s , s ignal condi tioners ,  and bio­
telemetry sys tems that are a direct spino f f  from the space 
e f for t .  Ear ly exper ience with thes e techniques bas indicated 
the feas ibi lity o f  a remote medi cal examination . 

The arts o f  telemedic ine wi l l  evolve s lowly . Feas ibility 
s tudies have involved a medica l technic ian working under in­
s tructions from a phys ic ian . We may anti cipate bold s teps i nto 
the us e o f  telefactors , o f  types that wi ll evolve from lunar 
and planetary exploration programs . Thes e may ultimately sub­
s titute in some circumstances for the medical technician in 
ass isting the phys ic ian in his remote examinations . On the 
other hand , the maj or thrus t  o f  telemedicine pr ograms wi ll  con­
tinue to be by the extended use o f  paramedica l  pro fes s ionals , a 
group for which needed training programs are only now emerging . 

c. Communications channe ls for te lemedicine 

Telemedic ine s chemes will make ful l  use o f  all current 
forms o f  telecommuni cations . Patient medical data , such as 
LKG , EEG , etc . , can be e ffectively transmitted over voi ce 
grade telephone lines in an IRIG narr ow band FM multiplex 
format . They can be demodulated in real time and subj ected to 
further computer analys is and pattern-recognition techniques . 
Already , feas ibility bas been established for such trans ­
miss ions on a routine bas is over internationa l voice-grade 
telephone circu its . Thes e s ame voice ci rcuits are also in­
valuable in their traditional role o f  patient or paramedic 
interrogation by the phys ic ian . 

Video information further enhances quality and quantity 
o f  medical information trans fer . Where channels are restricted 
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to voice bandwidths , s low-s can techniques are thoroughly 
feas ib le ,  and s equential optical fi l ter ing with color photog­
raphy now allows transmiss ion o f  color images . 

Radio transmiss ion in H . F .  portions o f  the spectrum is 
alr eady suited to these narrow band requ ir ements for di s ­
tances beyond VHF o r  UHF coverage . The latter , however , wi ll 
be increas ingly used ,  both for direct communi cations between 
outlying fixed or mobile clinics and regiona l medical centers , 
and also in providing links to satel lites . At UHF frequenc ies , 
high resolution two-way TV coverage can be planned . 

In  summary , organizational s chemes in telemedicine wi l l  
remain flexibly related to var ied capabi l i ties o f  each geo­
graphical unit -- the intellectual capac ity and training o f  
lay o r  pro fess iona l operators in the field , th e  channel capac i ­
ties i n  data transmiss ion , and the sophis ticat ion o f  central or 
r egional medical faci lities and personnel . A subs tantial period 
o f  trials for prototypes o f  these sys tems wil l  be necess ary 
be fore blueprints can be o f fered that wou ld as sure high cos t­
e f fectiveness as well  as e ffic ient delivery of health care in 
typical urban and rural communities . We do not yet know the 
essent ia l verbal communications that wou ld be part of the 
examination protocol : nor do we know how bes t to use mechanic a l  
s ensors a s  subs ti tutes for the phys i c ian ' s eyes , ears , and 
hands . 

With increas ing us e o f  cable TV (CATV) systems , there 
have been proposals for use o f  thes e sys tems for transmi s s ion 
of medical data from the home to the doctor or hospi tal . 
Although there appear to be no insuperable techni cal obstac les , 
there may wel l  be certain social problems . Transduc ing equip­
ment that wou ld transmit a maj or body o f  needed medical data 
would probably be expens ive , require regular ma intenance and 
calibration , and be used only intermittently . Moreover ,  the 
us er wou ld undoubtedly need training in its use , and thes e 
technical ski l l s  may wel l  be beyond the capab i l ities o f  the 
e lder ly , the infirm, and thos e whos e  lives are typical o f  the 
maj ority in this country in being " technologica lly depr ived " 
in  terms o f  a reasonable unders tanding o f  ins trumentation 
sys tems . 
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D .  Spec ial ized Telecommunication Needs within Hospital and 
Medical Center Environments 

Intens ive pat ient care in medical and surgical emergen­
c ies , inc luding the immediate pos toperative phas e  fol lowing 
maj or surgery , has placed great emphas is on sophis ticated 
labora�ory analyses , as wel l  as in monitor ing vital s igns . Much 
o f  the recognition o f  complex patterns in thes e analyses has 
become , and will be increas ingly dependent on computer-bas ed 
analys es . Video monitoring o f  walking patients , or as an adj unct 
to bed care , is increas ing .  For thes e reasons , a ver itable net­
work of internal communications is essential in hospital prac­
tis e .  

Shock hazards from mul tiple lead attachments , including 
l ow  impedance paths through renal and vascular catheters , have 
led to use o f  radio biotelemetry and fiber optic techniques to 
eliminate dangerous leakage paths i n  intens ive care procedures . 
The pres ent s tate o f  the art may be regarded as intermediate 
between older "hardwire "  transducing methods and future develop­
ments in " no contact " s ens ing devices . As a genotype of poss ible 
future developments , devices o f  the type us ing Jos ephson j unc­
tions have shown great promis e  in remotely sens ing magnetic 
components o f  cardiac contraction and brain activity . Not only 
wi l l  developments in thi s  area avoid pres ent problems o f  shock 
hazards , etc . , but the improved mobil ity o f  the critically il l 
patient has s igni ficant therapeutic advantages and makes nursing 
care eas i er and more e ffi c ient . 

E .  Comparative Evaluation o f  OVers eas Developments o f  
Telecommunications for Health care Delivery 

There can be l ittle doubt that , in the elements o f  sophis ­
ticated technology , the United S tates pos s es s es both prototype 
techniques and fu l ly evolved sys tems that are substantial ly in 
advance o f  s imilar developments els ewhere for health care 
del ivery . 

On the other hand , there are important factors that may 
limit the deployment and e f fi c ient evolution of thes e sys tems 
in furtherance o f  health care in the u . s . Foremos t is  the 
extremely high cos t  o f  our ex is ting health care sys tem, in which 
expenditure has grown from $ 5 0  to $ 100 billion in the pas t five 
years , and which may continue to grow exponentially unless i t  is 
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drastica lly restructured . Creative application o f  telecom­
munications technology may hold rea sonable hope of holding 
some o f  thes e costs in check : it may even contr ibute to 
revers i ng the current exponential trend . 

There is the further prospect that adaptations o f  thi s  
u. s. technology to medical care in over s eas countr ies may pro­
duce good models o f  system appl ications be fore they are ava i l ­
able . i n  the u. s. A .  For this reason , it may be des irable to 
view future developments on a collaborative bas i s  with foreign 
investigators ,  rather than competitively. Thi s may be a highly 
productive route to needed knowledge . It would be expected 
that some foreign applications would bear a unique stamp 
r e flecti�g loca l needs , but that much o f  their new knowledge 
would be valuable by extrapolation to u. s. problems in medica l 
care . Moreover , developments in satell ite communi cation will 
clearly a l l ow  extens ive medical data transmis s ion over inter­
national c ircuits , with the potential for use o f  sophisticated 
pattern recognition and image process ing methods at u. s. 
medical centers . These techniques are not l ikely to be widely 
avai lable abroad in the foreseeable future . 

I I I . Telecommunications Research in Child and Adult Education 

Classroom education has been relatively little changed by 
avai lable telecommunication technology. I t  is an area lacking 
the uni fied approach now poss ible from new knowledge gathered 
in the separate fie lds o f  brain phys iology , the psychophysiology 
o f  perception , and the arts o f  telecommunications and computa­
tion . 

S tudies in bra in physiology have revea led s ubstant ive 
correlates , both for individ ua l s  and for groups , o f  the 
processes o f  aler ting ,  attention , and in some degree o f  
dec ision-making . Psychophys iological research has indicated 
some o f  the ways in which we may optimize the environment , and 
in turn , optimize the l earning rate . Recognition of states o f  
high attention , and o f  the waxing and waning o f  levels o f  
alertnes s , demands interactive relations with sophisticated 
computing systems . For the instructor , these methods would 
o f fer an opportunity to regu late the informational flow and 
provide him with more pos itive l i nks with c lass  members than 
is  now poss ible . 

From preliminary studies in thes e  areas ,  exciting pros­
pects are emerging . For the normal chi ld , there is the 
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poss ibi lity that conventional teacher-student interactions 
wil l  be usefully supplemented by complex audiovisual dis ­
plays that may be temporal ly s egmented to meet cyclic changes 
in levels o f  subj ective awareness .  For mental ly retarded 
childr en ,  numbering about 1 percent o f  the u . s .  chi ld popula­
tion , there is the prospect that electrophysiological s igna­
tures o f  brie f  moments o f  attention may be wel l . enough 
recognized to enable pres entation o f  learning tasks at these 
times . 

To be e f fective , thes e methods appli ed to both normal and 
de fective children will rely on complex two-way telecommunica­
tions with the i nstructor . OUr knowledge o f  the physiological 
s ignatures o f  bra in actions continues to grow rapidly, but 
thi s growth is dependent on further maj or research in tele­
communications and computing sciences . 

Much res earch in perception , models o f  brain action in 
the perceptual process ,  and research i n  interactive computer 
proces sing is now proceeding in the Soviet Union and in Soviet 
bloc countr ies , particularly in Czechos lovakia . On the biologi­
cal s ide , this  work is o f  high qual i ty ,  but is  technological ly 
l imited by avai lable computational capabilities . I t  is  backed 
by a long history of mathematica l model ing of biological and 
psychologica l processes . 

IV. Man-Machine Relations that Extend Human Perception and 
Action 

The ability o f  the digital computer to function as a 
pattern recogniz er has opened new vi stas i n  man ' s  soc ial and 
environmental interactions . There remain subs tantial prob­
lems , however , in the e f fectiveness of human communications 
with computing devices , and in man ' s  abi l ity to interpr et 
complex computer output displays . 

In part , thes e relate to inherent di f ferences in opera­
tiona l  modes in brain and computer 1 the bra in functioning as 
a highly parallel processor , with relatively s low interna l  bit 
rates , and s igni ficant error probabilities that may relate to 
"noisy " or pseudorandom internal behavior 1 the computer 
characterized by a s ingle address format and very high internal 
bit rates . Thes e constra ints in the computer may account for a 
quite r igid adherence to a lpha-numeric displays that probably 
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o f fer a cons iderable informationa l mismatch i n  interactive 
process i ng with a human operator . 

Yet the alternatives in computer organization that might 
optimize human interaction are not immediately apparent . 
Nevertheles s , the rewards for improvement o f  input-output 
organization would be su ffic iently great that it would be wel l  
worthwhi le to cons ider a direct "brain-computer inter face , "  in 
which we might take advantage o f  a "perceptual shorthand "  in 
the computed di splay forma t ,  as  wel l  as finding ways to relax 
rigorous descr iptions in input data s ets , as  propos ed in the 
theory o f  " fuzzy sets . " 

Future developments may extend the capabi lity o f  the com­
puter as an adaptive fi lter in recognition of electric brain 
patterns . Prel iminary studies have indicated its poss ible 
application in this way to control of a variety of prostheses . 

Clear ly ,  future developments in telecommunications wil l  
envisage thes e very complex pattern recognitions as occ urring 
at the terminals  o f  long communications links , at first over 
terres trial paths , and perhaps later over interplanetary 
dis tances in space exploration . The va l ue of reliable com­
munications l i nks to these automated pattern recognizers and 
decis ion makers would clear ly be paramount . 

W .  R .  Adey 
School of Med ic ine 
UCLA 
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EXCESS IVE COMMUNICATION 

The deve lopment o f  civi l iz ation has been marked by 
milestone s in the art of communication . Such markers 
have included the deve lopment of language , its retent ion 
in wr itten form through picturegrams and alphabet s , the 
invention of paper which make s written information 
tran sportab le and retainable , the art of printing which 
greatly multipl ied knowledge available to al l men , and 
more recently the contribution s o f  telecommunication s , 
the telegraph , the te lephone , televi sion , and the 
computer . 

Each of these deve lopment s  has added to the quant ity 
and the rapidity with whi ch in formation is pre sented to 
the human recipients who are the ult imate users . A smal l  
proportion of in formation mu st be decoded and used by 
machine s ,  but the amount pre sented to a machine i s  usually 
l imited in the de sign of the system incorporating such 
machine s ,  and hence is within the ir capacity to hand le . 
Such i s  not the case with the pre sent flow of information 
terminating on the individual human be ing . 

While telecommunications , i . e . , the coding , proce s s ing , 
tran sportation and decoding by e lectrical means , repre sent s 
only a portion of the total in format ion proce s s ing in modern 
li fe ,  the deve lopments of telecommunication theory and 
practice have made maj or contributions to the phi lo sophy and 
action involved in a l l  commun ication proce s se s , including 
publ icat ions and j ust plain talk . Example s of telecommun i ­
cation theory which have carried over into other fie lds o f  
thought have been the recognition of the universal ity of the 
concepts o f  feedback , s i gnal-to-noi se rat io , redundancy , 
cod ing and decoding and impedance matching to achieve opt i ­
mization , channe l loading , etc . 

The human inte llect must be regarded as the most impor­
tant rece iver for mo st me s s age s . Information theory has 
proposed that when any commun ication channe l become s over­
loaded , communication deter iorate s rapidly , or even cease s 
abruptly . Modern men , especially those charged with making 
the mo st important deci sions , are being pre sented with 
information at an ever increasing rate . 

It i s  proposed that more effort should be appl ied to 
re search to determine quant itat ive ly j ust what are the 
l imit s in information proce s s ing inherent to human beings 
immersed in our social structure which floods them with oral , 
visual , written and printed information , some re levant 
( signal s )  and much irrelevant (no i se ) . In formation of thi s 
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type i s  part icularly important when the recipient i s  
expected to use thi s  information to make appropriate 
deci s ion s  and take action , or when rapid dec i s ion s 
affect human safety and wel l  be ing . 

Such re search wi l l  require the correlation of 
several di scipl ine s in the de s ign and implementat ion 
of experiments which wi l l  involve psychological , social , 
and physical theory and practice . 

I have asked Dr . Stanley N .  Roscoe , who is both a 
psychologist and an eng ineer to comment on the need for 
such re search . Hi s remarks entitled " The Determinants 
o f  Cognitive Channel Capacity , " fol low thi s article as 
Append ix A .  Hi s pro fe s sional field involve s part icularly 
the problems of the in strument-pilot interface in the 
airplane cockpit . He has conducted some experiment s  
which are descr ibed i n  hi s report , "As se s sment of P i lotage 
Error in Airborne Area Navigation Procedure s . " * Thi s is a 
" for instance " example o f  how such problems can be reduced 
to quantitative measurement . The detail s of hi s exper i­
ments excerpted from the report are attached as Appendix 
B .  

It i s  the theme o f  the report that many more exper i ­
ments i n  the area of human communication over load should 
be developed and supported to determine the e f fect s o f  
overloading o f  the mes sage channe l in the pre sentation o f  
information t o  human be ings i n  the pre sence of noi se , using 
the word "no i se " in its broade st sense . A knowledge of the 
deteriorat ion in the quality and quant ity of usab le in for­
mation under these circumstance s can have important social 
and economic value s . 

Attachments ( 2 )  

w. L . Everitt 
Dean Emeritus 
Col lege of Engineering 
University o f  I l l inoi s ,  Urbana 

*Prepared under the auspice s of the Avi ation Research Labora­
tory , Inst itute of Aviat ion , Univers ity of I l l inois-Willard 
Airport , Savoy , I l l inoi s  for the Air Force Systems Command 
( Technical Report ARL- 7 2 - 2 4/AFOSR- 7 2 - 1 3 , October 1 9 7 2 ) . 
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APPENDIX A 

THE DETERMINANTS OF COGNITIVE CHANNEL CAPACITY 

In the realm o f  inte l l igent behavior , each individual 
has a t �e -variant momentary cognitive attention capacity 
and , to varying degrees , the abil ity to di stribute that 
capac ity to attend to different matters as a function of 
time . In many respects thi s cogn it ive channe l capacity can 
be l ikened to the channe l capacity of a commun ication 
system ; in some it can not . 

The dif ferences between animate and inanimate channel 
capac ity are most not iceable as the two type s o f  systems 
approach saturation . When an inanimate communication 
channel become s saturated ,  communication breaks down -- the 
flow of information stop s , when an animate commun ication 
channel become s saturated , it exhib it s more or l e s s  grace ful 
degradation -- some me s sage s continue to get through . 

Typically human cogn itive behavior approaches saturation 
in s ituat ions requiring the rapid time- sharing of attent ion 
among competing stimulus input s having associated action pri ­
orit ies that vary as functions o f  t �e ,  ambient circumstance s ,  
or the changing obj ect ive s of the individual . Example s of 
complex activities requiring rapid t ime- sharing of attention 
to a wide variety of stimulus input s are flying an airplane 
under instrument flight rules in a conge sted air traffic 
situation , cal l ing de fens ive signa l s  while l inebacking for 
the Washington Redsk in s , or serving as Pre sident of the United 
State s . In each of these examples , an abrupt breakdown in 
re sponses to stimul i cou ld be tragic . 

The experimental study o f  animate cognit ive channe l capac­
ity at or near its saturation leve l may lead not only to the 
psychological discovery of the determinants of human per­
formance in complex stimulu s-de c i sion-response situat ions , but 
also may yield bionic transfer to the de s ign of inan �ate com­
munication channe l s  that exhibit grace ful degradation . 

Stanley N .  Ro scoe 
Aviation Re search Laboratory 
University of I l l inoi s  
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APPENDIX B 

A COMMON METRIC FOR RNAV*EOUIPMENT CERTIFICATION 

The categorical as sertion that a system ' s  blunder prone­
ne s s  can be asse ssed by measuring a pilot ' s  re s idual atten­
t ion whi le us ing it i s  based upon an experiment recently 
completed at the University of Il linoi s  ( Kraus , 1 9 7 2 ; Kraus 
and Roscoe , 1 9 7 2 ) . The purpose of the experiment was to 
evaluate a reorganized manual flight control system in a 
realistic , complex mi s s ion environment . A Link GAT- 2  gen­
eral aviation trainer , interfaced with a high-speed digital 
computer ,  simulated procedural and performance characteris­
tics o f  a repre sentat ive airborne area navigation system 
operating in an IFR air traffic environment . 

In the experiment , three variable s were man ipulated , 
the type of manual control system flown , the waypoint 
storage capacity of the s imulated RNAV computing system , 
and the leve l o f  s ide-task loading to which the pi lot sub­
j ects were submitted . A saturating leve l of side-task 
loading served both to induce a stre s s ful f l ight situat ion 
and to provide an in ferent ial measure of each pi lot ' s  
res idual attention as a function of the equipment variable s 
be ing investigated . 

The re sults of the experiment are reported in the papers 
c ited 1 their re levance to the cert if ication o f  equipment lie s  
in the fact that each pi lot ' s  re sidual attention , a s  measured 
by the rate at which he could cope with the 1nformation­
proce s s ing s ide task , varied in a sensitive , orderly , and 
stat istically rel iable manner with each change in equipment 
characteristics , de spite the wide ly di ffering leve l s  o f  
res idual attention exhibited b y  different pilot s . 

The computer-controlled s ide task was automat ically 
adaptive ; the faster the pilot re sponded , the faster in forma­
t ion inputs were pre sented . A horizontal array of tran s i l lu­
minated numerals , 0 through 9 ,  was mounted immediate ly above 
the primary flight group on the pi lot ' s  instrument pane l . 
Numerals 1 through 8 were il luminated in a random sequence , 
and as each appeared the pilot could extinguish it by 
pre s s ing the corresponding numeral on a scrambled keyboard 
mounted above hi s right knee and out of his normal field of 
view . 

During operation , when a pilot ext ingui she s an il luminated 
nume ral , another appears after a 0 . 7 5 - second de lay ; thus , i f  

*Area navigation is any system of navigation that allows use 
of all the airspace , without re striction as soc iated with the 
geographic locations o f  radio navigat ion fac i litie s . 
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he were to re spond to every stimulus with no de lay , he would 
be proce s s ing a theoret ical maximum of four b its of informa­
tion per second (three bit s per re sponse ) .  However , i f  a 
pilot fai l s  to respond within s ix seconds , the stall warning 
horn starts sounding with rapid intermittence , calling hi s 
attention to the side task . The e f fect of the blasting horn 
can be dramatic . I f  diff iculty with primary fl ight control 
or confus ion over RNAV procedure s were the cause o f  the 
pilot ' s original failure to re spond within six seconds , the 
onset o f  horn blasts can be fo llowed succe s sive ly by annoy­
ance , frustration , hostility , and panic . 

In the experiment , the stre s s  created by the s ide task 
was accompanied by a doubling of the frequency o f  pi lot 
blunders ,  regardle s s  of the manual control system in use . 
De spite the stre s s ful effect of the e levated task loading 
and the four to one range of re sidual attention among pro­
fess ional pilots ( approx imately 0 . 2 5 to 1 . 0 0 bits per second ) , 
we l l -de signed systems approached freedom from blunder prone ­
ne s s , indicat ing that it would not be unreasonable to require 
demonstrat ion of a speci fied leve l of blunder- free re s idual 
attention by a group of properly qual i f ied pi lots for RNAV 
system certi fication . 

The particular information-proce s s ing side task de scribed 
i s  only one of many that might be employed . It was u sed 
because it was s imple to implemen t and score and because it 
was found to work during pre l iminary experimentation . A 
more complex cross-adapt ive logic in which s ide-task st imulus 
pre sentation depends upon concurrent performance on the pri­
mary task has also been inve stigated ( Damos , 1 9 7 2 ; Damos and 
Roscoe , 1 9 7 0 ) . It a l so works , but not so wel l  as the s imple 
self-adaptive task j ust de scribed . 

The measurement of re s idual attent ion in a standardi zed 
manner under speci fied flight s ituations , whether in actual 
or s imulated flight , o f fers a promis ing common bas i s  for 
e stabli shing the workload demand and blunder pronene s s  of 
area navigat ion , vertical guidance , and other types o f  flight 
directing and contro l systems . As such , it repre sent s a 
potential method of demonstrating compl iance with ob j ective 
per formance standards for airborne equipment cert ification . 

Stanley N .  Roscoe 
Aviat ion Re search Laboratory 
University of I l l inois 
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INTERFACE MAN-cOMPUTER 
DATA ENTRY 

The purpo se o f  thi s  study i s  to asses s long range need s 
in the inter face between the internal d ig ital manipulation 
of the electronic s ignal and the out s ide wor ld . For want o f  
a better terminology , we sha ll c a l l  the communicat ion which 
cro s ses thi s  interface "data " . Such data i s  generated by 
people , phys ical proc e s se s , transact ion documents , pic tures 
and miscel laneous other source document s .  As well a s  the 
phys ical tran sduct ion of the data itsel f , the study is con­
cerned with human factor s ,  formatting , and programming support 
i s sue s which fac i l itate the generat ion o f  entry o f  data . 

The data entry area i s  not a cohesive body of technology . 
More importantly , the va lue of a techno logy i s  largely deter ­
mined by the system and operational environment within which 
it reside s . Thus , there is no attempt to draw a sharp def ini­
t ion of thi s  area . Rather , thi s report attempt s to cover the 
interesting approaches of phys ical data entry and a look into 
problems of data generat ion that the user face s in dealing 
with the hardware .  The latter subj ect lead s into a large 
number of programming and human factor s i s sue s . In the long 
run , these wi l l  become the dominant considerations in des ign­
ing an ent ire man-computer system . 

I I . Per spec tive 

Hi stor ically , the ma j or impedanc e to the growth of the 
computing bu s ine s s  ha s moved outward . Until  the present era 
the cost of hardware ,  espec ial ly onl ine storage , wa s a maj or 
factor in the cu stomer ' s  dec i s ion to put an appl ication on a 
computer . With pr esent computer s ,  the complexity and stabi l i ty 
of the software sys tem have become the f i r st cons iderat ion in 
a new appl icat ion, or the expans ion of  an o ld one . The present 
deve lopment empha s i s  is to c lean up the system structure and 
make it much more permi s s ive of appl ication expansion and the 
programming of new work . It seems rea sonable then that growth 
in function and fac i l it ies wi ll be strongly dependent upon our 
abil ity to inter face the computer with an enormou s ly expanding 
var i ety of day-to-day endeavor . Consequently , our abil i ty to 
insert the computer tran sactions in a natural way must be a 
ma j or focus o f  research e f fort . 

Whenever a per son i s  directly involved , data output i s  
a n  integral par t o f  the data entry functions . For example , 
conver sat ional interact ive data entry requires some degree 
o f  data di splay . The sys tem must enabl e the per son who i s  
monitoring automat ic da ta entry or executing manual data entry 

C o p y r i g h t  ©  N a t i o n a l  A c a d e m y  o f  S c i e n c e s .  A l l  r i g h t s  r e s e r v e d .

T e l e c o m m u n i c a t i o n s  R e s e a r c h  i n  t h e  U n i t e d  S t a t e s  a n d  S e l e c t e d  F o r e i g n  C o u n t r i e s :  a  P r e l i m i n a r y  S u r v e y .  R e p o r t  t o  t h e  N a t i o n a l  S c i e n c e  F o u n d a t i o n
h t t p : / / w w w . n a p . e d u / c a t a l o g . p h p ? r e c o r d _ i d = 1 8 6 4 0

http://www.nap.edu/catalog.php?record_id=18640


4 9  

to supply mi s s ing data or to re-execute part of the entry 
proce s s . To the extent that intervention is required by 
the nature of the data entry task or by the nature of the 
system , the monitor/enterer must be provided with a context 
in which he can determine the occa s ion for and degree of 
exception-handl ing needed . The system must e ither be con­
f igured to recogn i z e  the error , or di splay a subset of data 
which enables the user to recogn i z e  it . Thi s  is one of  the 
fac tor s which makes the suc c e s s ful configurat ion of entry and 
d i splay technique s appl icat ion-dependent . 

I I I . Trend s  

There are a number o f  ma j or trend s which could dominate 
the theme of data entry for the per iod of intere st . These 
are : 

A .  The economic s  and logistics of handling data severa l 
time s befor e i t  gets into the machine yields strong emphas i s  
o n  captur ing data a s  near i t s  source a s  pos s ible . While thi s  
direc tion seems t o  pervade a l l  applications , there a r e  two 
pr incipa l  keys to its rate of progre s s . First , a s  the data 
capture hardware gets further from the central system , its 
duty factor of usage tends to decl ine . Consequently , the 
absolute co st of the capture device must go down correspondingly . 
Secondly , even in instanc e s  where the duty factor of  usage i s  
high , such a s  i n  ga s station cred i t  card transactions , the co st 
of  communication to the central system b ecomes a maj or com­
ponent of over-a l l  transac t ion cost . While many appl ications 
wi l l  a l low remote buf fer ing o f  informat ion in machine readable 
form , it i s  highly de s irable in most f inanc ial transact ions 
to have two-way communicat ion with a computer in order to 
obta in po s i tive author i zat ion for the transaction and to mini­
mi z e  float . 

B .  The fa stest growing segment of data entry i s  in the 
consumer area . Here the pr inc ipa l  requirement is to read a 
cred i t  card , ident i f y  a piece of merchand i s e , or accept a 
simple query . The problem i s  to pre structure the transac tions 
in such a way that the general publ ic ' s  interaction with the 
computer is extreme ly s imple . 

C .  Opt ical character recognition ( OCR) wi ll continue to 
grow a s  an input mec hani sm ,  e spec ia lly where reasonable vo lume 
is invo lved . The pr inc ipal tr end in OCR equipment is to reduce 
the threshold co st and to reduce the constra int s  on its usage , 
pr inc ipa l ly in the area o f  alpha-nume r ic hand print ing . 

IV . Summary 

1 . The ma j or hardware needs in the data entry area are 
for better termina l printer s and large screen di splays . Both 
of these component s are curr ently ma j or cost problems . 
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2 .  Optical charac ter recognition wi ll grow in importance 
in the future .  Technical advance s  are needed here to permit 
a broader expans ion of data entry capab i l ity to hand prepared 
documents . 

3 . Improved data entry tec hnology i s  des irable in appl i ­
cations such a s  reta i l  check-out systems . 

4 .  Human factor studies and improved speech recognition 
capabi l i ty i s  required to expand vo ice communication capa­
bil ity wi th computer s . 

5 .  Other than the ne ed for better graphic d i splay , the 
pr inc ipa l need in graphical data entry is for better human 
factored software . 

6 .  At the man-machine inter face , we under stand the 
machine much better than the man . There are both hardware 
and so ftware de s ign i s sues , but so ftware i s sue s are dominant 
and growing . We have almo st no pr edic tive de s ign techno logy 
in th i s  area . 

7 . For purposes o f  secur ity and author i zation , systematic 
s tud ies of ways to . po s itive ly ident ify a per son at a termina l 
are des irable . 

8 .  A cur sory inve stigation o f  phys io log ical phenomena 
yi elded no prac t ical data entry mechani sms . There are more 
sc i entif ical ly or iented inve st igat ions that might bear fruit 
later . 

9 .  "Data Entry " i s  not a cohes ive body of technology 
on system func tion . It should be viewed a s  part o f  the 
organic whole of an appl ication . There always are s everal 
alternat ive data entry technologies for the same appl ication 
and their re lat ive va lue can be determined only in the context 
of the entire appl icat ion environment . 

v .  Techno logy I s sues 

A .  Key Entry 

Stand a lone keypunche s ,  c lustered key entry stations and 
termina l s  wi ll be included in thi s  category . The trend i s  
away from the stand a lone unit s t o  c lustered and on-l ine 
entry . 

Key entry wil l rema in an important computer inter face 
for the foreseeable future . The trend in OCR is toward lower 
co st and fewer constra int s  on the input document .  Thus , the 
impact of OCR on key entry wi ll continue to increase , but not 
enough to remove key entry a s  the dominant data entry mechani sm . 
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Keyboard design today lacks d i s c ipl ine . Not only are 
many mechanica l a spects still open to investigation ,  but the 
logical structure seems to requ ire new study each time a new 
appl ication is cons idered . The fol lowing l i st outl ine s some 
of these i s sue s . 

- S i z e  o f  keys 
- Key spac ing 
- Operating force 
- D i splac ement 
- Keyboard shape (Concavi ty ) 
- Keyboard s lope 
- Feedback ( kine s thetic , aud itory , visua l ) 
- Keyboard forma t 
- Key interlocks 
- Appl icat ion sensitivity 

B .  Character Recogni t ion 

1 .  State o f  the Technology 

Machine pr inted and handwritten document s or page s are 
perva s ive in our soc iety , and OCR is a cand idate for data­
entry whenever informat ion from documents is now done by 
manual keying a t  a co st (mo stly labor ) which approaches one­
four th the total cost in contemporary DP (data proce s s ing )  
instal lations . 

Replac ement of a ma j or part of thi s labor with labor 
saving OCR equipment i s  des irable . There are other alterna ­
t ives to OCR , such a s  plac ing key entry terminal s at the 
source of data , or recording data in machine readabl e (coded ) 
form at the sourc e . OCR i s  l ikely to have a signif icant ro l e  
a s  long a s  paper document s are a commonplace medium for s tor ­
ing and transporting information . To date OCR ha s not had 
wide acceptance . The rea sons are : 

1 .  
2 .  
3 .  
4 .  

benef its 

The machines are expens ive . 
Instal lat ion costs are high . 
Inputs are relat ively cons tra ined and on special forms . 
Potent ial u ser s have not been adequately aware of the 
of OCR . 

Although the rate of growth of OCR i s  uncer tain , there 
i s  strong intrinsic mot ivation for OCR a s  a direct and obvious 
method of captur ing data at the sourc e .  Growth of OCR i s  
l imited because we haven ' t  adequately solved the prob lems 
as soc iated wi th OCR , no t becau se the potential appl icat ion 
area is sma l l . It is probable that c erta in mild constraints 
on the input wi l l  be neces sary and acc eptable for some t ime 
in the future . 
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The problem of machine recognition of  cur s ive hand­
wr it ing has been recogn i z ed as very d i f f icul t - in a league 
with complex pattern recognition and speech recognition . 
Work i s  in an exploratory stage . There i s  need for innovat ive 
and imaginat ive approaches to make progress in thi s  area . 

2 . Technology Problems in OCR 

Solid-state scanner s are now fea s ible , and r eductions 
in memory and logic co st s a l low a shi ft toward programmable 
machines rather than hard -wir ing .  

a .  Current document transports f or OCR and MICR 
(magnet ic ink character recognition ) handl e  a wide var iety 

of documents at high speed remarkably we l l . There do not 
appear to be spec i f ic technology barr ier s in thi s  area , but 
we can a s sume that co st would be a probl em in any system a iming 
toward the low-co st end of the market . 

b .  Current scanner approaches (LED or Photo-FET arrays ) 
appear qui te good . 

c .  With re latively unconstra ined input , find ing the 
des ired f ie ld of characters i s  a maj or probl em . Algorithms 
ar e needed for per forming thi s func t ion in memory . 

d .  Mea sur ement des ign i s  st i l l  large ly a manual proce s s  
without formal guiding princ iple s .  Mea surement selection and 
de s ign of deci s ion functions is computer-a ided , but the pro ­
cedur es don ' t  have a strong theoretical foundat ion . 

e .  Po st-proc essing to apply contextual rules to f i ll 
in character s  that were rej ected i s  currently an appl ication 
dependent art . Gener a l  pr inc iples or procedures would be 
des irabl e ,  but may not ex ist . 

f .  The low-vo lume user may best be served by a scanner 
terminal with central i zed recognition . With telephone l ines , 
some form o f  compact ion i s  requ ired to get enough throughput . 
I t  might be des irable to do recognition on the data in com­
pacted form i f  proper ly coded . Another alternative i s  to push 
toward broad-band transmi s s ion in the first place . 

C .  Cred i t  Card s 

Whi le the embo s sed card wil l r emain for a long per iod o f  
time , magnetic str ipe cred i t  card s could o f fer s igni ficant 
advantages . This approach a llows the encod ing of a great deal 
more information on the card and add it iona lly al lows the 
system to record back cr edit or other status information . 
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In addition to providing more user data o n  the card , 
the need for secur ity against theft and inadequate credit 
balances causes a trend toward onl ine systems . The pr incipa l  
thrust seems t o  b e  the u s e  of the credit card i n  connect ion 
with a memori zed four -d igi t  per sona l code . Some systems have 
add itiona l ly gone to cryptographic approaches o f  coding the 
data before transmi s s ion acro s s  tel ephone l ines in order to 
fur ther protect the per sona l codes . 

While it i s  be l ieved that the four -digit code and cr edit 
card serial number wi l l  be suf f i c i ent to drastica lly reduce 
the current lo s s e s , thi s  may not yield a suf f ic ient ident i ­
f ic at ion for some transact ions . Therefore , it i s  worthwhile 
to cons ider more po s i t ive , but a l so s imple means of additional 
per sona l ident i f i cation . 

D .  Speech Recognition 

Speech � ecognit ion ha s the potent ial for great ly enhanc ing 
the man-machine inter face . Examples would be giving an astro­
naut add itional contro l capabi l ity when his hand s are occupied , 
or g iv ing a ma i l  c l erk the capab i l i ty of vo ic e contro l to 
supp lement manual contro l of a ma i l  sort ing system . Speech 
contro l suc c e s s fu l ly implemented could suppl ement , and in some 
cases , replace the keyboard as an input device . 

1 .  C l a s s i f icat ion o f  Speech Recognition Problems 

There are four ba s ic dimen sions to the speech recognition 
problem : the range of speaker var iability ; the complexity of 
the material spoken ; the background no ise l evel ; and the 
channel distortion between the speake r and the A/D converter . 
Constra ints p laced on each of the se dimens ions g ive r i se to 
a c la s s i f ication of speech recognition problems and speech 
recognition capabi l ity . 

The ba s ic alternative s a s  concern speaker var iation ar e 
s ingle speaker and mult iple speaker . Multiple speaker breaks 
down by dia lect} by sex (women have proven more d i f f icult than 
men ) , and by age (particularly chi ldren ) . Thus , we can talk 
about the capab i l ity to recogni z e  the speech of a sing le dia­
lec t , of a l l  female speaker s ,  o f  any Amer ican dialec t , etc . 

The ba s i c  alternative s a s  concern the complexity of the 
mater ial spoken are i so lated words and continuous speech . 
The problem o f  r ecogn i z ing i so lated words i s  ca l l ed word recog­
nition . Word recognit ion capabi lity is roughly mea sured by 
the number of words recogn i z ed . Cont inuous speech capabi l i ty 
depend s upon the vocabu lary s i z e  and upon the language .  It 
var ies all the way from continuous sequences of a few word s , 
through art i f ic ial languages with l imited vocabular ies and 
a s imple syntax , to natural Eng l i s h . The background no i s e  
level var ies from e s s entially z ero t o  a factory environment . 
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The channe l d i s tor tion prac tically breaks down into 
two a lternatives : input over the telephone , or over a higher 
fide lity channel . 

2 .  The D i ff iculty of the General Speech Recognition 
Problem 

The general problem o f  the machine recognition of the 
spoken vernacul ar of an unknown Amer ican speaker is a problem 
of immense complexity . It  i s  a pattern recognition and 
l inguistic process ing problem par exce l l enc e . The acoustic 
correlates o f  the ba s ic phonetic elements o f  speech vary 
dramatica l ly ;  with dia lect , with speaker , with l inguistic 
context , and with emotion . Even at the word l evel for a 
single speaker there i s  great var iabi l ity . There i s  strong 
co -art iculat ion between word s , and the tota l acoustic c orrelate 
of a word depends strongly upon sentence context . There are 
no word boundar i e s  except at pauses . 

Further , syntact ic and s emantic " knowledge " sufficient 
for the under standing of utterance s  in a language i s  a 
r equ irement for accurate human phonetic transcr iption o f  
that language . People only speak carefully enough t o  be 
unders tood by other peopl e ,  whic h  means that any g eneral 
speech recognition devic e must be able to capita l i z e  on the 
redundancy in speech and hence cannot operate as an acoust ic 
proces sor alone , i . e . , it must do sophi s ticated syntactic and 
semantic proc essing . 

The ac hievement of this acoustic and l ingu i st ic pro­
c e s s ing function in an ef fective way short o f  the sensing 
and proce s s ing capabi l it ie s , a s  wel l  as experi ence o f  a human 
being , i s  a ma j or research chal lenge . 

3. State-of-the Art 

a .  Word Recognit ion 

Present capabi l i ty for word recogni tion for mult ipl e 
ma le speakers i s  twenty to f i fty words with 9 5 %  accuracy . 
Thi s  ha s been achieved in a number of plac e s . Thi s  capab i l i ty 
ha s not changed substantially dur ing the last ten year s . 
The problem i s  solved by applying var ious standard pattern 
recognition t echnique s to the entire word . It is not solved 
in any fashion which is l ikely to be extendable to continuous 
speech . 

Pr esent capabil ity for word recognit ion for a s ingle 
speaker i s  fifty to one hundred words with 9 5 %  accuracy . Thi s 
has a l so been achieved in a number o f  plac es and i s  done in 
the same fa shion as for mu ltiple speaker s .  In both cases 
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the performance i s  somewhat le s s  over the telephone . This 
one hundred word capability can be compared with the 1 0 , 0 0 0  
or mor e word recognit ion capabi l i ty o f  the human being . 

One company , Scope Inc . , market s a word recogn i z er . It 
i s  a s ing l e  speaker device and recogn i z es 10 to 5 4  word s . 
The only other system in ac tual use to our knowledge i s  the 
IBM Ral eigh FE system . It has a multiple speaker capabil ity 
which can recogni ze 1 3  words from a telephone input . Message 
accuracy i s  mea sured by the discr imination between yes and 
no which i s  done with 9 8 %  accuracy . The thirteen words are 
recognized with 9 5 %  accuracy . 

b .  Continuou s Speech Recognition 

The system put together at IBM Ral eigh with A ir Force 
support i s  the only non-tr ivial complete continuous speech 
recogni t ion syst em .  I t  operate s on a 2 5 0  word vocabulary 
with a s imple , f ixed syntax language spoken by mult iple male 
speakers . The 2 5 0  words are the mo st commonly occurr ing 2 5 0  
word s in Engl i sh text . The system ha s proce s s ed 3 4  sentenc e s  
and recogn i z ed 9 of these per fectly . It can recogn i z e  7 5 %  
o f  the words , and , depend ing upon the class , 5 0 %  to 7 0 %  of 
the phonemes in these 34  sentenc e s . Thi s wor k  i s  noteworthy 
because it  i s  the f ir s t  time a complete system {with both 
acou stic and l ingu i s tic proc e s s ing )  for continuous speech 
has been a s s emb led , and because it g ive s surpr i s ing ly good 
performance for an initial attempt . 

A system put together by Reddy at Stanford operate s as 
a l imited continuou s speech recogni zer . It recogni z es 
commands to the Stanford block stacking programs . 

Both of these programs {The Raleigh and the Stanford ) 
wocld requ i re about 5 MIPS* to operate in real t ime on a general 
purpo se machine with no spec ial hardware of any kind . The 
Ra leigh system inc ludes context-dependent phonetic segmentation 
and recognit ion and l ingui stic proc e s s ing . The se two ingredi ­
ent s were recogni z ed a s  essential , i n  the intervening per iod , 
to any suc c e s s fu l  program . 

4 . Nature of Speech Recognition Re search to Date 

Re search on the automat ic recognition of speech began 
over f i f teen year s ago . There have been a number of effor ts 
inc luding Bel l  Laboratories , RCA , L itton , Lincoln Laborator i e s , 
IBM ,  and o ther s . The initial ac tivity ( 1 9 5 5 - 6 0 )  wa s concerned 
with continuou s speech recognition and was a s low process of 
d i s i l lu s ionment because of the genera l d i f f iculty of the problem . 

*Millions of instructions per second 
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Subsequent pro j ects were mostly conc erned with word recog­
nit ion and resulted in the wide spread uniform level of 
achievement c ited above . Up unt i l  the present ARPA program 
d i scus sed below , there have been no large sca le federally 
f inanced efforts in speech recognition . 

In addition to the act ivity in industrial and defense 
laborator ies , there ha s been cont inuing work at universities 
and a substantial number o f  graduate the se s . There has a l so 
been cons iderable research act ivity in l ingui stic s ,  speech 
sc ience , and pattern recognition , which is pertinent to speech 
recogni tion . 

5 .  The ARPA Program 

ARPA ha s undertaken a f ive year program in continuous 
speech recognition at a pro j ected co st of approximately 1 5  
mi ll ion dollar s . Ten mi l l ion of th i s  i s  a re-or ientation of  
o ld co sts , and 5 mi ll ion repre sent s new expenditures . This 
ef for t fol lows the rec ommendat ion o f  a study commi tt ee which 
met during the Summer o f  1 9 7 0  and which produced a report 
" Speech Under standing Systems " ,  May 1 9 7 1 , which is avai lable 
from the Na tiona l Technical Information Service ,  Department 
of Commerce , Spr ing f i e ld , Virginia . 

The goa l of the ARPA ef fort i s  a system for the recog­
nition of continuous speech from multiple speakers in a 
quiet room with high f ide l ity input . 

The language would be a command language , general ly not 
Eng l i shlike , with a highly constrained syntax and a vo cabulary 
of approx imate ly 1 0 0 0  words . ARPA is interested in a com­
plete system which integrates speech recognit ion into the 
so lution of a reasonabl e and we ll spec i f ied ta sk . The goa l  
i s  a demons trable system by 1 9 7 6 . 

There wi l l  be a number o f  paral le l  e f for ts over the 
f ir s t  two year s . The ma j or groups involved are SOC , SRI , 
BBN , Linco ln Laborator ies , and Carnegie-Me llon . The Speech 
Communications Laboratory at Santa Barbara , the Univer s i ty 
of Mich igan , and Univac in Minneapol i s  are al so invo lved ; the 
latter under a subcontract with BBN . At the end of two year s . 
i f  the results ar e suf f ic iently promi sing , one or more of 
these contractor s wi l l  be selected for a subsequent three year 
effort yielding a complete system with viabl e appl ications . 

Other f eature s  o f  thi s program are : a steer ing committee 
to coordinate the ef fort ; a summer insti tute to promote tech­
nica l interchange among the individual proj ect s ; use of the 
ARPA network to fac i l itate shar ing of hardware , so ftware and 
data ; a common data bank (maintained by the L incoln Laboratory ) 
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to insur e  a val id compar i s ion o f  r e sult s ; and continued 
financ ing of un iver sity re search . 

6 .  The MIT! Program in Japan 

The Japane se government ha s embarked on a 1 0 0  mi ll ion 
dol lar j o int government- industry program for a " Pattern 
Information Pro c e s s ing System " (PIPS ) . Thi s program i s  
directed toward character r ecognition , two-dimensional image 
proce s s ing , three-dimen siona l  image proc e s sing , and speech 
recognition . Their present goal in speech recognition i s  
the recognit ion of 1 0 0  i solated words . However , the deta i l ed 
planning o f  the speech ef fort does not begin unt i l  next year 
and this goal wi l l  l i kely be mod i f ied . There ha s been no 
dec i sion a s  to the amount o f  money which wi l l  be spent on 
speech . The plan i s  to have a pilot speech recognition system 
in f ive years . 

7 .  Referenc e s  

The fo l lowing i s  a br ief l i st of  referenc e s  for obtain­
ing general background in the speech recognition area . 

" Speech Und er stand ing Sys tems " , A .  Newel l et al , May 1 9 7 1 , 
ARPA Report ,  Nat ional Technic a l  Information Servic e , Spr ing­
f ield , Virginia . 

"Approaches to the Machine Recognition o f  Conver sat ional 
Speech " ,  K .  w .  Otten , Advanc es in Computer s , 1 9 7 1 , pp . 1 2 7 - 1 6 3 . 

"Man Machine Interac tion Us ing Speech " ,  D .  R .  Hi l l , 
Advanc e s  in Computer s ,  1 9 7 1 , pp . 1 7 5 - 2 3 0 .  

"Automatic Speech Recognition : L iterature , Survey and 
D i scus s ion " , s .  R .  Hyde , 1 9 6 8 , Research Dept . , Report No . 3 5 , 
P .  o .  Re search Dept . , Dol l i s  Hill , London , N . W .  2 .  

"Mach ine Recognit ion of Human Language " ,  N .  L indgren , 
IEEE Spe ctrum , No . 7 ,  1 9 6 8 . 

"Whither Speech Recognition , "  J .  R .  Pierce , Journa l o f  
the Acoustical Soc iety of Amer ica , 1 9 6 9 , pp . 1 0 4 9 -1 0 5 1 . 

E .  Image Entry 

Image s , two-d imen siona l  or three-d imen sional s ignal s ,  
cons titute a s igni fi cant c l a s s  of  data . There exi st enormou s 
quantities of information in the form o f  vi sua l image s which are 
now proc essed manually . The automat ic or semi-automat ic 
acquisition and proc essing o f  thi s  informat ion could subs tan­
tial ly reduc e th i s  manual ta sk . Generally the proc e s s ing o f  
images i s  complex , and to date , exc ept for the s implest tasks , 
computer s have not been e f fec tive and e f f ic i ent . However , 
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i t  can b e  expected that the r i s ing co st of labor , shor tage 
of tra ined per sonnel , the decrea s ing co st of computation a nd 
memory , progre s s  in methodo logy , sensor s and ef fect ive man­
mac hine interaction would br ing about a maj or penetrat ion o f  
the computer into the se area s . 

1 .  Data Type s 

To provide a per spect ive , a l i st of data type s for 
entry to the computer other than the keyboard entry is g iven 
in the following : 

a .  T ime S igna l s  

1 .  Vo ice 
Spe ech recognition 
Speaker ver ification and identif icat ion 

2 .  Se i smic 
D i scrimination (nuc l ear explo sions , earthquake s ) 
Exploration 

3 .  Biomed ical s igna l s  
Electrocard iograms 
El ectroencephalograms 
Etc . 

4 .  Sonar and radar 

b .  Two-d imen sional patterns 

1 . Charac ter s 
Styl i z ed font s 
Mixed font s 
Hand pr inted character s 
Cur s ive wr it ing 
On-l ine character r ecognition 

2 .  Fingerpr ints 

3 .  Maps 

4 . Text 
Format recognit ion comb ine s A/N and l ine drawing 

5 .  Bubble and spark chamber photographs 

6 .  Aer ial photographs/ satell ite image s 
C loud s/weather 
Crops 
Targets , reconna i s sance 
Pol lution control 
Earth resources 
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7 .  Elec tron micrographs 
Material and integrated c ircuits 
Biological spec imens 

8 .  Biomedica l image s  
Sc intigrams 
Chromo some 
Bac teria 
Pharmaceut ical 
Smear s 
C e l l s  and T i s sue s 
Brain Sections 
x-ray f i lms 

c .  Three-dimens iona l patterns 

Sc ene analys i s  
Robot ic s/artificial inte l l igence 
Manufacturing 

The types o f  data in the f ir s t  part o f  the l i st are either 
one-dimen s ional or intr ins ical ly binary (black and white ) 
patterns , and only t hose on the s econd port ion of  the l i s t  
are images with grey scale . 

2 .  Environment 

There is growing intere st and activity in pattern 
information process ing , not only in USA , but in other coun­
tr ie s , and notably in Japan . The Japane se Government decided 
in 1 9 7 1  to inve st over $ 1 0 0  mi l l ion for a per iod o f  e ight 
years in research and development of a " Pattern Information 
Proc ess ing System " under the National Re search and Deve lop­
ment Progr am , with act ive indu s try and univer s i ty partic ipat ion . 

Indicative of the preva i l ing general intere st in the 
u . s . , the National Sc ience Foundation held a conference in 
February 1 9 7 2  to di scu s s  research opportunit ies on "pattern 
information proc e s s ing . "  

However , a s  yet there i s  l �ttle conrnerc ial impetus to 
develop image entry and/or proce s s ing capabi l i ty . Thi s  
apparent lack o f  commercial intere st can be , i n  part , attri­
buted to the fact that almo st a l l  succe s s ful computer appli­
cations have so far been in the area s o f  bus ine s s  data 
proce s s ing , management informat ion and sc ientif ic computation , 
and that the ma j or sourc e s  of images are in med ic ine , sc ienc e 
and appl ied technology . 

The impetus and motivation for acqu i s i tion and proce s sing 
aer ial photographs and satel l ite image s are be ing provided 
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by the government . A few ma j or image proce s sing c enter s 
wi l l  be establ ished and ta sk s  per formed on nat iona l and s tate 
levels . 

There are over 4 0  known groups at universities , med ical 
centers , government laborator ies , independent research 
institutes and industry laborator ies which are engaged in 
computer proc e s s ing of  biomedical images ,  electron micrographs 
and 3 -d patterns . The efforts range from academic inqu iry , 
research , development , and feasibil ity studies to c l inical 
implementation . 

3 .  Needs 

a .  Image entry 
b .  Image process ing 

In order to make computer s effective and e f f ic ient in 
handl ing v i sual images ,  i t  is neces sary to provide adequate 
means for image acqu i s it ion and d i splay . But thi s i s  not 
enough ; one ha s to provide image proc es s ing methodo logy or 
programs . Thi s  is especia lly true in med ical applications . 
It i s  not rea l i st ic to expect practic ing medical doctor s to 
develop their own proce s s ing algor ithms and programs . As a 
group , medical doctors are skept ical about the usefulne s s  
of computer s i n  their pro f e s s ion other than for keeping track 
of pat ient informa tion and bil l s . In order to penetrate 
succe s s fully into the hand l ing of  biomed ical image s , it wi l l  
be nec e s sary to develop bas ic proc e s s ing software , a s  well 
as to so lve the problem o f  image entry . 

Thi s dependency upon development of proc e s s ing techniques 
and a lgor ithms is a key d i fference between image entry and 
other types o f  data entry , say character recognition . In the 
latter , onc e the charac ter s are recognized , the proce s s ing 
of thi s information i s  well def ined . Unfortunately , it ' s  
generally not the case in handl ing image s .  Merely to get 
images in and out of the computer is not suf f ic ient ; how to 
proce s s  them in many cases is not under stood . The user may 
say " enhance the picture " or " f ind the ventr ic le " ; how to 
achieve thi s  i s  usua l ly not a tr ivial ta sk . 

F .  Graphica l  Data Entry 

Graphic Data Entry is the creation and maintenance of 
a coded graphic data base represent ing both the image and the 
inherent structure of the information on documents conta ining 
combined alphanumeric and graphic data . The empha s i s  here i s  
not on highly interactive graphic de sign , but rather , o n  the 
efficient entry of large volumes of graphic data . 
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Unl ike the image proc e s sing problem , graphical data 
admits to an expl ic it , albeit complex , relationship between 
the computer representat ion of the picture and the semantics 
of the obj ect . Thus , the i s sues of  recognition and mani­
pulation are enormous ly s impler . Corre spondingly , the co sts 
a s soc iated with proce s s ing and storage cea se to be dominant . 
The focus thus moves to the entry interface . At thi s  po int , 
the dominant a spect i s  the human fac tors of the programming 
which support s the creat ion and entry of the data . 
Secondar ily , the entry hardware i s  an i s sue . 

Appl ications fall into two categor ies : ( 1 ) Mapping -
The proc e s s ing o f  documents which represent geographic boun­
dar i e s  or area s and the locat ion of  fac i l ities relative to 
thi s  geography ; and ( 2 )  Drawing s - Combined a lphanumer ic and 
graphic informa tion usual ly relating to the production (or 
building ) and maintenance of product s ,  processes or procedures . 

A l i st o f  typica l  appl ications fol lows : 

- Mapping and cartography 
- Computer -aided drafting 
- Page layout and composition 
- LSI Chip de s ign 
- Numerical machine contro l 
- Electrical circuit diagram 
- P ip ing layout s 
- Plant floor plans 
- Pert charts 
- Tru s s  des ign 
- Chemical structure d iagrams 
- Architectural drawings 
- Program flowchart s and documentation 

The data base generated as a result of graphic data 
entry is the key to the success  of these applications . I t  
i s  used for two purposes : ( 1 ) Computer -produced documents at 
a level current with that of the coded data ba se ; and ( 2 )  Pro ­
cess ing and manipulat ion , by application programs , o f  informa­
t ion represented on the documents . 

The pr inc ipal value of such systems i s  to increase 
greatly the product ivity o f  the people involved in de s ign 
and dra fting . Thus , it is neces sary that the device " feel 
r ight " to people ski l led in these f i elds . 

In the software area , the ma j or need i s  for a customi z er 
which wi ll a llow the non-programmer to f i t  the system to his  
particular need s . Thi s would include special symbol s , drafting 
convent ions , etc . , a s  wel l  a s  the fac i l ity to incorporate pro ­
cess ing macro s particular to the app l ication . 
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G .  Human Sc iences 

There seems to be l i ttle doubt that the focus o f  com­
merc ial and technica l interest i s  moving outward from the 
Central Proc e s sing Unit (CPU ) toward the customer ' s  work 
and the user himself . As we make this movement outward , more 
uncerta inty i s  encountered in the product strategy and des ign 
proc e s s . Not only i s  it more d i f f icult to d i scern what i s  
needed , but it i s  much more d i f f icult t o  determine i f  a parti­
cular design meets the stated requirement . It i s  ea sy to 
compare ar ithmetic unit s , but more d i f f icul t to compare 
information sys tems . 

There i s  no techno logy to al low the compar i son o f  
conver sational languages . A cur sory look a t  our sc ientif i c  
and technica l  resources shows why we unders tand much more 
about what goe s  on ins ide a semiconductor device than we do 
about what goe s  on in the mind of a user a s  he attempt s  to 
get h i s  work done in a computer . The latter i s sue i s  becoming 
more important than the former . 

From the per spective o f  data entry , work i s  needed to 
deve lop a des ign and evaluation methodology for tho s e  com­
ponents of hardware and software through which data i s  entered . 
C la s s ically , such work has been cal l ed human factor s or be­
havioral sc i ence . While thi s  work i s  heavily dependent on 
tho se d i scipl ines , there appear to be a number of area s which 
have not been confronted by these f ields , but are of growing 
importanc e .  The fo l lowing i s sues def ine the scope o f  some 
o f  these . 

1 .  I s sue s 

a .  Technology Evaluation and D e s ign 

As we develop new I/O technology components , a comparable 
amount of e f fort i s  needed to understand and synthe s i z e  the 
man-machine systems within which they reside . The va lue of 
the technology can be establ i shed only in that context . 

Current technology , itself , i s  not wel l  under s tood from 
a human fac tor s viewpo int . Other than the a spect of  no ise 
a ssociated with the typewr iter terminal , there i s  l i ttle agree­
ment on whether hard copy or Cathode Ray Tube (CRT )  d i splay 
i s  better for conver sationa l  computing . Perhaps this i s sue 
i s  unreso lvab le , but work is required to under stand what 
factor s make it so . 

b .  Human Fac tors of Programming Language s 

As we proceed to de s ign new language s which wi l l  fac i l i ­
tate more users , there i s  no technology which w i l l  predict 
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how people wi l l  like them , Which commands , for example , 
corre spond naturally to the way people want to think about 
their probl em and which are there becaus e  the system pro­
grammer put them there to make h i s  j ob ea s ier . Fi eld s tudies 
show that one of the maj or co sts in appl ication development 
is in the area of debug and checkout . It has further been 
shown that the bulk of errors are error s in program structur e 
( a s  contrasted to coding ) and appl icat ion concept . 

A ma j or i s sue i s  the design o f  ef fective language s that 
wil l  encourage the layman to br ing more of hi s data pro ­
c e s s ing work into the system . The intent here i s  to el iminate 
the appl ication programmer from a broad cla s s  of s imple trans­
ac tions and at the same time fac i l itate the user in h i s  task 
of data generation . 

A striking exampl e of a system which fac i l itates data 
entry is the di splay ori ented pro j ec t  led by Dr . Douglas 
Engelhart at Stanford Re search Institute . Here the u s er s  
are expec ted to undergo a great deal o f  tra ining . The payoff 
i s  an extremely power ful data and text manipulat ion capab i lity 
with which the information can be sorted , indexed , retr ieved , 
cro s s-refer enced , structured , etc . 

The system a l so provide s excellent capabi l ity for com­
municat ion among user s . The key to the power of the system 
and a l so the source of the training need i s  an exten s ive use 
of context . A great deal of  attention i s  paid to antic ipating 
what the user might do next . By tak ing account of the context 
of the user ' s  current state , extreme ly br ief (one or two 
character s )  and powerful command s are the mo st commonly used . 

A very intere sting i s sue ra i sed here i s  the tradeof f  
between the user ' s  throughput obta ined from a n  extens ive 
support structure ver su s the tra ining required to make use 
of  it . There doe s not seem to be much understood about this 
i s sue as  wel l  a s  the larger i s sue of why there i s  such a large 
variabi l ity among the product ivity of programmer s . Systems 
such as these are invented rather than synthes i z ed from funda ­
menta l pr inc iples . They are succe s s ful to the degree that 
they al ign with the way the user wants to think about his work . 

R .  A .  Henle 

G. c. Bacon 

P .  D .  We lch 

IBM , Hopewell Junct ion , New York 
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INTERACT IVE CABLE TELEVI SION SYSTEMS 

Over the pa st twenty years cable telev i s ion systems i n  
the u . s .  have grown from 1 4 , 0 0 0  home subscribers i n  1 9 5 2 to 
a total of about 7 mi l l ion as of  the end of 1 9 7 2 . Current 
subscr iber growth is at a 2 0 %  annual rate . 

From their ear ly function to provide TV rec eption in 
remote areas not reached by over -the-a ir televis ion , cabl e 
telev i s ion appl ications have moved rapidly to higher qual ity 
color reception , to greater ava i labil ity and cho ice of  pro­
grams , and to local programming . Add itional appl ications 
have come under cons ideration as it has become apparent that 
thi s s ignif icant growth of cable systems will enab le them to 
reach large numbers o f  subscriber s with many channel s  for u s e  
i n  education - training , hea lth care , spec iali z ed informa­
tion , shopping , premium movies or other entertainment at 
an add it ional fee , and other spec ia l i z ed services . 

It has become evident that many more appl icat ions are 
po s s ible , but that they would nec ess itate a two-way system 
either to col l ect automatically organi z ed information on a 
home termina l , to enable the home terminal to interrogate 
information center s , or to answer que stions . 

The fol lowing l i st illus trates some of the pos s ibi l it i e s : 

In addit ion to the usual l ine-up o f cablecasting news 
and weather , CATV operator s wi ll be able to offer the broad­
band "wired c ity " such new two-way services a s : 

For the home -

burglar and fire alarm servic e ;  banking ; shopping ; e lec ­
tronic newspapers ;  electronic ma il ; spec ial interest programs 
on order ; opinion pol l ing ; and meter reading . 

For bus ine s s  -

e lec tro nic ma il ; data retrieval ; computer time-shar ing ; 
document transmi tta l ;  video conferenc ing ; market test ing ; cred i t  
card val ida tion ; and facil ity security . 

For educ ati on -

computer -aided ins truction ; data retrieval ; computer 
t ime sharing ; and ac ces s to central i z ed l ibrary services .  

For government -

video conferenc ing ; training course s ;  computer acces s ; 
f ire and burg lar detection ; picture and fingerpr int record . 
retrieval ; remote " l ine -up " o f  suspect s ;  and automated traf f 1.c 
control . 
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Some of the se service s can al so be provided by the 
telephone system . It is not yet clear which communi cation 
system wi l l  be found most convenient in the future for 
various of the se pre sent and future appl ications . It may 
be that the te lephone sys tem can be st take care of some 
servi ce s and the cable televi s ion systems can most e f fec­
t ively handle others . Because o f  the ir great capac ity and 
flexibi lity , cable systems , which wi l l  deve lop substan­
tially on the bas i s  of a few ma j or applications , wi l l  have 
the capac ity for many additional one s . 

In order to open the door to all the se pos s ible 
appl ications , many systems are already be ing planned and 
bui lt with upstream capab i l ities in the form o f  an addi­
tional cab le , or by re serving a part of the bandwidth in 
the s ingle cab le for the return s ignal s .  The additional 
terminal equipments ,  at the home or at the cab le system 
headend can be instal led later as they are required . 

Several such interactive cable systems are in be ing , 
i . e . , New York City ; Spartanburg , South Caro l ina ; Orlando , 
Florida ; I rving, Texas ; and El Segundo , Cal i fornia . Some 
1 , 0 0 0  FCC authori z ation cert i ficate s have been i s sued 
through Apri l 1 9 7 3  for additional systems with thi s  capa­
bi l ity . 

Future FCC rul ings wi l l  determine many o f  the cab le 
deve lopments and may have to settle the con f l i cts between 
the use of the narrow bandwidth (telephone ) and the 
broadband cable systems . Thus , broader bandwidth on the 
home te lephone system wil l  he lp to stimulate two-way 
video phone applicat ions which may we l l  compete with some 
of those permitted by the cable . 

Many studies of  the se problems have been made by 
foundat ions ,  industry , the FCC , and much ha s been publ i shed 
already . A few i l lus trative re ference s are attached . 

There i s  no point in cove ring extens ive ly in thi s 
report the contents of  a l l  these studie s .  However , a 
number o f  pre liminary conclusions wi l l  be suggested , keep­
ing in mind that our intere st is in attempting to ident i fy 
some areas where re search could be pursued or expanded to 
bene f it addit ional broadband applications . 

While some o f  the two-way appl ications us ing signals 
raise no social que stions other than public acceptance and 
reasonable cost , thi s i s  not the case of other applications 
which raise the spectre o f  pos s ible undue in fluence and a 
lack o f  balance in the pre sentat ion o f  i s sue s and in the 
sampl ing of publ i c  opinion . 
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While with a l imited number of channe ls reaching a l l  
the citi zens of  the country i t  seems pos s ib le t o  have at 
least a degree o f  balance in the use of the media by 
politic ians and propagandists o f  ideas because o f  the 
clear and large vi s ibi lity of what happen s ,  the avail­
abi l ity o f  1 0  t ime s a s  many channe l s  wil l  expand thi s 
vi s ibi l ity considerably . It wi l l  enable those pol it ical 
candidate s who are less we l l  off financially to afford to 
reach an audience ; l ikewi se , the pol it i ca l  candidate can 
focus his me ssage on a speci fic audience for maximum 
impact and even determine audience react ion . 

I f  the upstream interactive capabi lity i s  used to 
get " instantaneous " reactions to ideas and i s sues pre­
sented on the cab le system , there i s  a grave danger that 
the opportunity for a cons iderat ion of balanced viewpoints 
will not exi st . The instantaneous reactions may repre sent 
a maximum of emot ion and a minimum of logical considered 
re sponse . Time i s  nece s s ary to think non-emot ionally on 
sen s it ive topics . Thi s  i s sue is complex, a s  it may not be 
practical to present a sub j ect on te levi s ion on one day 
and co l lect opin ions and re sponse s one or two days later . 
How can we insure that the various side s of  a complex 
question have been we l l  pre sented before opinions are 
pol led ? I l lustrative o f  this high variab i l ity o f  pub l ic 
opinion by pol ling are the wide swings in popu larity 
ratings of politicians invo lved in current highly charged 
is sue s . 

A factor o f  interest i s  that at least the hysterical 
emot iona l involvement o ften created in mass meetings is 
practically avoided by the phys ical separat ion of the 
audience and the distribution o f  in format ion to home 
audiences o f  l imited s i z e . 

The question i s  whether there is some use ful research 
to be done in thi s  aspect of te lecommunications which 
could result in bene ficial ways of us ing inte ract ive broad­
band systems , bene fic ial in the sense that the impact o f  
imbalanced viewpo ints and emotional re sponse s  would be 
lessened . 

In thi s connection , studies might use fu lly be initi­
ated on the dangers o f  exce s s ive communicat ions and on the 
heightening of confl ict by ove r-communicat ing an i s sue . 

Let us as sume that whateve r anyone thinks at any one 
time would be available to his as sociate s . While many 
misunderstandings could potentially be e l iminated , in fact , 
l i fe could become impo s s ible as there are many thought s ,  
ideas and plans which have to be fi lte red , recons idered , or 
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suppre s sed , even between persons related by strong love or 
friendship . 

As long as persons use their minds as they are meant 
by nature to function , there are limits to the amount o f  
in formation which can b e  exchanged and absorbed use fully .  
These l imits are impos s ib le to de fine clearly as they wi l l  
vary enormous ly with t ime and circumstance s . However , 
studies o f  understanding and misunderstanding in communi ­
cations , and o f  the practica l l imitat ions on the flow and 
absorpt ion of information to al low social groups to coex ist 
peace fully may be proper in view o f  the development of 
rapid ,  high capacity and interactive communi cat ions . 

Another danger involved in interactive communications 
is its inherent potential for the invas ion of the viewer ' s  
privacy . The s ame technology that permits the cable te le­
vis ion viewer to interact with the media , could enable the 
po l itician to determine which citizens are watching his 
program and wh ich are watching his riva l . 

Of course , education , training , telemedicine , informa­
tion access  pos s ibilitie s , and many other interactive 
functions are expected to be very bene ficial . 

The high capaci ty and responsivenes s  o f  this technology 
wi l l  c a l l  for the practical education o f  our cit izens to its 
great potential in enabling them to interact with the media 
and also to its dangers . Abuses o f  the technology must be 
guarded against by an educated ,  concerned and alert publ ic . 

As for the scient i fic aspect o f  research in broadband 
systems , the fo llowing items are presented o f  pos s ible 
efforts to be pursued or expanded on : 

1 .  The apparent ly great potential capacity ( l o l l  bits/ 
second ) and flexibi l ity o f  opt ical communications systems 
which are a lready under development . 

2 .  Studi es o f  the means o f  col lect ing deta i led 
comment s on an i ssue .  

3 . The present upstream s ignal systems in which commu ­
nicat ion with a large number o f  terminal s  i s  effected , i s  
sub j ect to noise , and generalized d i sturbance . Better solu­
tions are needed based on re search in combinat ion with i tem 
2 above . 
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4 .  Jt would seem that as soon as the audience in an 
interactive cable system pas ses a hundred , e f fective 
audience partic ipation becomes practical ly impossibl e ; 
s ince the audience could reach thousands or even hundreds 
of thousands of persons , the problem of audience part ic i ­
pation i s  not readily solved . It i s  pos s ib le t o  conceive 
o f  much improved technical solutions to permit the trans­
mi s sion o f  many comments per person and the i r  correct 
analys i s , without ignoring the importance of the non­
re sponse in the asse s sments . 

s .  At the moment the u . s .  seems to be leading the 
world in broadband systems , although Japan is moving 
rapidly in this field . However , the pre sent systems use 
elementary techno logie s .  This was probably an advantage 
at the start , but may prove to introduce system l imitations 
later . Rel ative ly l ittle research and deve lopment i s  being 
done in this field , and whi le the u . s .  is ahead in applica­
tions , some advanced work is we l l  j usti fied to keep the 
lead in technologies for the appl ications of 1 0  - 2 0  years 
in the future . Pos s ible sub j ects for re search are as fol lows : 

a .  Broadband cable network re search . The publ ications 
in this area have been conceptual or social science -oriented . 
An inve stigation needs to be made into whether re search in 
devices and ampl i fiers has proceeded suf ficient ly to enable 
economic implementation of the broadband communications 
netwo rk .  An investigative effort is proposed looking at 
solid state devi ce re search in appropriate centers o f  
knowledge and i n  analyz ing ampl i fier concepts of spec ific 
manufacturers . 

b .  Interactive home terminal re search . Thi s intriguing 
concept is too costly today . An investigat ive e ffort i s  
proposed into the principal components (di splay , keyboard , 
etc . ) to determine whether re search should be directed 
towards achieving e lements which could have the potential for 
achieving lower cost terminal s . 

H .  Busignie s 
ITT 
New York City 
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INTERACTIVE CABLE TELEVISION SYSTEMS 
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TRAINING AND EDUCATION OF 
PROFESSIONAL TELECOMMUNICATIONS ENGINEERS 

I .  Introduct ion and Problem 

The telecommunications i ndustry , along with i ts 
supporti ng science and technology , has grown very rapidly 
in the pas t decade s . It  represents a very substantial part 
of the US and wor ld economy . It ha s a vital i nf luence on 
other indu s tries and bus ine sses that repre sent even a 
larger segment of the economy . Furthermore , te lecommuni ­
cations i s  vi tal from national secur ity and def ense 
standpoints . 

The problem we wi sh to di scuss i s  the education and 
training of  professional calibre te lecommunications 
engine er s  to meet present and pro j ected needs of  the 
indus try and the country . We would like to know whether 
in fac t there are appropr iate curr icula and academic cour ses 
for speciali z ing in te lecommunications engineer ing , whether 
the se courses and curr icula are fully appropri ate to the 
present and future needs , insofar as we can anticipate them . 

Re levant to the above i s  the observation of some of us 
in the indus try , that in spite of the recent apparent abun­
dance of engineer ing talent avai lable in the e lectronics 
indus try due to the depressed state of the defense and aero ­
space i ndu s tries , compe tent profess iona l  level te lecommuni ­
cations engineers ava i lable t o  as sume re spons ibi lity are 
rea l ly very scarce . Many profe s s iona l  leve l j obs are , 
therefore , f i l led by marg ina l ly qual i f i ed people . 

I I . Que stions 

The prob lem can bes t  be high lighted by a ser ies of 
relevant questions . How has the need for professional 
manpower been met dur ing i ts large growth period between 
World War I I  and the present? How i s  profess ional training 
provided now? How doe s indus try meet its needs ? 

A .  Re lated to Schoo l s : From the s tandpoint of the 
school s  and univer s ities , are there the proper curricula for 
telecommunications engineer s ?  Is mo st of the training actually 
for electr ica l engineers and e lectronic speciali s ts , and , if 
so , i s  thi s the optimum way to produce telecommunications 
engineers of good profess ional ca libre? 

Are there enough graduate s for the present needs? Are 
there likely to be enough for future need s ?  I s  there 
proper trai ning for research engineers whose main professio na l  
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obj ective i s  to advance the state of  the art? I s  it 
practical to provide a proper pro f e s s iona l l eve l te lecommuni­
cations tra ining in a four year undergraduate cour se? I s  
there not need for a course tai lor -made for the te lecommuni­
cations profess ion - inc luding sui table graduate curr icula 
for spec ialties wi thin te lecommunications , i . e . , common 
carrier , broadcast , international telecommunications , data 
networks ,  computer technology , etc . ?  

B .  Re lated to I ndustry : Does the training inc lude 
appropriate discus s ion and unders tanding of the characteri s ­
t i c s  and problems o f  the te lecommunications i ndus try ; how 
i s  i t  organized , managed , regulated? What are the competitive 
aspec ts and i nternational factor s ?  How i s  i t  affected by the 
general economy ? How is it influenced by the Department of 
Defense needs , or other government needs , whether federal ,  
s tate or loc a l ?  

C .  Re lated to Soc iety : What about the interface 
between te lecommunicat ions and soc iety? What are the s igni­
f icant economic and soc i a l  a spects l ike co s t  and price pol icy , 
monopoly ver sus competi tion , problems of regulation , privacy , 
and the fairness doctrine ?  What i s  the rea l and potential 
impac t of  telecommunications , and more spec i f ical ly , CATV 
and other broadband communications and data networks on 
education , hea lth services , management of welfare and mai n­
tenance of pub lic safety? 

Are there su i table curr icula or center s of s tudy for 
mature graduate students , pre and post doctoral , to study , 
under stand and elucidate the rea l ly signi f icant i s sues for 
the interested public so that it wi ll be pos s ible to evolve 
sound long range pol ic i e s , free from undue pol i tical and 
industrial pre ssures and conf l ic t s ?  

I I I . Professional Training - Pre s ent and Recent Pa st 

How is professional engi neer i ng training in te lecommuni­
cations provided at the present time , and how has it been 
prov ided in the recent past? There have been a number of 
avenues ; The most s traightforward ha s been by forma l training 
as an electrical engineer wi th an undergradua te degree , 
fol lowed by on- the - j ob training i n  indu stry or government . 

Somet ime s the undergraduate work i s  fol lowed by one or 
more years of spec iali zed training pos s ibly leading to a 
mas ter ' s  or doctor ' s  degree . This , in turn , leads to a 
respons ible j ob in some area of re search in te lecommunications 
or e lectronic s .  

Sometimes the forma l  training i s  in computer sci ences , 
phys ics , mathematics , or other related area s of sci ence . Thi s 
then provides an excel lent foundation for research in t e le ­
communications . 
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Sometime s in the past , and particularly dur ing the 
Wor ld War I I  period , one got a start in telecommunications 
with little if any profes sional training , but rather as an 
amateur radio enthusiast with practical e lec tronic experience . 
Thi s , coupled wi th a number of years of s igni ficant on-the­
j ob training in industry or in the mi litary services , has led 
to succe ssful careers in telecommunications . Many of thi s  
group are now reaching retirement and need to b e  replaced . 

However , te lecommunications has not been established a s  
a bona f ide engineering d i sc ipline and profes sion on i ts own . 
The cour ses and curricula have been fine for training students 
in speciali zed fields of re search vital to telecommunications . 
Spec ial ists have been trained in ampl i f iers , detectors , antenna s , 
computer s , memories , integrated c ircuits , electromagnetic theory , 
information theory , etc . What has been neglec ted i s  the train­
ing of the well -rounded sound profe ssional engineer s who under­
stand the ba s i c  technology , and the problems of the indus try 
and the profe ss ion , as we ll as their impact on other industries 
and soc iety . 

The latter capabi l i ty , if acquired , i s  through on-the-
j ob training and experience . It has , in fact , been a good way ; 
but i s  i t  optimum for our present and future need s ?  

With some revision and modif icat ion o f  the cour se s and 
curricula in the schools and universi ties a sounder pro­
fess ional training in telecommunications can be provided . 
This wi l l  be advantageous both to the engineering profe ss ion 
and to the te lecommunications indus try . 

Many schools and universities are beginning to apprec i­
ate that the courses offered are no longer optimum from the 
standpoint of meeting the present and pro j ected needs of the 
telecommunications indus try . They are beginning to revi se 
the ir programs and introduce some innovations in thi s  f ield . 
Among these are MIT , Univer sity of I l linoi s , University of 
Colorado , George Wash ington Univer sity , Brooklyn Polytechnic 
Institute , and Purdue . 

The back ing and guidance of the National Sci ence Founda­
tion and the National Academy of Engineering would he lp th is 
healthy tendency . 

IV . Sug�ested New Elective Cour ses for the Telecommunications 
Eng1neering Curriculum 

What are the i tems of profe ssional training in tele­
communicati ons that are genera lly mi ssing? Following are 
some examp les : 

1 . Te lephony and common carrier industry character­
i s tics and problems . 
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2 . Network and network planning . 

3 .  Transmi ssion systems 

4 .  Switching sys tems . 

5 .  Traff ic engineer ing , s tatistics of communications , 
its measurement and analys is . 

6 .  E lectronic s technology ' s  impact on common carr iers 
and future telecommunica tions . 

7 . Defense communications - spec ial needs and problems , 
security .  

8 .  Telecommunications system architecture and sys tem 
engineering . 

9 .  Economic s of te lecommunications , monopoly , competi­
tion , cost , price , etc . 

1 0 . Special i z ed carriers . 

1 1 . Data and information systems - need for standard s .  

1 2 . Computer technology and its impact on te lecommuni­
cations sy stems . 

13 . Radio spectrum - usage and compatibi lity . 

1 4 . Regulation and the legal i s sue s i n  telecommunications . 

1 5 . Broadcasting - te levi s ion and radio - special is sue s 
and problems . 

1 6 . CATV . 

17 . Soc ia l  impact of telecommunications . 

1 8 . Re search trends - future outlook , 

1 9 . International telecommunications - satellite s , 
under sea cable s , internationa l trade . 

2 0 . Te lecommunications appl ication problems . 
Health Navigation 
Law Enforcement Special state and local i s sues 
Regulation Survei l lance - radar 
Education 

The li s t  is obviously not comp le te , but is repre senta­
tive of the types of s tudies which profe ssiona l tra ining mus t  
include . 
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It doe s not follow that every professional telecommuni ­
cations engineer mus t  b e  an exper t in each of the above areas . 
However , a professional cal ibre engineer with the proper 
training should at leas t be aware of mos t  of the fundamental s  
of these problems and be rea sonably expert i n  a few spec i f i c  
areas . 

A good research engineer , who i s  interested primar i ly 
in advanc ing the s tate of the art i n  a speciali zed area , 
need not necessar i ly concern himself wi th any of the above . 
But a good telecommunications profess ional must have the 
broader concern , because his own we lfare , that of his pro­
fes sion and of the i ndustry depend on i t . 

Thus what i s  be ing advocated i s  not "a drastic change " , 
but a signif icant reor ientation for the telecommunications 
professiona l . 

I t  i s  impor tant to apprec iate that society ' s  needs and 
pr iorities are changing , as i s  indus try and competition from 
abroad . The educational sys tem ought to tak e  this into con­
s ideration . There is a tendency to be complacent and pat 
our se lve s on the back because we have deve loped an outs tand i ng 
technology in the pas t three decade s which was very effective 
in a war , cold war , and " Sputnik " environment , but without 
modif ication i s  no longer as relevant to our needs as  i t  
once was . 

V .  The Need for Te lecommunications Professiona l s  

I t  i s  worth di scus s ing br ief ly the need for thi s  type of  
professional te lecommunic ations engineer whom we are cons ider­
ing . Fol lowi ng is  a lis ting of s igni f icant e lement s of the 
telecommunic ations industry that already need - or wi l l  in 
the near future - need additional profe s sional te lecommuni­
cations engineering ta lent . 

- Common Carr ier : Dome stic common carr iers like ATT , 
independent telephone companie s ,  specia li zed common carriers 
for data and te leprocess ing l ike Datran , MC I ,  We stern Union , 
etc . The ca se of ATT i s  unique and wi ll be discus sed 
separately below . I nternationa l common carr ier s like COMSAT , 
ITT , RCA , We s tern Union Interna tiona l ,  etc . 

- F ederal Government Departments and Agenc ie s : Defense 
Communicati ons Sys tem� inc luding the Army , Navy , Air Force , 
DCA and a number of spec ial agenc ies . Federal government 
depar tments other than Defense such as Commerce , HEW , DOT , 
Justice , State , HUD , NASA , etc . 

- State and Local Governments : All of the s tate s , and 
some with special needs , such as Alaska and Hawaii . There 
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w� l l  also b e  spec�a l needs for professional analys i s  and 
sys tem eng�neering in many large munic ipal � tie s  with their 
unique te lecommunications prob lems . 

- Manufacturing Indus try : Thi s  i s  the area of the 
greatest need for te lecommunications professiona l s . The 
f i rms with such needs inc lude g iant s such as We stern Electric , 
RCA , ITT , GE , GTE , IBM , Texa s Instruments , Raytheon , Motorola 
and other s ,  as we l l  as the thousand s  of smal ler f irms which 
make up thi s  dynamic indus try . 

- Broadcasting : Thi s f ie ld inc lude s the te levi sion net­
works ,  the FM and AM rad io domestic and international broad­
ca s ter s , al l of whom wi l l  c ont inue to need profes siona l 
telecommunications eng ineer ing talent into the near future . 

- CATV : The related field of cable te levision i s  
emerging wi th a proj ec ted growth of 1 0 - 2 5 %  a year over the 
next 1 0  year s depending on the regulatory c l imate . Thi s  wi ll 
cal l for a large amount of professional engineering ta lent , i f  
it i s  to ful f i ll even a por tion of i t s  promi s e  for the indus try 
and soc iety .  

In summary , i t  seems evident that the need and demand 
for high qua l i ty profess ional engineering ta lent in telecom­
munications i s , and wil l  remain , very high , as we face our 
own anticipated dome stic growth and the more sophis ticated 
technolog ical chal lenge s from abroad . 

VI . Special Case of ATT 

A� repre sents a very large segment of the telecommuni ­
cations indus try from a lmo st any standpoint - b e  it planning , 
system archi tecture , operations , or research and manufacturing . 
Its need for properly trained profe s s i ona l personne l i s  very 
substanti a l  and v i ta l . But ATT depends on the schoo ls and 
univer sities only in part , name ly to provide per sonne l with 
the r ight intel lec tua l potential and a good basic sc ienti fic 
education . 

The speciali zed training necessary to match ATT per sonnel 
to their career s in ATT i s  provided in the organization 
through internal academica lly oriented training courses . Al so , 
in coopera ti on wi th school s  and univer s i ties , ATT encourages 

and subs idi zes MS , PHD and post doctoral studies . This method 
insures a good supply of competent and we l l  trained profes s i onal 
per sonnel . 

There is  another characteri stic of ATT professional per­
sonnel which has a profound impact on the whole industry . 
To a great extent the e lectronic s  indus try has depended on 
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the mobility o f  the engineers to spread new technology and 
techn ique s . Thi s has been particularly true in the aerospace 
portion o f  the industry where it i s  unu sual to find an experi­
enced engineer who has not worked for more than a half dozen 
organiz ations . Thi s  has been the method o f  pro fe s sional 
advancement - going from j ob to j ob and moving upward on the 
re sponsibility and salary scale . 

As a rule ATT telecommunication s  engineers and 
scientists do not move out o f  ATT very much . Strictly pro­
fe s s ional turnover in the Bell System i s  very substantially 
lower than in any other reasonably comparable te lecommuni­
cations-e lectronic organ ization . The fac i l ities at ATT are 
unequaled and opportunitie s for pro fe s s ional advancement are 
very good . Thi s means that the re st of the telecommunications 
industry must take care of its own pro fe s sional training as 
be st it can , depending on internal re source s ,  on graduate 
pro fe ss ional training in the schools and universitie s , and on 
practical on-the - j ob training or no training at all . 

There i s  one other characteristic of the ATT training 
in the industry which is very intere sting . As a rule e lderly 
e lectronic engineers are not in demand in industry because , 
except in management areas , they are con s idered not up-to-date . 

In the case of  some ATT retiree s however , their technical 
know-how seems to be in considerable demand , because they 
have specialized knowledge in te lephone network s ,  switching , 
traffic studies and related areas where knowledgeable pro­
fe s sionals (outs ide ATT) are very scarce . A number of them 
have e stabli shed themse lves as consultant s in te lecommunications 
to the industry ' s  bene fit , as well as to their own . 

Thi s  i s  only happen ing because there are not sufficient 
numbe rs o f  pro fe s s ional s  being trained in this area outside 
o f  ATT .  The more that competition i s  encouraged i n  the 
industry , in the data communication s , CATV , specia l i zed 
carrier , state and local , and international trade area s ,  the 
more severe wi l l  thi s  problem become and the greater the need 
for well -trained te lecommunication s  profe s s ional s . 

VI I .  Some Tentative Conclus ions 

The training and education o f  te lecommunications 
engineers needs to be reexamined , revi sed and broadened to 
take into consideration : 

- the huge growth o f  the industry ; 

- its increasing complexity and sophi stication ; 

- its economic and social importance to the nation . 
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Thi s training wi l l  emphas i ze , i n  addition t o  science 
and technology , system architecture , system engineeri ng , 
applications engineering , and the social and economic impact 
of all aspects of te lecommunications . 

The new curriculum , inc luding some of the material in 
Section IV above, would in all likel ihood require an addi tional 
ye ar or more of profess iona l training . A more deta iled s tudy , 
analys is and further consulta tion wi th concerned professional s  
wi l l  b e  required before a s igni f icant recommendation c a n  be 
made along thi s  line . 

Many s chools are becoming aware of thi s  problem and 
are beginning to revise their e lectrical engineering courses 
to give a more prominent place to telecommunications . The 
National Sc ience Foundation (NSF ) should help and support 
thi s  tendency . 

One form of such help might be for the NSF to take the 
lead in establish i ng a well qual i f ied ta sk force with repre­
sentation from the univer s i tie s , indus try , profe s s i ona l soc i eties 
and the maj or user s  of telecommunications , inc luding the Depart­
ment of Defense . 

This task force would study in depth the problem of the 
training and educat ion of telecommunication engineers to meet 
our national needs . 

The task force would end up with. a set , or pos s ibly 
several alternative sets , of spec ific recommendations for 
all  professional schools and univer s i ties for future act ion 
on a vo luntary bas i s . 

An additiona l part of the task force work would be to 
study in some deta i l  the scope of training of te lecommunications 
profe s siona l s  in other technic a l ly advanced countries , such 
as Eng land , Germany , Franc e , Japan , the USSR , e tc . , in order 
to determ ine whe ther we can learn some thing from abroad . 
Though in most cases the foreign te lecommunications industries 
are very sub s tantially di fferently organi zed from ours , 
they are beginning to face many of the same problems a s  we are . 

VI I I  Graduate Centexs for Telecommunica tions Policy Studies 

All of the above pertains to professional engineeri ng 
training , including consideration of industrial and soc i a l  
problems as  they impact the engi neer ing field . I t  i s  not 
meant to conc entrate on the primar i ly soc ial , societa l , 
economic and legal i s sue s which are important to soc iety . 

For the latter , the Nationa l  Science Foundat ion ef fort 
to e s tablish Center s for Te lecommunications Pol icy Studies 
i n  several univer s i ties and not-for -prof it foundations looks 
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l ike an impor tant step in a d e s irable direction . Such 
centers , when effectively implemented , could do j us tice to 
the many pol icy i s sues and impl ications which involve soc i ety , 
the general pub lic and the nat ion in a very s ignif ic ant way . 

Armig G .  Kando ian 
Telecommunications Consul tant 
Ridgewood , New Jers ey 
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COMPUTER TERMINALS 

The computer terminal provides the inter face between a 
person at one point in a telecommunications network and a com­
puter at another . The many and var i ed applications o f  computer 
systems cannot be satis fied wi th any one form o f  inter face . 
Ins tead , many kinds o f  terminals are required to suit di ffer-
ing needs . Some terminals mus t  provide a pr inted record . Others 
mus t  not pr int � i f  only becaus e o f  the volume o f  paper which 
wou ld be consumed i f  they did . In some situations it  is su ffi­
cient to reproduce a lphanumer ica l text . Other s require images 
of one s or t  or another . For s ame applications i t  is enough that 
the text be readable , permitting the characters to be created 
from a rectangular array of dots . Other uses , such as prepara­
tion of mas ters for ·photo-o ffs et pr inting ,  require high s tandards 
of contrast and elegance . There are applications which require 
a display in color . 

The presentation of an electrocardiogram for clinical 
analys i s  may require a display having high fidelity for detai l .  
Mechanica l des ign demands a degree o f  recti linear fideli ty 
which mos t  applications do not . Some termina ls mus t  provide 
pos i tive identi fication of one or two us ers , as when recording 
a retai l  s ale . There are applications which require s imulated 
speech , while others would be enhanced by the abi lity to recog­
ni ze speech . 

Taking all  o f  thes e needs i nto account , it s eems probable 
that a few terminal types wil l  be produced in  large volume for 
common us e .  At the s ame time there wi ll be deve loped a large 
number o f  termina l types to meet more spec ialized needs . 

Pos s ibly the mos t useful termina l  o f  a l l  would be created 
i f  each telephone were equipped with a ful l  alphanumer ic touch­
tone keyboard . Such a keyboard used with a s imulated voice 
respons e from the computer would fi l l  a great variety o f  needs , 
from making airline res ervations to placing o f f-track bets . 
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I I . Cons equences o f  Large Scale Integration of E lectronic 
Circuitry 

The advent o f  large s cale integration o f  electronic cir­
cuitry (LS I )  is cer tain to have a pro found e f fect upon the 
nature of computer terminals . I t  has been predicted that it 
wi ll soon be poss ible to include on a single chip the entire 
circuitry o f  a computer more power ful than thos e  whi ch only 
recent ly sold for as much as a million dol lars , and that the 
manu factur ing cos t o f  such a chip may be less than that o f  a 
typewr iter . I f  thes e  predictions are fu l fi l led , ther e  wil l  be 
little need for telecommunications to time-share a computer . 

The exis tence o f  computing and memory capabi lities within 
the termina l opens up new des ign pos s ibiliti es . There are ,  for 
example ,  partially electronic keyboard and pri nter mechanisms 
which may be less cos tly and more reliable than the mechanisms 
used in present typewr iters . Pos s ibly the inclus ion o f  an LS I  
chip i n  a typewri ter wi ll reduce the cos t o f  i ts mechanical 
parts sufficiently to o ffs et the c os t  of the chip.  I f  s o ,  all  
typewri ters soon may become electronic computers . The inclus ion 
o f  a chip in a computer terminal radica l ly alters the relative 
attractivenes s o f  poss ible components . For example , it tends 
to diminish or eliminate any advantage whi ch a display device 
with i nherent memory might otherwis e have over other devices 
whi ch do not have this attribute . 

I I I . Electronic Wr iting Machine 

The propos ed new terminals with LS I  canponentry are 
becoming knO'.fln as " intelligent termina ls , "  as oppos ed to the 
present " idiot " devices . Whi le their advent wi l l  have a pro­
found e f fect on many computer appli cations , the example o f  an 
electronic wr iting machine wi ll s erve to i l lus trate what lies 
ahead . 

Present-day typewriters are little di fferent in concept 
from the device into which Samuel Clemmons sank a fortune . The 
single s tep o f  including an LS I  chip may alter the character o f  
the device and its us e as pro foundly as everything which has 
been done to it up to nO'.fl . 

Providing the electronic writing machine with computing 
capabili ties and a memory large enough to hold a document makes 
it pos s ible to edit and correct the text o f  the document until 
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a completely sati s factory vers ion has been achieved . In this 
way an unskil led typis t can produce per fect results . The 
electronic wr iting machine becomes a us e fu l  tool for a much 
larger number o f  people than today can use a typewr iter . 

Further , i t  may be pos s ible for a ski l led typis t to enter 
text in a personal shorthand l ike that whi ch radio operators 
us e .  An entry such as "u r gog to b talr " might be reproduced 
in the final copy as "You are going to be taller . " For a 
skil led individual ,  the abi lity to us e such a shorthand might 
very s igni ficantly increase working e f ficiency. 

In addition ,  the electronic wri ting machine might include 
an acous tica l  coupler to connect it to the telephone for tele­
communications , in this way making it a computer terminal . As 
an example of the use of the coupler , the wr i ter of a letter 
might , a fter compl eting i t ,  telephone the pos t o ffice and s end 
the letter to the r ecipient ' s  "ma i l  box . " This would be a data 
bank where it would remain unti l the rec ipient chooses to us e 
his own electroni c wr i ting machine to " look in his mai l  box . " 
Such mai l  may become the firs t class mai l  o f  the future , with 
pres ent air mai l  being relegated to s econd-class s tatus . As 
well as being fas ter , electronic mai l  o f  this kind may ultimately 
be less cos tly than phys ically moving pr inted documents . 

IV. Information Sharing 

One should not conclude from these r emarks that the advent 
of intelligent terminals wi l l  reduce the need for telecommunica­
tions . Qui te the oppos i te is true . our society is increas ingly 
dependent on information-shar ing sys tems - radi o ,  TV, mai l , news ­
papers , s chools , l ibrar ies , and merchandis ing s erve as examples . 
By contras t to the vast flow o f  information , the amount o f  com­
puting which is done for its own sake is very small . Computers 
are increas ingly being used for information proces s ing , as 
oppos ed to computation . Time wil l  prove the computer to have 
been mi snamed . S imilarl� telecommunications for time-shar ing 
the computing power o f  a large computer wi ll  be replaced by 
telecommunications for information-sharing .  

Many large data banks wil l  evolve to s erve the needs o f  our 
increas ingly information-dependent soc iety .  Because o f  the cos t 
of maintaining such data banks , and part icu lar ly the cos t o f  
keeping the information i n  them up to date , there wi ll tend to 
be a s ingle bank for each given body o f  mater i a l . The people 
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o f  the world wi l l  share in its us e via satell i te . General ly 
s peaking ,  information is blind to geographic and political boun­
daries . It is  increas ingly blind to the language d i f ferences o f  
the people o f  the wor ld a s  English evolves as the common language 
o f  communication among all  people .  

Although many data banks will  be avai lable - to everyone , 
there may develop around each o f  them a faculty speciali zing in 
i ts maintenance and use . As an example o f  this , we probably are 
approaching the time when census processing for most developing 
nations wi l l  be accomplished at a centr a l  point to insure that 
the census data from the individual countr ies can be fitted 
together for s tudy of wor ldwide trends . This center probably 
wil l  be located either in New York City or in Geneva . Around 
it wil l  develop a pool of individuals who are expert in census 
taking and census interpr etation . The initial choice of location 
for this data bank may es tablish where the center of census know­
ledge wi l l  be a century from now . 

I t  has been obs erved that Lloyds o f  London did much to 
offs et an otherwis e  negative trade balance for England for many 
years . In each cas e in which the United S tates takes the leader­
ship in es tabl ishing a fundamenta l data bank use ful to the wor ld 
as a whole , i t  wi l l  be taking a s tep toward leadership in that 
fi eld for many years to came . Ther e  fre quently will be important 
s econdary bene fits to derive from the existence o f  a data bank . 
I f  the United S tates has the pharmaceutical data bank to which 
the rest o f  the wor ld looks , the chance that the pharmaceuticals 
thems elves wi l l  be purchas ed in the United S tates wi l l  be greater 
than would be the case i f  the data bank were abroad , and i n  
another language . 

v. Areas Needing Government -Funded Res earch 

The computer termina l market is  and probably wi l l  continue 
to be competi tive and pro fi table . As a cons equence ,  there should 
be little need for government funds to as s i s t  it in evolving . 
Ther e  are ,  however , aspects o f  terminal des ign o f  great im­
portance which are not likely to get the attent ion of terminal 
manufacturers . Thes e relate pr imari ly to the e fficient trans fer 
of in formation between a person and a termi nal . The fol lowing 
ques tions will s erve to indicate the range o f  inquiry which is 
needed . 
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1 ) I f  tens o f  mil lions o f  s tudents are to spend an hour 
or more a day be fore a computer terminal , what can be done to 
maximize the rate and eas e of information trans fer ? 

2 )  I f  i t  i s  our goal to have as many as pos s ible o f  the 
people o f  the world use our data banks , what can be done to 
lower the level o f  English which they mus t  l earn to do so? 

3 )  Do computer terminals need both capital and lower cas e 
letters ? What would be gained and los t i f  only one form o f  
character were used ?  

4 )  Do we need a l l  o f  the characters i n  our present alpha­
bet? How about Q? Would we gain or los e from adding charac­
ters representing sounds such as ch and th? 

5 ) Would there be less visual ambiguity among the charac­
ters o f  the alphabet if one or mor e were given new forms ? 

6 )  Would learning our language be easier i f  its orthography 
and pronunc iation were more clos ely related ?  

7 )  Are words like "queue " relics which should be dispos ed 
of? Why not spell i t  Q ?  The word " eskimos " was spelled 
"esquimaux " only a few years ago . 

8) What color is most suitable for a display? Cou ld we 
improve the readabi lity o f  a display by us ing more than one 
color , as for example one color for cons onants , another for 
vowels ,  and a third for punctuation? 

We tend to thi nk  of anyone interested in the s jmpli fica­
tion o f  the English language as being a crackpot , although such 
people share some good company . Pos s ibly the people who have 
been concerned with the subj ect in the past have not been 
dar ing enough . Certa inly the potential gains increase as more 
people are obliged to learn English as a s econd language . 

A s econd area which may des erve government funds i s  speech 
synthes is . One ' s  ears are entry ports to the brain which are 
today little used for the trans fer of computer information . As 
already noted , there would be important us es for synthetic 
speech , if it were available in a more usable form . The 
vocabulary should be unlimited , and the speech eas i ly intelligible . 
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I t should b e  poss ible t o  create speech directly from alpha­
numer ical data in digital form within a computer data bank . 
This wou ld ,  as an example , allow a technica l j ournal in a 
l ibrary data bank to be read to a blind person . Such a sys tem 
would open up to the bl ind many careers which do not exist for 
them today . 

S . W .  Dunwell 
IBM Corporat i on 
Poughkeepsie , N . Y .  
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FUTURE USE OF COMMUNICATIONS AND TERM�NALS IN EDUCATION 

I . Introduction 

Thi s study speculates on the future uses of communi ­
cations and c omputer terminal s  i n  education and the demands 
which the se uses wi ll make upon the termina l , the computer , 
and the communication l ink between them . The time i s  the year 
1 9 7 9  and beyond . 

Formal education in the Uni ted States and in Europe has 
gone through several decade s of growth along re lat ively con­
s i stent and wel l -def ined l ines . We now see change s taking 
place at a much mor e rapid rate a s  education struggles to 
adapt itself to the chang ing needs of soc iety . It seems 
probab le that the remainder of the c entury wi l l  wi tnes s  more 
change in education than has occurred in any comparable per iod 
in the pas t . 

Up to the present time , teaching methods have been 
dictated to a greater degree than we may rea l i ze by the lack 
of the tool s  neces sary for automation . The maj or tool has 
been the book , the use of which has been progr e s s ive ly refined 
over the centuries s ince the invent ion of  movable type . Today 
we have new too l s  which permit changes of great magnitude . 
Audio tape , f i lm and videotape , tel evi s ion and computer ter­
mina l s  a l l  o f fer themse lves a s  new d imens ions in the educa­
tional proces s .  Each of these techno logies i s  in a state of 
rapid deve lopment which promises lower co sts , wider avai la­
bil ity and new capabi l it i e s . 

I I . Soc ial Environment of Education 

Since the changes which are tak ing plac e in educat ion 
are largely in response to changes in soc i ety , our cons idera­
t ion of the use of  computer terminal s  and communicat ions 
wi ll commence with an examina tion of  the soc ial environment 
of educ ation . All of the thing s  which wi l l  be observed here 
already have been di scu s sed widely in recent publ ications . 
They are being restated because they serve a s  the bas i s  of the 
conc lusions to be reached later on in this study . 

A .  Co st of  Teaching Personnel 

The larges t  single e lement in the cost of  education ha s 
a lways been that o f  the teaching per sonnel . Until a few 
decades ago teacher s were poorly pa id , which minimi zed the 
inc entive to improve teacher e f ficiency . More recently , 
teacher s ' wages have been increa sing with l i ttle off setting 
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improvement i n  the number o f  students wham each teacher 
can serve . A maj or c ha llenge for the automation of teaching 
i s  to improve the teaching efficiency o f  our educat ional 
institutions , so that higher wages can be paid whi l e  at the 
same time reduc ing the over -all co st of educat ion . 

B .  Co st of  Spac e 

The second largest co s t  element in education has been 
the cost of construction , ma intenance , and debt service for 
the educationa l plant . The amount of spac e  per student has 
tended to rema in re lative ly constant , s ince it ha s been dictated 
by teaching methods . Our growing population and the freedom 
with which migra tion occur s from one area to another have 
requ ired a large amount of school construct ion . Thi s ha s 
occurred dur ing a per iod of rapidly increa sing construction 
co sts . 

The space used by schoo ls i s  large ly living space , and 
i s  corre sponding ly expens ive . It mus t  have its temperature 
contro lled and mus t  be wel l  l ighted . There mu st be reasonable 
quie t . I t  mus t  be po s s ible to work in comfort . Schoo l s  use 
their space a relatively short part of  the t ime . For pub lic 
schools , the schoo l year is usua l ly l e s s  than 2 0 0  days . Dur ing 
the rema ining nearly 5 0 %  of the year the spac e may be com­
pletely unused . Whi l e  colleges and univer s ities sometimes 
do better than publ ic schoo l s  in the use of spac e dur ing the 
day , the latter typically occupy their c l a s srooms for not 
more than s ix to seven hour s . Moreover , by the t ime a s tudent 
reaches the j un ior high schoo l level he should have a study 
space at home , in addition to the space which he occupies 
at school . Taken all together , thi s  extravagant use of space 
for education is po s s ible only in a soc iety which has reason­
ably wel l  provided hous ing for i t s  member s .  S imi lar provisions 
c an no t be made in many developing countr ies of  the wor ld 
where l iving space i s  at a much greater premium than in the 
United States . 

c .  T ime a s  a Mea sure of Learning 

At one time i t  was the practice to apprentice a s tudent 
to a ma ster for a stated space of time duing which the s tudent 
was expected to learn what he could from the ma ster . From 
then until now t ime has been one of the pr incipal measures 
of learning . Near ly a l l  educat ional institutions establ ish a 
fixed per iod , the s emester or term , within which each course 
mus t  f it ,  regardle s s  of the nature o f  its material . It is 
uncommon for a cour se to take either l e s s  or mor e than this 
amount of t ime , exc ept that a cour se may occupy two or more 
consecut ive terms . 
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I t  i s obvious that al l  sub j ects do not require equal 
lengths of  t ime to ma ster . I t  i s  al so obviou s that students 
with differ ing abi l ities and background s will require different 
amounts of time to cover the same body of mater ial .  

Clearly , f i tting many d i fferent kind s  of cour se material 
into per iod s of l ike durat ion doe s  not s erve the needs o f  
either the sub j ect matter o r  the students . It  i s  de signed 
to f it the l imitations of the system . 

D .  Educ ation a s  a Life-Long Proce s s  

A t  a n  ear l ier time when the rate of social and economic 
change and the scope and rate of growth of human knowledge 
were l e s s , it was pos s ible to educate young people with the 
reasonable probabi l ity that the knowledge imparted would be 
appropr iate and suf f ic ient to their use for the remainder o f  
their l ive s . Thi s i s  no longer true . We mu st look upon edu­
cation a s  a l i fe-long proce s s  for the member s of  our soc iety 
who are to rema in ful ly functional a s  they grow o lder . Since 
it is impractical for mo st adult s to interrupt the pattern 
of their l ives for one or more consecutive years to return 
ful l time to school s  of the pr esent kind , it i s  going to be 
neces sary to of fer them educat ion wherever they are , at what­
ever time s of the day or night they are free , and at a pace 
in keeping with their abi l it ies and port ion of their l ives 
which they can af ford to devote to continuing education . 

E .  Adapt ing Educa tion to Individual Abi lity & Background 

Cour s e s  today are in genera l des igned for students of 
l ike background and abi l ity . Any student who i s  very f ar 
outs ide the norm i s  poor ly served . As the portion of edu­
cat ion devo ted to adu lts increases , the range of background 
and abi l ity found wi thin a " c l as s "  will corr esponding ly widen , 
empha s i z ing the need to adapt the scope and pace of the 
educat ional process to individua l need s . 

F .  Requir ement of  a High Schoo l or Coll ege Degre e 

Our society i s  p lac ing increa s ing emphas i s  on high 
school and col lege degrees as requirement s for employment 
and promotion . It ha s been observed that Thoma s Edi son did 
not have the education to meet the minimum requirements for 
employment as an IBM eng ineer . Mr .  Thoma s Watson , Sr . lacked 
the college degree demanded today of an I BM sales trainee . 
The Wr ight brother s , Henry Ford and Charles Ketter ing a l l  
lacked the sort of education which we would consider today 
to be nece s sary for the kind s  of work they did so wel l . 

I t  i s  a l so c lear that organ i z ations very often make a 
certain level of education a requirement for employment , even 

Copyright © National Academy of Sciences. All rights reserved.

Telecommunications Research in the United States and Selected Foreign Countries: a Preliminary Survey. Report to the National Science Foundation
http://www.nap.edu/catalog.php?record_id=18640

http://www.nap.edu/catalog.php?record_id=18640


8 8  

though the requirement has l ittle or no relevance t o  the needs 
of  the j ob . I t  i s  suf f ic iently evident that thi s works against 
an equal shar ing of opportunity so that we are see ing pre s sure 
to remove the requirement of a high school or col l ege diploma 
a s  a cond ition for employment where it ha s no direct bearing 
on the work to be done . We are a l so s eeing greater use o f  
equivalency c erti f icate s a s  an alternate t o  d iplomas . 

G .  Anc i l lary Servic es - Busing , Lunch , Sport s 

In order to provide more uni form and broader educationa l  
programs , our educational inst itut ions have tended to grow 
in s i ze and reduc e in number . Br inging student s together in 
large numb ers in this way ha s forced school s to enlarge the 
scope of the service s  which they provide to include services 
unre lated to education . There are public school d i s tricts 
within New York State which operate over one hundred bu ses , 
many time s the number o f  buses available to serve the general 
populat ion in the same area . In genera l , the se transportation 
systems tend to lock the school system into a r igid schedu le 
which is diff icult to change . The coming and going o f  hi s 
bus i s  a ma j or determinant of  what eac h student can accomplish 
during a day . 

S imi larly , school s  u sual ly manage large lunch programs , 
somet imes serving more people than the publ ic restaurant 
fac i l ities available wi thin the schoo l d i strict . The provi s ion 
of transportation and lunch for s tudent s places a cons iderable 
s train on the system . Management a ttention must be devoted 
to supervision of thes e  service s  and space mus t  be provided , 
a l l  o f  which d i lutes the attention to educat ion . 

For many d i stricts the burden o f  sc hool taxe s i s  so great 
as to leave l i ttle money to provide for transportation , l ibrary 
service , sports fac i l ities and auditor ium space for genera l 
publ ic use . At the same time , the use of  the fac i l ities pro­
vided to the schoo l s  i s  pro scr ibed to exclude the adult tax­
payer s who suppor t the fac i l i ties . The school bu ses are not 
avai lable for them to ride , they are not free to stop at the 
school lunch room for a meal , they may not borrow books from 
the school l ibrary , the gymnas ium i s  c losed to them , and they 
do not have free acc e s s  to the schoo l as a publ ic meeting place . 
Unle s s  the d i s trict i s  wealthy enough to duplicate thes e  
fac i litie s , the adult taxpayer i s  deprived o f  what h e  has bought . 

H .  The Informat ion Explosion 

The range and scope of human knowledge are growing at a 
rapid rate . There are many important fields in wh ich it i s  
impos sible for any human being to keep himsel f wel l informed . 
Instead , each of  us i s  forced to be increas ingly selec tive in 
what we learn . 
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At the same t ime , everyone i s  exposed to a wider range 
o f  information than ever before . Even tho s e  who are func ­
tionally i l l i terate are learning a great deal about the world 
and its people through such media as radio , TV and trave l . 
For tho se who can and do read , the range of subj ect matter 
ava i lable in books and per iodica l s  has never before been so 
great . 

I .  The Wor ld a s  School 

The phys ical world and the soc i ety in which each per son 
lives serve s a s  a schoo l which wi l l  teach him mo st o f  what 
he ever learns . No amount of time in clas s would have taught 
Darwin what he learned from hi s trip on the Beagle .  It seems 
unl ike ly that P icas so ' s  work would be improved by ar t cour s e s , 
or that Abraham Linco ln ' s  speak ing style would have been 
enhanced by a cour se in rhetor ic . There are boundar ies beyond 
wh ich only the real wor ld and soc iety at large can serve a s  
teacher s . 

In genera l school s  are surrogate s  for real l i fe , institu­
tions which make learning eas ier by bringing together in con­
venient proximity people and material s conduc ive to learning 
and provide an environment free o f  d i stract ions . While i t  i s  
obvious that schoo l s  serve the s e  purpos e s  very wel l  under 
favorable conditions , l i fe teache s us that there i s  no sub­
stitute for contact wi th the rea l wor ld and that for many kind s 
of subj ec t  matter schoo l i s  second best to real life . The 
student who mus t  learn from l i fe may be pr ivi leged , and not 
under-pr ivileged . 

As an example , a l l  of us learn a language at an early 
age . Mos t  o f  u s  learn it more ea s i ly and better than we ever 
learn another language using the methods employed in schoo l . 

I I I . What the Future Ho lds 

If one is wi l li ng to accept the preced ing observations 
as rea sonably represent ing the environment in which education 
finds it self  today , it i s  po s s ible to proceed to certa in 
specu lat ions as to the change s which may occur . 

A .  Teaching How to Learn , to Work and to Communicate 

There is no way in which in the t ime ava i lable our young 
people can be given a comprehen s ive grasp o f  the factua l 
information represented by such d i sc ipl ine s  as hi story , phys ic a l  
and pol it ical geography , mathemat ic s ,  sc ience , language and 
anthropology . Consequent ly , one o f  the goa l s  of our educa­
tiona l system must be to teach them how to learn , how to be 
effective , and how to communicate with other s . They mu s t  be 
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taught a s  early a s  pos s ible to read , to wr ite , to speak 
luc id ly , to think logically , and to per form ar ithmetic and 
other es sential mathematical proce sses . They must be taught 
how to obtain needed informat ion , how to organi z e  their work , 
how to work with o ther s , both a s  leader and a s  subordinate , 
and to observe the wor ld and soc iety around them . They mus t  
learn how the local and larger communities operate , and what 
these communit ies of fer and expect of them . 

By the time the s tudent ha s reached the s econdary schoo l 
level , school s  in the ir pre sent form serve these needs poorly . 
Much o f  what the student needs to learn can be mastered better 
through c lo s er contact with the community than in the c lass­
room . It  i s  reasonab le to expect that in  the future more of 
education at the secondary and col l ege leve l  wi l l  be accom­
pli shed through institut ions in the community , or through 
student pro j ects organ i z ed and executed by one or s everal young 
people . In th i s  way the community and the students themselves 
wi l l  a s sume more of the re sponsibi l ity for their educat ion . 

We can expect to see s tudents deeply involved in work 
with local institutions , inc lud ing the j ud ic iary , welfare , 
community development and the commun ications media - news­
paper s , rad io and TV . More young people wi l l  do creative work 
at an early age in such f ields as art , mathematic s , sci ence 
and anthropology . Much o f  their time may be spent in these 
activities , and less than today spent in the present kind of 
classroom instruct ion . 

A s ing le example will s erve to i llustrate how thi s may 
come about . Cablevi s ion services are required by the FCC to 
set a s ide a channel for educat iona l purposes . It  may turn out 
that the management o f  this channel wi l l  fall into the hands 
o f  the students in a community , wi th student s in each o f  the 
secondary and higher institut ions providing materials  for 
viewi ng by the community at large . Such channe l s  might provide 
a refre shing contra s t  to what one sees today on commerc ial TV .  

The time required for activities of thi s sort wi l l  become 
ava i lable in s evera l ways . In part , it may be obta ined by 
using new teaching technique s such a s  Computer -Assi sted Instruc­
tion to improve learning e f f ic iency . Replacement of the pre sent 
r igidly s chedul ed schoo l day wi th a more flexible program in 
which each student ' s  schedule is more nearly fitted to his own 
needs can a l so give him more t ime for hi s own use . Finally , 
it i s  to be expected that schoo l s  wi ll abandon any attempt to 
teach large bod ies o f  factual material s , such a s  "world hi story , •  
and substitute more manageable cour ses designed to interest 
the student in a subj ect area and to teach him how to make i t  
a part o f  hi s l i fe . 
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B .  Education i n  the Home 

To a much greater extent than i s  true today , education 
may take plac e  within the home . At the primary schoo l leve l , 
students may continue to spend about as much t ime in school 
as they do today because of the extent to which pr imary s choo l s  
are relied upon for social condi tioning and a s  daytime fo ster 
parents for our children . However , as chi ldren grow older 
and become more responsible for themse lves they may spend l e s s  
and l e s s  learn ing t ime in school and more such t ime studying 
at home , at neighborhood l earning center s , or e l s ewhere in 
the community . It is po s s ible that at the col lege leve l much 
more learn ing wi l l  take place o f f  campus with a reduc tion in 
c la s sroom activities and wi th greater dependence on conferenc e s  
between instruc tor and student and occa sional group meet ing s  
to maintain per sona l contact . 

c .  Videophone C la s sroom 

I t may be that in the future an instructor and his clas s  
wi ll meet through videophone o r  it s equiva lent , wi th the 
students and po s s ibly the instruc tor a s  wel l  rema ining in 
their own home s .  Thi s  would have the virtue of el iminating 
commuting time for a l l  involved , and would al low a " c la s s "  
to re s ide over a much wider area than i s  pos s ible today . This 
in turn would permi t an inst itution to of fer a wider cho ice 
of cour ses , and to o f fer them at a greater choice o f  time s 
to meet the dif fer ing need s of an increasingly adult student 
body . 

A videophone c la ssroom could operate in the fol lowing 
way : Each student might have a TV viewer which would connec t 
by a " te lephone •• line to the schoo l . When time for the 
cour se arr ives , the student would dial the school and the 
cour se .  A 11 telephone •• exchange at school would connec t to­
gether the TV viewer s for all member s o f  the clas s . They 
would be able to see one another on a split-image screen , but 
would hear only the ins tructor . By pressing a button , a 
student could cause his  image to flash on the instruc tor ' s 
screen and so signal that he wi she s  to be heard . More s imply , 
he might hold up hi s hand or otherwi s e  s ignal by phys ical means . 
The instructor ' s viewer a lone might have the abi l ity to deter­
mine which member of the c l a s s , if any , is to be heard . 

A sys tem o f  this kind i s  s imple in concept , and should 
not be expens ive in relat ion to its ut i l ity . The saving in 
expense and time of travel alone for students might be suf fici­
ent to justify its co st . 
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D .  Cert i ficates o f  Mastery 

The pre sent use of cour se credits as a record of scholas­
tic accompl i s hment may diminish in favor of certif ication that 
an ind ividua l ha s reached a c ertain l evel of ma stery of a 
spec ific body of mater ial wi thout regard to the manner in 
which the knowledge wa s acqu ired . A student may not need to 
have attended an institution to obtain certi ficat ion from i t  
in one o r  more area s . For a per son who h a s  grown up in another 
country , cert i fication of pro f ic i ency in the language of that 
country might be very ea sy to obtain . 

The abi l ity to make cert i f ications in thi s  manner would 
depend upon there being a deta i led definition o f  the subj ect 
ma tter for which certif icat ion i s  being g iven . Th i s  could be 
done much mor e readily in some subj ect areas such a s  mathemat ic s 
or pharmacy than in other s , such as creative wr iting . 

S imi larly , the abi lity to cert ify competency in thi s  way 
depends upon being able to te st exhaustive ly an individual ' s  
mas tery o f  a subj ect . Computer termina l s  can be o f  grea t 
a s s i stance in thi s , s ince they make it pos s ible to te st much 
more thoroughly and accurately than i s  po s s ible u s ing pre sent 
manual testing method s . When a student fa i l s  a cert i fication 
tes t , he might be provided with an analys i s  of his strengths 
and weakne sses and with a pre scr ipt ion for the measures which 
he might take to improve him suf f ic i ently to qual ify. I f  he 
pa sses the test , he might be told what to do to qualify for 
the next higher pro fic iency leve l in the same subj ect area . 

The student might be ab le to take the certi fication te st , 
or selected parts of it , aga in and aga in dur ing hi s studies . 
In  thi s way , the te sting might g ive direction to his  work . Each 
retest could pick up where the previous one left o f f , and so 
cover only tho se area s  which rema in in doubt . In th i s  way 
the te sting could be exhaust ive and accurate , and at the same 
time unrepetitive and rewarding to the s tudent . 

E .  Computer -A s s i s ted Instruction 

Computer -as s i s ted instruction (CAI ) is bas ically a dia-
log between a student and a computer ,  with the computer s ide o f  
the dialog having been programmed by a teacher . S ince the 
computer re sponses have been created by the teacher , the qual ity 
of the dialog depends upon the teacher ' s  abi l ity to antic ipate 
the student ' s  act ions and program responses appropriate to them . 
CAI promi ses to be o f  great value as a way o f  ind ividual i z ing 
instruc tion without the need for human instructor s .  

D epending on the nature of the ma ter ial being taught , the 
contro l over the d irec tion wh ich the dialog takes may in one 
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case rest primar i ly with the student and i n  another re s t  
primari ly with the computer act ing under the direction of  the 
author of the CAl course . 

For the computer to guide the course of the d ialog , it 
must have some past h i story o f  the student ' s  level o f  per form­
ance on the CAl cour se mater ial , or it may be the re sults o f  
prior te sting . T o  thi s  extent , testing and CAI c a n  b e  made to 
augment one another . Completion of a CAl cour s e  may carry 
with it cert i f icat ion of mastery of the subj ect . 

F .  Te levi s ion and Cablevi sion 

The use of f i lm and o f  guest lecturer s for teaching i s  
rap idly inc rea sing , but usually in a rather haphaz ard way .  
Attending such an event i s  often inconvenient . to the student 
becau se of the t ime at which it is scheduled and because o f  
the need to commute t o  it . I t i s  reasonable to expect that in 
time cablevision channel s committed to educat ion wi l l  provide a 
r ich fare of f i lms and lectures which the student can view in 
his home . Videotape i s  becoming more rel iable and l e s s  costly 
to use , and i t  is pred ictable that a guest lecturer in a 
community may have hi s lecture taped and repeated severa l time s 
for the viewing convenience of student s . 

Teacher s may choo se to videotape their lectures .  Thi s  
would al low them t o  pol i sh the ir pr esentation s , and would free 
them of the need to cover the same mater ial again and aga in . 
The lecture could be shown more than once over a period of 
several days to ensure that everyone inc luding employed adults 
ha s an opportunity to view it . The tape could be made at the 
time mo s t  convenient to the teacher , thereby a llowing him to 
be free of the institut ion a greater part of the t ime . 

Videotape (and f i lm to a lesser degree because o f  its 
higher cost and the greater technical d i f f i culty of produc ing 
i t )  should be recogni zed a s  important new media o f  expres sion 
for s tudents as wel l  a s  faculty . It i s  rea sonable to expec t 
that student s wi l l  use videotape a s  a med ium for presentation 
of the s i s  mater ia l s , and that in general much of the videotape 
programming presented by an institution wi ll have been prepared 
by s tudent s .  

G . Remote Reference to a Library Catalog 

It may be po s s ible for a student to interrogate a l ibrary 
catalog from a computer terminal in hi s home . Where there 
are several l ibrar ies in a community , their content s may be 
lis ted in a single combined catalog . The catalog may indicate 
whether the document i s  in the stacks or on loan , and in the 
latter case when it is due to be returned . It a l so may be 
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pos s ible for a s tudent to reserve documents , and to have them 
del ivered to a place from which he can conveniently pick them 
up . Thi s  might be the neighborhood l earning center neare st 
his home . 

H .  Remote Reference to Document s 

It  may be po s s ible for an instructor to arrange to have 
se lected reference documents made avai lable by videophone , 
by di splay , or pr int ing computer terminal for use by students .  
In this way , a s ingle copy of  a document might serve many 
s tudents without the need for them to vi sit a l ibrary for the 
purpose . While one would like to accomp l i sh thi s  by d irect 
video viewing of  the origina l document ,  an intermediate step 
in thi s direction would be to enter the contents of a document 
into the computer as data which the student might view or 
retr ieve at wi l l . 

In the cour se of t ime much o f  the contents of  our 
l ibrar ies may be s tored in digital form , and so be ava il ab le 
at a l l  t ime s to every s tudent . 

I .  Computer Document Editing 

A computer termina l can be a very u seful too l  in the 
preparat ion of texts , report s , student es says and documents 

o f  many kinds . The original of thi s document was prepared 
us ing a computer termina l in thi s  way without the as s i stance 
of a typist . The value of the computer l ie s  in the ease 
with which changes can be made in a document as one proceeds 
from the first rough draft to its fini shed form . One can 
free ly make changes , addi tion s  and de letions in the text 
and then ask the computer to produce a new clean copy incor­
porating them . Repeated manual retyping is avoided , and a 
level o f  perfection can be achieved that i s  dif ficult to 
attain i f  each change , no matter how smal l , requires retyping 
to obtain a clean copy . 

The assumption i s  made that all serious students from 
the j unior high school leve l up wil l  be able to type . The 
ease with which typing e rrors can be corrected make s it 
pos s ible for a typist with l imited ski l l  to produce good 
re sults . 

J .  Computation and Data Proce s s ing 

The computer terminal i s , of course , ideal for compu­
tation and data proces s ing . Us ing a high- level language 
such as APL ,  students from po s s ibly the fi fth grade up wil l  
have ful l acce s s  t o  the computer for computat ion and data 
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proce s s ing studie s .  Thi s  wi l l  permit them to undertake 
s tudie s requi ring larger amounts of computation and data 
proce ss ing than it i s  pos s ible to accomp l i sh by hand . 

Data banks wil l be ava ilable for student use . The se 
might , for example , contain census data which the student 
could use for independent data proce s s ing s tudies . In 
thi s  way , high school and co l lege students may be able to 
undertake s tudie s  of a s igni f icance which in the past ha s 
been expected only o f  graduate students . 

K .  Multi -Medi a Teaching 

As new media for teaching become avai lable they may 
tend to augment rather than replace earlier media as 
teaching tool s . A typical course may employ several media 
appropriate to its goal s .  In addition to lecture s and 
books , on whi ch many courses place exclus ive re liance 
today , a course may . employ videophone classe s , f i lms , 
videotapes or lectures on cablevi s ion , computer-a s s i sted 
instruct ion , video re ference to in formation in the l ibrary , 
and use o f  computer terminal s  for computat ion , data 
retrieval and document preparation . 

L .  Pass ive as Opposed to Dynamic Teaching Methods 

In general , f i lms , videotape and audiotape have been 
les s  e f fective as teaching device s  than at first was 
expected o f  them . To a degree , the l imited ef fectivene s s  
of these media i s  because they f a i l  t o  involve the student 
as directly as c las s room and computer-as s i sted instruction 
are able to do . I f  the student ' s  interest flags , it i s  
eas ier for him t o  let h i s  thoughts dr i ft or t o  go as leep 
over a book or in front of TV than would be the case in a 
we l l -run cla s s room . During compute r-as s i sted instruction 
the proce s s  immedi ate ly come s to a halt when the student 
stops re sponding . 

It i s  foreseen that future teach ing methods will  aim 
to involve the student directly and continuous ly , and 
whereever pos s ible to put the direction o f  the te aching 
proce s s  in his hands . 

There are many sub j ects for which the order in which 
the individual elements are learned i s  of l itt le 
importance . For them it may be quite s at i s factory for the 
s tudent to guide himse l f  as long as subsequent te sting 

Copyright © National Academy of Sciences. All rights reserved.

Telecommunications Research in the United States and Selected Foreign Countries: a Preliminary Survey. Report to the National Science Foundation
http://www.nap.edu/catalog.php?record_id=18640

http://www.nap.edu/catalog.php?record_id=18640


9 6  

insure s that s ooner or later h e  grasps a l l  o f  the e s sentia l s  
of  the sub j ect . Foreign languages are exce l lent examples o f  
such sub j ect matter . 

I V .  The Future Form and Function o f  Educational Institutions 

The new teaching media may bring about maj or changes in 
the form and funct ion of col lege s  and universities and same­
what l e s s  change in primary and se condary s chools .  Instead 
of living at s choo l or commuting to it , the student may 
sat i s fy a larger part o f  his needs through communication . 
The institut ion may become a communication center and a 
re source repository which its faculty and students vi sit less 
frequent ly than today . Much le s s  phys ical plant may be 
required and what there is may be di spersed throughout the 
community . The drawing radius of an inst itut ion may be many 
t ime s what it i s  today , where the in fluence of an educational 
institution tends to be l imited by the distance over which its 
students can commute . 

As in so many aspects of  pre sent-day soc iety , bigne s s  
wi l l  b e  a virtue . The larger the institution , the greater 
the s cope of the sub ject matte r it can of fer and the larger 
the resource s it can support . The inve stment in l ibrary 
faci l it ies , computers , video equipment , etc . , wi l l  be great , 
with the re sult that the co st per student for these fac ili­
ties can be kept at a reasonable leve l on ly by having the 
institution very large . Smal l inst itutions wi ll be forced 
to share fac i l ities with one another . 

Bigne s s  may not be the d i sadvantage it i s  today i f  the 
student i s  free to work on his own much of the time . While 
the greater physica l  distance separat ing the instructor and 
his  s tudents may to some degree reduce the feel ing of 
personal contact , the skil l fu l  use o f  the videophone may do 
much to mit igate this and may , in fact , make persona l con­
tact more readi ly pos s ible than it i s  in rea l ity today for 
mos t  students . 

Sub j ect matter may tend to be offered in sma l ler unit s 
and repeated more frequently . Those sub j ects which can be 
ac commodated by computer-as s i sted instruction may be contin­
uous ly avai lable . 

Graduation from an institution may have less meaning 
than it has today . Depending on the nature of his studie s , 
a student may complete his program at any time during the 
year . There may be an inherent as sumption that the student 
wi l l  at same time in the future resume his studie s at the 
same or a di fferent in stitution . Graduation would carry 
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with i t  cert i f icat ion o f  a certain level o f  mastery of  a 
list o f  subj ect areas . Through continued study after 
graduation the student might add to thi s  list year by 
year throughout his l i fetime . 

v. Large Scale Integration of Computer Circuitry (LS I ) 

We are rapidly reaching a point where very l arge 
amount s  of computer c ircuitry oc cupy very l ittle space 
and co st very l ittle to produce . Moreover , such c ircuitry 
performs very re liably . Thi s  brings us to the thre shho ld 
o f  a major technological revolution which in t ime wi l l  
affect a great many o f  the e le ctrical and mechanical 
devices and appl iances which we are accustomed to us ing . 
We already have seen e le ctron ic hand cal culators replace 
their mechanical predece s sors . The new e lect ronic calcu­
lators are eas ier to use , les s  costly , more versati le and 
more reliable . They are better in every way . 

Po laroid has employed LS I  in its latest camera . LS I 
i s  about to dramatical ly reduce the cost o f  computers and 
at the same time increase their power . It  promises to 
revolutionize te lephone systems , and communications systems 
in general . The sections which fo l low pre suppose the rapid 
application o f  LS I in many fields .  

VI . Electronic Typewr iter 

It seems probable that the typewri ter wi l l  be one of 
the next device s to which LS I e lectronics wi l l  be appl i ed . 
Doing so wil l  have several far reaching consequences .  
First o f  all , the use of  electronics wil l permit a less 
complicated printing mechani sm to be used . Simpl i fying the 
mechanical structure wi l l  at the same t ime reduce we ight 
and cost , and improve re liab i l ity and maintainabi lity . The 
reduction in the cost of  mechanical parts alone may be 
sufficient to cover the cost o f  the LSI e lectronics . The 
new printing mechan i sms wil l  be ab le to operate at several 
times the speed of pre sent typewriters . Whi le thi s  will  
not in fluence the speed with which manual typing can be 
done , it wi l l  permit the typewriter to be more e ffective 
as an automatic typing machine . 

Once electronics has been introduced into the type ­
writer , it wil l  cos t  very little more to add memory , the 
abi l ity to compute and execute computer programs , and the 
fac i l ities to communicate over te lephone l ine s with other 
computers and data banks . The typewriter i s  about to 
become a computer in its own right ab le to perform extens ive 
and complex computations . I t  wi l l  be able to do data 
proce s s ing on l imited amounts o f  data . 
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The exi s tence o f  memory and data proce s s ing fac i l it ies 
within the typewriter wi l l  al low it to be used for document 
editing . As a document i s  typed , the data wi ll be stored 
in the memory o f  the typewriter . Afte r completion of entry 
it wil l  be pos s ible to make corrections and revi s ions at wi l l  
without retyping the complete text to do so . When the text 
i s  complete and s atisfactory , it wi l l  be pos s ib le to print it 
at several times the s peed of pre s ent typewriters . 

The abi lity to communicate over the te lephone wi l l  make 
the typewriter a computer termina l . It may be in thi s  way 
that we see computer termina l s  entering the home and becoming 
as ubiquitous as typewr iters are today . Since the typewrite r  
wi l l  have computing abi lity within itse l f , it wi l l  not be 
neces sary to time-share the computationa l faci lities o f  a 
large computer for tasks o f  ordinary dimen s ions . The com­
mun ications fac i l ities wi l l  be used primari ly for information 
gathering and information sharing . The computer to whi ch the 
connection i s  made usual ly wi l l  be a data bank of one kind or 
another . 

VI I . Learning Center Equipment 

We wi l l  now examine the e lectronic equipment requirements 
for a future learn ing center . Thi s  center may be in a home , 
it may be a ne ighborhood center serving many student s ,  or it 
may be on the campus of an educational institution . When o f f  
campus , it would s erve secondary and college leve l students 
and adults cont inuing the i r  education . 

The learning c enter would have one or more televis ion 
sets . The se would provide acce s s  to educational channe l s  on 
cablevi s ion . In addition , they should be capable of being 
connected to the video classroom fac i litie s of a number of 
educational insti tutions to permit students to participate in 
a wide selection o f  course s of this kind .  

The learning center would provide one or more computer 
termina l s . Some o f  these might be the e lectronic typewrite r s  
already de scribed . Others might provide , i n  addition , a d i s ­
play screen t o  permit graphic data t o  b e  presented . This 
would al so a l low data in character repre sentation to be pre ­
sented at a much more rapid rate than any mechanical printer 
can do , and would be parti cularly use ful for scanning purposes , 
such as searching l ibrary re ference f i le s . When the day comes 
that the computer can speak with a large vocabulary we wi l l  
wi sh the terminal to have audio communicat ion capabi litie s . 
Thi s  would be extreme ly use ful for fore ign language instruc­
tion . 

Learning centers wi ll make some u se of f i lm and audio and 
video tape . However ,  the technical problems involved in d i s ­
tributing the se media are such that much o f  the material 
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available i n  these forms may be of fered on a scheduled bas i s , 
or on request over cable TV and cable radio c ircuits .  Audio 
tape wil l  continue to be used in the manner it now is for 
language laboratories . We probably wi l l  see much more common 
use of audio tape s for the k inds of instruction which do not 
require the ful l  attention of the student .  A good example i s  
language tape s de s igned to sharpen the s tudent ' s  auditory 
perception of a f ore ign language . The se can be used rather 
casually in a learning center , at home , or whi le dr iving a 
car • 

. It  i s  o ften sugge sted that te levi s ion wi l l  be marr ied to 
the e lectronic typewrite r  as a way of producing a devi ce with 
keyboard and d i splay capab i l ities . While thi s may come about , 
few educational use s  have a direct need for the unique feature 
of TV , whi ch i s  its abi l ity to pre sent motion . Motion impl ie s  
a much wider bandwidth for the communication l ink t o  the 
terminal . Thi s  probably will d ictate that the di splay device 
normal ly pre sent a static image . Thi s  doe s not preclude the 
rather rapid scanning o f  data , but avoids such a flow of data 
from being a continuous requirement of the terminal . 

VI I I . Eiectronic Librarie s 

Computers and electronic typewriter s soon w i l l  be almo st 
universal ly used for the preparation of text for publication . 
The old method us ing l inotype and galley proof s  already i s  
obsolete because o f  the time and cost o f  making change s and 
corrections . As a consequence , nearly a l l  printed material 
will be avai lable in electronic digital form suitable for 
s torage in data banks . 

It i s  evident that no one educational institution can 
accommodate in its l ibrar ies physica l  copie s  o f  the flood o f  
publ ication s  of intere s t  t o  its constituency . Instead , there 
may be a re liance on large data banks as l ibrarie s ,  with the 
entire contents always immediate ly available to everyone . 
The l ibraries o f  educat iona l  institutions may be used pri ­
mari ly as repositorie s for old books and for publ icat ions in 
common demand . 

In order to make an e lectronic l ibrary practical , it wi l l  
be neces sary t o  have a me ans for storing data a t  very low cost 
which at the same time permits rapid automatic retrieval . 
Such a means o f  storage i s  the remaining mi s s ing l ink which 
preclude s the rapid deve lopment of vast data bank s for many 
purposes , of which the e lectronic l ibrary i s  only one . 

At the pre sent time , the annual cost o f  operat ing a 
library usually exceeds that of the publications purchased . 
By automating the handl ing of the publ ications , the e lectronic 
library may reduce very subs tantially the co st of l ibrarie s . 
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The information provided by an electronic l ibrary would 
be avai lab le to the user on a display device , or might be 
printed i f  the amount of data i s  not too great . For many 
use s , thi s  method o f  obtain ing acce s s  to publi shed informa­
tion wi l l  not be as convenient a s  the books , magaz ine s and 
journal s  we use today . The e lectronic library may be most 
use ful for research and re ference purpose s .  It may do l ittle 
to stem the f low of printed matte r of the kind we now use . 

I X . Nature o f  the Computer Data Bank 

S ince computer terminal s  wi l l  provide substantial com­
puting capabil ity , it seems probable that in the field o f  
education large computers wi l l  b e  used primari ly t o  manage 
data banks and communication . Data banks wi l l  grow enor­
mously in s i z e  as we draw into them much in formation now 
stored in printed form or on micro f i lm .  Some o f  the stored 
in format ion may be on rotating magnetic disks or s imi lar 
devi ce s for rapid acce s s . Much more wil l  be stored pas ­
sive ly on tape o r  s imilar media , but with the abi l ity t o  be 
recal led automati ca l ly on sho rt not ice . 

The pas s ive storage wi l l  probably be digita l  rather 
than a photographic image to fac i l itate data management and 
transmi s s ion . Storage dens ity will be very high , on the 
order of that of mi cro f i lm .  Consequently , vast amounts of 
information wil l be stored economical ly and at the same 
time wi l l  be ava ilab le quickly . 

While certain data banks wi l l  be maintained by educa­
tional institutions , many wi l l  be managed by consortia , and 
others wil l  be national or inte rnat iona l in nature . As an 
examp le , a s ingle data bank might serve to store vast 
amounts o f  information relating to a class of plants or 
animals . 

X .  Communications 

Three levels o f  communication seem to be required 
between the learning center and an educational institution . 
One of the se would be for educational broadcasts , and shou ld 
be amply served by one or more educational channels on 
cablevi s ion wherever it exi sts . 

A second requirement is for data communicat ion between 
termina l s  and computers . This i s  comfortably within the 
bandwidth of pre sent local voice te lephone c ircuits , and it 
is probable that such fac i l ities wi l l  be used to meet near­
term needs . A s ingle telephone vo ice circuit between a 
ne ighborhood learning center and a school may have sufficient 
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data carrying capacity to serve many student terminals . 
When a terminal in one central office area must communi ca te 
with a computer in another central office area , it seems 
probable that the communicat ion between centra l office s  
wi l l  be taken care o f  b y  specialized c ircuitry modi f ied 
for the e fficient hand ling o f digital data . This should 
allow many terminals to share s imultaneously the equ ivalent 
of a s ingle vo ice circuit and so make long distance digital 
data communication very much les s co stly than corre spond ing 
voi ce communication·. 

The video clas s room introduces a third and more severe 
communicat ion requirement . It corre sponds to that of the 
videophone system which the te lephone industry is preparing 
to provide . The educational application for videophone 
may , in fact , provide the greatest s ingle incentive for 
making such service ava i l able in the near future . Because 
of its cost , video c las s room service is not l ikely to be 
commonly avai l able in home learn ing centers for same time . 
The cost per user diminishes cons iderably for ne ighborhood 
learning centers , s ince a number of user s pre sumab ly could 
share a s ingle c i rcuit to an educational institution . 

It appears that each educationa l in stitution wi l l  have 
communications links at all three of these leve l s  to other 
institutions in order to share cablevi s ion and video c la s s ­
room o f ferings , computers and data bank s . 

XI . Telephone Equipment 

A number of e lectronic te lephone central offices have 
been installed . None o f  these have as yet taken advantage 
of the current revolution in LSI circuitry . As thi s  occurs , 
there should fol low the same dramat ic improvement in per­
formance and reduction in cos t  that are expected in the com­
puter indus try . In view of the vast amount of te lephone 
central o f f ice equipment in exi stence , it i s  not reasonable 
to expect that thi s wi l l  occur very qui ckly . 

Except for meeting the increas ing voice , data and video 
demand with microwave and sate l l ite communication l inks , 
there may be l ittle change in the character of the communica­
tions system between centra l  office s . Simi larly , the present 
system of twisted pa ir c i rcuits which serve s to conne ct te le­
phone s and terminals to the central office in an area may for 
some t ime remain as they are . The use of pu l se code modu la­
tion together with digital error-correcting repeaters is 
capable o f  greatly increas ing the informat ion carrying capa­
b i l ity o f  twisted-pair te lephone line s . This cou ld s ignifi­
cantly rai se the level of local data service wh ich can be 
provided without replacement o f  the pre sent wire system with 
coaxial cable . 
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Possibly a t  some future t ime there wil l  b e  a s ingle 
broad-band c i rcuit into each home to serve a l l  of  its 
communications needs . The implementation of any such 
system pre supposes the discarding of the pre sent system 
of l ocal circuits and central exchange s . Whether it wil l  
take place i n  a given area a s  a s ingle giant step , through 
the development of competing systems serving the same 
area , or through a separate paral le l system which gradual ly 
suppl ants the present one is  hard to predict . 

XI I .  The Human Element 

Anyone contemp lating for the first time the future uses 
of e lectronic equipment in educat ion discus sed here may 
wonder i f  it wil l  not have a dehumaniz ing e f fect . Thi s  need 
not nece s s arily be the case . In certa in respects the mai l , 
radio , te levi s ion , f ilm , pub l ications and the telephone all 
diminish human c ontact . In other re spects they increase the 
pos s ibilities for rewarding contact and al low us to lead 
more sat i s factory l ives . 

I f  we go about restructur ing our educational system in 
a sens ible way , it should be pos s ib le to remove many impedi­
ments to education and to f ree the student and the teacher 
to make better use of the i r  time and of the contacts between 
them . Reduction in the amount o f  trave l needed to study , 
e l imination of  the need to s it through cla s s  discus s ions of 
material that one already understands , acce s s  to vast 
librarie s of  informat ion , the abi l ity to share in videoclass 
discuss ion with people s cattered over a wide geographical 
a rea , acce s s  to data banks and large computers can all serve 
to provide a better education and at the same time a l low the 
student to do more on his own . 

s .  w .  Dunwell 
IBM Corporation 
Poughkeepsie , N .  Y .  
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THE PROS PECT FOR U. S .  TERRESTRIAL COMMUNICATIONS IN THE 1 9 8 0 ' s  

Telephone traffic has been increasing for the past decade 
at a rate o f  about 5% per year . Long-haul toll calls have been 
growing more rapidly : all toll at a rate o f  7 . 8%  per year and 
inter state calls at 10% per year . These trends are expected 
to continue for the next 10 to 20 years (Figure 1 ) . 

This proj ection leads to no absurdities , or even greatly 
di fferent patterns and habits in telephone use.  In 1970 , call­
ing rates in the United States were 7 7 9  per capita for all calls 
and 49 per capi ta for toll calls . In 1990 , the rate for all 
calls is proj ected to be about twice the present rate and for 
toll , about four times the present rate . Thi s would be a call­
ing rate for toll which is still only one-quarter the pres ent 
total rate ( Figure 2 ) . 

Long-haul facility growth has paralleled tra ffic growth . 
The growth in calling rate along with a trend to longer holding 
times and greater average distance on calls has required a 
growth in facility capacity,  measured in voice circuit miles , 
of over 15% per year ( Figure 3 ) .  Proj ection at this rate indi­
cates a required growth in long-haul facility capacity by a 
factor o f  5 to 10 in the 1 9 8 0 ' s (Figure 4 ) . Radio has been the 

workhorse of the last two decades , but spectrum and system 
capacity limitations indicate a trend to guided systems 
(Figure 5 ) . A " superhighway " approach to the interstate national 

network wi l l  accelerate this trend and , by concentrating tra ffic 
in fewer high cross-section links , will favor high capacity low 
unit cost systems such as waveguide . The capacity of these 
systems is such that even the enormous c ircuit mile requirements 

of continued 15% per year growth wi ll not overtax our ability 
to design and build facilities to meet the needs through 1990 
( Figure 6 ) . 

The toll faci lities plant , following the trend already well 
establi shed by T-Carri er in the exchange and short-haul (> 50 mile)  
plant , wi ll become predominantly digital . Digital multiplexing 
with acces s at appropriate bit rates for all exi sting services 
already exists in part .  Rema ining levels and codecs for a com­
plete hierarchy are under final development and will be avai l­

able well be fore 1980 (Figure 7 ) . A s er ies of digital 
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transmission syst �s on pairs , coaxial , waveguide , and probably 
domestic s atellites , wil l  become available be fore 1980 .  They 
wi l l  capture a large share o f  long-haul growth and cons titute a 
s igni ficant fraction o f  the long-haul plant by the mid- 1 9 8 0 ' s . 
Cont inued growth, mostly by digital facilities , wi l l  make the 
plant predominantly digital by 1 990 . The introduction o f  time 
divis ion tol l  switching ( No .  4 ESS ) in the late 1 9 7 0 ' s  and its 
widespr ead us e in the 1 9 8 0 ' s  will  be a strong factor in favor 
o f  digital transmis s ion facilities , but both the transmis s ion 
fac ilities and digital switch wil l  compete economically in an 
otherwis e analog plant . 

Exploitation o f  existing analog plant , as well as the 
large amount that wil l  be added be fore digital facilities 
become a s igni ficant long-haul resource , wi l l  continue . S ig­
ni ficant capacity for d igital transmiss ion can be real ized by 
multi level modulation in portions o f  the avai lable spectrum on 
both radio and coaxial media . Economical mining o f  large num­
bers o f  additional analog c ircuits may be pos s ible by s ingle 
s ideband on microwave radio and fol low-on systems to LS on 
coaxial . The extent o f  this may be such as to alter the timing 
on the spread o f  new purely digita l  long-haul plant by two to 
four years , but not the conclus ion that the plant will  be pre­
dominantly digital by 1990 . The advantages o f  digital plant 
and the u ltimate limitations of the analog media point to this . 
The nature o f  new media , such as opti cal fibers , which may be 
important by the late 1 9 8 0 ' s  al so favor the conclusion that 
digital transmis s ion wi l l  prevai l . 

An ines capable cons equence is  that we will  have a hybrid 
plant , predominantly analog in the early years and predominantly 
digital by 1990 , but a mix for the entire decade o f  the l 9 8 0 ' s  
and beyond . Inter facing in the local plant will continue to be 
at voice frequency . In the long-haul plant , a key item wi l l  be 
the mas tergroup codec which encodes a 2 . 5  MHZ 600-channel analog 
mas tergroup into a 45 mb (T3 ) digital s ignal and r econs tructs 
the analog mastergroup slgnal from the T3 bit s tream as required 
( Figures 8 and 9 ) . Encoding smaller blocks o f  the analog 

hierarchy is obvious ly pos sible , but little need for doing so 
is expected . The MG codec wi ll  be espec ial ly important in the 
early s tages when a small amount o f  digital plant is imbedded 
in a largely analog plant . 

E .  F .  O ' Neill 
Be ll Telephone Laboratorie s 
Holmde l ,  New Jersey 
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I .  Introduc tion 

114  

OPTICAL COMMUNICATIONS 

The idea of using light for the transmi s s ion of informa ­
tion i s  a n  old one . Almo st a century ago Alexander Graham Bel l l 

showed that speech could be transmitted over a beam o f  l ight . 
He ca l l ed h i s  invention the " Photophone " . However , he (wisely , 
i t  turns out ) dec ided to stick it out with an electr ic current 
on a metal wire . 

While opt ical communications received cons ideration on and 
o f f  since then , the rea l impetus occurred a l i ttle over a decade 
ago with the invention of  the laser - the source o f  coherent 
l ight . Today , research a imed at mak ing optical communications a 
pract ical real ity i s  being pur sued vigorously in a l l  industr i­
a l i z ed countries . The reasons are simple and obvious : the 
promi se o f  truly enormous bandwidths ;  pos s ible economic advan­
tages ( sand is cheaper than copper ) ; and smal l  s i z e . An examina­
tion of the progre s s  made dur ing the past decade toward the 
goal o f  making optical communications a pract ica l  reality2 shows : 
a )  that the progre s s  ha s been suf f i c i ently rapid that we are 
today on the threshold of potent ial appl ications ; and b) that a 
l ion ' s share o f  thi s  progr e s s  has been achieved through research 
carr i ed out in the Un ited States . Let us examine the verac ity 
of thi s  statement in greater detai l  by examining the progre s s  
made o n  the var ious components o r  parts o f  a po s s ible communi­
cat ion system .  

I I . Sources 

In any communicat ion sy stem there i s  a sourc e o f  the carr ier 
over which informat ion is transmitted . In an opt ica l communi­
cations system the source wil l  be either a la ser (a  sourc e of  
coherent l ight ) , or a l ight emitting d iode ( LED ) . Over the pa st 
decade , l it erally do zens of  var ious la ser s  have been invented 
and deve loped to various stages o f  sophistication . It i s  strik­
ing that almo st every laser of pos s ible use in optical commun ica­
tions had its birth and wa s subsequently developed in the Uni ted 
States . The very long l i st start s with the pul sed ruby l aser 
(at Hughes Research Labs ) ; through the f ir st cw ga seou s He-Ne 

1 )  A .  G .  Be ll , 11 Selenium and the Photophone " , The Electric ian �, 2 1 4  ( 1 8 8 0 ) . 

2 )  By " practica l rea l i ty "  i s  meant a system or systems of  interest 
and use to telecommunications ut il ities that can compete succe ss­
ful ly with present methods of commun icat ions . In some important 
sense "optical communications " is a real i ty even today . For 
example , the lunar laser ranging-exper iment accompl i shed by the 
Apollo mi s s ion represents an optical communications system . 
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laser ( Bell Lab s ) ; the ion laser s  ( Hughes ) ;  the Nd doped gla s s  
and YAG la s er s  ( Be l l  Labs ) ; the C02 la ser ( Bell Labs ) ; the s emi­
conductor inj ec tion la ser ( IBM ,  GE , L inco ln Labs ) ; the parametric 
o sc i l lator ( Stanford U . ) ;  the heteroj unct ion GaAs-AlGaAs la ser 
( Be l l  Labs ) ; the dye laser ( IBM) . Other s have made their con­
tr ibutions , to be sure . For example , the TE exc itation of C02 
la ser s  came from Canada , electron beam exc itation received 
greatest attention in the USSR and very high power pul sed laser s  
( not rea l ly o f  much direct u s e  i n  communications ) in Franc e and the 

USSR . But obvious ly the l ion ' s  share of the progre s s  occurred 
in the United State s .  The u . s .  industry today dominate s the 
commerc ial la ser market . It is a l so striking how broad ly ba sed 
thi s expertise in la ser technology is in the Uni ted States . I t  
i s  not l imited to any one, or even hal f  a doz en laborator ies . 
The same i s  true of  the LEO s . 

For reasons to be stated later , the most prom1 s1ng candi­
dates for use as  source s  in a practica l communicat ion system 
are : 1 )  the hetero structur e GaAs-AlGaAs inj ec tion la ser ; 2 )  the 
Nd-YAG laser and a miniature LED . All of the se emit adequate 
power (one would l ike more ) at adequate e f f ic iency (one would 
l ike mor e ) . Rel iabi l ity , l i fe , and cost rema in a probl em and 
must be improved . 

I I I . Tran smis s ion Medium 

Fog , rain and snow and other vagar ies of the weather affec t  
the transmi s sion o f  optical wave s through the atmo sphere and , 
exc ept for spec ia l appl ication ( transmi s sion in space where there 
is no weather or for very short di stance s )  the use of atmo sphere 
as the transmi s s ion med ium is not l ike ly to prove pract ical . The 
use of lenses - either di screte or d i str ibuted ( ga s )  - in shielded 
duc ts rema ins a po s s ibil ity . Such systems have shown to be tech­
nical ly fea s ible aga in through research carr ied out in the United 
States ( primari ly at BTL ) . Economic a l ly they might be viable 
only i f  and when very large capac ities are needed ( hundreds of 
thousands of  vo ice c ircuit s ) .  Such need s are we ll  i n  the future . 

For mor e  immediate applic ation the optical f iber i s  thought 
today to of fer the be st promis e  as the transmi s s ion medium . 
It  wa s Lord Rayleigh who first pointed out that dielectric wave­
guides wil l  guide l ight . But the more modern impetus came from 
the research sponsored by the Br iti sh Po st Office at STL in 
England . The modern f iber consi sts of a central core and a 
d ielectr ic c ladd ing whos e  index o f  refraction i s  lower than that 
of the core . The deve lopers of this medium first faced the 
seemingly unsurmountable problem of reduc ing horrendous optical 
absorpt ion lo s s e s . No more than five year s ago the best optical 
f ibers showed lo sses of hundreds of  dec ibe l s  per ki lometer . But 
here , too , progress  has been phenomenal .  Liquid-filled 
opt ical f iber s (developed at BTL and Austra l ia )  exhibit 
los ses of l e s s  than 1 5  db/km and the best gla s s  f iber most 
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recently announced by the Corning Glass Co .  shows a los s of 
only 4 db/Jan near 0 .  8 \lltl and 1 .  OS pm region o f  the spectrum 
(where the GaAs , the Nd-YAG and the LEDs operdte ) . 

Such low-loss fiber s are already adequate for a variety 
of applications . But a myriad of probltmts remain to be 
solved . To mention j ust a few , we must learn how to control 
dispers ion (here the Japanese Self Foe fiber is noteworthy ) ,  
how to make sturdy cables out of the fragi le fibers , how to 
splice such cables , and how to connect sources and other 
optical devices to such f ibers . 

IV. Modulators ,  Detectors , etc . and aptical Repeaters 

The s implest optical communication system must have , in 
addition to the source and the transmiss ion medium , a modu­
lator of same sort and a detector . In more complex systems , 
optical repeaters will be required . The basic phys ical 
princ iples on which the operation o f  al l these devices rests 
is , of course , well known . But in order to optimiz e  the 
various devices , a body of knowledge has had to be deve loped 
on how light interacts with matter , and new mater ials have 
had to be invented which enhance the useful aspects o f  thi s 
interaction . An excellent example of the interaction o f  the 
quest for bas ic knowledge , the invention of new materials 
and construction of useful devices i s  the work leading to 
e ffic ient electrooptic modulators .  First there was qu ite 
extens ive research on the phys ical nature of the · electroopt ic 
effect 1 new and/or exotic material s were examined and studied 
( for example LiNbo3 , or the "bananas " ) . As a result , the 
improvement in modulator effic iency has been dramat ic . It is 
now almost , but not quite as good as that in the microwave 
range o f  the spectrum . 

The accumulation of the body of knowledge on how l ight 
interacts with matter is  now well on its way , again pr tmari ly 
through research in the United States . Here universit ies , 
industrial research laboratories , as well as government 
laboratories all have made important contributions . While 
the quest for this knowledge is far from complete , modulators 
and detectors can be built today which would be adequate for 
a communication system . Undoubtedly they wil l  improve with 
time . An important contribution to this improvement wil l  come 
from the new concept of integrated optics - a techno logy 
or iginated in the United States within the past few years . 

In summary , in the field of research and developnent 
leading to practical optical communications , as in almost any 
other area o f  telecommunication R&D ,  the United States has no 
equal . Its R&D enterpri se i s  broadly based in univers ities , 
industry , and government labs . Although it has not been 
pos s ible to generate dollar figures , j udging by the resu lts , 
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the enterpr ise has been adequately supported from a variety 
o f  sources . This enterpr ise has perfor.med well in the past , 
and i f  not tinkered with , is likely to perfor.m equal ly well 
in the future . 

Sol Buchsbaum 
Bel l  Telephone Laborator ie s 
Holmde l ,  N .  J . 
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OPTICAL COMMUNICATIONS - IN THE 7 0 ' S  AND BEYOND 

I .  Summary 

Recent forecasts by the Stanford Research Institute 
( SRI ) l and o ther s have indica ted growth or trend s  for tele­

communicat ion s tra f f ic over the swi tched network a s  more than 
doubl ing dur ing the rema inder of this decade . Al though much 
of  thi s expand ing tra f f i c  can be accommodated by mult iplexing 
and dig ital techniques over exi s ting networks , the rapid growth 
of wide band servic e s , pr inc ipa l ly video , cannot be readi ly 
accommodated on ex i s ting transmiss ion systems wi thout lo s s  
of qua l i ty of  p ictur e s, or degradat ion o f  informa tion due to 
cro s s  talk , bandwidth l imitations , etc . 

To compound the transmi s sion d i f f icul t ie s , proposa l s  are 
being made for add i t ional service s ,  ma inly wide band v ideo 
and other wide band transmi s sion s ervices which wi l l  some day 
be introduced a s  par t  of the "wired c ity conc ept s " for d i s ­
tribution through the " local loop " plant . ( See referenc e s  
t o  articles b y  E .  B .  Carne , P .  Goldmark , J .  R .  Pierce , etc . ) � , 3 , 4 
and the exc e l l ent report by the NAE Committee on Te lecommuni­
ca tions , "Communications Technology for Urban Improvement . " S 

Alternat ive wide band commun icat ion transmi s sion sys tems 
are d i scu s s ed in thi s  memorandum , namely , "optical transmi s­
s ion " applying coherent or incoherent l i ght sourc es , optical 
planar dielectr ic waveguide technology ( integrated optica l 
sub system )  and f iber opt ic s , a s  the ba s ic components for wide 
band informa tion transmi s s ion a s  compared to the c ircular low 
lo s s  mil l imeter wavegu ide system being deve loped by the Be ll 
Laborator i e s . 

I I . Traffic Forecasts 

An SRI r eport , "A S tudy of Tr ends in the D emand for 
Information Trans fer , "  February , 1 9 7 0 , by R .  w. Hough , c .  
Fra te s sa and other s , was pr epared for the Nat ional Aeronautical 
and Space Admin i s trat ion , under Contract NAS 2 - 5 3 6 9  and SRI 
Pro j ect MU - 7 8 6 6 . In tabu lar and graphic form reproduced from 
thi s repor t , i s  g iven the pro j ected informat ion transfer over 
the swi tched network for 1 9 8 0  and 1 9 9 0  as compared to 1 9 7 0  
( see page s  1 1 9  and 1 2 0 ) .  The expr e s sion cho sen for thi s  

common denomi nator i s  b i t s  ( binary digi t s ) per year . The 
method of conver s ion enta iled f i r s t  an a s sumption about the 
information transfer mode mo st l ikely to be used for the 
service - vo ic e , video , alphanumer ic coding , s tandard fac s imile , 
high qua l i ty fac s imile ( newspaper and photo ) , e tc . Next , a 
standard conver s ion method wa s as sumed for each mode of operation , 
such a s  3 0 , 0 0 0  bits per page for alpha coded text , 6 4 , 0 0 0  bits 
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Table 1 

PROJECTED INFORMATION TRANSFER VOLUME , 1 9 7 0 -1 9 9 0  

( Bits per Year ) 

1 9 7 0 1 9 8 0  1 9 9 0  
Long Long Long 

Total D i stance Total D i stance Tota l D is tance 

Vo ice (x l ol 7 > 2 0  1 . 0 5 0  3 7  1 0 0  1 0  

Video (x 1 0 1 6 ) 0 . 5 6 0 . 3 3 9 . 0  1 . 5  2 3 0  2 5  

Record , data , 
and pr ivate 
wire (x l o l S ) 0 . 3 8 0 . 3 4 3 . 5  3 . 1  3 0  2 7  

Wr i tten (x 1 o l S > 1 5  1 0  2 0  1 4  3 0  2 1  

Table 2 

CLASSIF ICATIONS USED TO SUMMARIZE RESULTS OF THE STUDY 

Voice Telecommunications 

Telephone 
Mobi le Radiotel ephone 
Radio Program Tran smi s sion 

Video Telecommunications 

Videotel ephone 
C lo sed C ircu i t  and Other Spec ial Televi sion Service s 
Telev i s ion Program Transmis sion 

Record , Data , and Pr ivate Wire Communications 

Pub lic Mes sage Telegraph 
Teletype serv·ice (TWX and TELEX ) 
Data Transmi s s ion 
Pr ivate Wire Systems 

Wr i tten 

Books and Magaz ines 
Newspaper s  
Ma i l  
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per second for vo ice (as suming conventional PCM coding ) , and 
1 3 0  megabits per page for h igh qual i ty newspaper fac s imile . 
F inally , those factor s were appl ied to the volume o f  trans­
actions that had been pro j ected for the var ious service s .  
The resul t , then , was a s tatement o f  potential informat ion 
tran s fer vo lume expressed in all cases in bits per year . 

I t  may be noted from the data pre sented in the tables , 
that the vo lume o f  vo ic e transmi s s ion i s  present ly greater 
by two order s of magnitude than a l l  other information tra f f ic 
combined which i s  be ing transmitted in 1 9 7 2 . However , vo ic e 
transmi s s ion appear s to be fo l lowing demographic trends whi le 
video i s  growing at 3 5 %  per year and data at approximately 2 5 %  
per year . Data doe s  not yet appear to b e  a factor i n  c logg ing 
up the transmi s s ion med ium , except for the problems it pres ents 
in the form or kinds o f  modulat ion requ ired and the problems 
of multiplexing . Video is another matter ent ire ly when one 
recogn i z e s  that a s ingl e  6 MHz telev i s ion channel wi ll require 
1 0 0  megabits/sec . ,  or at lea st 5 0  MHz in channe l bandwidth6 . 
and a 1 MHz video phone channel would use up 6 megabits/sec . 
or approximately 3 MHz of  bandwidth of an exi st ing tran smi s sion 
medium . The se are very large bandwidth bites out of the exi st­
ing rad io transmi s s ion link s . 

According to E .  Bryan Carne2 , by mid-1 9 8 0  " a  wide range 
of servic es could be made avai lable for the bus ine ss com­
munity , "  such as videotelephone s ,  interact ive TV electronic 
ma il , data servic es , etc . , if cost and transmi s s ion become 
fea s ible . With the additiona l  requirement on bandwidth , how 
muc h further wil l  the pre sent tran smi s s ion networks be taxed , 
particularly i f  to thi s new "wired c ity " one add s add itiona l 
network tra f f i c  such a s  the following : 

- community a f fa ir s  traf fic (newspaper -l ike ) 

- educational tra f fic 

- medical tra f fic 

- community management tra f fic 

- tran spor tat ion information tra f f ic 

Where wil l  thi s  transmi s sion capac ity come from , or how 
will the introduc tion o f  the above -mentioned new wide band 
servic es be a f f ected by insu f f ic ient transmis sion capac ity? 
How will suc h servic es be swi tched through the network? The s e  
are among the hard que stions o f  great concern to the tele­
communications indus try and the people i t  serve s ,  name ly , a l l  
o f  us . In the fo llowi ng sec tion we wi l l  look a t  some alterna te 
pro j ected transmi s s ion tec hnologies that may soon be put into 
prac tice , or tha t can be "made to happen " i f  suf ficient stress 
i s  applied by the research arms o f  the tel ecommunications 
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indus try and by proper a s s i st s  from the var ious government 
agenc ies . 

I I I . New Developments in Transmi s s ion Technology 

As discus sed ear l i er it now appears from the " trend 
tabl es , '' compiled by var ious inve stigat ions that continued 
growth of trad itional vo ice and data service s a t  present rates 
wi l l  demand thi s doubl ing of pre sent transmi s s ion capac ity in 
l e s s  than ten year s . Much of this increase can be accommodated 
by mul t iplexing the exi sting plant , mo stly by digital tech­
niques . On the other hand , high qual ity local video service 
presents technical and economic problems that need to be 
solved by long -range research . The latent demand for video 
transmis sion appear s to be very large . I f  the pr ice can be 
made reasonable and the qual ity improved sub stant ially , there 
should be a considerable marke t for these service s . 

The pr esent loop plant ha s very l imited capabil ity of  
carry ing video s igna l s  wi thout developing exc e s s ive cro s s  
talk between the video and audio channe l s . 

A . Pro j ected Technologies 

A number of new communicat ions techn ique s for higher 
bandwidth are in var ious stage s o f  development in laboratories 
throughout the wor ld . 

The ma j or one s are : 

- Opt ica l  F iber s 

- La ser L inks 

- C ircular Mi l l imeter Wave Guide s  

- Light P ipes 

- D ig ital Microwave 

- Improved Satel l ite L inks 

B . Mi l l imeter -Waves and Opt ical Transmi s s ion 

Communications engineer s know that as the carr ier fre­
quency goe s  up , the amount o f  information that can be carri ed 
out on the carr ier a l so increases . S inc e the frequency of 
l ight ( l ol 4  - 1 o l S cyc les/sec . )  i s  severa l  order s o f  magnitude 
greater than that o f  microwave s ( 1 0 9 - 1 0 1 0 cycle s/sec . ) , then 
the potential for information capac ity can be enormous . 
Ear l i er e f fort s to about 1 9 6 4  or 1 9 6 5  demonstrated optical 
communications exper iment s with modulat ion , detect ion , and 
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simple transmiss ion through the atmo sphere , and the abi l i ty 
to carry one or even severa l TV s igna l s  over a laser beam . 

Thi s  capabi l i ty , however , had some drawbacks . La s er 
l ight wa s ,  after a l l , " l ight . " A las er beam i s  read i ly 
scattered by the a tmo sphere in conditions other than absolutely 
clear such a s  c louds , ra in , or smoggy weather . The conc lusion 
with regard to the mode of transmi s s ion wa s that the laser 
beam would nec e s sar i ly have to travel through a pipe , or other 
fr iend ly med ium , and lenses and mirrors would be required to 
keep the beam directed along its cho sen path , a co stly and 
technologically d i f f icult procedur e . Also , the optical com­
ponent s which were developed to provide modulation or detec ­
tion themselve s placed re str ictions on the bandwidth that 
might be usefully employed in communica tions systems . At 
Bel l  Laborator ies ( in 1 9 6 6 ) , where muc h  work had been going 
on to take advantage o f  the coherent and narrow spectral dis­
tr ibution o f  la ser beams , pr ior i ties for communications 
appeared to shift to the c ircular wave guides as the wide 
band transmi s sion carr ier , in spite of the recogni z ed tech­
nolog ical problems and inherent high cost of such systems . 

An exc e l lent presentation o f  the Bel l  Laboratory efforts 
in optical communicat ions technology i s  the paper by R .  Kompf­
ner , Optic s at Be l l  Laborator ies - Optical Communications . 
In his article Dr . Kompfner outl ines the hi story of R&D in 
optical communications at the Bel l Laborator ies from pre -laser 
days to the pre s ent . He a l so speculate s on when optical com­
munica tions systems wi ll pa s s  beyond the stage of eng ineer ing 
fea s ibi l i ty into the realm o f  prac tica l appl ications . 

C ircular wavegu ides are now emerg ing from the labora ­
tor ies into f i e ld tr ia l s . They are exclusively long -haul , 
very wide bandwidth systems ( 2 4 0 , 0 0 0  voice or 1 8 0  TV c hannel s ) . 
Co st per channel wi ll not be competi tive unt i l  about 5 0 %  of 
the capac ity i s  used . The minimum bending radius of the wave­
guide is 2 0 0  feet , making it usele s s  in congested area s . 
Inc idental ly , hol low l ight pipes would have the same kind o f  
problems as  c ircular wave guides with re spec t t o  bending 
rad ius . They do not appear at present to represent a s er ious 
approach .  

c .  S ta te -of -the Art o f  Opt ical Communications 

Opt ical f iber s represent a very promi s ing approac h to 
the wi'de band transm i s s ion system . 

- In loca l d istribution network s f iber s wil l permi t 
wideband video transmi s sion with very sma l l  demands for duct 
spac e . (Bends can be as sharp a s  a few c entimeter s in radius . )  

- On interexchange trunk route s f iber s can carry large 
amount s of vo ic e , video and data , aga in with sma l l  duct space 
requirements . 
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- I f \ optical mult iplexing techniques can b e  developed , 
f iber s wil l prove useful on to ll routes for carry ing med ium 
or heavy load s . The potential bandwidth ava ilable in an 
opt ical system surpasses the c ircular waveguide capac i ty . 

D .  Optical F iber s for Information Transmi s sion 

Al though optical fibers have been in use for severa l 
year s , the ir high attenuation ( 1 0 0 0  db/km ) had l imited their 
use to spec ial appl ications requiring only a few meter s of 
transmi s s ion . The di scovery? by Corning Gla s s  Company less 
than two year s ago that f ibers could be made exhibiting lo sses 
less than 20  db/km ha s spurred work on fiber research in many 
labora tor ies throughout the world . In addition , the virtua l 
c ertainty that low loss  f iber s will eventua lly become com­
merc ially ava i labl e ha s tr iggered work on the many other com­
ponent s nec e s sary for an opt ical communicat ions system . 

Optica l f iber s can propagate e ither a s ingle l ight mode 
(if their diameter is sma l l  enough ) or many modes .  A typica l 
s ingle mode f iber may have a core of only two microns diameter 
surrounded by a c ladding of much larger ( several mi ls ) diameter 
and very slightly lower refractive index . The sma ll diameter 
makes coupl ing of l ight into the f iber dif f icul t ,  and only 
coherent la s er sources can be efficiently coupl ed . However , 
the inherent bandwidth i s  l imit ed only by the d i spers ion o f  
l i ght veloc ity i n  the f iber medium over the wavelengths 
conta ined in the message . Limiting bandwidths of 1 0  GHZ have 
been pred icted . Corning ha s developed s ingle mode f iber s in 
6 0 0 -foot lengths wi th extrapolated a ttenuat ions of less than 
1 0  db/km . 

Mult imode f ibers have core diameter s in the order o f  
1 0 0  microns . Thi s  al lows e f f i c i ent coupling t o  l e s s  expen-
sive l ight source s  such a s  LED ' s .  However , the dif ferent 
modes propagate with s lightly d i fferent ve loc ities , r e su lting 
in considerable di sper sion of the signal and l imitations of 
bandwidth . BTL studies  o f  certain mult imode f ibers indicate 
a l imiting bandwidth of 3 0  MHz for 1 km length . This l imita­
tion may be signif icantly reduced by a structureS produced 
by Nippon Sheet Gla s s  Company in which the refractive index 
decrea ses radia lly from the fiber center . This ha s the effect 
o f  self-focus ing the l ight ( hence the name SELFOC ) and equa l i z ing 
the path l engths , thereby reduc ing the di spers ion . Thi s f iber 
is ava i lable commer c ia lly in 2 0 0  meter lengths with attenuation 
l e s s  than 1 0 0  db/km . Laboratory samples of 4 0  db/km have been 
made . 

The lowest attenuations reported have been for fibers 
with liquid core s (BTL 1 3 . 5  db/km , and Univer sity of South­
hampton , Engl and 1 0  db/km , Aus tral ian Government 5 - 7  db/km) . 
These f iber s are re latively ea sy to make with low attenuat ion , 
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but their practicab i l i ty in a sys tem i s  unknown . Mo s t  rec ently 
Corn ing ha s reported a lo s s  of only 4 db/km for a gla s s  core 
f iber . 

Laboratory techniques have been evo lved9 at BTL and at 
Corn ing for spl ic ing f iber s with high optical throughput ( 9 7 % ) . 
However ,  thi s  requir e s  sub-micron tolerance s .  F ield splic ing 
o f  f iber s wil l  c learly demand sophisticated ' technique s .  

At the E lectro -Optic s Conferenc e , September 1 9 7 2 , in 
New York C ity , several of the part ic ipants expre s s ed strong 
conf idence in adequate solut ions to lo s s e s  in single and mult i ­
mode f iber s , ab il ity t o  provide low lo s s  coupler s , approaching 
the simplic i ty o f  UHF connector s ,  and the ab il ity to achieve 
wave gu ide bundles for spatial d i s tr ibut ion , etc . It wa s 
Corning ' s  bel i e f , backed by a s i zable expenditur e on f iber 
optics  technology , that the day wi l l  come when the f iber 
bundle wi l l  replace coaxial cable economically for a large 
number of video and o ther wide band appl ications . 

To provide the l ight beam , l ight emitting diodes (LED ) 
appear to represent the be s t  sourc e s  for mul timode fibers . 
Burru s l O  had developed a high radiance ( small emitting area ) 
LED and coupled i t  into a mult imode f iber with an over -a l l  
conver s ion eff ic iency o f  0 . 6 % .  Thi s  particular LED i s  pre sently 
limited in conver s ion e f f i c i ency , power output ( 2  mwatt ) , and 
l i f e  ( 3 0 0 0  hour s ) . 

For sing l e  mode fiber s , la s er s  are neces sary and no 
clear c ho ic e  can be made . Doubl e hetero j unc tion diode laser s ll 
perhaps have the mo st promi s e , if  their very short l ife time 
( l e s s  than 1 0 0  hour s )  can be overcome . Other type s under 

cons ideration include thin f i lm laser s pumped by LED ' s  and 
miniature ga s laser s . The problems in a l l  of the se are some­
what formidabl e  at the pre sent time . 

As suming that la ser s  wi l l  be developed which are economic 
in pr ice and have rea sonable conver s ion e f f i c i ency and power , 
a modulator wi l l  be requ ired in order to impre s s  the informa­
tion onto the light (LED ' s  and diode la ser s  can be modulated 
directly by varling the current ) . Wh ile bulk modulator s have 
long been known 2 ,  1 3 , they are unsuitable both phy s ica lly and 
economically for a practical system . A useful optical com­
munications system will require opt ica l s igna l proce s s ing and 
detect ion components which are rugged , e f f ic ient , and which 
can perform identical funct ions to that of their e lectrical 
counterparts . 

Thin f i lm integrated opt ic s  cons i s t  o f  a depo s ition o f  
thin optica l f i lm onto a substrate . The f ilms may b e  amorphous 
or s ing le crysta l , and in some ca ses semiconduc tors . Thick ­
nes se s  are of the order o f  the wavelength o f  light , approximately 

Copyr igh t  ©  Na t iona l  Academy  o f  Sc iences .  A l l  r i gh ts  rese rved .

Te lecommun ica t i ons  Research  i n  t he  Un i ted  S ta tes  and  Se lec ted  Fo re ign  Coun t r i es :  a  P re l im ina ry  Su rvey .  Repor t  t o  t he  Na t iona l  Sc ience  Founda t ion
h t tp : / /www.nap .edu /ca ta log .php?reco rd_ id=18640

http://www.nap.edu/catalog.php?record_id=18640


12 6 

1 micron . The uniformity and optica l behavior of such f i lm  
make pos sible wave guiding o f  l ight , coup l ing , and f requency 
mixing . The technology is j u st in its ear l ier stages , having 
begun in 1 9 6 9 - 1 9 7 0 . Succ e s s  wi th integrated optical devices 
wi l l  provide many o f  the pr inc ipa l component s which can serve 
a s  bu i ld ing blocks for a ful ly multiplexed PCM system at data 
rate s  impos s ible to transmit a long coaxial l ines . 

E .  Optical Detector s 

S i l icon avalanche detector s are commercially ava i lable 
with gain-bandwidth products of one hundred GHz and with quantum 
e f f i c ienc i e s  of 5 0 %  or better . The detec tor , therefore , does 
not r epresent a pre s ent technica l  bottleneck , although sub­
s tant ia l cost reduc t ions are nec e s sary before an optica l  
communicat ions system could b e  economica l ly viable . Recent 
deve lopment s of an extremely fa st photomultipl ier cal led the 
dynami c cro s s ed- f i e ld photomultipl ier (DCFP ) makes po s s ible 
d irect optica l detection to 1 . 2  GHz . l 4  

IV . Program Cons iderations 

Programs to cons ider for monitor ing and suppor t to meet 
the needs for wide band services inc lude : 

A .  F iber Technology 

- Develop and evalua te f ibers for a ttenuat ion and 
d i sper sion . 

- Perform coupling and spl ic ing experiments . 

- Inve stigate f iber handling techniques ,  inc luding 
sheathing .o f f Lber s . 

- Per form theoretic a l  studies on fiber bandwidth and 
attenuation . 

B .  L ight Sources 

- Deve lop high rad iance LED ' s  which may be directly 
modulated . 

- Study po s s ibi lities for f i lm la ser s and r ecommend mo st 
likely cand idates for deve lopment ( such a la ser would be 
complementary to thin film modulat ion techn ique s ) . 

- Deve lop diode inj ec t ion la ser spec if ica l ly for com­
munications purposes . Power , l i fe , and spectra l output would 
be tai lored to wide bandwidth requirement s . 
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c .  Modulation 

- Develop thin film modulator . 

- Deve lop coupl ing techniques .  

- Theoretical work to opt imi z e  modulator and coupl ing 
de s igns . 

D .  Multiplexer s 

- Development of  opt ical multiplexer s and demultiplexers . 

E .  Electronic Subsystems 

- D evelopment of  dr iver s for PCM modulato r s . 

- Development o f  s ignal proc e s sor s for high bit rate s , 
1 0 0  Mb/sec . 

F .  Demons trat ions of  Wide Band Systems 

- Suggest and implement vehicles to demonstrate opt ical 
transmi s s ion and mult iplexing . 

V .  Conc luding Remarks 

I t  is becoming increa s ing ly evident by many stud ies 
of trend s in the usage of the electromagnetic spectrum for 
telecommunicat ions that bandwidth requirements are rapidly 
expanding and may soon become self - l imit ing due to over­
crowding o f  the ava ilable information transmi ss ion channe l s . 
Explo i tat ion of  higher and higher frequenc ies into the mi l l i ­
meter waves i s  well under way , but wi ll enta i l  expensive 
hardware and ins ta l lat ion co sts demanding almo st from the 
beginning a high util i zation or fill factor to be economica l . 
For other practical reasons such wide band service s  provided 
by c ircular mi l l imeter wave guide cannot readi ly be installed 
in bu ilt -up area s , ar eas which may be the early heavy user s 
of video and h igh data rate service s . 

The emerg ing technologies of low-lo s s  f iber optic trans­
mi s s ion lines , small e f f i c i ent la sers or LED ' s ,  integrated 
optical component s for modulat ing and detect ing , may provide 
the answer to almo s t  unl imited bandwidth and signal handling , 
as  wel l  a s  high degree o f  f lexibility , gigahertz bit rate 
per s econd , and economic telecommunicat ions systems for the 
urban communities . 

Many laborato r i e s  throughout the wor ld are considering 
in piecemeal fa shion the var ious components . Corning , Schott , 
Bel l  Labs , Bendix , Amer ican Optical , and o ther s are do ing 
glas s  f iber development for low-lo s s  opt ical transmi s s ion . 
Proce s sor s and modulator s , and other integrated optical c ircuits 
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are being studied in the laborator ies at GTE , Bel l , Hughes , 
Z enith , North Amer ican Rockwell , and many other s . And , 
s imilar ly , deve lopment s in fast opt ical detector s capable 
of str ipping off hundreds of megabi t/ second s ignals from a 
carr ier are being worked on at st ill other laborator i e s . A 
few large laborator ies , l ike Bel l  or GTE , who se prime conc ern 
is to upgrade their telecommunications s ervice� are examining 
the communicat ions system in its ent irety , a s  well a s  the 
components needed . 

From the number s of documents made regarding optica l  
communications b y  the var ious member s o f  the Telecommuni ­
cat ions Re search Pane l , it would be des irab le that the 
interested parties constitute themselves a Task Force on 
Optical Communications to review and recommend to the full 
Pane l : 

1 .  Whether opt ical l inks are a viable approach to wide 
band services . 

2 .  Who i s  do ing what . 

3 .  Where are the gaps in techno logy or systems approaches . 

4 . And i f  they are worthwhile , what incentive or support 
could be of fered to impl ement these need s . 

The key to success  wi ll be the inten s ive re search on 
mater ials and phenomena , with the same intens ity as wa s 
required to make the integrated c ircuit f ield succe ssful . 

To provide impetus and inc entive , the Panel on Tele­
communications Research may f ind it useful to recommend 
c ertain of these programs for NSF support , and better yet �  
to s e t  goa l s  to tax the existing state of art o n  " tele­
communicat ions systems needs " where crowd ing o f  bandwidths , 
crowd ing of space , f lexibi lity and soc ial needs set the 
requirement s for the extens ion of the radio frequency spectrum 
for telecommunications into the opt ical spectrum . 

Loui s  R .  Bloom 
GTE Laborator i e s  
Stamford , Connect icut 
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R &D  TRENDS FOR COMMUNICATI ONS SATELLITES : CC»U'ARIS ON OF 
U . S • AND OTHER PROGRAMS 

This paper wi l l  cover a )  maj or goals o f  communications 
satelli te des ign : b) the approaches to be taken toward meeting 
thes e  goals ( in the proces s of  s pelling thes e out the R&D 
work needed wi ll be apparent) : c )  s tatus with respect to other 
countries in the field , and d) conclusions . 

I .  Goals 

These can be s tated quite s imply as the des ire to get 
more and more channels per satellite and to produce thes e  at 
lower cost per channel .  

I I .  ApProaches 

The general approaches can be es timated by looking at the 
trends from the first sate l li te through the present and 
extrapolating thes e .  Early Bird s tarted us ing a toroidal 
antenna pattern in which mos t  of the energy was radiated away 
from the earth . Als o , its bandwidth was only about 10% o f  that 
then allocated to communications satellites . S ince that time 
the trend has been to sate l l i tes whi ch ful ly uti lize the 
allocated 500 MHZ bandwidth and have directiona l antenna beams 
whi ch il luminate the earth only , as well as narrower beams 
covering one s ixteenth of the visible earth .  

The point o f  diminishing returns has a lready been reached 
as far as obtaining more channels by means o f  satellite 
radiated power . For example , in Intelsat IV, by going from a 
global beam to a spot beam a 16 - fold increase in radiated power 
i s  obtained , but only a doubling in channel capacity results 
because o f  the limited bandwidth . In the future the trend wi ll 
be to i ncreas e e ffectively the allocated bandwidth by us ing 
multiple antenna beams so des igned that their over lap i s  su f­
ficiently low so as to permit reuse o f  the spectrum in each 
beam . Thus ,  the use o f  four beams would yield a 4- fold increas e  
i n  capacity per satellite . 

Suffic ient work has been done to show the practi cabil i ty of 
s imu ltaneous ly using two polari zations in transmis s ions to and 
from the satellite . This provides another doubling o f  capacity 
for a given bandwidth . 
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Work i s  underway on t ime divis ion modulation methods to 
achieve greater numbers of channels per repeater and also to 
permit interconnect ion of the various beams . 

Beyond thi s , the 197 1 Wor ld Admini s trative Radio Conference 
a l located bandwidths at 11 and 14 gc : and at 2 0  and 3 0  gc to the 
fixed satellite s ervice . The first pair of bands total 1000 MHz , 
the same as the pres ently a llocated 4 and 6 gc bands , while the 
bandwidth o f  the latter pair is five times as great . This should 
permit a 6 - fold increase in channel capacity .  Work is needed to 
develop suitable sate l l i tes and earth s tation RF components for 
these new bands : and also to improve our knowledge o f  propaga­
tion at these frequencies . 

Cons idering the above , a sate l lite i nc luding a number o f  
beams could have a total two-way telephone capacity i n  the 
order o f  1/4 mi llion c ircuits . In addit ion to working on the 
communication aspects mentioned above , work wil l  proceed on the 
spacecra ft aspects o f  trying to get more power from a given 
weight-si z e  satellite . This , coupled with development l eading 
to light-weight components , shou ld ultimately permit a given 
capacity to be obtained in a smaller satel lite , thus further 
decreasing the cos t per channel . 

Improvement in reducing earth s tation antenna s idelobes 
would be useful in permitting closer satellite spacing a long 
the geostationary orbit . S imilar work on satellite antennas 
should permit closer spacing o f  i lluminated areas on the ground . 

I I I . Foreign Communication Satel l i te Activities 

A .  Canada 

Canada s tarted in the communications satellite area by 
des igning and bui lding the communications repeaters for the 
Relay s atel li te in 196 1 ,  and also the Alou ette s cienti fic 
satellite in the same period . S ome subsystems for the 
Intelsat IV satel lite were bu ilt in Canada . More recently, in 
November 1972 the Canadians launched a s atel lite for their 
domes tic use .  This s ate l l i te was built by Hughes and was 
launched by NASA for Canada . S evera l dozen earth s tations have 
been bui lt , ranging in s i ze from 2 5  foot to 97 foot diameter 
antennas , with the maj ority of them being of the smal ler s ize . 
A subs tantial number o f  these s tations are of canadian manu­
facture , but for the most part the Canadian manu facturers are 
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subs idiar ies of,  or a f fi liated with , American companies . The 
system wi l l  be used for transmi s s i on of  TV and two-way telephony . 

The canadians and NASA are j oint ly workfng on an experi ­
menta l 11Comrnunications Technology Satellite . " Canada i s  to 
bui ld the entire s atel lite , except for the 2 00 watt 12 gc 
power ampl i fier . NASA is to supply the Delta rocket and the 
2 00 watt ampl i fier . The satellite , to be launched in late 1 975 , 
wi ll  be used for the exper imental transmi s s ion o f  TV to small  
s tations . ESRO ( European Space Research Organi zation) i s  sup­
plying a 2 0  watt trave ling wave ampl i fier and flexible s olar 
cel l arrays to the canadians for use on this satellite . 

B .  France/Germany 

I n  order to provide a background in satel lite technology 
for French and German industr ial concerns , the Syrnphonie s atel­
lite proj ect was s tarted in 196 7 .  Two flight models were to be 
bui lt for launch in 1972 in connection with the s atellite and 
rocket ( Europa I I ) . This rocket , the fir s t  mode l of whi ch was 
launched ear ly in 1972 , fai led and severa l  maj or subsystems 
have to be redes igned . Because o f  this , it has not yet been 
decided whether to continue wi th thi s  rocket or to us e an 
Amer ican Delta rocket to launch the s atel lite . The s chedule has 
s lipped from 1972 to late 1973 , or poss ibly early 1974 . The 
cos t for development and construction o f  two sate l lites and two 
rockets had ri s en from the or iginal $ 6 5 , 000 , 000 to about 
$ 15 0 , 000 , 000 by early 1972 . By compar ison , the cos t o f  develop­
ing , bui lding and launching eight s impl er Intelsat I I I  s atel­
lites each of about three quarters the weight , inc luding the 
cost o f  eight rockets , was about $ 100 , 000 , 000 . 

The Syrnphoni e s atellite its e l f  wi ll  weigh about 4 5 0  
pounds , which i s  well  under the 600- 700 pound capac ity o f  the 
Delta rock et . I t  wi ll  have two repeaters o f  90 megacyc le 
bandwidth and two elliptical beams , one covering mos t  of 
Europe and A frica and the other cover ing mos t o f  South America 
and the eas tern part o f  North Amer ica . The sate l l i te wi l l  be 
s tabi l i zed wi th a momentum wheel ,  an approach whi ch has been 
used in the Amer ican ITOS s eries . Both French and German manu­
facturers have bu i lt subsys tems for the Intelsat IV s atel l ites .  

c .  I ta ly 

In 196 7  Italy initiated the S IRIO program which called 
for the deve lopment , cons truction , and launching o f  a 
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geostationary sate l lite for space res earch on phys i cs o f  the 
magnetos phere and propagation exper iments in the 1 1/18 gc 
region (which was being cons idered for communication satellites 
at the time ) . This program has been delayed s o  that the original 
launch date of the las t quarter of 1 9 7 1  is now s cheduled for the 
fir s t  hal f o f  1 974 . The sate l l i te its e l f  is technica l ly some­
what s imi lar to the Intelsat I I I , but would operate at mil l i­
meter wavelengths , and use a narrower beam antenna . Italy has 
partic ipated in I nte lsat IV subcontracting work . 

D .  Japan 

Japan has plans for a communi cations satellite to be 
launched in the 1 9 7 7  period . A contract for sys tem engineer­
ing and preparation of  speci fi cations for thi s  satel lite has 
been awarded to Phi lco-Ford , but it is likely that the s atel lite 
would be des igned and bui lt in Japan . A Japanes e manu facturer 
has also bui lt subsys tems for the Intelsat IV satellite . 

E .  United Kingdom 

The award o f  a 6-month proj ect de finition phas e  contract 
for the U . K. Geostationary Technology Satellite (GTS ) * has been 
announced . The proj ect de finition phas e  is for approximate ly 
L0 . 5  mi llion and is expected to l ead to a development and con­
struction contract in the amount of Ll5-20 million for a 1976 
launch using a Delta rocket . 

The sate l l ite wi l l  be 3 -axis s tabil i zed and wi ll utilize 
the s ame 5 . 5  foot d iameter antenna for 12/14 GHz coverage of  
the British Is les and o ffs et L-band feeds for elliptical 
coverage of part of the North Atlant ic for mar it ime communica­
tions exper iments . The TV broadcas t exper iments wi l l  involve 
primari ly propagation investigations as wel l as the uti l i zation 
of var ious ground antenna s i zes for community and direct-to­
home TV receptions . S evera l Briti sh manu facturers have bu ilt 
subsys tems for Intelsat IV satellites . 

F .  U . S . S . R .  

The U . S . S . R . launched its fir s t  communications s atel lite ,  
Molniya I ,  in 196 5  and s ince then has launched at leas t 2 0  o f  

*Previous ly named the U . K . Appli cations Technology S atell i te . 
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this s eries . Bas ed on the avai lable information , this sate l l ite 
is pr imar i ly us ed for TV transmis s ion to s everal dozen earth 
stations ins ide the U . S . S . R . , but it also has the capability for 
limited te lephony transmis s ion . The orbit is e l l iptica l , wi th 
approximately a 12 -hour per iod , and an inc l i nation o f  64 ° North , 
result ing in an apogee o f  about 24 , 000 mi l es which focuses the 
satel lite on the Northern Hemisphere and provides coverage over 
a l l  Northern latitudes . Transmis s ion is in the 900 MHz r egion . 

Reports have been rece ived o f  the launch o f  a more advanced 
communi cations satellite ,  Molniya I I , with a s imilar orbit ,  but 
higher capacity repeaters in the 3400 to 3 900 MHz band . In 1968 
the U . S . S . R .  fi led with the International Frequency Registration 
Bureau for al locations in this band for a geos tationary sate l l ite , 
"S tats ionar " to be launched by the end o f  1970 , but none have yet 
been r eported i n  orbit . 

Both the Molniya I I  and S tats ionar us e  2 0  r epeaters for 
telephony each with 10 MHz bandwidth and 7 watt transmitter 
power , working into an antenna beam cover ing the vis ible earth 
plus a higher power , wider band repeater for TV. Us ing avai l­
able character is tics of their earth s tations and the above 
sate l l ite data yields a repeater capacity o f  1 2 0  one-way telephony 
channels , and a total capac ity o f  1200 two-way telephone circuits , 
in addition to one TV channel . It is es timated that the solar 
array for thes e  repeaters mus t  produce at least three times the 
power output o f  an Intelsat IV, and that the s atell ite ' s  2 1  
repeaters probably weigh about twice or more than Intelsat IV' s 
12 repeaters o f  3 6  MHz bandwidth . However , using the U . S . S . R .  
earth stations in both cases , an Intelsat IV should have twice 
the capac ity of the S tats ionar because of its greater bandwidth, 
and with Intelsat ' s  earth s tations , four t imes the capacity . 

IV. Comparison wi th u . s .  Systems 

Communications satell ite technology in the u . s .  is wel l  
advanced over that o f  other countries because : 

the need exi sted , and 

spacecra ft technology and launch .vehic les from NASA 
and Department o f  De fens e s atellite programs could be appli ed 
to communi cations satellite des ign .  

Other countri es o f  the world outs ide the U . S . S . R .  have a 
need in that most o f  them are members o f  Intelsat and there fore 
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el igible to partic ipate in the des ign and cons truction o f  i ts 
sate l l i tes . Their lack i s  an extens ive space technology back­
ground . The U . S . S . R .  has the space experi enc e ,  but apparently 
has relatively limited need , j udging by its communications 
satellite obj ectives . 

Whi le the Franco-German Syrnphonie proj ect has experienced 
di fficu lties , there i s  l i ttle doubt that these countr ies wi ll 
eventually launch a communications s ate l l i te .  Whi le Syrnphonie 
won ' t be economical ly viable , future des igns may wel l  be 
economi c ,  based on the Syrnphoni e experience and also on their 
participation in Intelsat R&D programs (approximately 2 8%* o f  
th e  Intelsat I V  s atellite program was subcontracted outs ide o f  
the u . s . } .  Their prob l ems have been due t o  their relat ively 
l imited number o f  space proj ects , aggravated by politics . The 
U . K. , canada and Japan should be better o f f  in this respect . 

Because u . s .  communications needs are much greater domes ­
tica l ly than i nternational ly ,  the introduction o f  a domes tic 
satel l i te sys tem wil l  undoubtedly provide the stimulus for 
development o f  the 11/14 gc , 2 0/3 0 gc bands , and also the 
greater exploitat ion o f  the 4/6 gc bands . 

Meanwhil e ,  Japan and Wes tern Europe are also developing 
microwave components for 1 1/14 gc and 2 0/3 0 gc for use in ter­
restr ial relay systems as wel l  as for satellite use . They have 
a good background acquired in developing and bui ld ing subs tan­
tial numbers o f  s imi lar components for 2 ,  4 and 6 gc relay 
systems and mus t  be cons idered s erious competitors in this 
fie ld . 

Their disadvantage vis -a-vis the u . s .  is mainly in the 
spacecra ft and launch vehicl e  area . Because o f  their rela­
tively l imited needs and experience , their space programs thus 
far have moved at a s lower pace and have become obsolete more 
quickly . It  was pointed out that the Europa I I  rocket to be 
used for the Syrnphone sate l l i te may be s crapped . Thi s rocket 
is a follow-on to the Europa I s er ies . Together , they repre­
s ent 1 1  launch attempts without a s ingle succes s fu l  orbiting of 
a sate l l i te and an expenditure of over 2/3 of a billion dollars 
spread over mos t  of a decade . 

*corresponding to foreign subcontracts o f  $ 2 9 . 7 mi llion out o f  
a $ 106 mi l l ion total . Thi s figure covers the deve lopment and 
the cons truction o f  eight satellites . 
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By compari son, the rapid u . s . growth is epitomized by the 
u . s .  Delta program , with its synchronous orbit payload capa­
bility increas ing as fol lows : 8 5  pounds - 196 5 :  190 pounds -

1 966 : 3 00 pounds - 1 968 : and 7 0 0  pounds - 1973 . All  o f  thes e  
increases were due to improvements i n  the var ious s tages which 
originated in programs other than communications s atel lites . 
Actually ,  o f  a total o f  over 8 0  Delta and Atlas/Centaur rockets 
launched s ince the launch o f  Early Bird ( the first commerc ia l  
communications satellite in 196 5 ) , only about 2 0%  have been 
for commercial communications sate l lites . 

Thus , the growth o f  the commercial program has been due in 
large part to the broad space technology bas e provided by NASA 
and Department o f  De fense sate l l ite and rocket programs . Thes e 
programs have maintained a number o f  highly ski l l ed s pacecra ft 
and rocket engineering teams around the country , together with 
subsys tem and component manu facturers .  Their expertise grows 
as new programs pose problems o f  increasing sophi s tication . The 
recent NASA and Department o f  De fens e cutbacks have already 
s lowed down this growth . While no country outs ide the u . s .  and 
u . s . S . R has yet bui lt a commerc ia l  communications s atellite , 
there is little doubt that toward the end o f  the 1 9 7 0 ' s  
Canada , Italy , France/Germany , Japan and the United Kingdom wil l  
have the capaci ty t o  do so . 

v. Aerosat and Maritime s atel lites 

S er ious cons ideration o f  the use of satellites for com­
munications between planes and land based s tations s tarted in 
about 1 964 . In ear ly 1973 there i s  s t i l l  no firm plan to 
proceed . 

Initially ,  with the l imited payloads available from rockets 
which could be cons idered for such a proj ect , the bas i c  ques tion 
was economic viabi lity .  Other questions were debated , e . g  • .  -

the channel capacity needed : the power required per channel :  the 
choice o f  frequency (VHF or UHF) : and an important nontechnica l 
ques tion o f  who was to own and operate the sys tem .  Thes e tended 
to be s econdary is sues at the time . 

As the payload capabi lity o f  the Del ta increas ed year by 
y ear , and as tes ts on the Appli cat ions Technology Satellites 
(ATS ) yielded us e ful exper imenta l data , the relative importance 

o f  the var ious ques tions changed and that o f  choice of frequency 
became paramount . 
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Finally , i n  the last two year s the u . s .  Government has 
endorsed the use of UHF, and the Delta payload capacity has 
reached the point of assuring u s e fu l  capac ity ,  so that the 
ma j or ques tion rema ining has been that o f  ownership and opera­
t ion of the sys tem . For the pas t  year the program has rema ined 
s talled at dead center pending a resolution of thi s  problem . 
Technically ,  an aeronaut ical communi cations s ate l lite can be 
des igned with today ' s technology : what is needed i s  a resolut ion 
of the non-technical problems . Recently ESRO has been s elected 
by the Wes t  European countr ies to manage their share of this 
program , in conj unct ion with a u . s .  partner yet to be chosen . 

While the appl ication o f  satel l i te communications to mari­
t ime use i s  eas ier than to aeronautical , s ince a phys ically 
larger shipboard antenna can be used ,  substantial interes t o f  
th e  mar itime community has ar isen only in th e  last couple o f  
years . Th e  19 7 1  World Admini s trative Radio Conference al located 
frequenc ies for such use  adj acent to the aeronautical satel lite 
s ervi ce in the 1600 me reg ion , both exc lus ive and for shar ing 
with aeronautical s ate l l i tes . 

S ince the frequencies are adj acent , and the appli cations 
s imi lar , it wou ld appear technically and economica l ly des irable 
to bui ld one type of sate l l i te for both services s imu ltaneous ly .  
However , there are some groups i n  each o f  the two camps who fee l  
that some " sovereignty " will b e  lost by such j oint use . The 
cos t  compar ison o f  a j oint system versus separate systems may 
resolve this is sue . A more impor tant problem , s imilar to that 
which has ar isen in the Aerosat program , is the dec is ion on how 
the mar itime sys tem i s  to be establi shed and opera ted . Here , 
too , no clear solution is yet in s ight .  

VI . New Appli cations of Communi cations S atel lites 

The 1 9 6 0 ' s have seen the growth of the internat iona l  com­
munications satellite system from its fi rst exper iments to one 
wi th 80 operationa l antennas . The 1 9 7 0 ' s wi ll see the appli­
cat ion o f  communi cations s ate ll ites to domestic and regiona l use , 
and to special applications . As regards domestic  servi ce , canada 
wi l l  have its sys tem in operation by early 1 9 7 3 : and the u . s . has 
a number of specific  proposals pending . The special appl icat ions 
area is somewhat nebulous . var ious u s es of s ate ll ites for 
communication via s tations with relatively sma ll antennas , 7 to 
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1 8  ft . i n  diameter have been proposed for remote areas whose 
only communi cation means has been H . F .  radio . While there is 
no question as to the technical feas ibility of such sys tems , * 
their economic feas ibi lity i s  sti l l  open to question . I t  is 
di f ficul t ,  if at a l l  pos s ible , to predict the extent o f  future 
use of such new sys tems . The approach wi l l  likely be one o f  
adapting exi sting sys tems to demons trate and test new appli­
cations , in addition to testing more advanced sate l l i te con­
cepts with NASA ' s ATS s eries o f  satel lites . The NASA ATS - F  
satel l ite , to b e  launched i n  1974 , wi ll  a l s o  tes t  the feas ibility 
o f  TV broadcast to sma l l  s tations . 

VI I .  Conc lus ions 

The u . s . lead thus far is based on s atel l i tes  and rocket 
technology from NASA and Department o f  De fense programs . 

Until now no other country , except the U . S . S . R . , has had 
avai lable our broad range of rockets for launching sate l l ites . 
However , the u . s . has recently agreed to launch s atel lites for 
all  countries subj ect to rather nominal restr ictions . There­
fore , all  countr ies are now on an ess entially equal bas is as 
far as availability of launch vehicles is concerned . 

Dur ing the last decade other countr ies have begun to 
develop the ir own sate l l ite technology . Whi le by far the maj or 
portion of thi s  work has been funded by the countr ies them­
selves , the ir partic ipation in Intelsat R&D programs and in 
actual deve lopment and production of Intelsat I I I  and IV satel­
lites ( tota l ling over $ 2 5  mi ll ion) has given them a close 
coupl ing to u . s . technology programs . 

The future appl i cation of communi cations satellite s  for 
special purposes - domestic , r egiona l, aeronaut ical , mar itime 
and broadcast - wi l l  result in a need for development and 
construction o f  new s atel lites . Even wi th these new u s es the 
relative ly few sate l l ites needed make it uneconomical for most 
countries to bui ld up a capability in thi s  field . Furthermore , 

*
s ince the beginning of  1972 Intel s at has provided 24 hours 
per day communications via its Pac i fic sate l l i te between an 
8 ft . antenna s tation in the Antarctic and the u . s . earth 
s tation at Jamesburg , ca l isornia , at 800 bps wi th an error 
rate of  approximately 1/10 • 
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a l l  o f  these services wi ll operate with synchronous satell ites 
so that it will be technical ly and economically des irable to 
use a g iven spacecraft design for several dif ferent services 
by suitable modi f ication o f  the communications package , thus 
further decrea sing the potential market . Regardl e s s , other 
countr ies are continuing development in thi s fi eld based on 
considerat ions of nationa l postur e rather than economic s .  
This incentive , coupled with the ava i labi lity o f  rockets and 
the rec ent growth of satell ite know-how as ment ioned above , 
wi l l  provide the means for other countries to enter thi s  
f ield . From the u. s .  vi ewpo int , th i s  should provide a market 
for roc kets , but there wi l l  be a lo s s  in satel l ite markets . 

Of f setting this i s  the fact that the use of sate ll ites 
for u. s. domestic purpo ses should open up a market for 
satel l i tes with one and even two order s of magnitude greater 
capac ity than for internat ional use at least for a number of 
year s . The development and production o f  such satell ites 
should provide the stimulus to keep a leading u. s. po sition . 
Thi s as sumes that non-technical considerations which stalled 
this program from 1 9 6 6  to 1 9 7 2  and re sul ted in a Canadian 
domestic satel l ite (built in the U . S . ) before our s , ar e re­
solved exped itiou s ly in the future as  they arise . 

The u. s. leadersh ip in sate l l i te des ign i s  based on the 
existence of a number of highly exper ienced engineer ing and 
manufactur ing teams built up over the pa st 1 0 - 1 5  year s for 
the development of NASA and Department of Defense satell ites . 
The techniques and know-how which they developed on the se 
government programs have formed the ba s i s  o f  the Inte l sat 
fami ly of satel lite s . In the case of the Hughes Aircraft 
Co . ,  which deve loped and buil t  3 o f  the 4 type s o f  Intel sat 
satellites , one can trace their evolut ion from Syncom (NASA )  
via Intelsat I ,  Intel sat I I , ATS-1 through 5 (NASA ) , TAC SAT 
(Defense ) ,  and f inal ly to Inte lsat IV . Each satel l ite de sign 

wa s nour i shed by its predec e s sor s and in turn contr ibuted new 
information ( sometimes in the form o f  what not to do ) to 
succ e s sor des igns . The se evolutionary changes had their 
troubles , but j udged in compar i son with other satel l i te pro ­
grams , even greater troubles can be expected when initiating 
more radical changes from previous d e signs . 

The government i s  the only organi zat ion financ ia lly able 
to support development of rad ica l ly new sate ll ite des igns and 
technique s .  For example , the ATS -F program includes sate l l i tes 
which wi l l , in orbit , extend member s support ing the so lar arrays 
to form a structure over 50 feet long , and al so deploy a para­
bolic antenna 30 feet in diameter . Inc luded ' experiments cover 
ion engines , prec i sion pointing to better than O . lo , TV broad­
cast , navigation , mi l l imeter wave propagation , and rad iation 
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detector s o f  var ious type s .  The program invo lve s  an expend i ­
ture o f  over $ 2 0 0  mi llion , o r  over twice Intel sat ' s  gro s s  
annual revenues . From such programs will come the ba s i s  for 
future commercial satellite des igns , a s wel l  as for new mi l itary 
and sc ient i f ic sate l l ite s . 

Other governments are proc eeding with the ir own communi­
c ations satel lite programs . Japan and Germany are looking 
into the development o f  high powered sate l l ites for broadcast 
use . The U . K .  and the CEPT are planning exper imental com­
munications sate l l i te s  for the 1 9 7 6 per iod . Japan i s  proceeding 
on a simi lar schedule ,  and an Italian exper imental satellite 
i s  now scheduled for 1 9 7 4  launch . Canada i s  bui ld ing an exper i ­
menta l sate l l ite t o  test opera tion of a relatively high powered 
transmitter at 1 2  gc ( involving l ight weight deployable solar 
arr ays of over 1 kw output ) wh ich could be the forerunner of 
a broadca s t  TV system . Thi s complete satell ite wi ll be bui lt 
in Canada , exc ept for the high power amplif ier and the Delta 
rocket , which wi l l  be supp l ied by NASA for a 1 9 7 5  launch . 
Thus , at a time when a l l  ma j or countr i e s  are engaged in breaking 
new ground in this f i eld in order to insure a place for the 
future , the u. s. , a lready in the lead , ha s c ancelled the ATS-G , 
H and I .  The ef fec ts o f  thi s c ancellation should appear in the 
second ha l f  o f  the 1 9 7 0 ' s  becau se of the antic ipated need for 
advanced aeronautical , mari t ime , dome stic , regional , and inter­
national satel l ite s . 

Commerc ial sate l l i te ventures must , because o f  the high 
cost s  of sat e l l ites and rocket s ,  take a conserva tive de s ign 
approach . Radically new approaches invo lving expendi tur e s  of 
many tens o f  mi l l ion dollar s , can ' t  be funded by today ' s  
satellite bu sine s s . For example , Intel sat ' s  1 9 7 2  gro s s  revenues 
were j ust under $ 9 0  mill ion . 

Several other countr ies are developing entire sate l l i te s , 
including communications package s .  I recommend that the detailed 
de s ign of  satell ites for operational commercial purposes (com­
munic ations , broadcast , aeronautical , and mar itime ) be funded 
by non-government entiti e s ; but the u. s. Government should 
c ont inue to sponsor the advanc ed sate l l ite technique s and com­
ponent s u seful to al l satell ites* , government and non-government , 
in addi tion to it s sponsor ship of new sate ll ite s for spec i f ic 
non-commercial purposes , i . e . , government , mi l i tary , and sc ien­
t i f ic applic ations , and demonstrations of satell ite technology 
for systems having no ear ly commerc ial potential . 

s .  Metz ger 
COMSAT 
Wa shington , D . C .  

*This include s  new de signs of att i tude contro l , structures , 
therma l systems , power sourc e s , mechani sms , and RF systems , 
including in-orbi t  te sts and demonstrat ions . 
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EARTH STATIONS 

Thi s  paper wi l l  br iefly review the 1 0 -year hi story of 
communication satel l ite earth s tat ions wi th emphas i s  on 
the trends in des ign during thi s per iod . 

I .  Antenna s and Genera l Sta tion Cons iderat ions 

The f ir st commerc ia l earth station ant enna , bu ilt by 
AT &T at Andover , Maine , was a 6 0 -foot aperture horn which 
was scaled from the 2 0 -foot aperture horn used i n  terr estrial 
radio relay s tations de signed for the Echo satell ite experi­
ment . Thi s des ign wa s chosen to maximi z e  the ga in and to 
minimi z e  the no i s e  tempe rature for a g iven s i z e  apertur e . 
Although the antenna was des igned to withstand 1 0 0  mi l e  per 
hour winds , a radome was added in order to simpl ify the 
operational problems dur ing the heavy snowfa l l s  of a Maine 
winter . Th i s  antenna worked we ll  for t he exper iment s for 
which it wa s intended ; however ,  i t  wa s not sati s factory as 
a model for future product ion because of  its high cost and 
becaus e  o f  the radome loss which could be a s  much as 6 to 
9 dB from ra in or wet snow . Lat er model s used par abo lic 
reflector s and Cas segrain feeds in order to el iminate the 
waveguide los s which would occur in a lower cost front- fed 
antenna . Initi a l ly , 8 5 - foot diameter ref lector s wer e used 
from avai lab l e  NASA and D epartment o f  Defense de s igns . The 
development s equenc e has gone as fol lows : 

-- Learning how to get the desired ga in and noi s e  
temperature over the 5 0 0  MHz bandwidth ( center ed a t  4 0 0 0  
MHz ) and the transmitting gain over a n  equa l band c en­
tered at 6 0 0 0  MHz . 

- - Having achieved the elect rical per formance , the 
next s tep wa s to mod i fy the mechanical d e s ign so that an 
operator working on equipment behind the feed cone c ould 
s tand on a hor i zonta l f loor regardl e s s  of the elevation 
angle o f  the antenna . 

-- The next step wa s to achieve the above , but at 
lower co s t . 

-- About the t ime the above items were accompl i shed , 
communication sate l l i tes had ma tured to the point where 
per formanc e and r e l i abi l ity compared favorably wi th 
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terr e s tr ial systems and the empha s i s  wa s then placed on 
decreas ing the number o f  men needed to operate a stat ion . 

-- Thi s  tr end has l ed to the design now being built 
by mos t  manufac turers . Th i s  cons ists o f  a c ircul ar 
concr ete structure about 5 0  feet in d iameter and one story 
high on the top of which the 9 7 - foot antenna is mounted on 
a wheel-and- track arrangement . The low no i s e  par amps are 
in an upper room behind the feed and a l l  other equipment 
usually in the room below the antenna . 

-- Rec ent ly some new antennas incorporate mul tiple 
reflector s so that the termina l s  o f  the feed ar e at ground 
level , avo iding the need for an upper equipment room . 

- - Development i s  underway for f eeds capable o f  
operati ng with two orthogonal polar i zations s imultaneous ly , 
and provid ing adequate i solation between the se to permit 
r euse of the frequency spectrum . 

-- Wi th approva l o f  new frequency bands by the Wor ld 
Admini s trative Rad io Confer enc e in 1 9 7 1 , new equipment 
wi l l  be needed at 1 1/ 1 4  gc , and a l so at 2 0/ 3 0  gc . 

- - The antennas in general use shaped reflectors 
and achieve aperture efficienc i e s  of  7 0 %  and no i s e  tem­
peratur e s  a s  low as 5 0 ° K  at 5° elevat ion . It  is doubt ful 
that much more c an be accompl i shed in the se areas . Each 
of  the ma j or industr ial countries design and bui ld their 
own feed s and antenna s . 

Equipment i s  now fairly s tandardi zed and suff ic iently 
r e l iable so that in most of the smaller stat ions it i s  
technical ly fea sible t o  employ one man per shi ft for two 
o f  the three sh ifts per day . 

The cost s of  earth stations having 9 7 -foot diameter 
antenna s have dropped f rom the range of  $ 6 - $ 1 2  mi l l ion 
in 1 9 6 5  to $4 - $ 8  mill ion in 1 9 6 9 , and to $ 3  - $ 6  mi l l ion 
at the pre s ent time . Costs vary widely depending on the 
number of countr ies with which it is desired to communicate 
co st of  land , and the auster i ty of the des ign . For mo st 
countri es of the wor ld the earth stat ions repr e s ent their 
entry into the spac e age and fac i l i ties are ther efore pro ­
v ided for v i s itor s . Fund s ar e al so a lloca ted for an 
architectura l des ign of which the country can be proud . 
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I n  the U . S .  the co s t  o f  l and for ground stations ha s 
var i ed from several tens o f  thousand s  of dol l ar s  (West 
Virginia ) to several hundred s of  thousand s of dol lars 
( Hawaii ) . 

I I . Electronic Equipment 

A .  Power Ampl i f iers 

At the pr e s ent t ime , of the 80 ant ennas and related 
elec tronic s in the Int e l sat sy stem , the traff ic per s tation 
var i e s  from 4 to 1 2 0 0  c ircu its and the number o f  countr i e s  
with which a given country communicates var ies from 1 to 
2 8 . The ampl i f ier output c an accord ingly range from several 
watts to several kW . Unt i l  now the highe st power ampl i f ier 
ha s been an 8 kW TWT 5 0 0  MHz wide , but recent ly 12 kW tubes 
have been developed . Life ha s been very sat i s factory , 
ranging from 1 - 1/ 2  year s to 3 year s .  For smaller stations 
3kW klystrons and TWT ' s  are used and a ir -cooled ver s ions 
o f  these are now avai lable , thu s s impl i fying maintenance . 
For st i l l  sma ller stati ons , 3 0 0  W air -cooled TWT ' s  ar e 
typic a l ly used . The tubes for these ampl i f ier s  are manu­
factur ed in the U . S . , Japan and Europe . I n  future sate l l i tes , 
when the narrower antenna beams wil l  be used for the satel ­
l ite receiver , earth stat ion transmitter power wi l l  decrease . 

B .  Paramps 

Whi le the 2 5  MHz bandwidth masers wer e used in the 
ear ly stations , the need for more bandwidth re sulted ( 1 9 6 6 ) 
in 1 5 0  MHz ma ser s . With the des ire for st i l l  more band­
width , the trend shi fted to paramps of  5 0 0  MHz useful band , 
s ince ma s er s  could not real i stically be des igned for such 
wide band s . The paramps resul ted in an increa se in no ise 
whi ch was compensat ed by go ing from 8 5 -foot diameter antenna s 
to approx ima tely 9 7 - foo t , which is the s i z e  now used in 
pract ical ly a l l  earth s tations . Whi l e  suc h paramps ar e 
bui lt mai n ly in the U . S . , but also in Japan and Italy , and 
to a le s ser ext ent in Fr anc e  and Germany ( both o f  whom have 
only bui lt for their own us e ) , the cryogenics ar e s uppl ied 
only by Arthur D .  Litt l e  Company ( Bo ston , Ma ss ) . Extens ive 
work is und erway on uncoo led paramps ma inly for proposed 
dome s tic sate l l it e  systems . The lead i ng companie s in this 
f ield ar e in the u . s .  and their expert i se in both coo led 
and uncooled ver sions can be trac ed back to government 
requirement s for simi l ar equipment . Dur ing the l a st two years 
the per formanc e of  such ampl i f ier s  ha s improved from 2 0 0 °  
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t o  1 0 0 °  and i s  now down to S O  t o  6 0 ° K .  Rec ent l y  some 
international s tations loc ated in souther ly lat itudes have 
gone to uncooled paramps , which , in conj unct ion with l O S ­
foot diameter antenna s , re sul t s  in t he required ant enna 
gain-to - sys tem-no i s e  temperat ure . 

C .  Low Level E lectronics Equipment 

The accepted method of modul at ion in the Intelsat 
system today is FDM/FM . Therefore the mult ipl ex equipment , 
IF ampl i f ier s , modula tor s ,  demodul ators , and up and down con­
vert er s ar e all s imi lar to tho s e  used in terr estrial radio 
re lay sys tems and are bui l t  in mo st of  the heavily indus ­
tr ial i z ed countr i e s  of the wor ld . The ma j or d i f f erence in 
ear th s tation equipment as  compar ed to radio relay systems , 
i s  tha t  greater f l exib i l ity i s  ne eded in the former a s  
compared t o  the l atter . T h i s  ha s resul t ed in the des ign 
of dua l conver sion up and down converters permi tt ing rapid 
c hange of fr equency with l i tt le or no retuning of ampl i ­
f i er s . 

D .  New Mult iplex Systems 

Beca use of the wide range of tra f f i c  carr ied by the 
d i f f erent s tations , work has been underway on deve loping 
multiplex and modulation methods which can be mo st e f f ic i ­
ent ly adapt ed t o  the d i ffer ing tra f f ic r equirement s . In 
particul ar , initial installation s  are now underway for the 
so - ca l l ed SPADE system which ha s been designed for count r i es 
havi ng r e lat ively few channe l s  to relatively many other 
countr i e s . In th i s  sys tem a time division orderwir e i s  
shared b y  u p  to S O count r i e s  o n  a n  automatic ba s i s . A 
vo ice channel i s  then automat ica l ly a s s igned any unused 
carr ier frequency , transmitted by PCM/PSK , which may be on 
a dif fer ent frequency for each new c a l l . Each stat ion 
ha s a computer wh ich keeps track of the status of the 
var ious assi gnment s . This system decrea ses the co st of  the 
earth station and increases the number of c hanne l s  per 
satell ite repeater a s  compar ed to the convent iona l FDM/FM 
system .  At the pr e s ent t ime thi s equipment i s  bei ng bui l t  
i n  Japan and i n  the u . s .  

E .  TDM (T ime D ivi s ion Mult iplex ) 

Whi le the SPADE sys tem i s  more e f f ic i ent in the ca s e  
of  a few channel s  and FDM/FM i s  mo st effic ient in the c a s e  
of  a large number o f  chann e l s  directed a t  one c ountry , i t  
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appear s that for intermed iate number s o f  channe l s , TOM 
may be advantageou s .  Exper iment s ar e underway on a 5 0  
megab i t  system which wi l l  provide about 8 0 0  channel s  
shar ed among several c ountr i e s . D evelopment o n  such 
systems has been undertaken in Japan , Germany and the u . s .  
Extensions o f  thi s system to permi t switching o f  channe l s  
o n  a TDM bas i s  among var iou s beams of a sat el l i te are 
al so under s tudy . In add i t ion , digital speech interpola­
tion , a mo re soph i s t icat ed form o f  TAS I , i s  being deve loped 
in I taly , Germany , Japan and the U . S . , which should provide 
a doubl ing in channel capac i ty for the same power and band­
width . 

I I I . Summary 

Satel lite earth stat ions have generally reached a 
fair degree of  matur ity . As an exampl e ,  the eight u . s .  
s tations for the pa st year and a hal f  have achieved c ir ­
c u i t  cont inuity of  9 9 . 9 9 %  (rat io o f  c ircuit hour s o n  the 
a ir to c ircuit hour s po s s ible dur ing a year ) . Whi l e  the 
U . S .  ha s been the ma j or suppl ier o f  such sta tions through­
out the wor ld , *  the choice has no t always been made on 
the ba s i s  of technical qua l ity or pr ic e , but al so on 
nationa l considerat ions of mutual t rade and long - term 
loans . In th i s  re spect the U . S .  ha s been at a d i sadvan­
tage as compar ed to other countr i e s  where there exi st 
clo s er t i e s  between the government and its  manufacturers . 

For future domestic , reg ional , spec ial purpo s e , and 
broadcast s ervi c e s  ( the lat ter funded thus far by NASA ) , 
sma l l  s tations with antenna s rang ing from 3 2  feet down 
to 7 feet in diameter may be more economic a l  c ons ider ing 

*The U . S .  ha s supplied approximat ely 4 3 % ; Japan 2 0 % ; 
U . K .  1 3 % ; Franc e 9 % ; Canada 8 % ;  I taly 5 % ; and Germany 3 % . 
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the number o f  s tat ions and the number o f  channe l s  i n  the 
system .  Several U . S .  compani e s  ar e taking the lead in 
developing such stations for the ant ic ipated futur e 
market ; however , for export the probl em ment ioned above 
wi ll ex i s t  here a l so . 

s .  Met z ger 
COM SAT 
Washington , D . C .  
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AT S ALASKA TELEMED IC INE EXPERIMENT 

I .  ATS- 1  Proj ect Descr iption 

The obj ective of the ATS-1 Alaska telernedic ine communi ­
cations exper iment i s  to demonstrate and eva luate the u s e  
of communications sate l l ite technology to provide rel iable , 
vo ice-grade , intra state communications to i solated communities 
us ing small , inexpens ive ground stations . The se vi llages are 
i solated by geography , weather conditions , unreliable rad io 
communic ations , and a lack of telephone s ervic e . Vi l lage 
med ical a ide s and their patients depend on infrequent contacts 
with doc tor s in larger towns and c i ties for consultat ion , 
diagno s i s  and treatment .  The inadequate communications 
service s  in Alaska have forced the State to examine alternate 
technolog ies which can provide communications fac i l i ties to 
all area s  of the State . Thi s  ATS-1 exper iment provides the 
Alaskan heal th care commun ity , and the D epartment of Hea lth , 
Education and We lfare with informat ion nece s sary for planning 
and implementing future systems . Continuing experiment s ar e 
planned for the follow-on AT S -F sate l l ite . 

Twenty-e ight v i l lage s and towns in Ala ska have been out­
f itted with inexpens ive (about $ 2 , 0 0 0 )  VHF , vo ice -bandwidth , 
transc e iver ground stat ions . *  Acc e s s  to the VHF transponder 
on the ATS-1 satel l ite ha s been made ava ilable to the exper i­
menter s . Communications take s place among the v i l lages and 
with the larger stat ions in Fa irbanks and Anchorage .  

The hea lth care exper iments were started i n  March 1 9 7 1  
with two vil lages (Al lakaket and Veneti e )  communicating with 
the hospital in Fairbanks via the VHF vo ice channe l on ATS- 1 . 
The obj ec tive of  the scheduled one-hour per day " Doctor Cal l "  
wa s to determine the va lue o f  the rel iabl e , but time-l imi ted 
vo ic e channe l to provide hea lth care s ervice s ,  and to provide 
some exper ienc e  for the vi llage medical aide s opera�ing with a 
sma l l  low-co st sate l l i te terminal . The experiment wa s expanded 
in August 1 9 7 1 , to inc lude 1 8  other v i llage s in the Tanana 
River reg ion nor thwest of Fa irbanks , and e ight larger towns 
and c ities equipped with Publ ic Hea lth Fi eld Service Hospital s .  
This expanded exper iment provide s med ical educat ion programming , 
remote hea lth care diagno s i s  and tr eatment to each o f  the 
villag e s . 

The satellite rec e 1v 1ng terminal equipment i s  located in 
the vil lage medical a ide work area . In the 2 0  vil lages in the 
Tanana reg ion , the equipment is time - shared with the school 
teacher who ha s a r emote l ine from the terminal . One o f  the 

*see page 1 5 1 for their charac ter i st ic s  
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j o int educational/medical exper iment s include s the evaluation 
of specially designed l i s tening equipment for the native Ala skan 
children , who genera lly have a severe hear ing di sabi lity . A 
second , but equa l ly important a spec t  o f  the hea l th c are experi ­
ment i s  being conducted by the Nationa l L ibrary of  Medic ine ' s  
L i s ter Hi ll Nationa l Center for Biomedical Communications .  
It uses satell ite channel s  to transfer med ical records , 
diagno s i s  data and research mater ials among the F i eld Service 
Ho spita l s . 

The National Inst itute s of  Hea lth , in coope ration with 
the Univers ity o f  Wa shington , Stanford Univer sity , and Uni­
ver sity o f  Wi sconsin , conduct s a program of consultat ion to 
sub-pro fessional health per sonnel in the vi l lages as  part o f  
the "Doctor Cal l "  experiment . Thi s  i s  a potentially important 
new hea lth car e service for r emote , spar sely populated reg ions . 

I I . ATS-1 F indings 

The ava i labi l ity of a rel iable and regular form of com­
munication to the remote areas has r e sulted in an improvement 
in the medical care avai lab le to the res idents of these remote 
vil lages . Some lives have been saved and con siderable allevi ­
ation of pati ent di stre ss ha s been achieved through the abi l i ty 
to secure prompt attention by medical per sonne l . 

The growing e ffect ivenes s  o f  medical commun icat ions 
between the Service Unit Ho sp ital s and the remote vi llages i s  
demonstrated b y  the striking growth i n  uti l i zat ion of satellite 
channels a s  compared to HF channel s  a s  shown by the following 
table : 

Average number o f  days 
Tanana Doc tor contacted : 

1 0/ 1/7 0 to 7 / 3 1/7 1 (via HF ) 
1 0/1/7 1 to 7/3 1/7 2 

Average number o f  cases 
treated : 

1 0/1/7 0 to 7/ 3 1/ 7 1  (via HF ) 
1 0/1/ 7 1  to 7/ 3 1/7 2 

" Satell ite Vi l lage " 

4 9 . 6  
2 3 0 . 7  

4 3 . 6  
1 5 2 . 9  

" HF "  Vil lage 

3 9 . 5  
2 0 . 0  (via HF )  

2 2 . 0  
14 . 8  (via HF )  

Service Unit Ho spital s t hat serve only vi llages wi thout 
satellite ground stat ions do not tend to use the sate ll ite 
channe l s  to other hospita l s  or maj or center s .  Thi s is becau s e  
al ternate telephone o r  TTY c ircuits are avai lable and ar e 
appar ently preferred . In cases where a vil lage ha s rel iable 
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HF service as wel l  a s  a satellite ground stat ion , the HF 
c ircuits are preferred because their u se is not l imited by 
the ATS-1 schedule . 

I I I . ATS-F Proj ect D e scr ipt ion 

A somewhat more extens ive telemedic ine communications 
exper iment is being planned in Ala ska u s ing the 2 . 5  GHz trans­
mit ter on ATS -F , which wi l l  be launched in the spring o f  1 9 7 4 . 
The three federa l organi zat ions cooperating with the State 
of  Alaska are the Nationa l  Library o f  Medicine , the Bureau 
of  Hea lth Manpower Education , and the Heal th Servic es and 
Menta l Hea lth Admini stration . Thi s  exper iment will be under 
the direct ion of the Federation of Rocky Mountain State s , with 
the Univer s ity of Washington as coord inator . The use of the 
2 . 5  GHz , 1 5  watt transmitter and high gain antenna on the 
ATS-F satell ite provide s a much higher flux densi ty at the 
ground rece iver s , and thus video s ignal s as we ll a s  voice 
signa l s  can be transmitted to the remote vi llage s i te s . In  
add i tion to the extension o f  communications capaci ty to 
inc lude te levi sion , schedule f l exibi l i ty with ATS-F may permit 
apprec iably more t ime to be devoted to Ala skan experiments , 
at l ea st on occa sion , than ha s been po s s ible with ATS-1 . 

The criteria of approval for each experiment proposal 
are that they must be part o f  an ongoing program with an 
exi sting data ba se , they mu st have measurable obj ectives , and 
they must not unduly rai se the expectat ions o f  the people in 
the experiment . 

For operations in Alaska , an operat ions center i s  planned 
for Fa irbanks . Somewhere between 2 0  and 4 0  receive-only 
terminal s  are planned , with f ive transmit station s , cons i s ting 
o f  f ixed t erminal s  in Anchorage , Fa irbanks , Bethe l ,  and Juneau , 
and one tran sportable station . Figure 1 shows the ATS-F foot­
print ( - 3db and -10 db ) over Alaska a s  well a s  the location 
of the var iou s med ical center s , ho spital s ,  and village s  part i ­
c ipating i n  the ATS - 1  exper iment .  (See page 1 5 0 . )  

Richard B .  Marsten 

Donald P .  Roger s 

Off ice of Appl ications , NASA HO 
Wa shington ,  D . C .  
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D e scription of Termina l Equipment 

1 .  Low Power Stations - ERP + 6 1 . 4  dBm 

A .  Transceiver - Motoro la Micor T7 3 RTN Series  

1 .  Receiver frequency - 1 3 5 . 6 0 MHz 
2 .  Transmit ter frequency - 14 9 . 2 2 MHz 
3 .  Frequency deviation - + 5 KHz 
4 .  Rated transmitter output power - 1 1 0  watts 

B .  Antenna - 8 turn helical 

1 .  Antenna gain - 1 4  db 

With a 3 dB transmi s sion l ine lo s s , the ERP of the low power 
station i s  6 1 . 4  dBm . 

2 .  High Power Stations - ERP + 6 6 . 7  dBm 

A .  Transmitter-Rece iver - Motorola Base S tation Model 
B9 3MPIB- 1 0 0 0B 

1 .  Receiver frequency - 1 3 5 . 6 0 MHz 
2 .  Transmitter frequency - 14 9 . 2 2  MHz 
3 .  Frequency deviation - + 5 KHz 
4 .  Rated transmitter output power - 3 7 5 watt s 

B .  Antenna - 8 turn he lical 

1 .  Ga in - 14 dB 

With a 3dB transmi s sion l ine lo s s , the ERP o f  the high power 
stations i s  6 6 . 7  dBm . 
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COMPUTER COMMUNICAT I ONS NETWORKS 

I .  Introduct ion 

The need for direct communication among computer s i s  
the mo st recent mani fe station of soc iety ' s  demand for f lexible 
communications services . In providing for thi s  need , and in 
per forming R&D that wi ll lead to systems adequate for the 
future , the Uni ted States subs tantially lead s the rest of 
the world . 

Electrical data telecommunication began wi th the demon­
s tration of the electrical te legraph by Wheatstone and Cooke 
in 1 8 3 7 . Nationwide telegraph networks grew rapid ly , and the 
f ir s t  succ e s s ful trans -Atlantic telegraph cable was completed 
in 1 8 6 6 . Bel l ' s  invention o f  the telephone in 1 8 7 6  led , by 
early in the twentieth century , to a pub l i c  voice telephone 
network that surpa s s ed the te legraph network in s i ze and use . 
In 1 9 3 1  AT &T began service on a TWX ( te letypewr iter exchange ) 
network spec i f ical ly for low speed ( about 1 0  character s/second ) 
data communic a tions . Data communication by teletypewr i ter 
cont inues to play a s ignif icant ro le in busine s s  and , to some 
extent , per sonal communication . 

A r evo lutionary change in da ta communication requir ements 
occurr ed in the late 1 9 5 0 ' s  due to improved elec tronic 
dig ita l  computer technology . With data proce s s ing systems 
able to generate and proce s s  va stly increased vo lume s of data , 
improvements were nec e s sary in both the rate at which data 
could be transmi tted and in the convenience with which thi s 
data could be gotten into and out of  computer s .  Ubiquitous 
telephone networks were at tract ive re source s for providing 
da ta communications services throughout the United States and 
the rest of the wor ld . 

The vo ice network , however , wa s des igned for the trans­
mi s s ion of continuous ly chang ing " analog '' waveforms spanning 
a frequency range from about 2 0 0  to 3 0 0 0  hz . Data , with its 
b inary nature , had to be transformed by "modems " (modulator­
demodulator s )  from the d igi tal form required by the data 
terminal and computer equipment to the ana log form required 
for transmi s s ion on the telephone network . By the late 1 9 5 0 ' s  
the Bel l  System ' s DATAPHONE service allowed terminal s  and 
computer s to communicate through the switched telephone network 
or pr ivate l ine s at mode s t  bit rate s . Dur ing the 1 9 6 0 ' s  
the var iety of modems suppl i ed by the tel ephone companie s 
grew sub stantially , and independent suppl iers entered the 
market . By 1 9 7 2  the number o f  modems in service wa s about 
3 0 0 , 0 0 0 , with about one-third of these provided by non-Be ll 
System supplier s . 
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In the early 1 9 6 0 ' s  much of the intere st in computer ­
computer communicat ion was for load shar ing- purposes . Thi s 
communication was u sual ly o f f - l ine and involved tape-to-tape 
transmi s s ion . Increa sed volumes of data required h igher 
transmi s s ion rates , and data sets for " broadband " transmi s s ion 
at 4 0 . 8  Kb/ s ( later 5 0  Kb/ s ) became ava i labl e .  

Another form o f  computer acc e s s  al so became popular . 
Taking advantage o f  the great speed of  digital computer s ,  
systems were des igned that al lowed the computer to switch 
rapidly from serving one u ser to ano ther , giving each the 
impre s s ion that he wa s being served continuously . Remote 
acces s to these " time- shar ing'' systems through teletypewriter 
and d isplay terminal s  grew dramatically and commerc ia l  bureaus 
were es tabl i shed to sel l such service s .  Pr imary access  to 
these systems wa s made through the swi tched telephone network . 

Spec ia li zed data proc e s s ing services were a l so established 
along indus try l ine s , for example , a ir l ine reserva tions , hote l 
reserva tions ,  stock quotations , cred i t  card checking , bank 
operations , and many o ther s . The s e  a l l  make use of the publ ic 
telephone network to link thousand s o f  termina l s  to centra l 
computer i z ed data ba ses which can be examined and updated 
appropr iately for each transaction . 

Severa l vendor s of  commercial t ime- sharing s ervice s  
have establ ished networks employing l ea s ed l ine s t o  l ink their 
computer s .  CDC ' s  Cybernet , Tymnet , and the G . E . time- shar ing 
network are examples . Efforts a imed at reduc ing communica­
tions co sts ( i . e . , l ine charge s ,  data set charges , and inter ­
face co sts ) have led to exten s ive use of minicomputer s a s  
programmable communications " front end s " t o  larger machine s , 
and a s  communications concentrator s which obtain economi e s  
by mult iplexing intermittent low- speed data from many terminal s  
onto a sma l l er number o f  higher speed channe l s . Some o f  thi s 
work i s  indeed R&D currently in progre s s . 

Although there i s  much .effort in thi s  important and 
rapidly developing f i e ld that cannot be included here for lack 
o f  space and time , the next two sec t ions wi ll outl ine a few 
of the u . s .  and foreign proj ect s that re late to computer 
netting . 

I I . Computer Communications R&D 

It should be noted immediately that the United S tates 
lead s the wor ld s ignif icantly in R&D on computer communica tions , 
and in appl ications of computer commun ications techniques .  
Thi s i s  hard ly surpr i s ing in view of our command ing po s i tion 
in the area s of computer and communications systems manufacture 

Copyr ight  © Nat ional  Academy of  Sciences.  Al l  r ights reserved.

Telecommunicat ions Research in the Uni ted States and Selected Foreign Countr ies:  a Prel iminary Survey.  Report  to the Nat ional  Science Foundat ion
ht tp: / /www.nap.edu/catalog.php?record_id=18640

http://www.nap.edu/catalog.php?record_id=18640


1 5 4  

and use . Rel evant R&D is  taking place in many places in the 
United States , inc luding government agenc ies , univer s ities , 
the communications carr ier s , the computer manufacturer s ,  
and computer user s . 

The largest ef fort d irected specif ically at computer 
communications research i s  the ARPA network . R&D effort for 
it i s  being carried out at many univer s ity and industr ial 
laboratori e s  supported by ARPA fund s . It is an example of 
what Clay T .  Whitehead , Director of the Off ice of Telecommuni ­
cations Po l icy , ha s called a "va lue-added network " ,  i . e . , a 
network that ut i l i z e s common carr i er transmi s sion fac i lities , 
but add s its  own switching , error contro l and other spec ial 
service features . 50  Kb/ s pr ivate l ine s leased from AT&T 
are used to l ink about twenty large computer insta llat ions 
in all parts o f  the Uni ted State s . The ARPA network i s  
making a pioneer ing attempt to interconnect d iverse computer 
systems , despite the di f f icul t problems caused by va stly 
d i f f erent software conventions found in var iou s  computer 
operating systems . In addit ion , the ARPA network has 
deve loped a di str ibuted s tore-and-forward me ssage switching 
sys tem to implement the neces sary routing and switching func ­
t ions between computer s . Ana lys i s  and s imulation techniques 
have been developed to optimi ze network topo logy and to mode l  
the per formanc e o f  the system . The network de s ign i s  con­
servat ive in that it uses ava i lable technology in its hardware 
imp lementat ion ( e . g . , standard Bel l System 5 0  Kb/ s trans ­
mi s s ion l inks and Honeywel l  5 1 6 minicomputer s for the store 
and forward switches ) .  

IBM a l so doe s  ext ens ive R&D on computer communicat ion s . 
Severa l laborator i e s  are involved , inc luding the Yorktown 
He ights and Zur ich research laborator i e s . Analyt ical network 
optimi z ation s tudi es are conducted , a s  are exper iments with 
swi tched d igital transmi s s ion loops . 

The Bel l  System i s  supporting substantial R&D with the 
obj ect ive s of improv ing per formance and lower ing costs o f  
da ta communications service s . A s ignif icant commerc ial step 
was taken in November 1 9 7 2  with the f il ing of  tar i f f s for a 
digital data service , an a l l -digital private l ine data network 
that is expected to serve 96 ma j or cities by 1 9 7 6 . Substantial 
economic advantages result both from the e l imination of  modems 
and from improved util i zation of d ig i tal trunks that wi l l  be 
used in the system . D igita l  transmi s s ion employing regenera­
t ive repeator s wi l l  al so lead to gr eater rel iabil ity for data 
communications . Cont inuing R&D on d ig ital switching and 
transmi s s ion technique s wi ll enhance per formance and provide 
economic saving s for both vo ice and data tra f f ic during the 
next decade . 

Copyright © National Academy of Sciences. All rights reserved.

Telecommunications Research in the United States and Selected Foreign Countries: a Preliminary Survey. Report to the National Science Foundation
http://www.nap.edu/catalog.php?record_id=18640

http://www.nap.edu/catalog.php?record_id=18640


1 5 5  

Severa l research experiments i n  computer communications 
are being conducted at Be l l  Laborator ies . In-house digital 
systems are be ing constructed to experiment with minicomputer 
networks . Both d i s tr ibuted control "Pierce loop " and common 
control switched systems are being inve stigated . The se systems 
u se packet rather than l ine switching technique s and are 
capable of carrying data at rate s exceeding 1 megabi t/second . 
Exper iments a imed at developing techniques for eff ective 
resource shar ing are in progre s s . Because of the rapid 
switching and high data communications rates that are pos sible , 
new forms o f  computer shar ing and usage wi l l  emerge . 

I I I . Foreign Ef forts 

Just a s  foreign countries are behind the u . s . in computer 
and communications techno logy , their ef fort s in computer­
computer communications al so lag the u . s .  by severa l year s . 
For example , one measure of  the use of data communications 
is the number of data sets in service . At the end of 1 9 7 1 , 
there were some 3 0 0 , 0 0 0  data sets in u se in the u . s . , compar ed 
to about 4 0 , 0 0 0  in al l of  Europe . However , in spec i f ic cases , 
good work i s  being done that overlaps some of the wor k  being 
done in the u . s .  

Eng land ha s the mo s t  highly deve loped computer and com­
munications capabi l ity outs ide the u . s .  The Br iti sh Post 
Off ice has supported studies of  a pos s ible separate digital 
network for data communication s . An exper imental service of 
th i s  type may be operational in a few year s . Bo th industry 
and nat iona l l aborator i e s  have been involved . A group at 
the Nat ional Phy s ical Laboratory under D .  w. Davies has an 
in-house exper imental packet switching network in operation . 
They have long been strong advocate s of packet switching and 
digital transmi ssion for data appl i cations . 

In  Canada a l imited data network i s  already in operat ion . 
Calgary , Ottawa and Toronto have been l inked with a 5 6  Kb/s 
transmi ssion fac i l ity spec i f ically intended for data . Exper i­
ments with digita l  communications loops are a l so being con­
ducted at the Univer s ity of Toronto . 

In  Franc e a cooperat ive exper iment includ�ng IBM and 
severa l  French univer sities i s  bei ng undertaken to develop a 
so ftware system capable of so lving some of the diff icult 
problems that ar i s e  in computer networks .  Even though the 
network wil l  only link I BM/3 6 0  computer s ,  substantial problems 
mus t  be overcome . 

TV . Summary 

The United State s , with its substantial l ead ( 3  to 5 
year s ) in both computer and communications technology , al so 
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lead s  the world in ef for ts on computer communicat ion s  R&D . 
However ,  the f ield is in its infancy , and great progre s s  mus t  
be made to real i z e  the potential o f  effective computer­
computer communications . Problems introduced by a lack of 
standard s in computer opera ting system software , in communi ­
cations conventions , in character sets and u sage conventions ,  
and other areas lead to enormous operational d i f f icult ie s . 

The large data network s that currently ex i s t  usually 
involve man-computer commun ication . Exampl es include t ime­
shar ing systems , credit card va lidat ion , and airl ine re ser­
va tions systems . Having a man in the loop means that 
r e latively sma l l  data tran s fer s are required and low data 
rate s (<' 30 0 b . p . s . )  are adequate . In addit ion , the moderately 
long t ime ( 1 0- 2 5  second s ) needed to e stabl i sh a connect ion 
through the vo ice telephone network is frequently acc eptable . 

Having computer s at both ends of the communications loop 
changes the requirement s dramat ically . High data rates become 
des irable . Short-ca l l  set-up time s (mi l l i second s ) would be 
useful . De lay in getting me s sages between machines must be 
very sma l l , if high per formance processor s are to be kept 
busy . End-to-end digita l  tran smi s sion become s desirable to 
reduc e error rates , to obtain rapid switching and to make ful l 
use of ava ilable transmi s s ion bandwidths . Demand multiplex ing 
and packet switching mu st be thoroughly evaluated as alterna­
tives to pre sen t  technique s invo lving l ine switching and 
synchronous time d ivi sion multiplex ing . 

Ma j or benefits  to be rea l i z ed from computer network s  
ar i se from the advantage s o f  " shar ing " .  Var ious forms of 
sharing can be expected to develop . Load shar ing wil l  permit 
a heavily loaded machine to get some of its work done by a 
more l ightly loaded member of  the ne twork . Data base sharing 
wi l l  a l low a s ingle data ba se to be acc essed by many machines , 
providing s torage economi es by reduc ing the need for dup l ica­
tion of f i les . However , many d i f f icul t problems concerning 
pr ivacy and controlled acce s s  to f i l e s  must be so lved before 
large scale data ba se shar ing wi l l  be soc ially acceptable .  
Specia l i z ed proces sor shar ing wi ll a llow a unique proce s s ing 
capabi l i ty , for example high- speed di splay image proce s s ing , 
to be acces sed by al l member s of the network rather than only 
by loca l  customer s .  Program shar ing wi l l  permit proc e s se s  in 
one mach ine to uti l i z e  programs that run in o ther machines 
wi thout the need for phy s ical ly moving the program . Repro­
gramming a lgorithms to make them run in severa l  environments 
wil l  not be neces sary . 

Another important bene f i t , a l though pos s ibly further from 
real i zation , wi l l  result from new hardware and so ftware 
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archi tectures that wi ll emerge when machines can communi ­
cate effectively a t  high data rates .  S implif ication of 
software in each machine may re sult if a g iven computer i s  
responsible for providing only one type o f  service for the 
whole ne twork . We may s ee a range of network service node s 
developed , each with a s ingle or sma l l  number of functions . 
To increa se network processing capabi litie� , node s wi l l  be 
repl icated or replaced by faster technology . Rel iabi lity 
requ irements wi l l  d ictate the amount of redundancy designed 
into networks to ma inta in service . Spec iali zed proce ssor s 
of great power and efficiency wi l l  be designed to per form 
spec i f i c  func tions . 

Special attention must be paid to standard s at all leve l s . 
New nat iona l data network s should be mutua lly compatible . 
The growing number of pr ivate networks wil l one day need to 
be interconnected . Standard s for error contro l , synchroni zation 
and end -to-end coordination are required . D i fferenc e s  in word 
s i z e , character set , and communicat ion protocol currently 
hinder useful communicat ion between programs in computer s 
that are a lready connected electrically , and these and o ther 
problems are magnified in networks . In many of the se ca ses  
i t  i s  not s imply a mat ter of  leg i s lation . R&D i s  needed before 
the options are properly under s tood . 

In the near futur e  we can probably expect that new 
development s wil l  continue to unearth more que stions than 
answer s in thi s rapidly changing and technology-dependent 
f ield . Wi th per s i stent ef for t we may expect that new and 
more effective uses of computer s wi l l  develop a s  an under­
stand ing of ne twork technology i s  achieved . 

E .  N .  P inson 
Bel l Telephone Laboratories 
Murray Hi l l , N . J .  
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RESEARCH D IRECTIONS IN NETWORKS O F  COMPUTERS 

Mos t  of the research in the area of computer networks 
in the pa st have been on the que stion of interconnect ing 
large number s of computers in remote locat ions . The research 
effort ha s tended to concentrate on the question of sending 
bits from one location to ano ther . There are now many solu­
tions to thi s problem , mo st o f  which appear to me to be 
sat i s factory . As such I no longer f ind thi s  problem interes t i ng . 

I per sona l ly bel ieve that the mo st important question 
in this area is to get a good under standing of what the end 
user s  want . Most computer networks have found that their 
tra f f i c  leve l is sub stant ially below that which was predicted 
before the network was bui l t . I bel ieve this i s  due to two 
thing s . First , there wa s insufficient thought given a s  to 
what people would rea l ly be do ing with the network . Second , 
a lthough the network provided good fac il ities at the bit l evel , 
it  was very diff icult for the user s  to actual ly make use of 
remote fac i l it ie s . 

I think the mo st interesting que stion i s  that of  d i s ­
tr ibut ed data ba se . The requirement s for thi s  can best be 
shown by an example . Today I BM does payrol l  processing in 
many locations , and , i f  an employe e transfer s from one loca­
t ion to another it o ften take s a per iod of several weeks before 
the payrol l records are actually moved to the new location s . 
I f  we had a network of  computer s , we can see thi s  taking 
place automatical ly . In a pr imitive ver sion one would j ust 
enter a move statement . For instance if  Phi l Dauber was 
transferred from San Jos e  to Yorktown Heights , a move s tatement 
would cause the appropr iate payrol l  records to be copied from 
the San Jos e  f i le to the Yorktown He ight s f i le . In an auto­
matic system , even the move statement might not be nece s sary . 
Al l that would be neces sary would be for San Jose to stop 
access ing the Phi l Dauber record and the Yorktown Heights 
system to start acc e s s ing it . The a lgor ithm would then deduce 
that the mo s t  appropriate location for the Phil Dauber records 
would be in Yorktown Height s  and hence would copy the record 
from one place to another . 

Another que stion of interes t  i s  load leve l l ing . I n  
some hypothet ica l load l eve l system , j ob s  would b e  moved auto­
matica l ly from one computer system to another in a network 
in order to balance the load s at all  these locat ions . Due 
to the d i f f iculty of mov ing large onl ine f i les , I do not 
believe load leve l l ing makes sen se in mo st commerc ial appl i­
cations . However , i f  it were true that in some scientif ic 
j ob shops a s ignif icant percentage of the computer t ime was 
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spent o n  j obs which consist of only a smal l number of card s , 
then load balancing would make sense . I believe a sma l l  
study making mea surements of typical environments and doing 
analysi s could determine which are the environments in which 
load leve l l ing made sense . If there were a suf f ic ient number 
of these environment s , then it might be worthwhile developing 
more sophisticated load leve l l ing technology . 

P .  s .  Dauber 
IBM Corporation 
Yorktown Heights , N . Y .  
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ARPA NETWORK RATI ONALE : A 5 -YEAR REEVALUATION 

I .  Introduct ion 

S ince its conception in 1 968 the ARPA Network has pro­
gres s ed rapidly from a total ly unde fined hope to a maj or 
national computer resour ce shar ing s ervice interconnecting 
over 3 4  computer centers . Bes ides s erving as the vehicle for 
the development and exploitation of multi-computer resource 
sharing , it has demons trated the e ffectiveness and economy of 
an tmportant new form o f  communications technology , packet­
switched communications . Within the next five years , the 
extens ion o f  packet communication concepts into the areas o f  
radio and satellite communication should revolutionize as 
wel l  the e f fectivenes s and economy of both local and inter ­
nationa l data communications . 

The current ARPANET was not des igned for thes e  extremes 
and is mos t  e fficient for interconnecting moderate to large 
computers or us er complexes s cattered at a fair dens ity over 
a nationwide geographical area . S ince the future will bring 
vas tly tmproved techniques for both tying isolated small us ers 
to the network and interconnecting networks together worldwide , 
this evaluation will confine its e l f  to delineating the domain 
within which the ARPANET is us ed and for which its des ign 
makes it mos t economic .  

I I . His tor ical Development 

The first four ARPANET modes were installed in late 1 96 9  
a fter a year and a ha l f  o f  s tudy and development . I t  was in 
the initial per iod ( 1968 ) that mos t of the global des ign 
decis ions were made : i . e . , to us e packet switching , inter­
connecting small Inter face Message Processor s  ( IMPs ) with SOKB 
lines , accepting messages o f  up to 8000 bits from capable host 
computers, and breaking these messages into packets o f  1000 bits 
or les s for s tore and forward transmiss ion . The initial analys is 
of network per formance and cos t ,  made in late 1968 jus t  pr ior to 
contracting for the development of the IMPs , has proven to be 
very accurate and the same numbers are still quoted for para­
meters like the end-to-end packet delay ( . 1  s ec ) . 
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The s econd year ( 196 9 )  was spent developing the IMPs and 
installing a four node test network . S ince the initial network 
worked essentially as predicted and it was recognized that at 
least 1 5 nodes would be necessary to achieve adequate resource 
divers ity and usefulnes s ,  the network was immediately expanded 
to include the 15 ARPA computer research centers mos t  l ikely to 
contribute to the development o f  resource shar ing s o ftware .  
The communication network tying thes e nodes together was com­
plete by February 197 1 :  however , the development of an agreed 
upon s tandard for hos t-to-host intercommunication and the 
related host so ftware for all the computers was not complete 
until August 197 1 . 

I I I . Development o f  Network us age 

Although very limited usage o f  the network existed through­
out its early development , it was not until all  1 5  nodes were 
compatibly interconnected in mid- 197 1 that true user activity 
could us efully begin . Shortly a fter this point , in S eptember 
1 97 1 ,  another phas e  o f  network growth was begun : the addition 
of user nodes without their own maj or hos t  computer through 
the use o f  a new device , the Terminal Inter face Proces s or 
(TI P)  -- es s ential ly a smal l IMP connected to its own minicom-

puter terminal proces sor . 

The TIP permi tted a whole new clas s o f  network use , i . e . , 
a group or centers on the network could now look to the network 
for all its computation requirements instead o f  operating a 
local computer s ervice . This s trategy for obtaining the optimum 
mix and balance o f  computer capabil ity from large , cost­
e ffective computer centers without the many problems associated 
with running a local center has been so succes s ful that about 
hal f  the network nodes are now o f  thi s type . Also , during the 
pas t year several additional host computer s ervice centers have 
been added to the network as the user requirements for quality 
computer s ervice expanded . The entire expans ion o f  the network 
beyond the original 15 res earch nodes has been in respons e  to 
requirements ( and full reimbursement ) from non-network res earch 
proj ects , both in ARPA and other government agencies . 

usage o f  the network has mainly been o f  three types : 
remote acces s to time-shared sys tems , subroutine-l ike use o f  
large numer ical machines , and file trans fer . The remote acces s 
use is s imilar to the use o f  commerc ial time-shar ing networks ; 
users access the net through a TIP and use one o f  the many 
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time-shared hos t  computers on the net . For reliability they 
usual ly keep their fi les at s everal compatible host s i tes and 
use whichever hos t  is  available .  The so ftware and fi le trans ­
fer protocol has now developed to the point that , i f  one is  
operating on one computer with fi les s tored at  another , it is 
both conveni ent and fas t  ( seconds ) to acces s the fi les . 

The s econd maj or usage o f  the net is  to run large numer i c a l  
processes o n  large , fas t  remote batch hos ts whi le us ing a time­
shar ing computer for the interactive portions o f  the tasks 
(program editing ,  data input , output process ing and display ) . 
For many appli cations , interactive manipulat ion o f  the data i s  
ess ential , but the central task o f  numerical computation can 
be run far fas ter and far cheaper on a large number cruncher 
hos t .  The cos t and time s avings are o ften both more than a fac­
tor o f  ten . 

The third maj or network activity is file trans fer . Files 
mus t  be interchanged between hos t  computers quite frequently 
for the previous two applications . But , in addition , there ha s 
been cons iderable use of the network for the bulk movement of 
large data and program files in pre ference to mail ing tapes 
s ince the network is more reliable , les s error-prone , usually 
cheaper , far fas ter and eliminates human handl ing . 

A s ix-month Air Force tes t o f  the network for the pure 
movement of data tra ffic showed that throughput rates of 2 0-
3 0KB could be maintained . ( Forthcoming changes to the routing 
technique shou ld more than double this . )  The tes t results also 
showed a lower monthly cost , while providing at l east ten times 
the throughput and respons ivenes s of the alternatives avai lable .  
S o  it has turned out that this type o f  network usage (pure 
data movement ) is both economical and attractive , even though 
the original des ign goal s  o f  the network were aimed at inter­
active computing . Such data tra ffic i s  useful for the network 
s i nce it provides a large low-pr ior ity background load which 
expands the ins tantaneous capacity avai lab le and helps main­
tain effic ient line utilization , thus reducing the cost to 
everyone . 

IV.  Network Tra ffic 

Figure 1 shows the internode network tra f fic over the first 
14 months o f  user acces s . usage has increas ed exponential ly at 
the phenomenal rate o f  26% per month throughout this period , 
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whi le network size  has only increased linear ly by one node 
per month . Internode tra ffic in October 1972 was 1 . 3 6  mill ion 
packets per day which corresponds to � of the computer power 
in the network being used remotely . In addition to thi s , the 
network also handled . 4 5  million packets per day of local 
tra f fic , whi ch means that 12% of the tota l computing power o f  
the network ' s  2 2  s erving hos t computers was distr ibuted via 
the network . On an annual bas is  the value of this computer 
t ime would be $ 2 . 1 mi llion or s l ightly mor e than the network 
cos t .  However , at the current growth rate the network shou ld 
be fully loaded by July 19 73 ,  in nine months . S ince the cos t 
saving incurred by s electing the proper network computer for 
each problem is usually 100 to 3 00%, the network i s  already 
cos t-e ffective . When it is fu lly loaded , the network cos ts 
only amount to 10- 15% o f  the computer cos ts . 

v. Cos t-E ffectiveness 

In order to fu l ly support computer resource sharing reliably 
and respons ively on a nationwide bas is ,  the communications net­
work mus t  be approximately the s ize and cost of the current 
ARPANET ( 3 4  nodes and $2 million/yr ) .  Based on recent measure­
ments the network tra ffic generated by a fully loaded , moderate 
s i zed ,  time-shared computer i s  72 0 , 000 packets per day. A 
minimal network such as the current ARPANET has a bas ic capac ity 
o f  10 mi ll ion packets per day . Ther e fore , in order to fully 
utilize the bas ic capacity o f  the ARPANET would require 14 
moderate s i ze computers to be fully acces s ed through the network . 
Additional capacity can eas i ly be added beyond thi s  point , but 
with no gr eat economy o f  s cale . Figure 2 shows this e f fect 
for genera lized national networks of ARPANET technology . 

By utilizing the above measurement o f  network tra ffic 
produced by a hos t  and es timating i ts rental at $ 7 2 0 , 000 per 
year , total network tra ffic can be related to the total com­
puter resource value acces s ed via the network (each computer 
dol lar produces 3 6 5 packets o f  tra ffic ) . Thus ,  the relative 
cos t  o f  network communic ation can be related overall to the 
annual computer value used .  S ince there are s ome fixed cos ts 
associated with adding each additional node , the cost­
e f fectivenes s depends partially on the number of nodes , but the 
main e f fect is produced by the dollar volume o f  usage . This 
means that at least 10-2 0 mill ion dollars of computer time 
usage mus t  be expected be fore a nat ionwide network becomes 
optimally cos t-e f fective . Once this activity level i s  reached , 
the main bene fit from increas ed usage is  improved reliabi lity and 
increas ed peak throughput capability .  

Lawrence G .  Robert s  
ARPA , Arl ington , va . 
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RESEARCH I N  TELECOMMUNI CATIONS SWITCHING 

I • Introduction 

Within the t ime al lotted a review was made o f  re search 
work undertaken both in the Un ited State s and overseas in 
the fie ld of te lecommun ications switching . Thi s  review 
included contacts with over seas as sociate s , and reviews o f  
overseas publications , the minutes o f  the United States 
Independent Te lephone As sociat ion Manufacturers Sub­
Committee , and papers presented at the Internat ional Switch ing 
Sympos ium in Boston and the Internat ional Conference on Com­
munications in Phi ladelph ia ,  both in June 1 9 7 2 . 

In summari z ing the re sult s o f  th is review , the remainder 
o f  thi s  document wi ll provide sugge s t ion s for further re search , 
review the funding o f  research in telecommunications and 
switching overseas and in the Un ited State s , and review the 
relative pos it ion s overseas and in thi s  country in five main 
sectors : pub l ic tel ephone switching ; pr ivate telephone 
switching ( common carrier and inte rconnec t ) ; me ssage 
switching ; te lex switching ; and data switching . 

I I . Sugge stions for Furthe r Re search 

Ari s ing from th i s  study are ind ications that further 
re search wou ld be de s irable in the fol lowing areas : 

Electrical Inte rface s 

Re search i s  needed into min iature e lectrical interface 
device s so as to e l iminate bulky items such as trans formers 
and other electro-mechan ical device s u sed main ly for i solat ion 
in l ine and trunk c ircuit s . 

Man-Mach ine Inter face s 

Re search i s  needed into applicat ion of electronic logic 
in s impl i f ication and funct ional iz ation of man-machine inter­
faces for operator/attendants ' work stations , so as to reduce 
the i r  decision-making to its most funct ional form . 

E lectronic Cro s spoint s 

Continued research i s  needed into e lectronic cros spo ints 
for both space and t ime d ivis ion organizat ion o f  switche s  to 
supplant pre sently used technique s with e lectronic device s 
having lower working impedances ,  logic operating levels com­
patible with those used in contro l logic , and lower power 
consumpt ion . 
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Telecommunicat ions Traffic 

Add it ional research would be des irable in stochastic 
proces ses viewed from randomnes s in time of  arr ival ( a s  
appropriate to switching systems ) ,  rather than randomnes s  
i n  level which has tradi tional ly been studied for support ing 
t ransmis s ion systems . Spec i f ic areas where addi tional research 
would appear product ive include development and improvement 
of analyt ical formulas for dimens ioning of common control 
equipment for switching systems ; traffic overload analys i s 
and s imulation ; and tra f f ic of  a wide var iation o f  dat a rates 
vying for acces s to common fac i l ities in packet switche s . 

I I I . Overseas Res earch Funding 

The pr inc ipa l finding of  this study has been that over­
seas switching res earch i s  s igni f icantly funded by Government 
department s .  Thi s  i s  in effect a natural outcome of the 
organ i z ation of telecommunications overseas where Government 
depar tment s ,  or corpor at ions with total or partial Government 
ownership operate the telecommunications servic e s . Research 
leading to product s cover ing al l pr inc ipal sec tor s of the 
telecommunications switch ing market are included in thes e  
countr i e s ' programs . 

As few of the se Government department s own their own 
switching fac tor i e s , there i s  a tendency for thi s re search 
to be made freely avai lable to nat ional industr ies . The s e  
na tional industr ies al so conduct sub stantial re s earch in this 
field with their own fund ing . I t  is  qu ite clear that the 
int ent of thi s Government funding and free interchange with 
industry ha s as it s underlying mo tive the support of industry 
in expor t market s .  For example , in France ( 2 )  in speaking 
about the reason for plac ing into production Time D ivi s ion 
Electronic Switching , the motive wa s g iven as fol lows : "The 
princ ipal advantage of a d ec i s ion of thi s  natur e wi l l  be in 
the indu s tr ial sector ; it wi l l  permit French industry to prepare 
its production and maintenance organ i z ations and to look for 
for eign marke ts " .  

In France , the CNET (Nationa l Center For Tel ecommuni ­
cations Stud ie s )  ha s a budget for external ly conducted stud ies 
in electronic swi tching o f  $ 8 9 , 0 0 0 , 0 0 0  over the 5 year period 
1 9 7 1  through 1 9 7 5  ( 1 ) . Thi s amount is listed a s  3 3 %  o f  the 
to tal of such ext ernal s tudy contrac t s . This i s  not only the 
largest singl e id ent ified element in the CNET External Stud i e s  
Program , but e lectronic switching research i s  l i sted a s  the 
first of four pr incipal programs in the text of the CNET sub­
mi ssion for the French Government ' s  6th ( five year ) Plan ( 2 ) . 
It i s  also very ev ident that the French Government i s  trying to 
promote the system deve loped by CNET by a s s i sting the French 
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company C I T  in the ir sales activities abroad . An example 
is Poland whe re CIT was a s s i sted by its Government in obtain­
ing a recent order for t ime divis ion PCM switching . 

In the Uni ted Kingdom , for the year end ing March 3 1 , 1 9 7 1 , 
direct research in switching and s igna l l ing i s  listed at 
$ 6 , 5 0 0 , 0 0 0 . In add i t ion , a maj or share o f  the $ 2 . 1  mi l l ion 
on data and re lated sub-systems cover s work on Data Swi tch-
ing ( 3 ) . The s e  two items combi ned represent 2 8 % of the Br itish 
Po s t  Off ice ' s  ( BPO ) res earch funding . A large port ion of thi s  
work i s  done i n  a s soc iation with industry which provide s  com­
pl ementary research funding . An exampl e o f  the close col la­
boration between the BPO and indus try may be found in ref er enc e 6 .  

In Japan , the Telephone Adminis tration , the Nippon Tele­
phone and Tel egraph Publ ic Corporat ion ( NTT ) has conduct ed a 
deve lopment which ha s involved al l ma j or Japanese manufac ­
turers ( 5 ) . By keeping the Japanes e  market closed to foreign 
suppl ier s  and paying very h igh pr ices on switching equipment , 
Nippon Telephone and Telegraph i s  sub s id i z ing Japanese manu­
fac turer s on the export market . NTT seems a lso to inf luenc e 
the Japanese market ing s trat egy , and ha s on occas ion provided 
NTT engineer s to a s s i st Japanese manufacturers on turnkey 
export instal lations . 

Whi l e  l e s s  comprehensive information was obtained , 
reference to j oint Government -industry cooperat ion on Elec­
tronic Switching programs was ident i f i ed in Germany (data 
switching only ) , Swit zer land ( 4 ) , Sweden , Norway and D enmark . 

There i s  a l so· a t endency of a few administr at ions in 
different parts of the wor ld to try to control not only the 
deve lopment , but a l so the manufactur ing o f  switching equip­
ment . The Swed i sh Admini s trat ion has had its own factor ies 
produc ing swi tching equipment s ince the automat ion o f  the 
network began . In Italy , the Tel ephone Admini strat ion ( S I P ) 
now be long s to the same group STET a s  the manufactur ing company , 
S i emens Ital iana ( S IT ) , which wa s formerly part of the West 
German S i emens company . STET belong s to the large Government­
owned ho lding company IRI . In Spain , the Telephone Admini s ­
trat ion CTNE wi l l  control its  own switching manufactur ing 
company in ten years , having at pr e sent a 4 9 % interest in that 
company . 

IV . u .  s .  Switching Research Fund ing 

Swi tching research in thi s count ry i s  s igni ficantly 
funded by the Bel l Telephone System for public and pr ivat e 
t elephone switching and for data switching . By pract ice in 
accordanc e with j ud icial dec i sions thi s  research serves only 
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a s  a bas i s  for product s  of the Western E lectr ic Company and 
i s  avai lable to that company ' s  l icensee s  onl y  incorporated 
i n  product s subsequent to initial manufacture by the Western 
E l ectric Company . 

The Department of Defense f und s s ignif icant amounts on 
voic e and me s sage switching for mi l itary purposes . S igni f i ­
cant impac t  ha s fal len out of  programs such as AUTOVON and 
AUTOD IN into the commerc i al product s o f  the manufacturers 
who have been awarded those spec i f ic mi l itary contract s .  The 
mi l i tary program for the Tr i -Tac Switch should provide s imilar ly 
for futur e impact on produc t development in the commerc ial 
sector by the succ e s s ful contrac tor s for the studies leading 
to development of that switch . It would appear that the mo st 
s ignificant impact of Department of Defense ( DoD ) supported 
research work in the past has been in enhanc ing the competitive­
nes s  of u. s. computer manufacturer s in the me s s age swi tching 
area . The Advanced Re search Proj ect Agency (ARPA ) network ( 2 4 ) 
cont inue s to provide leadership in thi s f ield . 

A review was made o f  the support by the Nat iona l Scienc e 
Foundation ( NSF ) in the area s of  Information Science s  and 
Systems , and Network Theory and C ircuit s . None of the pro j �cts 
for the 1 9 7 1- 7 2  fi scal year s ( a s  derived from their t i tles ) 
appear direct ly aimed at the support o f  c ircuit switching , and 
only a f ew on packet switching . Whil e  there wi l l  be some 
fallout from the substant ial work in support of the computer 
area , which wil l  have an application in communicat ions swi tch­
ing , by and large , the se NSF programs are unl ikely to have more 
than l imited effec t  on communicat ions switching . 

In the industr ial sector , funding by the computer manu­
facturer s  of work on mes sage switch ing i s  a natural ad j unc t 
of the pr imary computer busine s s  and seems l ike ly to ma intain 
a leading U . S .  po si tion in that f i eld . Limited add it iona l 
switch ing research i s  fund ed in the United States by Genera l 
Tel ephone & Electronic s ,  Uni ted (North E lectric ) ,  S tromberg­
Car l son , and ITT . For competit ive reasons the exact values 
of research funding in the industr ial ar ea other than the 
Bel l  Tel ephone Labora tor ie s ( BTL ) are not read i ly ava i lable . 
Wha t i s  c l ear , however , i s  that the share o f  the switching 
market to which these manufac turers have acc e s s  i s  so much 
smal ler than that o f  the Be l l  System that the ir combined 
effort s  are at lea st an order of magni tude sma l l er than 
tho s e  of BTL . 

Idea l ly � R&D should not come from Government , but from 
the anticipation of profits in a compe t i t ive free enterprise 
system . In vi ew ,  however , of the substant ial l eve l s  of  subs idy 
ava i lable to over seas manufac turer s , it would appear attract ive 
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to have some form of u . s .  Government support of R&D activi­
ties , s uch as tax rebates to industry . Support of research 
in te lecommun icat ions switching at univers itie s  or non­
pro fit in stitutions would re sult in greater pub lic aware­
ne s s  and an increa sed poo l of the technical manpower needed 
by American industry to produce and u se the telecommuni ca­
tions switching systems o f  the future . 

However , s upport for telecommun ications re search may 
not , by itse l f , be suffic ient to make a substant ial contri­
bution to export competit ivene s s  of switching product s .  

The real problem o f  export- import trade imba lance on 
switching equipment in the Un ited State s i s  that o f  compet­
itive pricing rather than technical superiority . Trade 
incent ive s , such as Japanese Government support and the 
Span i sh Government export tax rebate s , widen the gap o f  
competit ivene s s  much more than any superior techno logy 
achieved through Governmental research part icipat ion in such 
countri e s . A spe c i f i c  case in point is that of Fuj itsu 
PBX ' s imported from Japan and sold by Un ited Bus ine s s  Com­
municat ions in pre ference to their own North Electric PBX . 
The reasons for this action appears to be price and qual ity , 
not superior technology , part icularly as the Fu j itsu PBX has 
required modi ficat ion for the u . s .  PBX market . R&D incen­
t ives alone , there fore , are insufficient to o f f set the cost­
price di f ference s resulting from the higher u . s . labor and 
overhead costs ver sus the broader support and incent ive s  
granted b y  fore ign countr ie s . They could , however , b e  a 
use ful step in the right direction , particularly when 
coupled with other appropriate steps on the trade and monetary 
fronts . 

V .  Public Te lephone Switch ing 

The BTL repre sentat ive on the Panel has expres sed the 
view that the research at BTL on publ ic te lephone switching i s  
not surpas sed anywhere overseas . A review o f  programs underway 
overseas tends to support thi s view . Whi le the Japane se and 
many European Admini strations have such programs , no s ingle 
country was noted with a more advanced program for local publ ic 
te lephone switching than that o f  A . T . &T .  as exempl i f ied by 
Electronic Switching Systems t l and t 2 . In Sweden and in the 
Netherlands publ ic to l l  te lephone exchange s o f  the semi-e lec­
tronic type , and in France local telephone exchanges of  the 
PCM type have been commi s s ioned in advance of s imilar swi tche s 
in the United States . Some ten other countr ies wi ll get such 
exchange s within the next three years . However , the re search 
work o f  BTL leading to the Electronic Switching System t 4 
appear s to be substantially ahead o f  any publ i s hed in formation 
on ana logou s Time Divi s ion Switching Systems in Japan , United 
Kingdom , France ( 8 } , Switzerland ( 4 } , or Italy . 
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I n  the independent telephone market , United (North 
Electric )  has introduced in the United State s the above 
re ferred to Swedi sh des i gned tol l switching with sub­
stantial local adaptation ( 7 ) . ITT ha s announced the 
introduction of a proprietary French des ign o f  a local 
public telephone switch . In both cases , the de sign had 
bene fited through Government ( PTT ) funded trial exchanges 
in the originating countries ( Tumba , Sweden and Ro i s sy , 
France ) .  In addition to the sub stantial re search and 
development by these manu facturers leading to these sys­
tems , North has deve loped the NX- IE and Stromberg-Carl son 
its " Cro s s  Reed " System in the United State s . G . T . &E . 
also have a s imilar advanced switching program for the 
EAX ,  TSPS , Cros spo int Tandem ( a  sma l l  4 -wire tandem switch ) , 
and the CI-EAX .  Part of the latte r has bene fited from work 
in a Canadi an affil iate . Northern E lectric of Canada (through 
their u . s .  marketing subs idiary Northern Te lecom )  have recent­
ly introduced thei r  second gener ation stored program contro l 
e lectronic switching system ( SP- 1 ) to the u . s .  independent , 
i . e . , non-Be ll market ( 2 1 ) . Thi s  work has been mainly done by 
Bel l-Northern Re sea �ch and i s  e s sent ially funded out o f  te le ­
phone operating revenue s from Canadian subscribers . 

The Canadian Government doe s , howeve r , have two programs 
for sharing re search and development costs in industry called 
PAIT ( Program for Advancement o f  Industrial Technology ) ( 2 2 ) , 
and IRDIA ( indus tria l Research and Development Incentives 
Act )  ( 2 3 ) . The PAIT program norma l ly al lows a 5 0 %  re imburse­
ment o f  research leading to advance s of the nature stated to 
be incorporated in thi s  switch . In addition , the I RDIA pro­
gram provides for tax free cash grants , or credits against 
federal income tax liabil itie s ,  equal to 2 5 %  o f  a l l  capital 
expenditures during a fi scal year for sc ient ific re search 
and development in Canada , and 2 5 %  of the increase in current 
expenditures for sc ient i f i c  research and deve lopment in Canada 
during a fisca l  year ove r the average of such expenditure s in 
the preceding 5 years . A company which has rece ived a s s i s ­
tance under PAIT may include i n  applying for an IRDIA grant 
that portion of qual i fying expenditure s incurred , but not 
reimbursed under PAIT . Time did not al low inve stigation to 
determine whether the se programs were a s igni ficant factor 
in funding research leading to this pro j ect . 

In general a calibration o f  the re lat ive competit ivenes s  
o f  products resulting from re search overseas can be determined 
from the acceptance in the export markets of  products re sult­
ing from such research . The s tructure of the industry in the 
United State s , and a consequent lack o f  meaningful export 
activities in communications switching does not pe rmit a s imi ­
lar comparison to be made in this manner . 
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In summary , there fore , BTL i s  taking care of  its own 
research in this sector o f  the switching field . The Be l l  
Sys tem appears sati s f ied with its in-house e fforts . For 
the remainder of the dome stic manufacturers supporting the 
independent telephone industry , it is doubted that any pro ­
gram short o f  support on the scale be ing given in individual 
countrie s overseas would make it worth whi le for these 
manufacturers to design systems o f  thi s  type wholly within 
the United States , except in speci fic cases where they s ee 
a realistic market potential . Thi s  i s  principally a result 
of the s i z e  of market acce s s ible to them as compared with 
the ir overseas counterparts , or We stern Electric ,  rather 
than a lack of technologica l capabil ity to de s i gn comparab le 
products in thi s country . 

VI . Private Te lephone Switching For The Common Carrier 
and Interconnect Market 

In the e lectro-mechanical switching area , the high cost 
of too l ing piece parts has tended to make private te lephone 
switches ( PABX) recon f igured derivative s  of the public te le­
phone exchanges de signed for the same manu facture . Thi s  was 
general ly true both in the Un ited S tate s and overseas . A 
strong trend has deve loped recent ly towards the use o f  e lec­
tronics in exchanges de s igned for private te lephone use . As 
tool ing i s  not so important a factor in the use of  e lectronics , 
a divergence from thi s former trend i s  appearing . Whi le same 
e lectronic PABX des igns are appear ing as derivat ives from 
public exchange des i gns ( e . g . , France ) ,  same completely new 
des igns for PABX use are appearing . Re ference 12 give s an 
example of a Government ( PTT) funded j oint e ffort with industry 
in Japan . Quite a number of company-funded programs have a lso 
created commercial fully e lectronic PABX ' s  such as the ITT TE 
4 0 0A in the United States ( 9 ) , two products in Germany ( 1 0 , 1 1 )  
an d  the I BM  2 7 5 0  in France ( 1 3 ) . The area o f  e lectronic 
PABX ' s appears to be one where the United State s has a poten­
t ia l ly exploitab le technologica l base in act ive e lectroni c  
components which could lead to the deve lopment o f  a strong 
u . s .  industry capable o f  exporting products and technology ( 1 4 ) . 

In addition , the character o f  the private telephone 
switching market is in the proce s s  of change as a consequence 
o f  the dec i s ion of the FCC to open thi s  field to compet ition 
through al lowing inte rconnection of customer owned or lea sed 
equipment to the publ i c  te lephone network under certain 
condi t ions . Thi s  so called " interconnect " market compri se s  
both private te lephone switches ( PABX) , but also a large array 
o f  terminal apparatus for voice and data commun ications . The 
former i s  o f  primary interest for thi s section of the report . 
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The immediate consequence of opening the " interconnect "  
market to ful l competit ion b�ought on conditions analogous 
to that of the automobile industry with many imported 
products appearing on the u . s .  market .  The few u . s .  PABX 
equipment manufac turers who had been serving the independent 
telephone common carriers stepped up the i r  e f forts , as was 
anticipated . On the other hand , the record o f  the " inter­
connec t "  market to date has been one of substantial imports 
of technology . Of the 49 PABX types recently surveyed ( 1 5 ) 
covering products avai labl e  to the " interconnect" . ·market 
(exc l uding those of the We stern Electric Company ) ,  17 PABX ' s 

came from the Uni ted State s ,  1 1  from Japan (2  as sembled here ) , 
4 from Canada , 4 each from the Netherlands (part . u . s .  adapta­
tion ) ,  Sweden (part u . s .  adaptation ) and Germany , 3 f rom 
France , and one from Spain . As a consequence , the United 
State s in 1 9 7 1 , for the first time , had an un favorable trade 
balance in the customs category o f  te lephone and telegraph 
equipment . 

VII . Message Switching 

The term me ssage switching tends to have two d i fferent 
meanings accord ing to whether it is appl ied to services such 
as re servations , me s sage telegraph , etc . , or to data 
switching . For the purpo ses o f  thi s review the term "me ssage 
switching " is appl ied to the former servi ce s and the term 
"packet switching " to the latter in accordance with present 
usage by ARPA and the CCITT . The term "me s sage switching " is  
often also called store and forward switching . 

The principal finding o f  thi s  review has been that 
American companie s are dominant in thi s  f ield because of 
e f forts by the principal computer manufacturers and reflecting 
the early support given thi s cla s s  of servi ce by the Depart­
ment of De fense , particularly such programs as AUTODrN . 

Even overseas where the princ ipal PTT ' s  have required such 
services for message te legraph and te lex retransmi s s ion , 
American computer manufacturers have won in international 
competitions . Specific examples of thi s are in Austral ia 
( Common User Data Network ) ,  Switzerland (ATECO) , Sweden 
(ATESTO )  and Spain ( CTNE Interim Data Network ) . Because of 

this indication of American dominance many PTT ' s  are de ferring 
programs for me ssage switching to date s when ·integrated data 
switching can be avai lable from national manufacturers . This 
sub j ec t  i s  covered in a subsequent section on data switching . 

In the comme rc ial sector , predominant usage has been 
re servation systems and concentration of computer commun ica­
tions . The u . s .  computer manufacturers have obtained an 

Copyr ight  © Nat ional  Academy of  Sciences.  Al l  r ights reserved.

Telecommunicat ions Research in  the Uni ted States and Selected Fore ign Countr ies:  a Pre l iminary Survey.  Report  to  the Nat ional  Science Foundat ion
ht tp: / /www.nap.edu/cata log.php?record_id=18640

http://www.nap.edu/catalog.php?record_id=18640


1 7 4  

overwhelming ma j ority o f  contracts i n  thi s area . I t  has 
been noted that even where overseas manu facturers have 
won me s s age switching competitions the re has been a 
strong tendency to use proce s sors , and memories and/or 
peripheral s  of u . s .  companie s .  

The conc lusion of  thi s review has been that there i s  
no e lement i n  me s sage switching which has not already been 
covered by re search supporting the computer industry . 
There fore no special additional treatment needs to be 
for re search in support o f  mes s age switching pe r se . 
ther comments are made in a sub sequent sect ion on the 
switching market . 

VI I I . Te lex switching 

taken 
Fur­
data 

The review covered both direct c i rcuit switching for 
telex use , and packet switching . Included in thi s  market 
are succe s sor switche s meet ing that portion of the market 
now covered by 4 5 . 5  and 1 1 0  baud TWX , as wel l  as 5 0  and 2 0 0 
baud nationa l and international te lex . 

France , Germany , Italy and Be lgium have inaugurated 
2 0 0  baud te lex service s and a commitment is noted by the 
balance o f  the Common Market countrie s to fo l low suit most­
ly in the pe riod between now and 1 9 7 5 . It can be ant ici� 
pated that thi s speed o f  service wi ll spread to the No rth 
Ameri can markets as a minimum to service requi rement s o f  
internat ional companies . 

Traditionally te lex switching has been a direct cir­
cuit type o f  switching and has been derived from pub l ic 
telephone exchange de signs for the reasons discus sed above 
under Private Te lephone Switching . In the inte rnationa l 
e lectro-mechanical te lex switching market , Siemen s A . G .  has 
been the dominant worldwide manufacturer in the past . Some 
years ago when it became apparent that semi-electronic 
te lex switche s wou ld become practical , an early lead in 
thi s  c la s s  of exchange deve loped in the United State s . 
Ma j or factors in thi s lead were the system installed in the 
mid- 1 9 5 0 ' s  for the General Services Admin i stration , and 
switche s from two u . s .  manu facturers for We stern Union 
( domestic ) .  Thi s same clas s of system was also in sta l led 
in Canada by Canadian Nationa l/Canadian Pacific Te lecommu­
nications . However , for want of  cont inuing large scale 
marke t requirements and because o f  changing economic s thi s 
lead was di s s ipated . 

Large semi -e lectronic direct c ircuit switching systems 
have been in stalled overseas recent ly in Denmark ( 16 )  and 
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i n  the Netherland s . More modest computer-control led switche s  
have been instal led i n  Italy ,  Hong Rang , Portugal and Panama . 
The se modern de signs appear more economical than the earlier 
u . s .  des igns and wi ll pre sumably be the principal facto rs in 
the intermediate term export market . Only the smal l  Portugal 
and Panama switche s are products o f  a u . s .  manufacturer 
( Fredericks ) • 

The deve lopment of packet switching di scussed be low has 
resulted in modern forms of semi-e lectronic direct switch ing 
being economical only in smalle r  s i zed te lex exchange s and at 
higher speeds . Thi s  latter po int re sults from the cost o f  
direct circuit switching being affected i n  on ly a minor way 
by an increase in transmi s s ion speed , whereas cost of the 
packet switch ' s  proce s sor and memory increase in direct 
proportion to bit rate . 

Packet switching is a natural derivative o f  me s sage 
switching in that the equivalent of circuit swi tching i s  
obtained by providing suffic ient throughput capacity achieved 
by fast l inks and short me s sage units (packets ) to reduce the 
queueing t ime to a transition , b it , or character ( typically 
about 1 0  ms ) • 

Here again in the United State s an early lead was 
obtained as  a derivat ive of de fense research and turned into 
succe s s ful products by three u . s .  manu facturers ( Control 
Data , Astrodata and Data Trends ) who provided switche s  under 
contract to the three international record carrier s (the 
Control Data Switch was , however , limited to outbound cal ls 
only ) . OVerseas S iemens A . G .  and N . V .  Phi l l ips have 
developed comparab le and larger machine s with indirect 
German Government support going into the Siemens deve lopment 
which also serves as the base for the German Po st Office ' s  
data switching di scus sed in the next section . Based on thi s 
lead derived from Government support , Siemen s has ente red the 
u . s .  market and sold its modern packet switching system to 
the domestic record carrier and to one of the internat ional 
record carriers based on price and phys ical size . N .  V . 
Phi ll ips has provided its system to a second internationa l 
record carrier . 

I X .  Data Switching 

A review o f  progre s s  in the data switching area shows 
that an unque stioned technical leader i s  BTL ( 1 7 ) . In Europe , 
considerable e f fort i s  be ing undertaken to provide comparab le 
fac i l ities , a de scription o f  which (with support ing addit ional 
re ference s )  is found in Re fe rence 2 0 .  Japan , Canada and 
Aus tralia are also planning to implement public switched data 
communications sys tems . 
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I n  support of  thi s statement on BTL leadership , a state­
ment has been made by a Japanese o f ficial that Japan l ags by 
two to three years in thi s area behind the Un ited State s . As 
a consequence the Japane se Government , in cooperation with 
the four main manufacturers , intends to make an investment of 
$1 6 0 , 0 00 , 0 0 0  ( exclus ive of transmi s s ion l ines ) to bring Japan 
to the fore front in thi s  area ( 1 8 ) . A co rre sponding pos ition 
has been expres sed for France , indicat ing that by 1 9 7 5  that 
country expect s to lag 5 years behind the u . s .  in data 
switching as against a 3 year lag in the computer fie ld ( 1 9 ) . 

The French Government i s , there fore , supporting a program o f  
external studie s i n  thi s area of almost $ 3 0 , 0 0 0 , 0 0 0  over the 
next f ive years in an attempt to maintain its industry capa­
bil ity in thi s  area ( 1 ) . It has been previous ly noted that 
German Government indirect support has been placed on e lec­
tronic data swi tching , leading already to the succe s s  in 
export by the German firm S iemen s . In the United Kingdom , 
Brit ish Post Office support has gone to two British companies 
for work in this area ( 6 ) . In Swit zer land a total integra­
tion of all forms of switching , including data , is receiving 
support from the Government ( 4 ) . 

On the other hand , no u . s .  manufacturer other than the 
We stern Electric Company i s  l ikely to have modern data 
swi tching products on a t ime scale matching overseas 
manufacturers , un le s s  some spec ial steps are taken . The 
rea sons don ' t  seem to be a consequence o f  lack o f  re search in 
the u . s .  in this area , which , as noted above , i s  considered 
to be ahead of the world . One reason may be ascribed to the 
previou s ly re ferred to pre sent pol icy 0n acce s s  of other 
manufacturers to re search in BTL . However ,  as so much 
appropriate technology i s  availab le as a fal lout from the 
ARPA network , thi s alone doe s not seem to be a compe l l ing 
reason . A more likely reason is the lack o f  wil l ingness of 
manufacturers ' management s to �ake such large investments o f  
R&D funds ( including fie ld trial exchanges )  when they observe 
their overseas competition be ing partially financed by 
Government agenc ies ( PTTs ) . Thus , to the u . s .  domestic 
record carrier , the three international record carr iers , and 
the one data oriented mi sce l laneous common carrier , the 
choice is currently le ft to look ing for fore ign products , or 
of themselve s financing a u . s .  development di rect ly , or 
ind i rectly , and including it in the price of equipment . As 
the recent trends show in te lex switching , the choice of 
foreign products i s  more probable in the absence o f  incent ive s 
to U . S .  manufacturers to get them to a comparab le leve l , 
including initial work ing switching exchange s .  

To permit fai r  competition between manufacturers sup­
porting var ious classes of common carriers , this support 
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should b e  structured i n  such a way as t o  give parallel 
bene fits to al l industries for comparable R&D via such 
means as shared cost re imbursement for R&D , or double 
deduction from income taxe s for R&D in this field . Even 
with thi s  type o f  support to industry , it might be worth 
whi le to provide an addit ional incent ive by having the 
General Service s Administration and/or Department o f  
De fense cal l for competit ive b ids for moderniz ation o f  
the i r  own administrative systems i n  a direct ion which 
would bene fit u . s .  manufacturers by proving the results 
o f  R&D through construction of comparable exchanges to 
those be ing f inanced by overseas governments . In thi s 
manner , u . s .  manufacturers would operate on a comparab le 
bas i s  with foreign suppl iers when bidding on the future 
requ i rements of the record carrier s . 

Most of the re search nece s sary to support data 
switching i s  of a type analogous to that supporting the 
computer industry . Neve rthele s s , addit ional grant s by the 
Nat ional Science Foundation to universities and non-pro fit 
corporations would he lp to stimulate additional re search , 
and graduate leve l work in engineering on data switching . 

x .  sununary 

As thi s study o f  telecommunications switching has shown , 
many other countries prepare the ir national manufacturers for 
exporting and for meet ing import competition through a multi­
plic ity of incentive schemes . ATT ha s provided the leve l of  
funding neces sary for the Be l l  Te lephone Laboratorie s to me et 
and surpas s in technological achievement the rest of the world 
in those spec i f ic areas de stined for potential use in the Be l l  
System . Thi s has , however ,  left ce rtain product areas whe re 
Bell doe s not operate without adequate R&D support to u . s . 
manufactur9rs . It ha s also le ft the u . s .  without exportable 
switching products . And finally , in those areas where compe­
tition has been opened up by re cent FCC dec i s ions , u . s .  
manufacturers , other than the Western Electric Company , have 
been le ft at a di sadvantage with re spect to fore ign manu­
facturers . 

A s  many fore i gn m an ufact u re rs re ce i ve Gove rnm e n t 
i n ce n t i ve s  and t h e  U . S .  m anufa c t ure r s  do n o t ,  i t  i s  con c l u de d  
t h at i t  wou l d  b e  de s i rab l e  t o  e s t ab l i s h  i n ce n ti ve s  i n  s e le ct e d  
are as o f  t e le commun i c ati on s  swi t ch in g . To b e  e ffe ct i ve , t h i s  
s upp o r t  fo r R & D  s h ou l d  b e gi n  a t  un i ve rs i t i e s  wi t h  s p e cifi ca l ly  
di re c t e d NSF gran t s ,  e x t e n d  t h rough i n du s t ri a l  re s e arch and 
de ve l opme n t  (w i t h  t he Can adi an PAIT/IRDIA p rogram s  form i n g  an 
a t t ra c t i ve p a t t e rn to emu l at e ) ,  and i n c l ude p r ov i s i on for 
l e as e  or pu rch a s e  b y  Gove rnme n t  agen ci e s  of w ork in g  adv an ce d  
swi t ch in g  s y s t e m s . 
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Such a program would p lace a number of competing u . s .  
switching manufacturers on a par with the ir overseas counter­
parts, with the attendant potential bene fit to the u . s .  bal­
ance of payments of  reducing imports and fostering export s .  

It shou ld be emphas i zed that in the l imited time al lowed 
for thi s study , only a superficial look could be taken at the 
area of te lecommunication s switching . In any extens ion of 
the work of thi s  Pane l , more comp lete cove rage could be made 
of thi s  field . 

Lynn W .  Ell is 
ITT 
New York City 
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RESEARCH ON THE COMMAND AND CONTROL 
OF RAIL TRANSPORTATION 

I .  Introduction 

A pre liminary inve s tigation has been carried out on 
the command and control of rail transportation , both in 
the u . s .  and over sea s . While thi s is only one narrow 
segment of transportation re search all o f  which poten­
tially merits similar investigation , it wa s chosen for 
review to be consistent with the focus of the Panel ' s  
parent Committee on Telecommunication s as the latter 
expre ssed thoughtfu l ly in the following pas sage : 

In its report " Communications Technology for Urban 
Improvement " , the NAE Committee on Te lecommunication s 
saw the role o f  communication technology primari ly to be 
supportive o f  that mode of urban tran sportation now 
de sperately in need o f  special emphas i s -mas s tran s i t . 
Further enhancement and even sub s idizat ion o f  private 
individuali zed transportation were felt only to aggravate 
current problems . The Te lecommunications Comm ittee came 
out strongly in favor of us ing communications to provide 
the urban public with improved acce s s ibil ity to mas s 
tran sit sys tems ( 2 0 ) . 

As a general observation , re search on this subj ect 
is at a techno logica l  leve l sign i f icant ly below that 
encountered in o ther areas of telecommunication s . While 
re search in te lecommunication s is eagerly studying new 
materia l s  techno logie s (e . g .  optical f ibers ) and advanced 
systems architecture s ( e . g .  inter-computer communications ) ,  
re search worldwide in command and contro l of  rai l  transport 
appears to be caut iously grafting simple hierarchica l 
control systems based on current technology computers on 
top of automatic block systems constructed of e lectro­
mechanical components . Apparently , thi s cautious approach 
to research is traced to the twin cons iderations of sa fety 
and leve ls of R . &D . funding . 

An overriding consideration o f  rail transportation is  
safety , both for rea sons of pre servat ion o f  human l i fe and 
for the high cos t  of a fai lure in potential damage to 
property . As such , rai lway s igna ling has evolved not on ly 
in a " fail-safe " mode , but in one \>There innovation must 
pas s a series of s lowly ascending leve l s  of trial before 
be ing general ly accepted in the industry . Under these 
conditions innovation has tended to be bui lt on thoroughly 
proven component technology . The low mean-t ime-between­
fai lure of many modern electronic sub- systems is an ana­
thema to the railway command and control engineer . In 
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pract ice h e  insists o n  analytical proo f that any failure , 
no matter how sma l l , wil l lead to ne ither lo s s  o f  human 
li fe , nor ma j or property damage . An exce l lent j usti fica­
tion for such a conservative attitude can be found in 
the acc ident which oc curred October 2 ,  1 9 7 2 , on the Bay 
Area Rapid Transit ( B . A . R . T . ) system with damage to a car 
and in j ury to 5 people ( 2 1 ) . Its cause wa s attributed to 
a mal functioning quart z crysta l ( 2 2 ) . A result ha s been 
a leaning o f  such research as is done towards systems 
architecture o f  a s�aightforward nature . 

The second cons ideration i s  that of low R . &D . fund ing 
levels . In recent years gro s s  inve stment in rai l transpor­
tation ha s been low as the high technology fie lds of a i r  
and space have preoccupied governments ,  as  t h e  poor f inan­
c ial condition of the u . s .  rai l roads and metropol itan sub­
ways has kept down the incentive to invest , and as  the 
high tax revenues derived from vehic le s and the petroleum 
products they use have tended to be plowed back into 
roads , thus worsen ing the competitive pos i t ion of the 
railroads and their capab i l i ty to invest . For eve ry do llar 
inve sted in rail transport , on ly a l imited share can be 
invested economica l ly in command and control equipment . 
In prac tice , prior i ty o f  investment i s  o ften given to c ivi l 
work on r ight o f  ways , and to train equipment , leaving com­
mand and control equipment to be procured belated ly aga inst 
a l imited fixed budget .  Yet without a command and control 
system , the right of way is worth no more than a hole in 
the ground . Limited inve stment in command and control 
equipment has led to l imited incentive for the companie s 
who manufac ture such equipment to spend heavily on R . &D . in 
thi s field . De spite thi s  condition , a number of manufac ­
turers de scribed subsequently have mainta ined a technologi­
cal capab i l i ty whi ch cou ld be expanded readi ly at any t ime 
the potentia l appeared for increased leve l s  of R . &D . 
funding . 

I I . Sugge stion s  For Future Re search 

Ari s ing from the investigations made in thi s area are 
a l imited number o f  sugges tions for future research . Some 
o f  this re search could be directed towards univer s ity 
laboratories , while other items may need the spec ia l i z ed 
expertise o f  indus tri al laboratories to provide e ffec tive 
answers .  

C o p y r i g h t  ©  N a t i o n a l  A c a d e m y  o f  S c i e n c e s .  A l l  r i g h t s  r e s e r v e d .

T e l e c o m m u n i c a t i o n s  R e s e a r c h  i n  t h e  U n i t e d  S t a t e s  a n d  S e l e c t e d  F o r e i g n  C o u n t r i e s :  a  P r e l i m i n a r y  S u r v e y .  R e p o r t  t o  t h e  N a t i o n a l  S c i e n c e  F o u n d a t i o n
h t t p : / / w w w . n a p . e d u / c a t a l o g . p h p ? r e c o r d _ i d = 1 8 6 4 0
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A .  Automatic Train Operation and Contro l System 
Organ i z ation ( Linear Routes )  

1 .  Study train location vi a b lock organi z at ion as 
used in the u . s .  as against transposed wire scheme s under 
trial in Europe . Technica l  ( speed and headway l imitations , 
ava i lab il ity of adequate bandwidth for control and for 
reverse channe l capab i l ity to indicate control has been 
implemented correctly ) , economic ( first and operating 
costs )  and safety compari sons are a l l  invo lved . 

2 . Appl ication of advanced computer techniques 
( e . g .  micro-process ing , micro -programming , etc . ) to meet 
the need for distributed " fai l-safe " d irect computer or 
logic control of swi tche s , s ignal s , etc . , now carried out 
by e lectromechanica l  re lays . 

3 .  Systems arc hitecture alternative s  to the pre sent 
trend toward s imple hierarchies . Proces sor to proce ssor 
commun ications security and telecommun ications tra f fic 
flow in a distributed contro l s tructur e . F lexibility for 
continued growth o f  served right o f  way in var ious contro l 
structure s . 

B .  Command and Control f or Two Dimens ional Route 
Structures 

The advent of " People Movers " s trengthens the need for 
traffic f low research into e f fect ive sharing of common 
route sections under c riteria of human dissati s faction with 
del ays substant ially di fferent from normal telecommun ica ­
t ions traffic . Even on l inear route structure s such 
re search would be he lpful to devi se more e f fect ive strate ­
gies for handling the merging under abnorma l conditions o f  
serious delays on one o f  the linear branches . 

c .  Mathematical Model ing o f  Train Networks 

" Rai lroad operations can be l ikened to a set o f  inter­
act ing control loops ( e . g .  pas senger and fre ight tra f fic ) 
which are mult i-variab le , non-l inear and wi th time-vari able 
parameters , and whose system time cons tants range from 
minutes ( response to fai lure condit ions ) to many months 
(major review of pas senger t ime tables ) "  ( 2 8 ) . Re search i s  

needed to seek e ffective mathematical system de s igns and 
algorithms to model such systems eas i ly and economically on 
a computer and thereby ident i fy where e f fective developments 
can be introduced to improve system performance . 
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I I I . Summary o f  S igni f i cant Programs 

A .  De finitions 

For the purposes o f  thi s summary , it is  convenient to 
categori z e  ra i l  command and control systems into those 
involving contro l only versus tho se involving automatic 
operation , and also into appl ications to var ious route 
structure s .  

The fo l lowing de finitions are appl icab le to control 
versus operations ( 3 ) : 

"Autocatic Train Contro l (ATC ) 

" ATC i s  the term for various safety systems that have 
been in use s ince about 19 2 2 . One c ommon type forces the 
driver to operate sa fely and wil l bring the train to a 
complete s top i f  he exceeds a speed l imit or fai l s  to apply 
brakes a fter rece iving a speed decrease s igna l . 

"Automatic Train Operati on (ATO ) 

"ATO i s  a term used to mean full " hands o f f " control . 
I t  inc ludes a number of functions : 

1 .  Speed command r ecogn ition 
2 .  Speed regulation 
3 .  Pos ition s top - used for trans it to make a con­

tro l led dec e lerat ion to stop at a spec i fic plat­
form location . 

4 .  No motion - used to prevent open ing doors in 
motion . 

5 .  Sa fety functions ana lagous to ATC " 

The appl ication of command and control systems on 
various rai l route structure s can be categori z ed as fol lows : 

Category A .  High Speed Interurban Systems 

Mode rn rai l  transport systems employing heavy trains 
with substant ial headways at speeds up to 2 0 0 km/hour 
( 12 0  MPH ) over l inear route structure s compr i s ing arrays o f  
loose ly interacting lines with in frequent intersections . 

Category B .  High Dens i ty Linear Route Urban Systems 

"Modern rail rapid transit systems employing heavy 
trains operating on the order of 1 0 0  second intervals at 
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speeds up t o  1 3 0  km/hour ( 8 0  mph ) * over l inear route struc ­
ture s compris ing arrays o f  loosely interact ing l ines . "  
( 8 -cat . I ) 

category C .  Urban Di s tr ibution Systems 

" Di stribution systems for maj or act ivi ty cen ter s 
emp loying veh icles that are much l ighter and smal ler than 
rapid trans it cars operating as one or two car trains at 
headways on the order of 2 0  seconds at speeds up to 
5 0  km/hour ( 3 0 mph ) over es sentially linear route 
s tructure s . "  ( 8 -Cat . I I )  

Category D .  Personal Rap id Tran s i t  Systems 

Al so ca l led " Peopl e Movers " ( 1 , 2 3 )  and " People Moving 
Vehicles " ( PMV) ( 1 ) . 

"Pe rsona l rapid transi t  systems that approach the 
operational flexibil ity and ready ava ilab i l ity of the private 
automobile . Thes e  systems employ automobi le-size  vehicles 
operating at headways on the o rder of  five seconds at speeds 
up to 30 km/hour ( 2 0  mph ) over route s tructures that are two 
dimens iona l networks with strongly interacting segments . "  
( 8  Cat . I I I ) 

B .  Country Programs 

The research work on these categor ies wi l l  be reviewed 
in the fo l lowing s tudy for the u . s . , West Germany , Japan , Be lgium , 
France , Uni ted Kingdom , and Sweden to the extent that in formation 
was readily obtainable . In reviewing the published papers a 
dramat ic contrast in quality was noted between those by the 
authors in the u . s . and over seas . u . s . authors tend to be 
terse , write in a qua l itative nontechn ical ve in and be a ff i ­
li ated with manufacturers .  Overseas authors tend t o  b e  more 
communicative , more techn ical in level , and be a f f i l iated 
with the Government-owned railway administrations . Thi s  may 
be interpreted , to some extent , as  a reflect ion o f  the com­
petitive procurement policies in this country where manu­
facturers are unwil ling to share the fruits of the ir own 
re search with competitors ver sus the tendency in overseas 
countri es for long-term j o int as socation between the ra i lroad 
admini stration and nationa l manufacturers , often on a 
territorial allocation bas i s . 

*speed limits raised from the origina l text to re flect 
working l imits on B . A . R . T .  
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1 .  Uni ted State s 

The most advanced work on rai l transport is concerned 
with Peopl e  Moving Vehi c les ( PMV) which are seen as the 
future ra i l  systems that approach the operational flexi­
bi lity and ava i lab i li ty o f  automobi les over two d imens ional 
route structures ( 1 , 8 , 2 3 ) . These are Category D systems 
invo lving automatic operations . Substantial technical 
problems wi l l  be involved in the command control systems 
as soc iated with such systems which exce ed those of  more 
traditiona l systems by the need to se lect between route s  
an d  merge from severa l routes a t  convergenc e points . None 
of the traffic problems as soc iated with thi s switching/ 
merging function appear to exceed , for example , those 
already long encountered by ATT in the routing of tele­
commun ications tra f f ic . Neverthe less , there i s  a substan­
tial ly di fferent impact o f  a los t  PMV as compared with a 
lost te lephone call , so that the system arc hitecture must 
be des igned for re liab i l ity . To date experimental systems 
in Morgantown , We st Virgin ia and planned for Denver , 
Co lorado work initial ly on l inear routes and have not yet 
faced the two dimens iona l control problem . Thi s  type o f  
product has a high potential for international exploitat ion , 
with an initial ins tal lati on at the Internationa l Ocean­
ographic Expos it ion on Okinawa . ( 3 6 )  

category C ( Urban Distribution ) systems are largely in 
the proposa l s tate ( 8 )  and provide for vehicles much l ighter 
and sma l le r  than Category B (High Dens ity Urban ) systems 
over e s sentia l ly l inear route s .  In common with other l inear 
route sys tems , techno logy is requ ired for longitudina l control , 
automat ic protection , and automat ic operation . Lateral 
control is normal ly achieved by phys ica l  re straints , but some 
proposals have been put forward for e l ectronic control with 
re spect to an e l ectrical gu idance wire ( 1 ) . The Tampa Airport 
system ( 1 1 )  has some of the features of thi s  category , but 
without the full range o f  control needed for mu lti -vehicle 
operation on the same right o f  way . 

Category B ( High Density Urban ) systems o f  recent vintage 
include the PATCO system ( 3 � 1 0 ) , the Bay Area Rapid Transit 
(B . A . R . T . ) system in Cal i forn ia ( 4 , 5 , 8 , 37 , 3 8 , 3 9 )  and the 

Washington Metropolitan Area Tran s i t  Authority (W . M . A . T . A . ) 
system under construction in the Di strict o f Co lumbia ( 8 ) . 
From the l imited pub l i shed in formation on thi s  latter system , 
it seems to fol low some of the phi losophy of B . A . R . T . ,  with 
the additional innovation o f  CRT di sp lays in stead o f  mimic 
di agrams for the man-machine inter face . 
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The B . A . R . T .  system has clearly the most comprehens ive 
command and control system in current use today , and as 
such serve s  as the benchmark aga inst which to cal ibrate the 
work in other countries . As wi l l  be s een be low , severa l 
other countri es have rai lroad command and control systems in 
design or use which r ival that of the B . A . R . T .  system , and 
in some areas show s igns o f  leading it . With the des i gners 
o f  B . A . R . T . ' s  command and control system (We stinghouse )  
having obta ined an order for a s imi lar system in Sao Paulo , 
Braz i l ,  it is  c learly a factor in u . s . export markets ,  but 
has no c lear lead as , for examp le , does the u . s . computer 
industry . 

Its automatic operation i s  carri ed out by a number of 
integrated sub-sys tems (de s igned by Westinghouse Elect�ic , 
except where noted ) : 

- An automatic vehicle control system in each car provides 
the functions of decoding the speed command sent from the way­
s ide , automatically mainta ining speed at the level set by the 
centra l computer , protect ing against over speed , braking , 
generating identi fication s ignals , and stopping at the midpo int 
of each station platform . 

- Ways ide controls set the speed of trains by means o f  a 
block system with up to 3 1 blocks per s tation . They al so pro­
vide information on block occupancy , and transmit control 
s ignals to the trains . 

- S tation controls set bas ic operating conditions for 
blocks in their area ( such as maximum speed in each b lock ) , 
pick up identi f ication s igna l s  from trains and forward them to 
the central computer ,  and provide safety of trains on the route 
by sending diminishing speed s i gna l s  to trains fo llowing each 
operating vehicle in proport ion to the amount of headway . 

- Interlocking control o f  the traditional gravity relay 
type protect branching and me rging points where the present 
routes intersect . 

- Automatic yard control in each yard identi fies 
vehicle s , assemble s  trains , and tests the ope ration of brake s , 
doors , e tc . , be fore trains pas s on to the main line (Phi lco­
Ford and Wismer & Becker ) . 

- A digital transmi s s ion ( o f  wired logic at 12 0 0  bauds ) 
system ( DTS ) interconnects the central computer and each 
station . 
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- An automatic plat form di splay system in the distr ibuted 
computer ( PDP- 8 )  control presents news and advert i s ing sub j ect 
to a priority interrupt for train destination taken from the 
same information sent by the • train to the central computer 
( Stewart Warner )  • 

- An electron ic computer center in Oakland mon itors a l l  
train movement from the ident ification s i gnal s sent from each 
station via the DTS , compare s the arr ival t ime to the 
s cheduled arrival and s ends back via the DTS signal s to speed 
up or slow down the train . These adj ustments can achieve a 
1 0 %  reduction in travel t ime between adj acent s tations (with 
the station contro l ensuring no speed limits are violated ) , 
or up to a 5 0 %  increase . The se adj ustments apply only in the 
four l inear segments of the route . I f  a train is so delayed 
that it cannot make its schedule " slot " at a branching/ 
merg ing point , the computer throws control to the system 
manager to determine which of several recovery strategies i s  
to b e  employed . 

From the standpoint o f  guiding re search in thi s  area , it 
i s  important to note that despite its complexity the B . A . R . T .  
system has the fol lowing l imitations . 

I t  has l imited backward in format ion f low ,  covering 
only 6 bits o f  des t ination , 4 bits of train serial number and 
4 b its o f  train length , and thi s only from immed iate ly be fore 
each s tation , not from each block . In e f fect , there fore , all  
safety is  ba sed on redundancy in the forward direct ion only . 

- Be ing based on audio frequency track c ircuits , it ha s 
l imited forward transmitting bandwidth to the vehicles . 

- Train detection i s  only by s hunting the tracks . An 
insuffic ient shunt wi l l  not s how a train ' s  pre sence to the 
station control . A fault could indicate a tra in where none 
exis ts with accompanying inconvenience to pas sengers on 
fol lowing trains which are forced to s low down . 

- De spite the complexity o f  the computer center , it 
opt imizes  four l inear route s separate ly and doe s not attempt 
to manage the entire sys tem from a tra f f ic flow aspect under 
maj o r  di s ruption of schedules . 

Enume ration o f  the points immediately above is not a 
critic ism o f  the B . A . R . T . command and contro l system , nor o f  
i t s  de s i gners . Rather , it i s  a synthe s i s  of feature s which 
othe r rai l road admin istrations overseas have ins i sted upon 
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for their own systems . Only detailed study b y  competent 
researchers can adequately assess the pros and cons of the 
above competing alternatives . Although it is clear from a 
review o f  the B . A . R . T .  system that it has many problems 
still to resolve ( 3 8 ) , mos t  of which are der ived from too 
much innovation in a single system ,  and too many inter face s 
without a s ingle overall contractor ,  it i s  one of the best 
urban transit sys tems in the world today from the standpoint 
of customer satis faction and has no " bugs " as yet ident i f ied 
which cannot be c leared by the determined e ffort which is 
being applied . 

Category A (High Speed Interurban ) systems commi s s ioned 
recent ly inc lude the Muskingum Electric Rai lway ( 3 , 9 )  which 
is operated ful ly automatically and a number of automatica l ly 
control led systems ( 3 ) . The most advanced control systems 
inc lude continuous inductive loop communicat ions and inter­
mittent control from pas s ive ways ide device s , but s ti l l  have 
much traditional technology ( e . g . , redundant relays ) for 
reasons noted in the introduction to this study . Some com­
puter technology i s  used in some c las s i f ication yards ( 2 ) 
and microwave technology i s  proposed for rail -highway grade 
cross ing contro l sys tems ( 6 ) . For the se more cos t e ffective 
systems to be appl ied wide ly , proo f of re liabil ity wi l l  have 
to be demonstrated . 

2 .  We s t  Germany 

In categories D ( Personal Rapid Transit ) sys tems and C 
( Urban Di s tribut ion ) systems , respective ly ,  technical pro­

posals have been put forward by a national manufacturer for 
conveyor belt type sys tems , and l inear route systems us ing 
magnetic cushions . The former needs l imited control , but 
has the potential for high r i sk to passengers should a con­
dition result in a departure from zero relative ve locity at 
any trans ition point between belts , or between a be lt and a 
rotating plat form . The s econd wil l  need as sophi st icated a 
control system as for s imi lar proposals in the United State s . 
However , no re ference was obtained on research work of an 
advanced nature in thi s area . 

The German manufacturers , AEG and SAG are propos ing 
de sign s , and SEL ( ITT) in it s current installations , apply 
the same control systems to both Categories A ( High Spe ed 
Interurban ) sys tems and B ( High Dens ity Urban ) systems ( 12 ) . 
That i s , modern automat ic control is de signed for inter­
changeable use on high speed intercity route s  and high 
den s ity ( low headway ) urban routes , invo lving s imilar 

Copyr igh t  © Nat iona l  Academy o f  Sc iences .  A l l  r igh ts  reserved.

Te lecommunica t ions  Research  in  the  Un i ted  Sta tes  and Se lec ted  Fore ign  Count r ies :  a  Pre l im inary  Survey .  Repor t  to  the  Nat iona l  Sc ience Foundat ion
ht tp : / /www.nap.edu/ca ta log .php?record_ id=18640

http://www.nap.edu/catalog.php?record_id=18640


1 9 0  

hardware and cons iderabl e  commonal ity o f  software . As 
recommended by the Un ion Internationale de s Chemins de Fer 
( UI C )  ( an international organi z ation o f  rai lways in 

Europe ) ,  data trans fer is via high- speed data transmission 
over an inductive loop la id between the ra i l s  a long the 
l ine which is periodically transposed so that it also pro­
vides train location information . In a typ ical Category A 
( high speed interurban ) application between Hamburg and 

Bremen , Germany , a centra l control system o f  tripl icate 
minicomputers ( 1 6 K memory ) interrogates al l trains in a 
4 0  km ( 2 5  mile ) section o f  the route in a t ime sharing mode , 
each at interval s not longer than 8 0 0  micros econds . Train­
borne equipment announces its location and speed and 
receives speed instructions from the computer whi ch are 
evaluated to initiate speed changes . In addition , the 
computer interrogates all exi sting computerized di strict 
control centers and e le ctromagnetic component interlocking 
equipments on the rou te for status informat ion , and provide s 
orders for control o f  s i gnals , level cross ings and switches . 

The transposed loop ( 1 3 )  ha s the techn ica l advantage 
over the control sys tem used on the Muskingum E lec tric 
Ra i l road ( 9 )  o f  be ing ba l anced both against e lectrical 
inter ference ( as it i s  transposed ) and of be ing at ground 
potential with re spect to the traction power l ine . In 
addition , it functions as a quas i -continuous block system 
with pos itive train detection down to at least the interval 
of transpos ition by s imple means such as counting phase 
reversal s . Because o f  its transpo s ition scheme , it has the 
usable bandwidth o f  a te lephone open wire carrier system , 
or wel l  in exce s s  of 1 0 0  KHz , with equally avai lable capa­
bility o f  transmitting to or from the trai n .  In its inher­
ent capab i l ities , the transposed loop meets three of the 
four l imitations indicated above for the B . A . R . T .  system . 
In e f fect , B . A . R . T .  uses the se capabilities for stat ion 
platform approach ( flare ) control , but not elsewhe re on 
the route . Final ly , as the transposed loop ( in several 
variation s  o f  transpos ition di stance ) has been standardi z ed 
by the U . I . c . , it may be spec i fi ed by rai lways in developing 
countries , with the result of plac ing u . s .  manufacturers at 
a competitive disadvantage , i f  they do not also study and 
master thi s  technology . 

It should be noted that the approach in West Germany is 
for indirect computer control through exi sting s igna l towers . 
It has not yet been determined whether direct computer c ontrol 
o f  s ignal s  without local interlocking equipments i s  possible 
with safety , or i f  it  is economical . 
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Both the German Railways ( Bunde sbahn ) and the Ministry 
o f  Deve lopment are interested in re search on even higher 
speed trains with the latter reportedly providing 3 0 - 8 0 %  
s upport to industry programs . A Government trial track i s  
to be installed not far from Augsburg , Bavaria , with a 
total length o f  7 2  kms to provide for trials of new trains 
at speeds of up to 35 0 km/hour ( 2 2 0  mph ) . Support may be 
expected to include the development of command and contro l 
systems adequate for this ve loc ity . 

3 .  Japan 

In c ategories C ( Urban Di s tr ibution ) systems and D 
( Personal Rapid Transit ) systems a slow speed ( 3 0km/hour 

monorail has been propo sed for Tokyo ( 32 ) . Al so l imited 
informati on was publi shed on work being done by Mitsu i for 
the "VONA" (Vehicle o f  the New Age )  stated to be a 6 to 1 2  
car , 4 0  km/hour train with computerized ATO with the nove l 
feature that "when the train arrive s  at the terminal , the 
c irc ul ar pl atform turns with it at a rate o f  2 km/hour' ( 3 3 )  • 

Notwiths tanding these national e f forts , import o f  u . s . 
Boeing techno logy i s  contempl ated by the Kobe Steel 
Company ( 3 6 ) . 

Category B ( High Density Urban ) systems are under 
active development in Japan . Specific installations have 
incl uded the Monora i l  at the Osaka Expos ition (Hitachi ) ,  the 
Sakaisuj i Line ( Toshiba ) ( 1 4 ) , Sapporo (Hitachi ) ( 15 ) , and 
the world ' s  mos t  widely used monorai l between Haneda Airport 
and Tokyo ( Hitachi ) .  

The Sakai suj i is  a computerized automatic train opera­
tion which controls train schedu les as wel l  as s igna l s  and 
switches . The Sapporo command and control system comprises 
separate computer sub-sys tems for train operat ion contro l , 
power s upply control and s upporting bus ine s s  operations . 

Category A (High Speed I nterurban ) sys tems inc lude 
those for the New Toka ido Line and New Sanyo Line ( 7 ) . 
The control sys tem is  based on ATC , and centra l i zed train 
control ( CTC ) . In orde r  to operate the whole l ine effic ient ly 
over 1 0 0 0  km ( 6 2 5  mi les ) , a computer-aided tra ffic contro l 
system ( COMTRAC ) has been developed . The functional operation 
of this system is analogous to that of the German Rai lways in 
that the computer contro l is indirect via the CTC system . The 
es sentia l di f ference between the Japanese and German systems 
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i s  that i n  Germany distributed c ontrol i s  used for each 4 0  
km ( 2 5  mi les ) o f  route , while in Japan the control system i s  
central i zed in Osaka . COMTRAC ' s  sampling speed is about one 
hal f  that used in Germany . COMTRAC i s  based on a 3 2 K  memory , 
2 micro-second acce s s  duplicated computer with a 1 6 K , 1 . 6  
micro-second sate l l ite for contro l l ing and adj usting s chedu les , 
and i s  thus by computer s tandards not a very complex system .  
The CTC system i s  modern , but sti l l  based on re lay techno logy . 
Because o f  the extreme distances over which control i s  
exerc ised , primary respons ib i lity for sa fety re sts i n  the CTC 
system . 

In anci l lary systems , the Japan National Rai lways ( JNR) 
has experimented with a micro-wave ( Gunn diode ) doppler radar 
speedometer in marshalling yards and a laser detector based 
automatic car ident i fication system . Bas ic re search i s  
beginning on ultra-high speed rai lway systems a t  JNR ' s 
re search laboratories planning towards a 19 8 0  service date . 
JNR has a very modern outlook on the us e of computers and by 
the end of 1 9 7 1  had about 8 0  computers of var ious s i ze s  in use 
in its operations ( 3 4 ) . 

4 .  France 

The Pari s Metro has recently bui lt a new Category B 
( High Den s i ty Urban ) l ine at 1 0 0  km/hour ( 6 2  mph ) 

with conventional block contro l for traffic safety , but with a 
centralized contro l for train tra f fic , pas senger traffic 
measurement , passenger in formation and communications with sub ­
systems provided by CI I 1 CGA , AMICA , HALBERTHAU and CGCT ( ITT )  • 

The automatic control computer exerci se s  control via a dual com­
puterized remote indication and control system (2  x 12K o f  core 
p lus 2 x 2 MB of drum memory )  handl ing secure tel egrams over 
2 4 0 0  baud data l inks , and providing 1 6 , 0 0 0  indications and 6 , 0 0 0  
controls . 

Thi s  remote indicat ion and control system provide s a func ­
t ion analogous to the digital tran smis s i on sys tem in B . A . R . T .  
The e s sential di fferences are that the French system i s  proc es sor 
controlled (whi le B . A . R . T . ' s  digital transmi s s ion system i s  
wired logic ) , that the French system ' s speed i s  twice a s  high , 
and that its total in format ion handl ing capacity is  appreciably 
greater , particularly in the train to control center dire ction . 
This remote indication and control system appears to be the mos t  
advanced i n  u s e  i n  rai l transportation today . Neverthele s s , 
systems o f  this technologic al leve l  are avai lable in a number o f  
countries general ly having been appl ied first to the remote c on­
tro l  of e lectrica l power transmi s s ion . 
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I n  Category A ( High Speed Interurban ) systems , the 
French Railways ( SNCF) has been a leading experimenter 
on high speed trains . Tests in 19 5 4  and 19 5 5  went a s  high 
as 3 31 km/hour in one section o f  route ( 35 )  and the French 
were among the earliest to adopt 2 0 0  km/hour regular train 
service . Publ ications through 1 9 6 9  ( 3 0 , 3 1 , 35 ) , however , 
do not disclose more modern s ignall ing methods than block 
operation (with look ahead ) and speculative comments on 
transpo sed wire systems as described above under We st 
Germany . Time and effort did not permit a more care ful 
review of re search in this area in France . 

5 .  Belgium 

The application of electronic s to central i z ed train 
control in Belgium , i s  de scribed in Re ference 1 6 . This i s  
wired-logic techno logy appl ied to a transpo sed inductive 
loop as de scribed above for West Germany . 

6 .  United Kingdom 

The mo st recent Category B ( High Dens ity Urban ) 
system in the United Kingdom i s  the Victoria Line in 
London ( 1 7 , 1 8 ) . Thi s is a wired logic automatic operation 
system compri s ing a safety sub-system and a train command 
sub-system , tran smitted via the running rai l s . Speeds are 
low , 8 0  km/hour ( 4 8  mph maximum ) ; however , trains are 
separated by a c lose headway of only 82 seconds . 

Inve stigation by the British Ra i lways Board ( 19 ) has 
shown that up to 2 00 km/hour ( 12 5  mph ) the ir existing 
s i gnal ing systems would be satis factory on Category A (High 
Speed Interurban ) systems , but new and additional command 
and control systems would be required for speeds of 2 4 0  
km/hour ( 1 5 0  mph ) . Work doe s not appear to have gone as 
far as in West Germany and Japan , although towards the end 
of 1 9 7 2  a trial of a computeri z ed CTC unit was scheduled to 
begin in Glasgow , and dual miniproces sor control ( aboard 
the train ) of speed and braking i s  being evaluated as a 
pi lot scheme in another location ( 2 9 ) . 

A longer range study of railway fre ight operations is 
be ing conducted by the research department of British 
Railways ( 2 8 ) . This program cover s modern addition s  to 
the present network (as  de s cr ibed immediate ly above ) , a 
computer-based over lay to the present interlocking systems , 
and looks ahead to deve lopment of a comprehen sive manage­
ment information system ( called TOPS-Total Operations 
Proce s s ing System) to be operational by mid-1 9 7 5 . 
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7 .  Sweden 
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Although n o  direct information was obta ined from 
Sweden on re search in this area , an indicat�on of its 
pre sent s tatus may be obtained from the insta l lation 
by Sweden ' s  large st electrical manufacturer (ASEA)  be ing 
p lanned for a mining railroad in Colorado ( 2 7 ) . 

This i s  a s low speed ( 4 0  km/hour or 2 5  mph ) ra il­
road with automatic train operation , automatic train 
control , and data transmi s s ion systems . The ATO control 
system is bas ically a speed control system with three 
speed re ference s received from the ATC sys tem . Individ­
ual s l ip control is incorporated on each locomotive . 
The ATC system (deve loped by SAAB-SCAN IA )  i s  a block­
s ignal ing system . It ha s ,  however , f iner control than 
a normal b lock sys tem as a number of antenna loops are 
used within each b lock for transmitting the programmed 
speed command . The last antenna loop in each bl ock pro­
vides occupancy s tatus of e ach b lock . The data trans­
mi s s ion sys tem i s  over coaxial cable with 4 0 0  channels 
in the band from 2 0 0 to 3 0 0  KHz . Each channe l ha s a 
maximum speed of 1 5  bauds . Although each of the s e  sys ­
tems has novel feature s which would merit further study 
as to economic e f fectivene s s , they are in the nature of 
engineering deve lopments rather than the results of 
advanced research . 

IV . Comparative As ses sment of Re search Work 

The re search over seas on command and control of rai l  
transportation appears most advanced in We st Germany and 
Japan . In these and other countries , a general innovation 
lag with re spect to computers and te lecommunications i s  
evident for reasons covered i n  the introduction . I n  al l 
countrie s ,  including the u . s . , R . &D.  appea rs to su ffer 
from funding at too low a leve l to match the pace of the 
evolution o f  the computer and publ ic te lecommunications 
industries , let alone their counterpart s in the de fense/ 
space area s . 

Where comparative stat istic s could be obta ined , these 
have been inc lud ed in comparative charts attached for 
Categorie s A ( High Speed Interurban ) system and B ( High 
Dens ity Urban ) system . A tentat ive conclus ion is that a 
potential lead in thi s  area may be bei ng bui l t  up in West 
Germany and Japan through their administrations ' 
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aggre s s ive e f forts i n  speeding up service in Category A 
and the de sign of command and control systems potential ly 
appl icable to both Category A and B use in those countries . 

No comparative statistics were obtained on systems in 
Categorie s C ( Urban Distribution )  sys tem and D ( Personal 
Rapid Tran s it )  system , but continued monitoring of thi s 
area would appear prudent . 

Lynn w .  Ellis  
ITT 
New York C ity 
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Comparative Chart 
Category A - High Speed Interurban Systems 

u . s .  U . K .  France We s t  Germany 

Indirectly Computer 
Control led Sys tems 
in use or tria l X X 

Maximum Speed 
(km/hour ) in use 

or trial 1 6 0 2 0 0 *  2 0 0  

Maximum Speed 
(km/hour )  planned 2 4 0  3 0 0  3 5 0  

Computer core 
memory s iz e  16K 

Computer acces s  
time < K  sec )  1 . 5  

*19 5 5  te s ts went to 3 3 1  km/hour ( 3 5 )  

Comparative Chart 
Category B - High Dens ity Urban Systems 

Indire ctly Computer 
Contro l led Sys tems 
in use or tr ial 

Maximum Speed 
(Jan/hour ) in use 

Minimmn Headway 
( sec . ) 

Computer Core 
memory s iz e  

Computer acce s s  
time O f  sec ) 

u . s .  
( BART ) U . K .  France 

X X 

1 2 8 8 0  1 0 0  

9 0  8 2  1 3 8  

4 0K* 1 2 K * *  

We st Germany 

X 

Ja12an 

X 

2 1 0  

5 0 0  

32K 
1 6 K  

2 
1 . 6 

Ja12an 

X 

7 0  

*Plus 3 7 5 K  o f  di sc . The standby unit which handles housekeeping 
duties and s imul ation when not on- l ine service , has 5 2K of core 
plus 1 . 5M of di sc memory . 

* * Remote contro l and indication system only . 

& 

& 
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MICROPROGRAMMING 

Al l digital computers con s i s t  of assembl ies of hardware 
which e ither store , route , or proces s  ( combine algebraically ) 
bits of data . In the s imples t  computer , the assemblies are 
s imply wi red together in a permanent manner 1  the computer 
then performs one unchangeable operation whenever it is pre­
sented wi th input bits . It s internal " logic " i s  mechanized 
by hard-wi re connections 1 its on ly " control " i s  the on-off 
switch . Its " instruction set " s imply de scribe s its one 
operation . It i s  inflexible but , for some appl ications , may 
be faster and cheaper than any competitor . On the othe r 
hand , its marketabil ity might be very limited ! 

The next mos t  complex computer would have some toggle 
switches on it which could permit the user to change the 
"hardwire con figuration " in ways which would affect signal 
storage ,  routing or proce s s ing . Several " logics " are now 
pos s ible and the instruction set i s  more complex s ince it 
must de scribe what happen s for all pos sible pos itions of  al l 
the switche s . The " control " i s  now a full set of switche s . 
Obvious ly , by changing switch pos itions during the opera­
tion , one could pe rform a whole t ime sequence of operations 
on the original data bits . The switche s  might control any­
thing from the smallest piece part in the computer to a 
who le ma j or assembly . Even at thi s  primitive leve l of com­
puter we can see the tradeo ffs that must be made by the man­
ufacturer as he trie s to produce a marketable product : 

1 .  Too few switche s and the applications are too few . 

2 .  Too many switches and the computer become s 
expens ive , the wiring more and more complex , and the 
probabil ity of succe s s ful operation under all switch condi­
t ions become s marginal .  Furthermore , if  the manufacturer 
intends to produce better and better computers in the future , 
the more switche s and pos sibi lities provided to the user , 
the harder it i s  to guarantee that the next computer in the 
serie s  can sti l l  do the j ob o f  the present one , e spec ially i f  
the old " in struction set " which says which switch doe s  what 
i s  to be retained . Users who have inve sted maj or amounts o f  
time and money i n  figuring out elaborate sequence s of switch 
pos itions ( " software " )  are going to be particularly concerned 
with preserving thi s inve stment as long as pos sible . 

As a result , the manufacturer comes up with a configura­
tion o f  hardware and switche s ( an " architecture " )  which he 
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hopes has enough appl ications to be a marketable product . 
Mo st users wi ll be satis fied if the manufacturer has done 
hi s j ob we l l . There wil l  always be some users who wi ll 
find the architecture cumber some and ine fficient for the ir 
purposes and for whom a s l ightly di f ferent set of switche s 
and instruction sets might have made a great difference . 
The special problems o f  these users are o ften solved by 
adding other special purpose equipment ( " associat ive 
proces s ing " ) ; a typical example i s  a s imulation of aircraft 
performance us ing actual aircraft hardware as part of the 
computer-as s i sted setup . 

There i s  also the alternate pos s ibi l ity of the u ser 
phys ically modi fying the manufacturer ' s  hardware 
( architecture ) ,  but clearly thi s  could lead to trouble 

un le s s  very ski l l fu l ly done . At the very least , the manu­
facturer ' s  "warranty " i s  probably voided in that the user 
can ' t  reasonably expect the manufacturer to guarantee that 
the computer wi l l  still work properly , nor to guarantee 
compatibility with other computers in the manufacturer ' s  
l ine . However , the user may be much better off i f  the modi­
fication i s  wel l  done , and i f  he has no concern over compat­
ibi l i ty with future machines . 

With this background it i s  fai rly easy to see the im­
pact o f  very new technology on "microprogramming " . Micro­
programming as a word trace s back to the early 1 9 5 0 ' s .  It s 
purpose , then and-unti l  recently , was to try to organize 
and d i s c ipl ine the proce s s  of deciding on computer architec­
ture . As such , microprogramming was general ly an aid to the 
computer de signer rather than the user . As might be expected 
from the foregoing di scus s ion , manu facturers were re luctant 
to have the users tamper with someth ing as bas ic as compute r  
architecture . But then , within the last few years , it became 
pos s ible to bui ld " chips " containing hundreds to thousands of 
computer elements each . The nature o f  the technology led to 
extreme ly high re liab i l ity per chip . But c learly a chip of 
so many e lements which was " hard-wired " to perform on ly one 
function would be too inflexible for general use . 

This problem was solved by having a number of connections 
to the chip ( typical ly dozens ) ,  equivalent to switch connec ­
t ions , b y  which the same chip could b e  made t o  perform d i f fer­
ent functions .  One obvious advantage of such chips is that a 
computer can now be made with many identical chips , with the 
external wiring to the ir connections determining what function 
they each perform . Another straightforward improvement is to 
have the external wi ring changeable by using prewired plug 
boards . A step beyond that i s  to use computer cards rather 
than plugboards . Conceptually , the wiring , the plug boards 
and the computer cards are a l l  forms of " fixed memory " 
spec i fying the " control " or " architecture " of the machine . 
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Enter now another new technology : cheap , re l iable , and 
f ixed memory and the pos s ibil ities for creating many di f fer­
ent architecture s abound . Indeed , computers bui lt around 
such techno logy can be made to look like ( emulate ) other 
computers ' architecture s , thus helping to break the overly­
tight re lationship between specific computer hardware , the 
instruction sets , and the user ' s  software . 

Conceptual ly , one s imply te lls  his  own ( host ) computer , 
by changing the fixed memory which control s its  architecture , 
to "become " another ( target ) computer for which one has soft­
ware a l ready avai lable . In practice , hardware detai l s  can 
s ti l l  cause trouble , part icularly i f  the host .  and the target 
computers are quite dis s imilar at the hardware leve l 1 thus , 
i f  one replace s his  own computer by a new mode l ,  the fixed 
memory controls deve loped for the first computer are unl ike ly 
to be directly appl icable to the new mode l . Typica l  problems 
that ari se are those invo lving system synchroni zation , t ime 
delays , word length , technique s  for handl ing data overflow or 
di scard , etc . 

And final ly , one can replace the fixed ( read-only ) 
memory o f  the architecture by one which can be e lectronically 
changed prior to , or even during the solving o f  a problem on 
the computer . One can thus l iterally change computer archi­
tectures in mids tream o f  a problem , tak ing advantage o f  the 
be st propertie s of di fferent architecture s as one goe s  along . 
Thi s whole new world o f  technology i s  usually labe led 
"mi croprogramming " . 

As computers and telecommunications become increas ingly 
l inked into very fast , high capacity automated systems , 
microprogramming wi l l  he lp to enable these systems to operate 
with greater e fficiency . Heretofore , the computer and tele­
communications technologies have tended to go their separate 
ways and have not been t ied suffic iently close ly to bring 
about the ful l range and flexib i l ity o f  the ir potential as 
parts o f  a comb ined system . As computer commun ications net­
works grow in s i ze and become international in nature such 
cpmpatibi lity wi l l  be e s sential to their e f fective function­
ing . 

I be l ieve one can now draw the fol lowing management 
conclus ions about microprogramming : 

1 .  In the past , the princ ipal direct benefactor o f  
microprogramming was the manu facturer , with the user bene fit­
ing indirectly through the better computers be ing o f fe red 
through the years . It is now pos s ible for the user to take 
direct advantage o f  microprogramming as wel l  by changing the 
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bas ic architecture of hi s computer :  however , at pre sent , 
the use r  must be a re lat ive ly sophisticated one ( e . g . , a 
Federal agency , a ma j or industrial firm , etc . ) . 

2 .  A new divi s ion o f  labor in the computer bus ines s  
i s  predictable , with the " chip " manufacturers increas ingly 
dominating the hardware end and the computer suppliers 
increas ingly concentrating on produc ing "different 
computers , "  including those of the ir competitors , by micro­
programming di f ferent architectures . 

3 .  The United State s i s  unl ikely to fa l l  behind in 
thi s  area . It i s  presently far ahead in the hardware tech­
no logy and in the understanding of the techniques of micro­
programming . It i s  attacking with some vigor new problems 
such as multi- leve l security with one machine , generation 
o f  software prior to the commitment to hardware , e f f i cient 
proces s ing o f  radar and acoustic s ignals ,  and appl ication 
o f  computers to avionics . 

Supp t e me n t a t re s e arch fun di n g  b y  t h e  NSF w ou t d  app e ar 
unn e ce s s a ry . On t h e  o t he r  h and,  a c t o s e  w a t c h  on t hi s  fi e Z d 
by  t h e  De p artme n t  o f  Comme rce s hou Z d  b e  e n courag e d  s i n ce t h e  
Uni t e d St a t e s  h a s  n o  m o n op o ty o n  i n e xp e n s i ve s o Z i d  s t at e  
te chn o t o gy , o r  o n  t he m a t h e m a t i c s of c ompu t e r  de s i gn a n d  u s e . 

A comb ination o f  good deci s ions by foreign compet itors 
and un fortunate one s by US firms , parti cularly in " chip " 
des ign and read/write storage , could lead to a serious los s 
o f  market for periods as long as 3-4  years . 

E .  Rechtin 
Department of De fense 
( Te lecommunication s ) 
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SPEECH ANALYS IS 

Speech analys i s  i s  the proces s  which extracts the 
informat ion-bearing components of speech and converts 
these into some form of a code . The e lements of speech 
sounds are phonemes , syblets , syl lables and words . A 
phoneme is  the sma l lest speech unit that serve s to dis­
tinguish one utterance from anothe r . A syllab le cons ists 
o f  an uninterrupted unit o f  utterance and conta ins one or 
more phonemes . However ,  even in what is conside red to be 
a syllab le , there may be same voiced and unvoiced inter­
ruptions . A syblet is a part of a syllable bounded by 
such interruptions . A word i s  the smallest unit o f  speech 
that has meaning when taken by itse l f  and cons ist s  of one 
or more syllab le s . 

The ob j ective o f  speech analys i s  i s  to recogn ize speech 
elements .  Therefore , the number in each category becomes 
important because the complexity of the analyz ing system i s  
a funct ion of the number o f  speech elements involved . Forty 
phoneme s ,  8 0 0  syblets , 1 4 0 0  syl lable s  and 1 0 , 0 0 0  words con­
s titute the ma jor part of the American language . 

In the selection of speech element s  for analy s i s , any 
subdivis ion o f  a word or syllable which a machine can carry 
out and c las s i fy reduces the total number o f  speech e lements 
to be recognized . At the present t ime , the speech e lements 
which appear to o f fer the greate st promise for analysis  are 
an opt imi zed se lection o f  syllable s , syblets , or phonemes 
according to whichever can be segmented and analyzed . 

In order to analyze the d i f ferent speech sounds there 
mus t  be some means for the segmentation of the flow of speech . 
The segmentation invo lves words , syl lable s ,  syblets and 
phonemes . A boundary occurs when the sound ampl itude drops to 
zero, or near zero, and the transition takes place from vo iced 
to unvo iced sounds . In general , the vowe l s  constitute the 
voiced sounds , and the consonant s , the unvoiced sounds . 

A sound wave may be complete ly de scribed in terms o f  
ampl itude and frequency o f  the components and the time . 
The re fore , the fundamentals o f  any analyz ing system must be 
ba sed in some manner upon ampl itude , frequency and t ime . The 
real trick in speech analys i s  i s  to employ the three funda­
mental parameters in such a manne r that the speech elements 
can be d i f ferent iated a long un ique feature s , characteristics 
and procedures which lead to the ultimate obj ective , name ly , 
recognit ion . 
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The main feature s , characteri stic s and proces s ing 
required for the recognition o f  speech e lements are shown 
in Table I on page 2 0 7 . 

The first proce s s  i s  segmentation by ampl itude pause s , 
vo iced and unvo iced, and vo iced and unvo iced transitions . 
In the vo iced elements there are ini t ial vowel and non-vowe l 
sounds . 

The speech sounds are normalized with re spect to ampl i ­
tude t o  compens ate for di fference i n  loudnes s , and with 
re spect to t ime intervals when there are no signi ficant 
change s in speech sounds . 

The enve lope , spectral distribution and t ime as  depicted 
in Table I provide spec i f ic information on the recognition of  
the speech sounds . 

Quantization and data reduction are employed for further 
c la s s i fication of the speech sounds to faci litate recognit ion . 

The instrumentat ion requ ired to carry out the processes 
depicted in Table I i s  indeed qu ite complex and beyond the 
scope o f  thi s  brie f summary . 

There are two types of  speech input operations , name ly ,  
a cooperative speaker , where a person i s  will ing to speak a 
set o f  words so that the system will adj ust to dia lect , etc . , 
and the uncooperative speaker where the person i s  not required 
to say any words . In the cooperative type o f  operat ion , an 
accuracy o f  9 8 %  or better can be achieved . For an uncoopera­
tive speaker , the accuracy may be quite high for some speakers 
and very low for others . 

The speech elements are converted into a code . The code 
may be used for the transmission of speech by the use of  a 
speech synthe s i zer , the input to a computer , the contro l o f  
machine operations , etc . At the present state of the art , the 
appl icat ions must be re stricted to limited vocabularies and 
cooperative speakers . 

I f  the speak ing rate is  9 0  words per minute , the band­
width required for the transmi s s ion of speech employing 
1 0 , 0 0 0  words is depicted in Tab le I I . For mono syl labic words , 
the speak ing rate i s  1 5 0  per minute . The number o f  syb lets i s  
twice that of words . The approximate number o f  phonemes i s  
four t imes that o f  words . 

The frequency bandwidth for the conventional analog 
tran smiss ion of speech is 3 0 0 0  Hz . Thi s  corre sponds to a b it 
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rate of 3 0 , 0 0 0  bits per second for a s ignal t o  noi se rat io 
of 30 dB . Re ferring to Tab le I I , it will be seen that there 
i s  a tremendous saving in bandwidth by the use o f  speech 
element s . The data o f  Table II is for a s ignal to no i se 
ratio o f  3 0  dB . The data o f  Table I I  repre sents on ly the 
recognition a spect o f  speech and doe s not inc lude accent , 
inflection , tone , etc . , and artistic properties o f  speech 
which would increase the bit rate . 

The importance o f  speech analys i s  for speech trans­
mis s ion , input to computers , control of machines and other 
appl icat ions provides the rea son for the extens ive research 
programs . 

Harry F .  Olson 
R� 
Pr inceton , N . J .  
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PROCESS FOR R ECOGNITION OF SPEECH SOU N DS 

The 

main 

features, 

characteristics 

and processing 

required 

for the 

recognition 

of speech 

sounds 

Segmentation 

Normalization 

Envelope 

Spectral 

Distribution 

Ampl itude 

Distribution 

Time 

Quantization 

Data 

Reduction 

Tabl e I 

{ Amplitude pauses l Voiced-unvoiced-voiced 

Unvoiced-voiced-unvoiced 

{Absolute 

{ Ampl itude 

) Relative l 
Time-no change 

l Growth 

Duration-steady state 

Decay 

Bilateral unbalance 

l Absolute 

Relative 

Pattern 

l Absolute 

Relative 

� Absolute l Relative 

Epochs 

l Frequency 

Amplitude 

Time 

l Compilation 

Manipulation 

Logic applications 

Programming 
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TRANSM I SSION CHARACTE R I STICS O F  SPE ECH E LEM ENTS 

Number of Transmission Transmission 

speech of speech rate, Transmission 

Speech elements elements per bits per bandwidth, 

elements required second second in Hertz 

Words 1 0,000 1 .5 2 1  2.1  

Syl lables 1 .400 2.5 27 2.7 

Syblets BOO 3 .0 30 3.0 

Phonemes 40 6.0 36 3.6 

Tabl e I I  
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SPEECH SYNTHES IS 

Speech synthe s i s  i s  the proces s  o f  produc ing speech 
from some sort of a code . There are many forms of speech 
synthe s izers a s , for example , an electrical ana log o f  the 
vocal trac t , spectrum recons truction technique s ,  computer 
s imulation and recorded speech elements . 

The ana log o f  the voca l tract cons ists o f  electronic 
frequency and hi s s  generators coupled to e lectrica l reso­
nators . The generators s imulate the glottal source and 
noi se sources . The electrical re sonators s imulate the 
mouth and no se cavities . The electronic generators and 
the electrical resonators are controlled by the coded in­
put . Very inte ll igib le speech can be obtained from vocal 
tract analog systems . 

The spectrum reconstruction speech synthes izer , as 
the term imp l ies , constructs the spectrum of the origina l 
speech from a code input obtained from the analys is o f  the 
origina l speech . The first deve lopment was the Voder con­
s i s ting o f  a buz z source and a no ise source connected to 
10 cont iguous band pas s  f i lters . The frequency and f ilters 
were control led to produce the speech sounds . 

The Voder can also be operated from 
and thereby produce speech transmi s s ion . 
termed Vocoders . Many types o f  Vocoders 
for the transmi s s ion o f  speech . 

a speech ana lyzer 
The s e  systems are 

have been deve loped 

The approx imations of voc al transmi s s ion can be repre­
sented by l inear differential equat ions . Such equat ions can 
be approximated by d i f ference equat ions which can be pro­
grammed in a digita l computer as arithmetic operation s  upon 
di screte values o f  the variables .  In thi s  manner , speech 
can be produced by a digital computer . 

The speech elements such as words , syl lables , syblets 
and phoneme s ,  can be recorded on tracks on a magnetic drum 
and reproduced by mean s o f  a track selector . A decoder 
actuates the track se lector from the coded input . Thi s  
type o f  speech synthe s izer h a s  been i n  use for many year s , 
call ing out the f loors in an e levato r , giving the t ime by 
telephone , providing speech output from computers , etc . 
There are many vers ions . In some , words are used , in others , 
phoneme s and syl lables are combined to form the words . 
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From the standpo int o f  performance and appl ications , 
speech synthes i s  i s  more advanced than speech analys i s . 

Harry F .  Olson 
RCA 
Princeton ,  N . J .  
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TELECOMMUNICATI ONS RFSFARCH STUDY 

I .  General Remarks 

A fter reviewing the summaries o f  telecommunications 
research and development provided by the Department of De fense 
(DoD) and NASA , one is  impres s ed by the sheer magnitude o f  the 

e ffort being sponsored by thes e agencies . When one adds to 
this the extens ive bas ic and applied research e f fort at Bel l  
Laboratori es and the res earch and development programs o f  the 
independent laboratories , i t  would appear that telecommunica­
tions research in the United S tates is being carried on at a 
very subs tantia l  leve l .  

I t  is  true that DoD and NASA sponsorship is (and probably 
should be)  directed increas i ngly toward mi s s ion-oriented 
applications , but it mus t  be acknowledged that i n  the pas t much 
o f  the best bas ic research has been spons ored by thes e  agencies . 

Suppos edly , it was the intention that the reduction of 
. bas ic res earch support by DoD and NASA would be made up by 
increased allocations to NS F ,  but i n  fact the increase to NS F  
has been but a smal l  fraction of the amount required . The net 
result is  that the support for bas ic res earch in this country 
has decreased drastically.  

Undoubtedly the panel wi l l  wish to address this problem 
in formulating its recommendations regardi ng telecommunications 
res earch .  How to do thi s  without appear ing to come up with 
" j u s t  another s e l f-s erving commi ttee r eport " wi l l  be a cha llenge 
which mus t  be met . 

I I . Sugges tions for Future Res earch 

The fol lowing are s ome sugges tions for research directions , 
or s peci fic resear ch areas suitable for work in a Univer s i ty 
laboratory . I t  mus t  be acknowledged that the pr es ent Univers i ty 
res earch e ffort in te lecommunications is  mini s cu le compared with 
that o f  an industrial laboratory such as Bell Laboratories , but 
for reasons i ndicated els eWhere in thi s  repor t ,  it  is important 
nonetheles s . 
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A .  Mes sage Process ing for E fficient Transmis s ion 

A great portion of mes sages transmitted are highly redundant . 
This is  especia lly true for speech and image s ignals . Reducing 
this r edundancy reduces the required capacity o f  the communica­
tions sys tem many fold . Research i s  s trongly needed i n  fas t 
and real-time algori thm  which can be implemented on a small 
computer . 

B .  Data Tra f fic Organi zation and Mes sage Switching 

Transmis s ion facilities can be minimized by shar ing . 
Tra ffic flow i n  a network can be organi zed to i ncrease thruput 
and reliability .  Methods o f  optimum control o f  tra ffic flow i n  
a network are urgently needed . Some cons ideration should be 
given to dynamic relocation of transmiss ion paths . 

c .  Network Optimalization 

Shari ng of transmiss ion faci lities can be accompl ished 
by networks of channels which share the flow o f  mes sages . 
Res earch is  needed in the optimal ization o f  de s ign layout which 
increas es mes sage flow and makes optimum use of transmis s ion 
faci liti es . 

D .  Transmiss ion Reliability ,  Coding and S ecuri ty 

In data transmis s ion reliabi l i ty is extremely important . 
We need methods o f  ensur ing accuracy o f  transmiss ion , inc luding 
error detection and retransmis s ion and forward error correction . 
Emphas i s  should be on s imple methods that can be implemented 
eas i ly and economi ca lly on a computer . 

E .  E f fici ent Modulation Methods 

E fficient modulation methods should be developed to make 
the best use o f  frequency bandwidth . Multiple level s chemes 
shou ld be developed to take advantage o f  the high s ignal to 
noise  ratio o f  some transmis s ion media . 

F .  Pulse Code Modulation 

Time domain multiplex methods should be s tudied a long with 
the synchroni zation of such sys tems . Generali zation of Pierce ' s  
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model and Sandberg ' s  model should b e  investigated i n  a manner 
that inc ludes practical sources o f  error . 

G .  Digital Fi lter ing 

A better unders tanding o f  the errors i n  digital fi lters 
is  needed . This aspect is crucia l  in determining the per­
formance of digital fi lters . 

H.  E lectromagnetic Environment Control 

In order to control the quality of the e lectromagnetic 
environment the best approach s eems to be the us e of adaptive 
power control , i . e . , reducing the radiation of each trans­
mitter to the minimum required level o f  rad ia tion which will  
achieve the des ired quality o f  received message . The appro­
priate r esearch e f fort is , there for e ,  to s eek e ffective 
algorithms and sys tem des igns for accomplishing this type o f  
control and to ana lyze the dynamic per formance o f  such a 
system .  

I .  LoW-loss Microwave and Mi ll imeter Wave Transmis s ion 

Of the many papers presented at the 1972 International 
S c ienti fic Radio Union {URSI ) General Assembly in warsaw ,  two 
hold out prospects for practica l transmis s ion sys tems with 
reduced attenuation at mi l l imeter wave and microwave frequen­
cies . The " frame beam-waveguides " described by an I talian 
group from C . N. R . , Florence , P .  F .  Checcacci et al , represent 
a new c las s o f  the beam wavegu ide , originally des cribed by 
Goubau . The new c lass cons i s ts o f  a s er ies o f  equispaced 
dielectr ic frames only s li ghtly larger than the beam cross 
s ection . Experimenta l tes ts show a measured attenuation about 
one-hal f  of  that for an iris waveguide having the same cell 
s izes . 

A new type o f  coaxial waveguide descr ibed by H. M.  Bar low 
o f  Univers ity College , London, i s  capable theoretical ly o f  
sus taining "dipole- fami ly " modes , in addition t o  the usual 
circu lar ly-symmetrical waves and the waveguide modes that arise  
when transvers e  resonance is  permitted . The lowes t

.
order 

s creened dipole mode propagates ( theoretica lly) throughout the 
spectrum wi th an attenuation o f  about one-third or les s o f  the 
corresponding circu lar ly symmetr ical mode . The practical 
problem that remains to be s olved is the construction of coaxial 
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guides whose wal ls have the required ( non-zero)  reactive im­
pedence demanded by theory.  Although skepticism is l ikely to 
prevai l  until the theoretical resu lts have been veri fied 
exper imentally,  the goal o f  reduced attenuation is o f  su ffi­
cient economic importance to warrant cons iderable further 
e f fort . 

J .  Telecommunications Education 

The need for more engineers trai ned spec i fically in 
telecommuni cations has been rais ed by Dr . Kandoian and other 
members o f  the Pane l . There i s  good reason to believe that 
an increas ed output of telecommunications engineers from 
some of the larger departments o f  Electr ica l Engineeri ng 
could be achieved fair ly eas i ly and quickly . Mos t  departments 
have a flexible curricu lum which permits a cons iderable degree 
of specialization in the s enior year . I n  addition, a year of 
graduate study in telecommunications engineer ing cou ld provide 
well-trained experts at the M. S .  l evel . What is needed , 
bes ides facu lty competence and inter es t  (both o f  which exis t 
at many s chools ) ,  is  modest support for res earch proj ects and 
graduate ass is tants in thi s  area . In mos t  o f  the better 
s chools all  new s ta f f  are expected to engage in research as 
well  as teaching in order to maintain knowledge and competence 
in their fields . Faculty s alar i es can be paid largely from 
Univers ity funds , but support for res earch equipment and 
research as s is tants mus t  came from Federa l or indus trial 
s ources . Funding of modes t telecommuni cations researCh grants 
by NS F ,  for example , could have a marked bene ficial e ffect on 
the output o f  telecommunications engineers .  

K .  Devices for Telecommunications 

For an authoritative , comprehens ive survey o f  the needs 
and problems in the device area , one can hardly do better than 
to examine the appropr iate sections o f  a s tudy by a dis tinguished 
panel o f  experts under the chairmanship o f  the late Jack Morton 
o f  Bell Telephone Laborator ies . This report o f  the National 
Materials Advisory Board entitled "Mater ials and Process es for 
E l ectron Devi ces " was publ i shed in May 1972 by the NAS -NAE . 
It surveys in depth the mater ials and process es for solid s tate 
electronic devices , identi fying problems , cons ider ing pos sible 
solutions , a nd making recommendations . 

Edward C .  Jordan 
Department of Electr ical 

Engineering 
Univers i ty of I llinois , Urbana 
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COMMENTS BY E .  RECHTIN 
ON " TELECOMMUNICATIONS RESEARCH STUDY " 

Message Proces s ing for Effic ient Transmi s sion 

A better case can be made for the high redundancy of 
speech than for that o f  image s ,  unless the latter are 
either stationary or move very slowly compared to the 
picture framing rate . Some speech compre ssion systems 
have been bui lt which show that e s sentially the same 
qual ity of speech can be achieved at 2 4 0 0 bits per second 
as at (uncoded ) 4 8 , 0 0 0  bits per second 1 a further compre s­
s ion of more than a factor of about 1 0  seems unl ikely for 
any reasonable co s t . Thus , for speech , the problem is to 
reali ze this factor of a 1 0 0 or so in a pract ical and 
inexpen sive way . Efforts to compre s s  typical televi s ion 
signals show le s s  promi se 7 the exception i s  f ixed di s ­
plays and computer outputs for which the reader can afford 
to wait a few seconds . 

Data Traffic Organi z ation and Mes sage Switching 

Another technique of intere st i s  " saturat ion routing " 
in which the telecommunication system i s  probed for open 
pathways between signal source and the signal rec ipient . 
The algorithms for thi s  dynamic relocation o f  transmi s s ion 
paths in a large commun ication network do require research . 

Network Opt imaliz ation 

Another chal lenge is the de sign of "precedence sys­
tems " in which higher priority cal ls can preempt those of 
lower priority . Exi sting precedence systems are relatively 
primitive and tend to saturate during crises when all the 
users e scalate their precedence until their calls get 
through . The call completion rate for most users , there fore , 
drops abruptly during the se condition s . 

Transmi s s ion Reliab i l ity , Coding and Security 

Some o f  the be tter and more recent payoffs have been 
in the treatment of the kinds of non-Gaus sian errors which 
are characteri stic of many channe ls , inc luding telephone 
c ircuits ,  HF l ink s , and ELF links . The se l inks are 
charac terized by "hits " rather than a typical Gaus sian 
"noi se leve l " with results that are particularly bad for 
digi tal tran smi s sion . 
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Efficient Modulation Methods 

We have tended to concentrate on optimal use of an 
a s s igned frequency band rather than on minimiz ing the 
channel to channel interference . It might be an inter­
e sting re search pro j ect to derive the best in-channe l 
modulatio� subj ect to the constraint o f  speci fied out­
o f-channel interference . 

Pul se Code Modulation 

Of particular importance the se days i s  the syn­
chronization o f  pul se code modulation systems for mobi le 
platforms , particularly aircraft . 

E .  Rechtin 
Department of Defense 
( Te lecommun ication s )  
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