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INTRODUCTION 

During FY 1 9 7 9 , a significant change in 
the organization of ITS was effected. 
This was the formation of a fourth 
Division, Advanced Communications 
Networks, under the leadership of 
Dr. McManamon. Because the reorganiza­
tion occurred late in the year, the body 
of this progress report is prepared 
around the work of the three original 
Divisions. Thus the work of the new 
Division is reported in Chapter 2 .  The 
roles of the four ITS Divisions, reflect­
ing this change, are outlined below. 

Division Functional Descriptions 

Division 1 Spectrum Utilization 

Develops knowledge to more inten­
sively use the capacity of the 
electromagnetic spectrum to meet 
rapidly growing communications 
demands by Government, industry, and 
the public. The Division conducts a 
selective program·of research direc­
ted toward obtaining more efficient 
use of available spectrum resources, 
which is primarily related to inter­
actions between radio systems and 
the electromagnetic environment. 
The work involves measurement and 
evaluation of spectrum consuming 
properties of receivers, transmit­
ters, antennas; spectrum occupancy; 
and development of spectrum planning 
techniques and relates to NTIA roles 
in spectrum management. 

Division 2 Systems Technology and 
Standards 

Performs engineering studies which 
result in user-oriented telecommuni­
cation performance criteria, and 
develops and applies measurement 
methods required for Federally or 
publically operated systems. This 
involves activities such as opera­
tions research, system architecture 
definitions, and system design and 
evaluation. 

Division 3 Applied Electromagnetic 
Science 

Obtains, develops, and evaluates 
atmospheric propagation character­
istics and develops models of these 
characteristics applicable to com­
munication networks, system per­
formance predictions ahd .analysis, 
and for optimization of spectrum 
use; maintains a library of ade­
quately documented propagation 
models and disseminates and applies 
these models to specific problems as 
required. Work is both experimental 
and theoretical and relates to the 
NTIA role of providing broadly 

applicable basic knowledge of EM 
propagation. 

Division 4 Advanced Communication 
Networks 

Conducts the technical p(ogram in 
support of NTIA's responsibilities 
for telecommunication protection; 
investigates technology alternatives 
for development of competitive, 
lower cost, communication networks 
providing improved services and 
better resource utilization; and 
conducts research and analysis of 
advanced networks incorporating 
technical, economic, market, regula 
tory, and policy factors in an inte­
grated fashion. 

The work of all the Divisions is comple­
mentary and interactive, supporting NTIA 
User, Industry, and Resource activities, 
as well as solving problems for other 
Federal agencies. 

Significant accomplishments in the last 
year include: 

Integration of engineering and demo­
graphic techniques for assessing the 
coverage of broadcasting facilities. 

Analysis of spread-spectrum tech­
niques for land-mobile radio showing 
that the new technique was less 
efficient in spectrum use than 
conventional modulation methods. 

Measurements of the patterns of UHF 
and VHF TV receiving antennas to 
form part of a data base. 

Acceptance of the ITS data commun­
ications criteria as an interim 
Federal Standard (FS 1 0 3 3 ) . 

Use of the entropy concept for 
distinguishing between data commun­
ications and data processing. 

Continued support to u.s. Postal 
Service in the area of electronic 
message systems. 

Studies on satellite communications, 
especially small earth terminal thin 
route systems. 

Support to u.s. Army in evaluation 
of Access Area Digital Switching 
Systems. 

Contributions of the technical 
aspects of NTIA's role in tele­
communications protection. 

Completion and delivery to the u.s. 
Army at Ft. Huachuca of the first 
two Transportable Automatic Electro­
magnetic Measurement Systems 
(TAEMS). 



Reactivation of the Platteville high 
power HF transmitter for ionospheric 
scattering studies. 

Support to Department of Energy's 
Satellite Power System studies in 
the areas of possible ionospheric 
modification and electromagnetic 
compatibility. 

Responses to FCC Notices of Inquiry 
on AM stereo, TV drop-in methodol­
ogy, quadraphonic FM services, and 
improvements to TV service. 

Significant technical contributions 
to NTIA's requests for rule making 
on FM services, and 9 kHz channel 
spacing in the MF broadcasting band. 

These accomplishments show that, in 
addition to meeting our many commitments 
to other Federal agency sponsors in 
support of their national missions, we 
are becoming more fully integrated into 
NTIA by providing a technical basis for 
policy analysis and development. We look 
forward to growth in each of these areas. 
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CHAPTER 1 .  EFFICIENT USE OF 
THE SPECTRUM 

The radio, or electromagnetic, spectrum 
has seen dramatic growth in demand and 
use since the beginning of World War II. 
Since that time, a great range of new 
spectrum-dependent services has evolved. 
American industry, government, and pri­
vate citizens have put the spectrum to 
work in such profusion that now satura­
tion appears imminent and, in some cases, 
has already occurred. To provide for new 
and expanded use, two major alternatives 
exist. One is to exploit new regions of 
the spectrum at progressively higher 
frequencies. The second is to provide 
physical principles upon which spectrum 
use depends and, complementing this 
understanding, provide for more effec­
tive means of managing spectrum use. 

Spectrum use by the u.s. Government alone 
is growing nine percent annually in those 
frequency regions where equipment is 
readily available. Embryonic efforts are 
being made to use the even higher 
frequencies above 1 0  GHz where equipment 
still remains to be developed for many 
applications. 

The National Telecommunications and 
Information Administration, Institute for 
Telecommunication Sciences (NTIA/ITS), 
conducts a program of research and devel­
opment which addresses both of these 
alternatives. Much of the work being 
done to extend the use of the spectrum to 
higher frequencies is discussed in the 
Electromagnetic Wave Transmission chapter 
of this report. That chapter also pro­
vides brief mention of some of the work 
being done to improve our understanding 
of propagation problems in those regions 
of the radio spectrum that are already 
extensively used. 

In this chapter, .some highlights of the 
NTIA/ITS program directly concerned with 
spectrum engineering are reviewed. Many 
of these spectrum engineering projects 
draw heavily on experience from other 
programs in ITS, including antenna design 
and measurement, channel characterization 
and system performance, and the many 
propagation related efforts. 

SECTION 1 . 1 . S PECTRUM ENGINEERING 
TECHNIQUES 

We are concerned here with those techni­
ques which can be used by policy makers, 
frequency managers, system designers and 
planners, and others concerned with the 
use of spectrum dependent systems in the 
increasingly congested real world. These 
are techniques that define the extent to 
which realistic sharing of frequencies, 
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time, and space is possible. They a lso 
address problems in optimum choice of 
frequencies and rational trade-offs ., 
between limits on broad classes of equip_::.., 
ment (limits on factors such as antenna, 
height or power), the ability of a system 
to provide a required service, and the 
efficiency with which available spectrum 
is used. Techniques of this kind are 
extremely varied and must address a wide 
range of problems from the very specific 
(for the designer of a specific system at 
a particu lar location) to the very 
general (for the policy maker and 
regulator who m ust consider national or 
regional consequences in a single 
action). 

Traditionally, spectrum engineering 
techniques have been developed to 
evaluate a specific situation, usually 
with a series of "safe" or "conservative" 
assumptions. Conservatism allowed for 
some simplicity in these techniques, but 
even so they were arcane enou gh so that 
relatively few people used them, and even 
fewer understood them. 

Our goals in this part of the program are 
to develop a family of such techniques 
that is based on a sound knowledge of the 
physical characteristics of the problem, 
the technical properties of equipment 
involved, the practical way in which that 
equipment is used, and the inf luence that 
Mother Nature brings to bear. I f  we are 
successful in developing such techniques, 
they are,necessarily complex and, in 
their initial form, difficult to use and 
understand. We are aggressively working 
to overcome these barriers to effective 
use by caref u l  documentation and by 
developing computer methods that are 
easily used and provide resu lts in the 
user's context. 

Conservatism in many cases equates to 
wasted spectrum. We address this problem 
by buil ding t echniques which incorporate 
a comprehensive statistical analysis of 
the many variab les (and their complex 
interactions ) which affect the results. 
By so doing, we allow the user to be as 
liberal or conservative as he chooses. 

For over a decade, government, academic, 
and industrial groups have advocated 
development of methods for improving the 
overall effectiveness of the use of the 
spectrum ( as opposed to the optimization 
of the performance of individual 
systems). This c oncern paralleled and 
even predated similar realizations that 
ideal common use of environmental 
resources such as air and water may not 
coincide with economic maximization of an 
individual user's profits. 

The developments reported here are 
discussed with current applications in 
mind. B ut their true value lies in their 
general character. In most cases, these 



methods can be adapted to meet many new 
requirements involving a broad range of 
telecommunications needs and services . 
The presentation of summary results in 
graphic form (partic u larly as maps and 
map overlays ) ,  the development of demo­
graphic results, the design of 
interactive computer programs that make 
it easy to ask "what if? " questions are 
symptomatic of our-continuing e f fort to 
bridge the gap between technology and the 
planners and policy makers . 

The Re -Evaluation of Broadcast Freq uency 
Assiynment Criteria proJect goal has been 
to I establish the basis for more 
spe ctrum-e f ficient and service-oriented 
broad cast spectrum assignment criteria 
considering antenna patterns, topography , 
demography, and receiver characteristics, 
and 2 )  develop and document user oriented 
computer programs for the application of 
su ch methodology, 

The following is an example of the pro­
j ect's o utput . Current FCC reg u lations 
prohibit broadcast transmitters being any 
closer together than a spe cified distance 
in ord er to limit interf erence . However, 
the specified distance does not depend on 
the transmitters' power or he1ght charac­
teristics, their antenna patterns, or the 
characteristics of the intervening ter­
rain, all factors which cou ld have a 
significant inf luence on red ucing separ­
ations, thereby allowing additional 
servic e .  In this example, an existing 
broad cast transmitter in Los Angeles 
operates with an e f fe ctive radiated power 
(ERP ) of 1 5 8  kilowatts and a height above 
average terrain (HAAT ) of 3 0 5 5 feet . 
S uppose a second transmitter were to 
operate on the same channel at 
Bakers field, a situation not permitted 
under existing ru les . The se cond station 
would operate with less than maximum 
facilities (e .g . ,  ERP of 5 kilowatts and 
HAAT of 3 0 0  feet ) ,  Fig ure 1 - 1  shows 
signal coverage conto urs for the two 
stations . Using the current FCC method 
for computing signal coverage, Figure 1 - 2  
shows the same signal contours . However, 
the e f fe cts of terrain on the contours 
has now been included . Using the FCC ' s  
criteria for co-channel interference, 
Figure 1-3 shows the rural grade signal 
service-contours (solid lines ) and the 
co-channel interference contours (dashed 
lines ) for the two stations . The areas 
which are cross-hatched receive obj ec­
tionable interference from the co-channel 
transmitter . Figure 1 - 4  shows the rural 
grade and interference contours when the 
effects of terrain on the signal propa­
gation are included . Finally, a 
directional antenna is ad ded to the 
Bakers field facility to give better 
coverage to the Bakers field area . The 
results are shown in Figure 1-5 . 
Table 1-1 summariz es the area-and popu­
latlon-coverage resu lts . The 
cal culations indicate a same ch annel 
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broadcast station cou ld be introd uced to 
the Bakersfield area which wou ld not 
cause obj ectionable interf erence to the 
Los Ange les station . 

TV Spectrum P lanning Techniques is one of 
a series of proj ects c ond ucted over the 
last se veral ye ars with the obj ective of 
providing a range of planning tools that 
were both comprehensive and more valid 
than has been available in the past . 
Much of the impetus for such work has 
come from an increasing concern in the 
FCC, NTIA, and other age ncies concerned 
with broadcasting matters for expanded 
service, partic u larly o f  television . 
These concerns arise in nu merous contexts 
includi ng the provision of initial 
service to rural are as, addi tiona! 
service in urban areas, comparability o f  
UHF with VHF TV, and the expansion of 
educational TV. The most direct barrier 
to such ex pans ion is the la ck of sui table 
freq uency space . 

O ur obj e ct�ves for this ef fort are 
several, and we il lustrate here our 
approach and current progress toward 
each, First,:p lanning t echniq ues must 
al low comprehensive assesments of TV 
service potential . Figure 1-6 is an 
example of service predictions for tele­
vision stations c urrently operating in 
the u.s. as wel l as those under 
constru ct ion . 

A se cond obj ective is to present resu lts 
·o f  c omplex anal yses in terms easil y 

interpretab le by a wide range of 
interested parties including many without 
engineering ba ckgrounds . The use of 
c omputer graphics. techniq ue s  to prod uce 
map displays of this kind is one approach 
to this o bj ective which has proven very 
su ccessful . 

Third ly, we are concerned about providing 
analysis tools that are meaning f ul to and 
usable by e xperts in those other disci­
plines which contribute to telecomm uni­
cations planning and policy making . One 
approach to this obj ective is the devel­
opment of popu lation estimates to go with 
maps of this kind . A wide range of 
popu lation statistics are developed f or 
service estimates o f  the kind shown here . 
Popu lation patterns can be anal yzed in 
urban and rural conte xts, population 
receiving varying degrees of se rvic e, 
etc . These resu lts are prepared using 
ITS developed methodology that provides a 
uniq ue integration of eng ineering esti­
mates (of field strength, f or example ) 
and popu lation distributions . 

A f urther obj e ctive is to rational ly 
characteriz e the real world, partic u larly 
the wide variability in rad io coverage 
experienced in practic e . To this end, 
statistic al me thods have been developed 
which al low consideration of these 
variations . 



Figure 1-1 . Coverage contours us ing FCC method. 
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Figure 1-2 . Coverage contours us ing terrain correction . 
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F igure 1 - 3 . Coverage contours (solid line s )  and co-channel interference 
contours (dashed l ine s )  us ing FCC criteria . 
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Figure 1-4 . Coverage contours (sol iq l ines )  and co-channe l interference 
contours (dashed line s )  using terrain correction. 
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Figure 1 - 5 . Coverage contours ( so l id l ine s )  and co-channe l interference contour s 
(dashed l in e s )  us ing terrain correction and a directional antenna 

for the Bakersfield fac i l ity . 
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Table l-1. Total Area and Population Covered by at Least Grade B TV 
Service and with Objectionable Cochannel Interference 

Los Angeles Bakersfield 

Grade B Co channel Interference Grade B Cochannel Interference 

Area Population Area Population Area Population Area Population 
-- -- -- --

( sq krn) (thousand) ( sq krn) (thousand) (sq krn) (thousand) ( sq krn) (thousand) 

45856 9778 2448 11 2512 180 2240 147 

23216 9138 -0- -0- 1408 131 352 35 

23216 9138 -0- -0- 2064 161 560 24 
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Obj ective number five is to provide 
techniques that al low policy makers , 
designers , and planners to evaluate a 
wide range of alternatives .  The coverage 
map technique (which we refer to as 
COMAP) al l ows users to de fine such 
alternatives . Some examples include 
eval uation of service for : 

1 )  educational stations onl y ,  

2 )  single networks , 

3) proposed new stations , and 

4 )  new technical regu lations (such 
as revised constraints �n 
maximum antenna heights . 

A si xth objective is the development of 
estimates for improved technical 
accurac y .  In this conte xt , we have 
assembled " l ong term" radio data into a 
computer-read able form . This present 
col lection contains time variability 
statistics for about 1 0 0 0  fixed paths . 
It is , however , stil l in a somewhat 
primitive form , and we cannot , for 
example , use it in any very satisfa ctory 
wholesa le manner to test out complete 
propagation models . What we have done 
instead is to test out the stand ard mode l 
of time variability , putting partic ular 
emphasis on the UHF band . 

In our report on this test , we have crit­
icized that model , saying it is more · 

complicated than the data seem to 
warrant . Note , in particular , how in 
Figures 1-1 and 1 - 8  we have tried to 
disp lay measured values o f  the so-cal led 
frequency factor g ( f )  for the 1 0  
percentile. We have taken me asured 
deviations from the medians and divided 
them by computed values from the CCI R  
curves which are supposed t o  be valid at 
1 GH z .  Figure 1 - 7  is a scatter plot and 
Figure 1 - 8  shows "running medians " with 
1 0  to 9 0  percent confidence intervals . 
We think these figures show no reason for 
introducing the frequency factor; the 
hump at 4 0 0  MH z does not appe ar . Also , 
we suspect that the various radio 
climates usua l l y employed should all be 
consolidated into one . This se ems at 
least so for the middle range between , 
say , 10 percent and 9 0  percent of the 
time . At the tails of the distributions , 
we fe el that it wou ld be more ap propriate 
to speak o f  specific probabilities of 
such phenomena as ducting and rainfal l .  

An additional obj ective is to estab lish 
general ly applicable methods that can be 
readily integrated into a variety of 
analysis programs to meet spe cific needs . 
To this end , the most critic al el ement of 
these techniques , the Lang ley-Rice 
propagation prediction computer programs, 
have been completely rewritten .  Although 
the new implementation should give 
exactly the same resu lts as previous 
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ones , i t  is written in conformity with 
the ANSI Standard Fortran , and 1 hence , 
should be completel y portable between 
machines . It is this impleme ntatio n  
which w e  are now disseminating to the 
pu bli c on reque st . This standard f onn is 
now being incorporated in a number of our 
television coverage arrl interf erence 
anal ysis techniques . 

A series of studies have been conducted 
to examine the potential f or more 
ef ficient use of spectrum for la nd mobile 
rad io applic ations . In evalua ting the 
potential role of new technolog y ,  I TS has 
evaluated.Spread Spectrum Applic ations to 
Land-Mobi le Radio . The possibility o f  
overl aying a spread-spe ctrum system i nto 
frequency bands containing conventional 
FM land-mobi le radio systems was 
examined . Overlaying here means the 
unrestricted operation of spread-spectrum 
and FM mo biles throughout a given servic e 
area and on the same frequencies . The 
systems thus must rel y on the di f ferences 
in modulation and spe.ctrum characteristic 
to minimiz.e interf erence . The proj ect 
examines interf erence between systems for 
fre<luencies o f  1 5 0  and 90 0 MH. 

The conclusions of the study, as d es­
cribed in NTIA Report 7 9 - 2 3  ( " A  Compati­
bil ity Anal ysis o f  Spread Spectrum and FM 
Land Mobi l e  Radio s·:ystems " ,  Juros he k ,  
19 7 9 ) ,  are that.o�erl aying wou ld cause 
significant int�rference . This 
conclusion' is for conventional FM systems 
that service a larg e urban area . The 
smal l cel lular concept of FM systems is 
not cons id·ered in the study. 

An example·· of the output from the study 
is shown in Figure 1 - 9 .  Plotted in this 
figure is the separat1on distance dss 
that is required to prevent interf erence 
to an FM system. The distance dFM is the 
victim transmission distance betwe en FM 
base and F.M mo bile . The various forms o f  
interf erence are shown in the figure with 
different shading . Also de fined in the 
figure ar� regions where interf erence is 
expe cte'd to be highly probable due to 
expected propagation conditions and 
reg ions that are labeled " propagation 
depend e nt , "  where the occurrence of 
interf erence depends on the urban propa­
gation ch arac teris tics . Similar resu lts 
are also prese nted f or interf erence to a 
spread -spe ctrum system from FM, 

The proj e ct Spectrum Tradeof fs--Mobile 
examined spe ctrum util1zat1on ef f1ciency 
for tw o di f fe rent land mobi le radio 
servic es : small cel l common carrier 
systems empl oying spread-spe ctrum 
modulation and interl eaving of d ou b le­
sideband and sing le-sideband channels in 
the Citiz ens Band . 

The spread -spe ctrum radiotel ephone system 
proposed by Cooper and Nettl eton 
( "Efficient Spectrum Utiliz ation with 
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Figure 1-7 . Uni ted States paths . A s catter plot showing measured 
values of g10 

versus frequency for all over land paths 

with de greater than 80 km . Y0 (_10) is obtained from 

the CCIR curves for a continental temperate c l imate . 
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F igure 1 - 8 . United States paths . Running medians of g10 ver sus 
frequency . Each median uses 3� points from Figure 1, 
and the bar s show an approximately 10% to 90% 
con f idence interval . 
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F igure 1-9. 

SS Base Interference to FM Base - Propagation Dependent 

SS Base Interference to FM Base - Highly Probable 

SS Base (Mobile) Interference to FM Mobile (Base)- Propagation Dependent 

SS Base (Mobile) Interference to FM Mobile (Base) - Highly Probable 

10 
dFM, FM Path Length ( km) 

S eparation d i s tance d88 versus dFM that is required 

to prevent i nterference to an FM , land mob i l e  system 
from a 10 MH z SS sys tem at 1 5 0  MHz . 
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Wideband S i gnal s , "  Purdue Un ive rs i ty 
Repo r t  TR-EE 7 7 -1 2p " Spe c t r al Ef ficiency 
in Cel lula r Land -Mobile Commun ic a t ions : 
A Spread-Spect rum Approach , "  Purdue Un i­
ve rs ity Report TR-EE 7 8 -4 4 )  is b a s ic al ly 
a freq ue ncy-hopped , t ime-e ncoded s ys tem . 
Indivi dual u se rs are d i s t ingui shed by a 
part icular time- f reque ncy code , a nd al l 
users have ins tant ac ces s to the ch annel 
at al l t ime s . Di sab l i ng in terfe rence 
f rom a mobile close to the ba se s tatio n  
i s  avo ided b y  control l i ng the power of 
e ach mobi le so that al l s i gna l s  arr iving 
a t  the ba se s ta t ion have the same powe r .  
Coope r and Nettleton ( 19 7 8 ) ca l cu la t e  
tha t s u ch a spread- s pe c t rum sys tem would 
be about twice as e f f i c i e n t  ( that is , 
allow abou t twice as many users pe r unit 
bandwid th per u n i t  are a ) as channel ized 
FM small c e l l  sys tems such as proposed by 
Bell Tel ephone . They had earl ier cla imed 
larger improvement in e f f i c i ency ( Co oper 
and Ne t t le to n , 1 9 7 7 ) ,  but they now 
be l i eve those claims were based on ove r­
s impl i f ied ca l c ula tions . 

Eve n  the se cla ims are se ns i t ive to the 
chosen propaga tio n  mode l . For 
atte nua t ion rates obse rved on pa ths 
greater than 30 km long , t he spe ct rum 
e f f i c i ency of the two sys tems reve rses , 
w i th some doubt abou t the ad vant age of 
spread s pe c t rum on pa ths 1 0- 3 0  km l ong . 
Thus , the cla imed advant age ·fo r the 
spread s pe c t rum sys tem i s  for v e ry smal l 
ce l l s , i . e . ,  very h i gh usage . 

Cooper and Ne ttle ton compute tha t the ir 
sys tem ( i n one conf i guration ) al lows 
about 1 6 0  use rs pe r ce l l  ( Table 7 . 2  o f  
Cooper and Ne t t l e ton , 19 7 8 ) .  This has 
s i gn i ficant impl ica t ions for the dynamic 
range required for the power control 
a t tenuato r . As sume that the re are n 
users spread randomly ove r a circular 
coverage area . ( The cover age areas are 
sai d to be he x agons , but a c i r c le is an 
ad equate approx imation . )  I f  the 
a t te nuator is to have adequa te dynamic 
range for 9 9 %  of the t ime , then the 
requi red dynamic range is b e tween 6 0  and 
8 0  dB , and s hould be ac curate w i th 1 dB . 

This may be onl y a l ower bound to the 
req ui red dynamic range of the a t te nua to r , 
be cause it is based on med ian 
trans m i s s io n  los s ,  and does not ac count 
for loca tio n  variab i l i ty .  S i nce the near 
transmitter i s  more l ikely to have a free 
space pa th than the far tr ans mi t ter , t he 
l o ca t io n  variab i l i ty could add 1 0  to 
2 0  dB to the requi red dynamic range of 
the power control . 

In the other s tudy in th is pro j e c t , the 
increase in numb e r  of users result ing 
f rom interle aving ch annel s was c omput ed . 
The spe c i f i c  ex ample was a proposal 
be fore the Fede ral Commun ic ations 
Commis s ion to insert a s i ngle - s ideband 
cha nnel between the pre sent C i t i z e n ' s  
Band channe l s , wh ich can be used f o r  
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e i the r s i ng le - s ideband o r  dou b le - s  ide band 
t r ansmi s s io ns . I n t e rle aved ch a nnel s we re 
not put ad j a c e n t  to Channel s 9 or 1 9 ,  o r  
be twe e n  ch a nnel s ass ign ed to the 
C i t iz e n ' s  Band and ch annel s as s ign ed to 
othe r se rv ic e s . Th is r e s u l t ed in 3 1  
i nterle aved ch annel s - -a n  incre ase of 7 5% . 
Howeve r , cal cu la t ions s ho w  t h a t  the 
numb e r  of use rs ac h i ev i ng a s pe c i f ied 
gr ade of se rv ice w ould onl y be increased 
by 2 0 %  to 3 0 % .  

The increas e  in u s e rs i s  not proportio n al 
t o  the inc rease in ch annel s b ecau se of 
adj acent channel interfe rence . The c r i­
t ic al p a rame te r is nei the r the ad j ac e n t  
channel re j ec t ion o f  the rec e ive rs nor 
the ou t -o f - channel rad i a tio n  of the 
tr ans mit ters . Ra the r , ft is the rel a­
t i ve l y  loos e  freque ncy t o l e r anc e  of the 
center f req uency of the emi s s ions . T h i s  
to le ranc e  i s  l a rge e nou gh tha t some of 
the in-channel powe r of the tr a ns m i t t e r  
i s  w i thin the pa s sba nd o f  the r ec e ive r in 
enou gh c a s e s  to cause tr ou b le some 
inte rf e re nce . 

A k nowle d ge of se rv ice and i n t e rf e rence 
range s associa ted.w i th ex i s t ing a nd 
f uture a ir naviga t io n  aid s  is an 
impo rtant pa rt of the FAA' s s pe ctrum 
planning e f fo rt . Coverage , i n t e rf e rence , 
and p r opaga t io n  pred i c t ion capa b i l i t i es 
developed by NTIA as pa rt of the Air 
Navi �a t io n  Aids pr oj e ct are util ized to 
prov 1de much of this inf o rma t io n . 

Du r i ng 1 9 71 - 1 9 73 , a n  air/ground p ropa­
ga t io n  model applicable to irregular 
te rrain was d eveloped by ITS fo r the FAA 
and was d ocume n ted in de tail . T h i s  IF-73 
( I TS - FAA- 1 9 7 3 ) propaga t ion mode l has 

evo lved into the I F- 7 7  mode l , wh ic h is 
app licab le to air/ground , a i r/air , 
ground/sa tel l i te , a nd air/sa tel li te 
paths . It can al s o  be used for ground/ 
ground p a th s  that are l i ne-of - s i gh t ,  
smooth e ar th , o r  have a commo n ho r i z on . 
Tech n iques developed in this proj e c t  
al low a w ide range o f  c ove rage a nd 
i n terfe r e nc e  s i tua t ions to be eva l ua ted 
f o r  aeronau t ic al s e rvi ces . Air/ground 
commun ic a t ions aeronau t ic al naviga t io n , 
and s urve il lance se rv ices are al l t r e a ted 
by t h i s  c apab i l i ty .  Rep r e s e n t a t ive 
res u lt s are s hown in Figur e s  1- 1 0  t hr ou gh 
1- 1 3 ,  a l t ho u gh the existing capab i l i ty 
al l ows the pr oduct ion of a br oad range of 
se rv ice es t ima tes . 

As pa rt of a continu i ng e f fo rt to be t te r  
unde rs taoo and impr ove the rel i ab i l i ty o f  
spe ct rum planning t echn ique s o f  thi s 
ki nd , I T S  has repo rted on res e a r ch wh ic h 
prov id e s  ex tens ive compa r iso ns o f  
me asured p ropaga t ion da t a  w i th pr ed ic­
t ions made by the IF - 7 7  a nd othe r 
p ropaga t ion mode l s . Al t ho u gh IF- 7 7  was 
devel oped f o r  ae ronau t ic al app lica t ions , 
as me ntioned above , i t  can be used f o r  
s ome point-to-point propaga t ion pa ths ,  
and the meas ured da t a  se l e c t ed f o r  



& 
cr 
M 

....... 
31 I 

·m 
"0 

c: 

� -
M 
c: ., 

"U 

&.. 
., 
a 
0 

n.. 

Rwft Ctdt 77/07/19. 11.1!.21. 

ll.S LOCALIZER ............... F" "' .,.,, 
F" ''�"'"' y 110. ,.I ElRP 24.0 d8W '""'') 51. 
H1 5.5 ft(l.68m)fss S.eeth .. rth lalddltl 501. 
H2 �50. ft (1905.:n}ms1 Peleriutltft HtriUIIttl n ••• ,, !51. 

Distance in km 
20 40 �0 80 1o

1
o 120 140 160 180 

·50 I 

-•o 

-70 

·80 

t\ 
�� .... '=·� .. � 

.... � ······ ·······•········ ·······•······· � ·······-······· ... ............ -90 � ··•······•· ····•·········· � -100 

-110 
� � t:"---

·120 
� � 1---� looo.. ....... 

-150 
R � 

·140 

-150 . 0 10 20 10 •o 5o •o 10 
Olstal\ce II\ 1\ Mi 

80 90 

F i gure 1 - 1 0 . Power dens ity , ILS. This graph predicts power den sity 
on the ILS local izer front course . In other directions , 
the predictions should be adjusted according to the 
localiz er' s horizontal antenna pattern. 

1 7  

--

100 



1 0 --
- 9 

0 

--
a 
L­
V 
L-

3 

2 

1 

0 0 

S t a t i on s e p a r a t i o n 95 . n mi ( 1 7 6 . km) Ruft Codt 77/0•/t 3. t5 . 32. t &. 
Des i red  f ac i I i  t y  Vft dts  i red  fac i I i ty  �. o o:: 'J!'J i ft _ dB  

8-LOOP ARRAY ............... -3• Olld 8 
EIRP 24. 0 dB\TJ 1 1  0 .  MHz S0111e as des i red  f oe i I i  t y  ----- -20 CHid 1 2  
HI  5 . 5  f t  ( l .  68m) fss _, CHid 20  
Po l a r i z a t i oft Ho r i Z o ft t a l  I I I  I I  I I I  0 CHid 23 

De sired path d i stance in km 

20 40 60 8 0  100 120 140 160 180 
...1. I ...1. 

I I 
I I 
I ! : � I 
I I 

I I I 
I I : I I I I I I I I I 
� I ! I 
I I I I-I I I I ! f I 
� : ! i I I I I 

I , I I 
I I ; too I I I . I . 
I I : I 
i : : I I / I � \ I I I l I 

\�\ I : , .· 
I . .•· ' j I .·· ' •·· 

"I � \ .. � I , .·· I \ f 
, .· 1-. / 1 , I 

I I v I 1/ I I , 
II - I , / I 

1 0  ., 20 30  40 so &o  , o eo 90 1 0 0 
D e s i r e d  p a t h  � i s ta� c e  i �  � M i  

F i gure l--11 , S ig nal ratio contours 1 ILS . 

1 8  

3 . 0  

2 . 5  

� 
2 . 0  � 

•r-1 

m 
"0 
::s 
.jJ 
•r-1 

1 . 5  .jJ 
.-1 
lil 
.jJ 
11-4 
lil 
H 

1 . 0  u 
H 

•r-1 
..X: 

0 . 5  



II' 3G O ., ., 
� 3 3 0  en ., 

"U 
3 0 0  

.:: 
2 7 0  ., 

en 2 4 0  .:: 
0 

., 2 1  0 

.:: 
1 8 0  

., 
II' 1 5 0  � 
:.7 
0 

1 2 0  u 

"U 
9 0  ., 

� 

II' G O  ., 
"U .:: 

30 :> 

D/U 2 3  dB for 9 5 %  
Ou i r e d  f oc i l i t y V11 d u  i r e d  

8 -LOOP ARRAY 
H 1 5 . 5 f t ( 1 .  68m) fss So•• O S  

f oc i ] i t y 
R u 11  C o d e  77/0 7/2 2 .  1 3 . 4 1 . 44 .  

. . . . . . . . . . . . . . .  o .d •3:1•f2 o .  
d u  i r e d  f oc i l i t y - - - - - 3 0 .  Gil d 1 5 0 .  

H2 45 0 0 .  f t  ( 1 3 7 2 . m ) msl G O .  Gil d 1 8 0 .  
9 0 . 

2
1
0 40 6 0  

• 

1 0  20 30  

l i l t  I l l  I 
Fac i l ity separation in km 

80 100 120 140 160 1 8 0  2 0 0  
I • I 

v � ) , ,  
• r 

I i' 

/: ; I lr� ��� ' 
I 

I 
I 

I I I 
I v / I I I ,,.. i 

I I \ ( ;_ �\ ; ' 
I I ·. 
I \ · .. � � , ·. 

•. 
I 

'
· .. 

' , · .
. 

1\ · . 
I I \ '\··,_ \ I 

I \ · .. I 

I ·. ) r.' 
0 . !' I II : ; I /,. / I ' 

I I 7/ I. 7 t" I I I 1.' 
i , : 

I I \ I ·  

'\, ' . ; 
I I ·. 

I \ ·· .. 
'\ . I � ,�. ·. ' 

1\ I I \ \\ �\. ·. I I :. ' 
I 

4 0  5 0  & 0  7 0  8 0  9 0  1 0 0 1 1  0 

Fac ility s e p o r o t i o l\ i l\  1\ M i  

2 2 0  
• 

1 2 0  

240 

1 3 0 1 4 0  

Figure 1 - 1 2 . Orientation , ILS . Fac i l ity separ at ion needed to obtain a D/U o f  
2 3  d B  for a t ime availab i l i ty of 9 5  percent i s  provided a s  a 
function o f  unde s ired ( ordinate ) and de s i red ( l ine code ) cour se 
line angles . 

1 9  



20 .... .... 
.... 1 8  
0 
, t S '0 
t: 
0 , 

14  ::J 
0 

.J: .... 
12 

t: -
., t O  

'0 
::J .... 

8 .... -
0 s .... .... 
0 

4 &. 
u &. 

c(' 2 

Do 

95. 00 1. DIU Rat i o :  

��� red facll l t!l 
ILS LOCALIZER EIRPG 20. 0 dBW 1 1 0. tt-lz 
Ht obo�t s�arlact 7. 0 I t 
Po lor I zot l oft Ho r l zo11 tot 

I c c • ( ( 
( ( 

1\ 
• c c ( • • 

1\ c 
I •• : I \ 
' "' ( 
' ( • ' • • 

' 1\ 1 
\ ' • 

' ' : • ' ' ( 
' : ; ' • \ t 

I ': 
I � 

·. I � 
I j 

·, I � I : : , • 
I ' : • 

� to 15 20 

: 
. 

2. d8W 
\Jadtt I red fac I 11 t!l 

R�a11 Code 7910&/07. 1 7. 26. 02. 

-s-tot loa ltPorotloa Ia  a •I 
. .............. 10 •d 50 

S.. 01 dts l red lac i l l t!l ----- 20 •d &o 
50 •d 70 

c e c c e  c u  40 •d 80 

', i I c 
I i I 
I c 
I -l . I 
I 

i T . : ! 
I i t I 
I 
I r I . r I 
I . : T . I I 
' 

; ' 
I 
� ) c 

,i  ' 

25 �� n AD 45 �J �5 -;o 
Des i red p o t h  d l s t oftce  1 ft  ft a l  

Figure 1 - 1 3 . Interference limi ted coverage estimates for 
instrument landing systems ( ILS ) , 

2 0  



c ompa r i son i n c lude s both type s o f  pa th s .  
Examp les of the se compa r i so ns are shown 
in F igures 1 - 1 4 ,  1- 1 5 ,  a nd 1 - 1 6 . 
F igure 1 - 1 6 is for a g r ound - to- a i r  path , 
and F igure 1 - 1 6  i nvolves a c ompa r i so n  of 
de s i red - to- unde s i red ( D/U ) s i gnal r a t io s  
a t  a n  a i r c r a f t  for ground-based de s i red 
and unde s i red fac i l i t i es . Approx ima te l y  
8 7 0 , 0 0 0  hours o f  data are as s o c i a ted w i th 
the 2 4 2  paths used . Pred ic t ions made 
w i th I F- 7 7  were al ways best or second 
be s t  o f  the mode l s  tes ted , and were sub­
s tant i al l y  be tter than those made w i th -
me rel y free space a s s umpt ions . The I F- 7 7 
model has a w ide range of app l i c a t io n  and 
provides pred i c t ions c ompa t ib le w i th the 
more spec i a l i z ed mode l s  tes ted . 

The work c u r rently unde rway on the 
proj ect i s  i n  three d i rec t ions : 

1 .  Production o f  c omput e r­
ge nera ted p ropag a t io n  or 
i n te rf e rence pred i c t io ns for 
the FAA is on a n  as -reque s ted 
ba s i s . Pa r t  of th i s  work i s  
be ing u sed by the FAA to 
deve l op new s t and a rd s  and to 
p u b l i sh new handbooks . 

2 .  

3 .  

The compa r i son of pred i c t ions 
w i th expe rimental da t a  a nd  w i th 
o t he r mode l s  is c ons tantly 
go i ng on . 

New approaches to p r ed i c t ions 
are be i ng devel oped tha t 
i nvo lve ac tual geog raphic 
s t a t ion loca t ions and the 
automa t ic u se of a te r r a i n  d a t a  
f i le t o  obt a i n  pa th prof i l e  
informa t io n  for various 
a i r c r a f t  pos i t ions . 

A proj ect to des ign and deve l op an 
interac t i ve computer p rog r am to ca l cu l a te 
j ammer- to-s ignal r a t ios for u se r-de f i ned 
s cenarios i s  be ing s pons o red by the u .s. 
Army S i gnal s Warfa re Lab orato ry . When 
implemented , the JAMME R prog r am wi l l . 
al low t he u se r  to 1nve s t ig a te the ef fe ct s  
tha t  chang i ng va r ious propaga t io n  and 
sys tem pa rame te rs have on the j amme r- to­
s ignal ratios c omputed a t  se l e c ted loca ­
t ions . JAMMER use s the ITS s t and a rd area 
pred i c t ion p ropaga tion mode l de ve l opep by 
Long ley and Rice ( 1 9 6 8 ) and rev i sed f o r  
s tand a rd app l i c a t ions th i s  ye ar . The 
sof tware d e s ign p lan has been completed . 

Th i s  prog ram can form the ba s i s  o f  a more 
general l y  a pp l i cable mobile commun icat ion 
sys tem de s i gn prog ram. JAMME R ' s fe a tu res 
o f  p rog ram portab i l i ty ,  ease of inter­
a c t ive use , and ve rs a t i l i ty of output , a s  
shown i n  F i gure 1 - 1 7 , cou ld a l low a 
mobi le sys tem deSigner to eas i l y  make 
trade -off s tudies o f  h i s  sys tem 
pa r ame ters . 
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S EC T I ON 1 . 2 .  SPECTRUM ENG I NEERI NG 
FOR EF F I C I ENT SPECTRUM USE 

In ad di t io n  to the deve l opment of new 
anal yt ic al and me as urement techn ique s ,  
ITS apel i es the res u l t s  of such work to 
spe c if1c p r oblems o f  c oncern to var ious 
agencies . One impo rtant fa ctor in 
planning f o r  new de vel opme nts i s  our 
ex pe r i ence w i th such proj ects whe re the 
prac t ic al need s  o f  ope ra t io nal age ncies 
mus t be recog n i z ed . 

CB Magaz ine rec e n t l y  pe t i t io ned the 
Fed e ral Commun ic a t ions Comm i s s ion ( F CC ) 
to expa nd the C i t iz e n ' s  B and Rad io 
Se rvice ( C B ) by addi ng 40 s i ng le-s ideband 
( S SB )  ch annel s to the present 4 0  channel s 

wh ich can be used by S SB or dou ble­
s ideband ( DSB ) tr a ns c e ive rs . If the CB 
i s  so expa nded , s ome ch annel s wil l be 
sepa r a ted by 4 5 5  k H z  o r  more and s e c ond 
order intermodula t io n  interf e rence w i l l  
be a pos s ib i l i ty .  I n  the pr oj ect C B  
I n te rmodula t io n  In terfe rence , I T S  -­

ca l cula ted the proba b i l i ty of s uch inter­
fe rence , wh ich i s  mo re impo rtant than the 
pos s ib i l i ty .  

A comput e r  model f o r  cal cu l a t ing the 
probab i l i ty di s tr ibut ion of s ignal -to­
i n terfe rence r a t io for q u i te gene ral 
s i tua t ions has been deve l oped ove r  the 
l a s t  se veral years as a pa rt of the 
spe ct rum e ng i neering t echn ique s deve l op ­
me nt effort . I t  ac cep t s  as input the 
spa t ial di s tr ibut ion of s ta t ions ( random 
or de term i n i s t ic ) ,  the t ime and f req ue ncy 
di s tr ibut ions of transmi s s ions , a nd the 
s t a t i s t ic al di s tr ibut ions of equi pme n t  
characte r i s t ic s ,  p r opaga t ion los s ,  a nd 
rad i o  noi se . 

CB rad ios are made by many di f fe rent 
manu fa cturers , a nd h ave d i ffe r ent s uscep ­
t ib i l i ty to intermod ula t ion interfe rence . 
The Proba b i l i ty d i s tr ibut ion of 
suscep t ib i l i ty was d e te rm i ned u s ing 
me as ureme n t s  made by the FCC 
la borato r i es . 

Mod el i ng a s s umpt ions ( de s c r ibed i n  more 
de t a il i n  NT IA Te ch n ic al Memo rand um 7 9 -
1 5 ) we re : 

a )  C B  rad i os o f  inte res t are 
d i s tr ibu ted r a nd oml y i ns ide a 
c i rc le of 2 0  kM . 

b )  

c )  

Use rs d i s tr ibute themse lve s  
un i fo rml y ove r the channel s .  

Co-cha nnel i n terfe rers have the 
same ch arac te r i s t ic s  as the 
wan ted trans mi t ter , but users 
of the new S SB ch annel s have 
ten t ime as much power on the 
ave r age . 
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Jammer Jammer Antenna Height 
Power (Meters ) 
(dBW) 

1 3 5 7 

Jammer-to-
Rece iver Distance 

(Kilometers)  

0 . 0 1  - 6 3  - 6 3  - 6 3  - 6 3  
0 . 0 5 - 5 6 - 57 - 5 8 - 58 
0 . 1 - 4 9 - 5 1 - 52 - 5 3 
0 . 5 - 4 1 -4 4  - 4 6 -4 8 
1 . 0 - 3 5 - 37  - 4 0 -4 2 
5 . 0  - 2 6  - 30 - 3 3  - 3 6  

1 0 . 0 - 17 - 2 2  - 2 6  -2 9  

F igure l - 17 .  Output format . 
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d )  

e )  

f )  

g )  

The channel p lan proposed by C B  
Magaz ine w a s  used . Th i s  plan-­
has 2 4  pairs of channe l s  
sepa rated b y  4 6 0  k H z , b u t  none 
sepa rated by 4 5 5  k H z .  

Ope ration i s  i n  typi cal u rban 
rad i o  noise . 

Al l 2 4  p a i r s  o f  channel s are 
contr ibut ing s i mu ltaneo u s l y  to 
intermod ula t ion inte rfere nce . 

SSB trans m i s s ions cause as much 
in te rmod ula t ion interfe rence as 
DS B tr ans m i s s ions . 

Ass umpt ions c ) ,  f ) ,  and g )  are v e ry c on­
se rvative , mak i ng the cal culated i n ter­
fe rence an u ppe r bound of that wh ich 
would actu a l l y  e x i s t .  

Re s u lts are prese nted i n  terms o f  the 
ope rational range , 0Rf ( l 7 ) ,  wh ich i s  the 
range at which the s i gnal -to - interf e rence 
ratio is 1 7  dB or greater on 1 0 0 %  of the 
attempted ca l ls . The ope rational range 
for three case s is shown in Table 1 - 2 . 
Case 1 i s  the ba sel i ne ca se wh1ch --­

inc l ude s only the present 4 0  channel s 
w i th no intermodulation interfe rence . I t  
is ass umed that two C B  rad ios a r e  trans ­
mit ti ng i n  the metropol i t an are a on eac h  
channel . One i s  the wanted trans m i tter 
and the other is an interferer . Many 
channe l s  in u rban areas wil l have more 
co-channel i n terfe rers than th i s .  The 
three col umns are the range at which the 
s i gnal -to- interfe rence ra t io i s  1 7  dB f o r  
5 0 % , 7 5 % , and 9 0 %  of the attempted calls . 

Table 1 - 2 . Ope ra tional rang e in 
p resent 4 0  channel s for three 
cases de s c r i bed i n  tex t .  

Case 1 
Case 2 
Case 3 

Ope rat ional rang e , km 

0 . 5  

5 . 0 6  
4 . 7 4 
3 . 8 4 

o .  7 5 

2 . 8 5  
2 . 7 4  
2 . 3 4  

0 . 9 0  

l .  5 9  
l .  5 5  
l .  3 7  

Case 2 i n c l ude s the 4 0  SSB -onl y channel s .  
The re are now twice as many users , w i th 
ha l f  o f  the m un i forml y di s tr ibuted in the 
new channel s .  The ope ratio nal range 
shewn is that for a DSB l i nk in one of 
the pres e n t 4 0  cha nnel s . Intermodu la t io n  
interference h a s  dec reased the med ian 
ope rational range by onl y 6 % ,  and the 9 0 %  
operat ional range by about 3 % .  Th i s  i s  a 
smal l p r i c e  to pay for dou bl i ng the 
number of use rs , and will probably be 
un not ic eable . 

Case 3 was an attempt to f i nd the thr esh­
old of a s i gn i f icant ef fect , and to te s t  
the se ns i t i v i ty of the res ults to the 
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mos t  unce rta i n  facto r ,  rece ive r s u sc ep t i­
bi l i ty to intermod u la t ion inte rf e rence . 
In Case 3 ,  the s uscep t ib i l i ty o f  
rece i ve rs to intermod u la t io n  inte rfe re nc e 
was inc re ased by 1 3  dB , to its va l ue fo r 
ch annel s sepa rated by 4 5 5  K H z .  For th i s  
impla u s i b le case , the med i an ope ratio nal 
rang e  i s  decreased by 2 5 % , a nd the 9 0 %  
ope rational rang e  by 1 4 % . 

Bec ause Case 2 represents an uppe r bound 
on the degrada t ion from i n termod u la t io n  
interf erence , w e  concl ude that 4 0  
addi t io nal SSB-onl y cha nnel s ad ded to the 
CB band w i l l  res u lt in le s s  than 1 0 % 
de crease in med i a n ope ratio nal rang e eve n 
i f  the nu mb e r  of u se rs i s  d ou b led . 

Propagation pred i c t ion capab i l i t i es 
deve l oped as a pa rt of the Air Nav ig a t ion 
Aids pr oj e ct are fr eq ue n tl y ut il i z ed to 
prov i de pred i c t io ns fo r ot her proj e ct s . 
One such pr oj ect is the Grou nd/A ir 
Propaga t io n  Pred i c t io n  proj ect i n  wh ich 
se rv i c e  cove rage pr ed 1 c t ions for a m i s­
s il e  command/d e s tr u ct tr ansmi tte r  were 
devel oped f o r  the Pac i f ic M i s s i le Te s t  
Cente r ( P MTC ) .  The se pred ict ions we re 
made w i th a prog ram IOCldi f i ed to ( 1 )  
approx imate the c i r cu la rly po la r i z ed 
trans m i t ter ante nna pa ttern and ( 2 )  
incl ude m i s s i l e rec e i v i ng antenna g a i n  
s ta t i s t ic s  fo r a rand om o r i e nta t io n  i n  
the ca l c u la t ion o f  s i gnal le ve l va r i­
abi l i ty .  F ig ure 1 - 1 8 i s  a sample of the 
pred i c t ions prov ided . I t  is app l i c ab le 
to the co- cha nnel i n terfe rence problem 
a s soci ated wi th the s imultaneou s ope r­
a t ion of tw o command/d e s tr u ct tr ans m i t­
ters and prov ides the de s i red -to­
unde s i red ( D/U ) signal rad i o ava i l ab le at 
the m i � s ile as a fun ct ion of unde s ired 
fac i l i ty- to-m i ss i l e  d i s tance . 

The Spe ctrum Anal ys i s  Suppo rt proj ect 
prov 1des s pe c i al anal ys e s ,  comput a t io ns , 
and me a s ureme nts in the d i rect s uppo rt of 
NTIA ' s  SMS pr og r am . Re c e ntl y,  the 
Ju s t ic e a nd  'l'r e as u ry Departme nts pur­
chased a larg e  nu mb e r  of d i g i tal ly­
e ncoded vo ice trans ce ive rs fo r the i r  la nd 
mo bi le rad i o  app l i c a t ions . The tr ans ­
ce ive rs prov ide se cure comm un ica tio ns 
l i nks fo r the i r  u se rs , bu t ,  be cau se of 
the mod u la t io n  me thods used by the tr a ns ­
ce ive rs , they may cau se interfe rence or 
be s us c ep t ible to interfe rence from othe r 
trans ce i ve rs in the land mo bi le ba nd . 
Tests were cond u ct ed at ITS to de term i ne 
the d i g i tal tr ans c e i ve rs ' pe rformance in 
interference e nv i ronme n ts . F ig ure 1 - 1 9  
shows a n  ex ample o f  the pe rformance---­

meas ureme nt res u l t s  w i th ar t ic u la t ion 
s core v e rs u s  the inp ut s ignal - to­
i n te rfere nce ratio . 

The CATV Rad i a t io n  Measu reme nts pr o j ect , 
unde r the spons ors h ip o f  the FCC, 
de ve l oped a se ns i t ive meas ur eme nt sys tem 
to measure levels of l e akage fr om CATV 
sys tems in the a irspa c e  ov e r  sele cted 
ci t i es . The proj e ct al so s upported 
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Figure 1-19 . P lot or articulation score versus s ignal-to-interference 
ratio with FM transmitter interfering with a d igital 
rece iver tuned 20 kHz be low the digital transmitter . The 
points repre sent measured data , and the solid l in e  
represents a least square s  fit to t h e  data . 



cons u lt i ng a nd adv i sory serv i c e s  to the 
FCC in the des ign of the me asurements and 
the analys i s  o f  the data . 

CATV s y s tems tend to le ak some rf e nerg y  
wh ich may then rad i a te , caus ing i n terfer­
e nce to users o f  the rad io spe ctrum. The 
FCC i n i t ia ted an ad v i sory comm i t tee 
composed of membe rs from the CATV 
commun i ty ,  the manu fac turers of c ab le 
equipment , s e ve ral Fede ral age nc i e s  
inc l ud i ng NT IA and the FAA , a s  wel l  a s  
o the r in teres ted p a r t i e s . Th i s  ad viso ry 
comm i t tee met seve ral t imes prov id i ng 
i nput to the FCC in a measureme n t  effort 
to de term i ne wha t l evel s  o f  r ad i a t io n  
m i g h t  ex i s t  a t  seve ral al t i tude s  above a 
variety of CATV sys tems . The CATV 
sys tems to be measured were ch osen so 
tha t both newl y i ns tal led s ys tems and 
olde r ,  poorl y ma i n ta ined s y s tems wou ld be 
tes ted . 

The ITS meas ureme nt sys tem cons i s ted of a 
nar row band rec e i ve r w i th a - 1 4 8 dBm 
tangent i al s e ns i t i vi ty a t  the 1 1 8  MHz 
tes t f reque ncy ; a computer c ontrol led 
dig i t i z e r  a nd real t ime anal yz e r ;  a nd a 
buffe red digi tal data rec o rde r .  A stable 
cw os c i l la to r  source was c onnec ted i n to 
the cable sys tem be i ng tes ted , and the 
leve l  ad j us ted to that of the c l os e s t  
ope r a t i ng v ideo carrier . The meas ureme n t  
sy s tem was ins t a l led i n  a FAA aircraf t  
and f lown over the tes t c i t i es i n  a g r id 
pa t te r n  a t  up to three al t i tude s .  The se 
d a ta were then reco rded and r e turned to 
ITS whe re the data were reduced i n to 
d i s tr ibution p lots o f  amp l i tude s .  

An i n te res t ing compa r i son of some of the 
output p lot s i s  shown in F igure 1 - 2 0 .  
Th i s  f i g ure shows the leve l s  me asured a t  
one o f  the c i t ies w i th the c w  o s c i l la to r  
bot h o n  and of f .  Th i s  c i ty i s  a rel a­
t i ve l y  sma l l  one away fr om a ny ma j o r  
me tropo l i tan area s . The s i gnal rec e i ved 
w i th the cw source off i s  due to ambi ent 
noi se i n  the area . Th i s  was me asured to 
have a mea n  level of - 1 3 2  dBm .  When the 
cw s ource was tu r ned on , the mean leve l 
i ncreased to - 1 1 2  dBm ,  i nd ic a t ing tha t 
the CATV s y s tem cau sed a 2 0  dB increase 
in in terfe rence i n  the a i r space . 
F igure 1 - 2 1  shows a se cond ci ty th a t  i s  
p a r t  o f  a m a j o r  me tropo l i tan area . I n  
th i s  c i ty ,  an amb i ent l e vel of - 1 17 dBm 
leve l  was me asured , and when the cw 
source was ene rg i z ed ,  the inc rease in 
mean leve l  was l e s s  tha n 0 , 4  dB . We can 
d raw the conc l us i ons tha t the c i ty of 
F igure 1 - 2 0  has 1 5  dB le s s  bac kgr ound 
r adia t ion-or noise in th i s  b a nd wid th than 
the c i ty of F i gure 1 - 2 1 ,  and the CATV 
sy s tem of F igure 1-2T:ls a mu ch be tter 
sys tem from the s t and po i n t  of l eakage . 

The se da ta and others were anal yzed and 
wil l be a pa rt of the fi nal report of the 
ad v i sory c ommi t tee . The se da ta w i l l  then 
be used by the FCC to de termine i f  any 
res tr ic t io n s  need to be p la c ed on the 

2 9  

ope r a t io n  of c ab le sy s tems in any o f  the 
f req ue ncy band s . 

One fa c e t  of the ope r a t io n  of the Un i ted 
S ta te s  Coas t Gua rd i s  the Automa ted 
Mutua l - a s s i s tance Ve s s e l  Res cue (AMVER) 
sys tem . In th i s  sy s tem , s h ips of many 
di f fe rent flags vo lun t a r i l y se nd regu lar 
rad io reports o f  the i r  pos i t io n , course , 
s pe ed , a nd s e a rch and res cue rel a ted 
capa b i l i t i es ( e . g . ,  i f  they have a doctor 
aboard ) .  The se data , rece ived at the 
various c ommun ic a t ion s ta t ions , a re 
s to red on a comput e r  a t  the AM VE R cente r 
on Gove rnor ' s  Is l a nd , New Yo rk . Then , i n  
the eve n t  of a n  eme rge ncy a t  se a ,  s uch as 
a d i sab led or s i nk i ng s h ip ,  an il l 
crewman or pa s se ng e r , or a pla ne down , 
these da t a  can be rap id ly r e tr i eved i n  
ord e r  to de termine wh ich s h ip s  are in the 
v i c i n i ty that can g ive a id to the 
s tr ic ke n  vessel or a ir c r af t .  Mos t of 
the se AMVER reports are hand led on the 
high-freq ue ncy ( HF ) mar i t ime ba nd s  us ing 
Mors e Code ( cw) or in some ca se s s i ng le­
s ideband ( S SB )  voice . 

The purpose of the San Juan/Kod i ak AMVER 
C ove rage Al te rnat ives-s tu dy was to exa=­
mine the commun lC a t lo n  coverage reg a rd i ng 
the AMVER rep o r t i ng i n  tw o ocean reg ions 
- one in the Atl a n t ic and the othe r in 
the Pac i f i c . More s pe c i f i c a l l y ,  t h i s  
s tudy a s se s sed the impa c t  o f  d ropp i ng the 
AMVER gua rd at San Juan , Pue r to Ric o , i n  
the Atl a n t ic area a nd  the g ua rd a t  
Kod i ak ,  Alaska , i n  the Pac i f ic area . 
Furthe r ,  a de te rm i n a t io n  was made of 
wh ich ad di t io n al f r eq ue ncy band s  must be 
g ua rded at othe r ,  ex i s t ing c ommun ic a t ion 
s t a t ions to m ake up the c overage l os s ,  i f  
any , due to droppi ng the above gua rds . 

Anal ys i s  fo r th i s  pr oblem wa s b a sed on a 
se r i es . of 4 6 9  a s s umed s h ip pos i t ions in 
the Atl a n t ic and Pac i f ic o ceans as s hown 
in F igures 1- 2 2  a nd 1 - 2 3 .  Pred ic t ions of 
communic a t io n  rel i ab 1 l 1 ty fr om e ach of 
the sho r e  s ta t ions to each of the ship 
l o ca t ions was made cons ide r i ng both s ig­
nal le ve l ·and noi se s ta t i s t ic s .  Char­
a c te r i s t ic s  of the tr ans m i t te rs , the i r  
antennas , and the ionos pheric trans ­
m i s s io n  med ium we re al s o  cons. ide red u s ing 
the ITS deve l oped s kywave pred i c t ion 
model known as HFMUFE S .  

Re s u l t s  o f  th i s  anal ys i s  prov ide maps and 
e s t ima te s  of the pe rcent of o cean area 
c ove red w i th at l e a s t  a rel i ab i l i ty of 
8 5 % . The se data led to the fo l lowing 
conc lus ions : 

A tl a n t ic Area 

• San Jua n c ontr ib utes 
sign i f ic a n tl y to the cover age 
of the Atl a n t ic ar ea . Th i s  
c ontr ibut ion i s  espe c i al l y 
important d ur i ng t ime s of l ow 
s o la r  ac t ivi ty a nd/or dur i ng 
the w i n te r . 
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• The mos t impo rtant freq ue nc i e s  
a t  S a n  J u a n  a r e  1 6  MH z dur i ng 
the day a nd 8 MH z a t  n igh t ;  
1 2  MH z c on tr ibutes ve ry l i ttle . 

• One alte rnat ive , i f  San Juan i s  
dropped , i s  the ad di t io n  of 
2 2  MH z dur i ng the day and 6 MH z 
a t  n i ght a t  Ports mouth . Th i s  
al te rna t i ve i s  as good o r  
be t te r  than San Juan except 
dur i ng t imes o f  l ow s o l a r  
ac t i v i ty i n  the day . 

• Anothe r al ternat ive to Sa n Juan 
is to u t i l i z e  M i ami . The 
highe r f req ue n c i es , 1 2  a nd 
1 6  MHz , are be s t  d ur i ng the day 
a nd the l ower f reque nc i e s , 6 
and 8 MHz , are be s t  a t  night , 
I t  may be suff i c i e n t  to use 
onl y 16 MH z in the day a nd 6 
MH z a t  night . Th i s  c ove rage 
may be inadequa te dur ing t ime s 
o f  h igh sola r ac i t ivi ty , i n  
which c a se two f r eq ue nc i e s  
c ould be used . 

Pa c i f i c Area 

• Kod i ak i s  a very i ns ign i f i c ant 
c ontr ibuto r to the c overage of 
the Pac i f i c  area . The fre­
que nc i e s  c urrent l y  i n  u se at 
San Franc i sc o  and Ho nol u lu do 
an excel lent j ob of c ove r i ng 
the Pac i f i c area . 

The Power L i ne Ca r r i e r  I n terfe rence 
p r o j e c t  seeks to de term1ne the ex tent to 
wh ich radio s i gn al s in tent ional l y  trans ­
m i t ted a l ong h i gh-vo l t age powe r li nes can 
interfere w i t h the prope r ope r a t io n  of 
automa t ic d i rec t ion f i nd e r  ( ADF ) rad i o  
compa sses used for ae ronau t ic a l  naviga­
t ion . Car r i e r  current sys tems are w ide l y  
used b y  power compa n i es f o r  c ommun ica­
t ions us i ng s i gnal s truct ures va rying 
from s i ngle pu lses for fau l t  d e te c t ion to 
FSK mod ula t io n  for remo te me te r i ng and 
contr o l . SSB vo i c e  i s  o f ten u sed for 
commun i c a t ions . The re is  a tr end for 
s ome ut il i t i es to u se higher powe rs fo r 
the ir powe r l i ne ca r r i e r  sys tems so tha t 
h ighe r freq ue ncies c a n  be used ov e r  
g r eate r  di s tances . ADF rad io compa s se s  
o pe rate in the same freq ue ncy band . 

The e f f e c t s  o f  PL C rad i a t io n  on the ADF 
r ad io c ompa s s  sys tems are not wel l known . 
In fac t ,  the degree to wh ich PLC s ign al s 
r a d i a te i s  not wel l known . Some of the 
observed ADF errors have be e n  correc t l y  
a t tr ib uted to P L C  rad i a t io n ;  the re have 
been some not able examples in Europe . 
The n , too , s ome of the obse rved ADF 
e rrors tha t have be en a t tr ib uted to PLC 
rad i a t ion may , in fa c t , have bee n  caused 
by re-rad i a t ion of the be acon s i gnal by 
the nearby power l i nes , Due to the above 
f a c tors and unknowns , the Fede ral 
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Av i a t io n  Adm i n i s tr a t io n  in i t i a ted t h i s  
s tudy a t  the In s t i tute to he l p  answe r ,  a t  
l e a s t ,  t he fo l l owi ng q ue s t io n : D o  the 
powe r li ne ca r r i e r  sys tems r ad i a te suf­
f i c i ent ene rg y  to p rod uce s ign i f i cant 
rad i o  c ompa s s  e rrors ? 

Early r e s u l t s  of the ITS s tudy e s tab­
l i shed that powe r li ne car r i e r  rad i a t ion 
is not eas i l y  pr ed i c t ab le and , as a 
cons eque nce , a measurement ef fort was 
ins t i tuted . The PLC rad i a t io n  mea sure­
me nts w i l l  be made u s i ng an FAA f l i ght 
inspe c t ion a irc raft . The a ir c r af t w i l l  
be eq ui pped w i th a spe ctrum a n al yze r/data 
record i ng s ys tem to make the requi red 
s i gnal leve l me as urements . The a irc raf t 
and da t a  sy s tem a re be i ng s uppl i ed by th� 
Na t ional Av i a t io n  Fac i l i t i es Ex pe r ime n tal 
Cente r of the FAA. The meas urements w i l l 
be made ov e r  power li nes of the Te nnes see 
Val ley Autho r i ty (TVA ) . Seve ral li nes 
have be e n  chos e n , repres e n t ing a v a r i e ty 
of l i ne l e ng t hs , s ubs t a t io n  canplex i ty ,  
PLC coupl i ng me thods , e tc .  The se PLC 
rad i a t io n  measureme nts are be i ng f l own as 
of th i s  wr i t ing . The measur eme nt pr og r am 
i nc lude s c al i b r a t io n  of the a irborne 
rec e i ving s y s tem u s i ng caref u l ly se l e cted 
non-d i r ec t io nal be ac ons in Tex a s  and 
Ok lahoma . Sus c ep t ib i l i ty me asureme n ts of 
ADF rec e i ve rs wi l l  al s o  be made a t  the 
FAA Ae ronau t ic al Cente r in Oklahoma C i ty .  
Typ i c a l  res u l t s  of the me asurements are 
shown in F igure 1 - 2 4 .  Fur the r  work i s  
pla nned to asse s s  the ov e ral l ef fe c t s  o f  
powe r l i ne ca r r i e r  sys tems on ADF re­
ce ive rs based on the res u l t s  ac qui red s o  
f a r . 

S pe c t rum e ng i neering i s  al s o  ac compl i shed 
through a se r i es of pr oj e c t s  wh ich pro­
vide cons u l t i ng s e rvices to othe r 
age nc i e s o f  gove rnment . The u . s .  Coa s t  
Gua rd Cons u l t i ng proj ect prov ides " qu1 ck 
reac t io n "  propaga t ion pred i c t io ns and 
short-term s tudies as needed by the Coa s t  
Guard i n  the ope ra t io n  of the i r  la rge 
network of MF and HF commun ic a t ion 
sys tems . I n  ad di t ion , four-t imes-a-year 
propaga t io n  pred i c t ions are supplied to 
s uppo rt · the AM VER ( A utoma ted Mu tua l ­
a s s i s tance VEsse l  Re scue ) sy s tem . These 
pe r iod i c  p r ed i c t ions are d i s tr ibuted to 
the many AMVER pa rt ic ipa nts to a id them 
i n  ch o os i ng the be s t  fr eq ue ncy a nd Coa s t  
Gua rd c ommun ic a t io n  s t a t io n  w i th wh ic h to 
l og  the i r  AM VER rep o rts . 

Mos t of the " q ui ck r e ac t io n "  propaga t ion 
pred i c t ions are reque s ted by a nd p r ov ided 
to the commun i c a t ion s ta t ions d i r ec t l y .  
As one ex ample , t h i s  l a s t  y e a r  pred i c­
t ions for ci r cu i t s  b e tween San Franc i s c o  
and Borneo were supplied to the San 
Franc i sc o  c ommun ic a t ion s ta t io n , 

FAA/Te chn i c al Support in Propaga t ion a nd  
S pe c t ral Eng i neering prov 1 des c o ns u lt ing 
ac t 1 v 1 ty 1 n  suppo rt of the Spe ctrum 
Manageme n t  s taf f of the Fede ral Av i a t ion 
Adm i n i s tr a t ion . The pr imary o bj e c t ive i s  
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i s  to p rov ide techn ical s upport on a 
q u i c k-respons e bas i s  to que s t ions that 
may be relevant to the FAA in the World 
Adm i n i s tr a tive Rad i o  Confe rence (WARC ) 
proceed i ng s .  

The Canal Zone RF I Survey proj e c t  
req u i r ed an on- s i te v i s i t  t o  the Canal 
Zone for the Panama Canal Company fo r the 
selec t ion of a weathe r rad a r  s i te from 1 5  
pos s ib le cand ida tes . 

A l e t ter report was prepa red a nd s u bm i t­
ted f o r  a comprom i se s i te tha t was the 
mos t  l og ic a l  and p rac t ic a l  cho i c e . 
Rec ommendat ions were al s o  m ade fo r 
ad d i t ional f i l te r ing i n  the radar trans ­
mi tter and the reu se of mic rowave rad i o  
f reque n c i e s  f rom the Atlan t i c  s ide o f  the 
commun i c a t ion/control l i nk .  

Consu l t a t i ve serv ices were p r ov i ded to 
the Nat ional Wea the r Se rvice of NOAA on 
p roblems rela ted to Wea the r Rada r  
I n terfe rence Surveys . 

-----

An on- s i te v i s i t  was made to the AFOS 
comput e r  sys tem a t  the M i nne apol i s ,  
Minne s ot a , wea the r serv i c e  of f i c e  to 
inves t i ga te and s o lve problems o f  the 
computer sy s tem. 

Techn ical a s s i s tance was prov ided t o  
KXMC-TV Channel 1 3 ,  Minot , North Dakot a , 
f o r  an i n terference problem c au sed by 
S-band rad a r . 

SECT I ON 1 . 3 .  ADVANCED INSTRUMENTATION AN D 
SPECTRUM MEASUREME NTS 

Ne ed s for more real i s t i c  es t i mates of how 
the spectrum is real l y  used ge nerate 
requi rements for ins trumen t a t io n  that i s  
more ac curate , f a s ter , and mor e  econom i ­
ca l .  In s ome ca ses , the requi rement i s  
for new t ypes o f  measu rement and , t o  an 
increas i ng degree , large qua n t i t ies of 
data are req u i red to al low r a t io n al s t a­
t i s t ic a l  ana l ys i s  of characte r i s t ic s  tha t 
vary w ide l y .  I n  such c a se s , the re i s  an 
urgent need for da t a  reco rded in d i g i tal 
form so th a t  computer anal ys i s  i s  
pos s i ble . I n  th i s  se c t ion , w e  de s c r ibe 
seve ral k i nd s of ins trumenta t ion that 
share comput e r  control and d i g i tal 
record ing a s  c ommon fe a tures . The f i rs t  
group o f  i n s t ruments prov ide powe rf u l , 
c omputer-control led capa b i l i t i es mounted 
in ve h i c l e s  for a v a r i e ty of s pe c i al 
use s . 

The sec ond approach to ins trume n ta t ion 
p r ovides a smal l pac kage that i s  ve ry 
portable , ope rates w i th a w ide range of 
e x i s t i ng equipment , and i s  rel a t ive l y  low 
c os t .  

Pe rhap s the spec trum i ns trume n ta t io n  
development w i th the longe s t h i s to r y  a t  
I T S  i s  the Radio Spe c trum Me asurement 
Sys tem ( RSMS ) ( F ig ure 1 - 2 5 ) ,  
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Th i s  year marks the end of the f i rs t  s ix 
ye ars of ope ra t ion of the RSMS , a sy s tem 
f u l l y  ded i ca ted to ga the r i ng me asurements 
of the rad i o  env i ronme n t  fo r f r eq ue n cy 
ma nageme nt purpose s .  

In that t ime , the RSMS ha s c o n t i nued to 
s urvey ge n e ral f r eq ue ncy usage i n  many 
pa rts of the Un i ted States , a s  we l l  as to 
part i c i pa te in measurements a imed a t  
so lv i ng a pa rt icula r problem . Complete 
u sage surveys have be en comple ted i n  
seve n la rge me tr opoli tan areas . These 
s urveys i n c l ude me asureme nts in ab out a 
dozen g overnme nt mobi le and rad a r  ba nds 
be tween 30 MH z a nd 12 GH z .  

I n  a typ i c a l  ope r a t ion , the RSM S w i l l  
park a t  a se lected me as urement s i te 
( u s ua l l y  a h il l ove rlook i ng mos t  of the 

metropo l i tan area ) mak i ng me as urements of 
one band a t  a t ime . When al l of the 
band s have be e n  s u f f i c i e nt l y  me asured , 
the RSMS w i l l  le ave the s i te and move to 
anot h e r  measurement l o ca t io n . I n  some 
ca se s , the earl i e r  measureme nt w i l l  h ave 
ide n t i f ied s ome tr ans m i t ters wh ich w i l l  
be measured i n  more de t a il b y  mo v i ng the 
RSMS c l os e  by a nd condu ct i ng c oord i n a ted 
me a s urements w i th the contr o l l i ng age ncy . 
By the t ime tha t measureme nts in a ty p­
ical area are f i n i shed , a to t al of ab ou t 
1 0 0  mil l i o n  me asureme nts have be e n  made 
and p r oces sed i n to report read y  gr ap h s  
and li s ting s . 

The magn i tude of the j o b de s c r ibed above 
would c le a r l y  n ot be pr ac t ical w i th 
manual l y-ope r a ted me as ur eme nt eq ui pme n t . 
The RSMS w a s  des igned f rom the s tart as a 
comput e r- c ontrol led me asur eme nt sys tem . 
Prog r ams w r i t ten in BASI C contr o l  a 
gene ral - purpose spe ctrum a nal y z e r  sys tem 
( F igure 1 - 2 6 ) .  Freque ncies between 
1 0 0  kHz a nd 18 GH z can be tuned w i th syn­
the s i z e r  ac curac y .  Measureme nt band ­
w id ths b e tween 1 0  H z  a nd 3 MH z can be 
employed , a l ong w i th pe ak de tec t ion or 
v ideo i n teg r a t ing , to tailor the sy s tem 
to the pa r t i c u l a r  measurement requi re­
me n t s . In ce rta in mobi le rad io band s ,  a 
spe c i al -purpose commun icat ion measureme nt 
rece ive r  ( CMR ) prov ides ve ry w ide dynamic 
range and rec tang u la r ba ndpa s s  charac t e r­
i s t ic s  wh ich are more sui ted to the 
me as ureme n t  of c h annel i z ed commun ic a t ion 
ba nd s . S pe c i al i z ed eq ui pment is al s o  
ava il a b le fo r radar meas urements , 
i n c l ud i ng au toma t ic di rect ion- f i nd i ng and 
pulse so rt i ng t echn ique s . These 
techn iques pe rm i t  more id eal me asureme nt 
of a s i ng le rad a r  by i so la t ing i t  fr om 
other radars shar i ng the same spe ctrum. 
The who le sy s tem i s  des igned to cal i b rate 
i t se l f  and to automa t ic al l y  add 
appr op r i a te cal i b r a t ion fac t o rs to the 
me as ureme nts as the measureme nt are be ing 
made . I n terac t ive g rap hics d i s plays 
al l o w  the ope r a to r  to more eas il y fo l l ow 
the course of the me asu rement , a nd 
nume r ous c ontrols al l ow the ope rato r  



Fig ure 1- 2 5 .  Radio Spectrum Measurement Sys tem ( RSMS ) . 
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the threat rada rs do not include rece iv­
ers which c ould be used to measure and 
e val uate the ai rborne EC M respons e s . 
Instead , the AN/MSR-T l i s  ut i l i z ed to 
de termine the ope rat ional capab i l i ty of 
the ECM sys tems and p rov ide maintenance 
pe rsonnel w i th rel i ab le and s u f f i c ient 
data to ide n t ify mal func t ioning equip­
ment . 

The p rog ram was s tar ted i n  Feb ruary 1 9 7 6 .  
The multip le rec e i ve r  de s i gn was comp le­
ted i n  May 1 9 7 7  af ter ex t ens ive tes t ing 
of new technolog i e s  for rec e i ve rs ( w i de­
band 0 . 5 - 1 8 GH z tuners w i t h 5 0 0  MH z IF 
bandwid ths ) and s i gnal proce s s o rs 
( 5 0 0  MHz ba ndwidth B ragg ce l l  op tical 
techniques w i th 1 MH z f reque ncy resolu­
t ion ) wh ich were cons id e red e s s e n t i al 
req ui rements for the f i rs t preproduction 
AN/MSR-T l .  Procureme n t  was i n i t i a ted and 
de l i ve ry of al l h a rdware was c omple ted i n  
July 1 9 7 8 .  I n teg r a t ion w a s  c omple ted in 
Augus t 1 9 7 8 ,  and ex tens ive tes ting is now 
unde rway at the USAF/SAC Strateg ic Tr a i n­
i ng Range ( STR ) in La Junta , Colorado . 

The ope rat ional f r equency r ange . of the 
AN /MSR-Tl i s  . 5- 1 8  GH z .  The sys tem con­
s i s ts of four 0 . 5 - 18 GH z rf tu ners ( one 
w i th a 5 0 0  MHz IF ba ndwidth and three 
w i th a 20 MHz IF ba ndwidth ) ,  a spe c t rum 
analyzer · re ce ive r  ( 3  MHz band-width ) ,  
appropri ate demod ula t ions , s i gnal proces­
s i ng un i ts ( I ns tantaneous Four i e r  Tr ans ­
form opt ical proce s sor , mic roproce s sors , 
computers , special funct ion hardwired 
un i t s ) ,  and data/d i sp lay/s to rage u n i ts . 
A l l  h a rdware i s  conf i gured i n  a se lf­
prope l l ed ve h i c le w i th non-d i rect ional 
and d i rect ional antennas mo un ted on the 
veh i c le roof . The az imut h and eleva t ion 
pos i t ion of the d i re c t ional ante nnas are 
comput e r  control led us ing s l aved trac k i ng 
command s from a local thr e a t  IFF target 
trac king system.  

The sys tem is f u l l y  au toma ted and con­
t a ins extens ive so f tware fo r command and 
control of al l u n i t s  and me asurement/ 
anal ys i s  rou t i nes . ECM eq ui pped air­
c raf t ,  upon entry i n to the range de s ig­
na ted a i r space , are su bj ected to va r ious 
real i s t ic threats wh ich are to be coun­
te red by spe c i f i c  s i gnal s that are 
generated to j am or de c e i ve the thre at ' s  
rece ive r  and ope rator . S i nce the thr eats 
do not have rec e i ve rs the AN/MSR-Tl i s  
emp loyed t o  rece ive and anal yze the 
a irborne res pons e . The EC M s i gnal s are 
eva lua ted by prec i se meas urements of the 
t ime of response , f requency of response , 
and a l l  s i gnal characte r i s t ic s . The 
threat emiss ions and the i r  effect ive 
counte rmeasure s i gna l s  are c la s s i f ied , 
but involve pu lsed wave f orm pa t terns 
w h ich produce range g a te pu l l-off and 
ve l oc i ty ga te pu l l-off targe t decept ion 
te chn ique s as wel l as ba rr age and spot 
noi se j amm ing modes . A i rborne EC M 
sys tems are e i ther ma nu al o r  automa t ic , 
depend ing on the a i rcraf t ' s  conf igur-

3 8  

a t ion . Data i s  output to the a ir c r af t ' s  
home ba se fo r a irc rew t r a i n i ng prof ic i e n­
cy r a t i ng s  and ide n t i f i c a t io n  of mal fun c­
t io n i ng a i rborne ECM eq uipme nt . 

A i r  Force ac ceptance te s t i ng was c om­
p l e ted in Feb ruary 19 7 9  a nd was fo l l owed 
by e x te ns ive user ( SAC and TA C )  Ope ra­
t ional Te s t  and Ev alua t io n  (OT& E )  wh ich 
i s  sched uled for comple t ion i n  Sep tembe r 
1 9 7 9 .  De s i gn ch anges and de f i c i encies 
w i l l  be id e n t i f ied so that pr oduct ion 
spe c i f i c a t ions can be pr epared to ac qui re 
s imil a r  u n i t s  fo r EW range dep l oyment in 
ear l y  1 9 8 0 . 

A second de r i va t ive of the RSM S de ve l op­
me nt , t he Air Force ( TA C ) S ignal An alys i s  
Sys tem , i s  b e i ng deve l oped f o r  the 
Tactic a l  Air Comma nd , T ac t ic al F ig h t e r  
Weapons Center Ra nge Group ( TFWC RG ) , 
Ne l l i s  AFB,  Nevada . The sy s tem i s  to 
p r ov ide an interim e l e c t r o n ic warfare 
( EW )  S i gnal Anal ys i s  Sys tem ( SA S )  capa­

bi l i ty un t il p r oduct ion un i t s  of the 
AN /MSR-Tl become ava il ab le in the 1 9 82 
t i me fr ame . The inte rim SAS de s ign i s  
based u pon port ions o f  the AN/MS R-T l .  

A l t hough the TA C/ SAS de s i gn i s  s i m i l a r  to 
the AN /MSR-T l ,  i t  w i l l  be dep l oyed f o r  
d i ffe rent app l i c a t ions in el e c t r o n ic 
warf are te s t  and exe rci se eva l ua t ion . 
I t s  pr imary appli c a t io n  i s  t he eva l ua t ion 
of Electronic Counterme asures ( ECM ) em i s­
s i ons from a i rborne f i g h te r  p la t fo rms 
when s t imula ted by wide l y  spa ced ( seve ral 
k i l ome ters ) ground-based acqui s i t ion and 
t r ac k i ng radars . 

The sys tem i s  fully automa ted and i s  
des igned t o  cover the freq ue ncy r a nge 
5 0 0  kHz to 1 8  GH z ,  a nd cons i s t s  of anten­
n a s , rece ive rs , comput e rs ,  s ignal proces­
s o rs , da ta d i splay I s  to rage un i t s ,  and 
s u ppo rt eq uipment . I t  i s  ho u sed i n  a 
se l f -contained , s el f-prop e l led ve h ic le 
w i th inte rnal powe r sources fo r remo t e  
ope r a t ion . The ante nna sy s tem i n c lude s 
an el e c t ro-op t ic al t e l ev i s ion tr acke r 
sys tem to prov ide automa t ic trac k i ng of a 
targe t a ir c raf t a t  a range of 2 0- 2 5  nau­
t ic al m i l e s . The r ece ive r s ubsys tem con­
t a ins tw o rec e ive r se ts . One i s  a 
w ideba nd tuner cove r i ng t he range 5 0 0  MH z  
t o  1 8  GH z wi th a 5 0 0  MH z I F  ba nd width and 
t he se cond i s  a spe ctrum a nal y z e r  rece iv­
e r  cov e r ing t he range 5 0  k H z  to 18 GH z .  
The w ideband tun e r  w orks w i t h a n  IFT 
op t i c a l  p roce s s o r  that has a 5 0 0  MH z  
ins t antaneous band width and f reque ncy 
resolut ion of 1 MH z .  I t s purpose is to 
s can or mon i to r  al l f r eque ncy band s  o f  
interes t to de tect ons e t  t ime s of tr ans ­
m i s s ions which are to be measur ed . A 
read-out i s  obta ined i nd i c a t i ng a c t ivi ty 
and f r eq ue ncy fo r hand-off to the spe c­
tr um a nal yzer rece ive r  for de ta il ed 
s i gn al p roce s s i ng of the de t e c t ed 
emi s s io ns . 



to v ar y  the measureme nt s  ac c ord ing t o  a 
real - t ime meas urement res ult s . 

As an e x amp le of the uti l i ty o f  c omputer­
controlled s y s tems to me asure spe c t rum 
usage , cons i�er the measureme n t  o f  mo bile 
rad io channel usage . The RSMS ( a )  tu nes 
prec i s e l y  t o  a g i ven channel center f r e­
que n c y ;  ( b )  makes a burs t o f  4 0  me asure­
me nts and p rocesse s them to el im ina te any 
impuls ive noise ; ( c )  use s various 
cal ibra tion fac tors to c onve r t  the 
digi tal da t a  to ab solut e  power u n i t s  o f  
dBm ; ( d )  compa res the fi nal s i ng le val ue 
to a measureme nt threshold to de te rmine 
whe the r the s i gnal is sys tem noise or a 
real s i gnal ; ( e )  upda tes s t a t i s t ic s  fo r 
tha t channe l , s howing the pe rcent o f  t ime 
the channel i s  in use , the ave rage si gnal 
level , and t he max imum s i gnal leve l ; a nd 
( f )  de termines and tunes to the nex t 
channel to r epe a t  the proce s s . A t  the 
same t ime , anothe r  part of the sys tem i s  
tes t ing f o r  any ve ry large s i gnal s in the 
band wh ich c ould cau se intermod ula t ion ; 
the data j u s t  measured wil l be sui tab l y  
ignored i f  i t  could be contaminated . The 
aforemen t ioned measu reme n t  c y c le requi res 
only about 8 mil l i se cond s , a l l owing about 
1 2 5  channe l s  to be meas ured in a se cond . 
A t  the end o f  an ho ur , the ac cumula t ed 
s t a t i s t i c s  w i l l  be w r itten to magn e t ic 
tape and the proce s s  wil l cont inue . T h i s  
a l l ows a s  many as 1 0  million measureme n ts 
to be made o n  the cha nne l s  in a band in 
one day , wh ich makes it feas ib le to 
measure ch annel u sage in a s ta t is tical l y  
s i gn ificant manne r . 

In the pa s t  year , the RSMS was used t o  
make meas urements i n  De troi t ,  MI ; 
B u f fa l o , NY ; Mal one , NY ; and Bos to n , MA .  
The me asureme nts mad e in the f i rs t thr e e  
c i t ies we re made pa rtly t o  le a rn how t he 
Canad ian al l oca t ion p o l i c i e s  ( d i f fe re nt 
from t hose o f  the U . S . ) a f f e c t  band u sage 
in the bord e r  areas . The Bos ton me asure­
ments included measu reme n t s  on a numb e r  
o f  the interes t i ng radars in the Bos to n 
area . 

The report on u s age in the Washing ton , 
DC , area was f i n i s hed in FY 7 9 ,  a l t hough 
the measurements were f i n i s hed near the 
end of FY 7 8 .  In an ef fort to make it 
eas ier to in terpret the s i gn i f i cance of 
the measu reme nts as wel l as to di s c ov e r 
more e f f i c i e n t  me asurement s tr a tegies , 
add i t ional analys i s  was performed to help 
define the area of c overage f r om the RSMS 
measurement s i te . Freque ncy l i s t i ngs for 
trans m i t te r s  w i thin 5 0  miles of the 
Was hing ton , DC , s i te were processed t o  
g i ve the med ian trans m i t ter power antenna 
gain , and an tenna height fo r f i xed s t a­
t ions and f o r  mo bile un i ts in e ach 
freque ncy band . Propaga tion to the RSMS 
measureme n t s i te was cal cula ted u s ing an 
I T S  developed t e rra in-depe nd e n t  propaga­
t ion mode l al ong 1 2  rad i al s .  In some 
case s , i t  w a s  neces sary to 11 s mooth 11 t he 
res u l t s  along a rad i al to ge t a s i ng le 
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poin t ,  be yond which a m a j o r i ty o f  the 
l o ca t ions di d not propagate enough s ignal 
to be rec e i ved by the RSMS . The res u l t s  
o f  this anal ys i s  were plot ted on a map o f  
the Wash ing ton , DC , area ( F igur e  1 - 2 7 ) .  
Seve ral contours w e re drawn : 1 )  dotted 
li nes s ho w  the area w i thin which a 
typ ical ba se s t a t io n  w ould be measured by 
the RSMS dur ing a t  l e as t 9 0 % . of the t ime 
i t  ac tual l y  t r ans mi t ted , 2 )  ·solid l ines 
show wh e r e  a typical base s ta tion 
wou ld be se e n  at l e as t  5 0 %  of the t ime , 
and 3 )  heavy dashed lines show where a typ­
ical mobi l e  transmitte r  would be rece ived 
at least hal f o f  the t ime . We have a l so 
p l ot ted the pos i t ions of base s t a tio n  
transmi t te rs ass igned t o  t h i s  band on the 
map , wh ic h s ho ws tha t mos t of the tr ans ­
mi t ters are wi t h i n the areas o f  bes t 
c ov e r age . T h i s  me ans tha t the typical 
ba se s ta tio n  c ov e rage is eve n  be t te r  than 
the geograp h ic cov e rage . Cove rage to 
mobi le un i t s  i s  l e s s  c e rt a i n , but one 
would need much mo r e  da t a  than i s  l i kel y 
to be ava ilable to answer que s t ions of 
this ki nd . 

The res u l t s  o f  this anal ys i s  were used to 
conf irm that c ove rage of the Wash ing ton , 
DC , area could be e f f ectiv e ly achieved 
f r om a si ng le wel l-cho s e n  measur eme n t  
s i te . Previous measureme n t s  had be e n  
made from three s i t e s  to assure rel iab le 
cov e rage of the area . T h i s  anal ys is is 
now be ing p e r f o rmed on al l ge neral 
me asu reme n t  s i te s , a l l owing s e l e c t io n  the 
mos t ef f i c i e n t measureme nt l o ca t ion . 

S everal la rg e - scal e , comput e r- c o ntrol led 
rec e iving s y s tem de ve l opme n ts have evol­
ved f r om t he RSMS expe rience . The Air 
Force Mu l t ip le Re c e ive r Sys tem ( AN/MSR­
Tl ) is one such sy s tem , deve l oped f o r  the 
Air For ce Sys tems C omma nd . The pr oj ect 
involves the de ve l opme nt ,  acqui s i t io n , 
integ r a t io n , a nd t e s t ing of a firs t 
art ic le prep r oduction mu l t iple rec e ive r 
sys tem , de s i gna ted the AN/MS R-T l .  T he 
sys tem i s  b e ing a cqui red to me e t  the 
el e c t ronic warf a re ( EW )  tr ain ing and 
t e s t i ng requi r eme n ts o f  the Air Force . 
The purpos e of the AN/MS R-T l i s  to 
p rov ide measu reme n t s  fo r evalua t ing the 
ope r ational p e r f o rmance of ground-ba sed 
thr e a t  rad a r  sys tems and the respons e of 
au tomatic and ma nual airborne el e c tronic 
coun t e rmeasur e  ( ECM ) sys tems . 

EW tra ining e xe r cise s are condu cted at 
Air Fo rce rang e s  eq uipped w i th mu lt ip le 
thr e a t  sy s tems wh ich are di rected a t  air­
c raf t wh ich come w i t h in operat ing range . 
The radar thr e a t s  em i t  simulta neou s 
signal s a t  d i f fe rent freq ue ncies in the 
range of 0 . 5  to 1 8  GH z .  The air c r af t  
eq uipped wi th multip le ECM em i t ters , 
respond s  to each thr e a t  emi ssion w i th a 
signal contai n ing noise or complex 
mod ula t io n  wave forms des igned to 
inh ib i t /deg rad e /d e c e ive the targ e t  acqui ­
s i t ion/tr ac k i ng capab i l i ty of the thr e a t  
radar rec e i ve r . Due to cos t l i m i t a t ions , 
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The sy s tem h a s  b e en comple ted and 
e x tens ive t e s t i ng i s  unde rway a t  the 
Ne l l i s  AFB EW range complex near Tonopha , 
NV . Tes t s  are to be comple ted i n  
Septembe r 1 9 7 9 when the sys tem wi l l  be 
tu rned ove r  to range ope ra·t ions for 
mo nitoring EW trai n ing a c t ivi t i es . 

A th ird l a rg e  scal e , comput er�control led 
ins trume n t a t io n  sys tem has b e e n  und e r  
developme n t  for the u.s. Army C ommun ic a­
t ions Elec t r o n i c s  Eng ine e r i ng 
Ins tal l a t io n  Ag e ncy . The Tr ans portab l e  
Automa ted E l e c t r omagne t ic Measureme n t  
Sys tem ( TAEMS ) prog ram has b e e n  s uppo rted 
by a numb e r  of ITS pro j e c t s  in FY 7 9 .  
The App l i ca t ions So f tware proj e c t  
provides s o f tware to ope rate the TAEMS . 
Prog rams d e ve l oped can be divided into 
f our ca tegor ies : 

1 .  a g e ne ral s canni ng prog r am , 

2 .  haz ard s  s c e nario p rog r ams , 

3 .  s a te l l i te s ce nario p rog r ams , 
and 

4 .  u t i l i ty prog r ams and 
s ubrout ines . 

The g e ne ral s canning prog r am a l lows the 
operato rs to se t the eq uipme n t , ba s ic al l y  
a , l  kHz t o  4 0  GHz spe c t rum a n al yze r ,  t o  
the de s i red me asur eme nt pa rame te rs . They 
may the n  make a varie ty o f  me asureme nts 
using a l so a v a r i e ty o f  scan op t ions . 
The meas ured da ta are p l o t t ed on the 
g r ap h i c s  C RT . A certain amount of anal y­
i s ,  s u ch as smooth ing , ba ndwidth measure­
men t , and c e n t e r  f reque ncy me asu r eme n t , 
is availab l e . Th is prog r am i s  des igned 
to be app l i cable to many s i tua t ions and 
by i t se l f  c a n  g i ve an ope r a to r  a v e ry 
comple te idea of wh a t  is happen ing in the 
entire radio s pe c trum . 

Howeve r , f o r  spe c i f i c  app l i ca t ions , s pe ­
c i a l  p rog rams mus t be used . O n e  o f  the se 
is the h a z ard s s c e nario . The obj e c t ive 
of t h i s  s ce nario is to measure , record , 
and anal yze the e l e c t romagne t ic 
environme n t  in the v i c i n i ty o f  o rdnance 
and a r t i l l e ry s i tes . Ve ry s tr ong s ignal s 
which are p o t e n t i al l y  haz ardous to the 
s i te are of prime interes t .  The entire 
spe c t rum f r om 1 0  kHz t o  18 GH z is scanned 
repe ated l y  w i t h  the res u l t s  recorded on 
mag n e t ic tape . Spe c i al p r og r ams me asure 
both on-s ite radars and on- s i te commun i­
c a t io ns radi os , as these are l i k e l y  to 
pres e n t  high Rf l e ve l s  because of the ir 
prox imi ty . A se t o f  anal ys i s  prog r ams 
de termines if the e nvi ronme n t  me asured 
does o r  doe s not c ons t i tute a pot e n t i al 
haz ard . Va rious o the r u t i l i ty a nd da ta 
pres e nt a t io n  p r og r ams are al s o  p r ov i ded 
as pa r t  of the s c e nario p rog r ams . 

Anot he r spe c i f i c  app l i ca t io n  is hand led 
by the s a te l l i te sce nario p rog rams • .  The 
environme n t  around ac tual or p o t e n t ial 
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s a te l l i t e  earth termi nal s i s  measured and 
an al yzed to de termine if interf e r ing s ig­
nal s  to the s a t el li te commun ic a t io n  ex i s t. 
Bas ical l y ,  t h i s  is ac comp l i s hed by 
me asur ing t he a rea near the satel l i t e  
te rmi nal l o ca t ion a t  high se ns i t iv i ty 
leve l s . The area measur ed is the area 
from wh ich s ignal s may be rece ived on the 
ma in beam of the e arth termi nal antenna . 
Also , t he area fr om wh ic h signal s may be 
rece ived on a side - l obe of the earth 
terminal antenna is measured a t  a lowe r 
sens itiv i ty . T h i s  is pe rmis sible be cause 
of the re j e c t io n  the antenna pr ov ide s to 
s ide lobe recep t ion . Both of the se pro­
gr ams record al l s ignal s me asured wh ich 
are s trong e nough to be po t e n t i al inter­
f e r e rs . Ag a i n , a se t of anal ys i s pro­
gr ams is ava ilab l e . The culmination of 
the anal ys i s  o c curs when the various 
me asu red s ignal s are processed through a 
mode l of the earth terminal rec e i ve r . 
Th i s  mode l de termines wh e the r the s ignal s 
w i l l  actual l y  cause interfe rence . I f  
inte rfe rence does o c cur , a g ua rd ba nd 
a round the interfe rence fr eq ue ncy i s  
c a l c u la ted . 

The fourth c a tegory o f  app l i c a t ion so f t­
ware - u t il i t i es - p r ov ides a se t of 
pr og r ams and s ubrou t ines an ope rato r  may 
f i nd u se f u l on di f fe re nt type s of mis­
s ions . The prog rams prov ide s tand -al one 
funct ions wh ic h the ope rato r  may run ( fo r  
example , a s ignal di rect ion- f i nd i ng 
pr og r am ) . The subrou t i nes prov ide use f ul 
f un ct ions wh e n  the ope rato r  mus t w r i te 
new prog rams to cov e r  new applications . 
T h i s  al l ows the op e ra to r  to hand le 
unfores e e n  appl i c a t ions v1 i th a minimum 
e f fo r t . 

A sec ond TAEMS proj e c t  requi red the 
developme n t of a Pe rformance Ve r i f i c a t ion 
Te s t  Se t .  The te s t  se t is to be u sed to 
val 1date k ey pe rf o rmance pa rame ters and 
to pe riodical l y  c a l i b ra te the au toma t ic 
rece ive r sys tem . The pe rtine nt key 
pa r ame ters to be v e r i f ied are : 1 )  tuning 
a c curac y ,  2 )  se l e c t i v i ty ,  3 )  se ns i t ivity , 
4 )  tu ni ng t i me , 5 )  fr eque ncy respons e , 6 )  
rel a t i ve ampli tude ac curac y ,  a nd 5 )  
iso l a t ion of input po rts . 

Based on previou s l y  e s tab l i s hed ve r i f i­
cation limi t s ,  a rou t ine is c o nf ig ur ed to 
indicate to the ope ra to r  of the rec e ive r 
sys tem whe n  any o f  the se key pa r ame ters 
are out of s pe c i fic a t ion and t h a t  some 
so rt of c o rrec t ive ma inte nance need s  to 
be in i t i ated . 

The veri fica t io n  te s t  se t wil l be se mi­
au tom a ted s uch that some of the te s t  
ins trume n ta t io n  w i l l  be unde r li mi ted 
comput e r  control . Sof tw a re is to be 
developed t o  control va rious te s t s and t o  
update previou s l y  s to red cal ibration 
correc t ion tab le s . 

The TAEMS , a s  or iginal l y  conf igured , h ad 
tun ing f reque ncy tracking pre- s e l e c tors 



and a l ow pass f i l t e r  wh i c h  ef fe c t i ve l y  
e l imina ted image and mult iple response 
recep t ion w i th i n the freq ue ncy r ang e 
capab i l i ty of the ARS- 4 0 0  s u bsys tem 
( 5 0 0  M H z - 2  GH z ) . I n  addi t io n , s pu r i o u s  
respons e s  a r e  v i rtua l l y  e l i m i n a ted i n  the 
f reque ncy range above 2 GHz i n  the d own 
conve rter des i gn . H oweve r ,  be l ow 
5 0 0  MHz , onl y band p a s s  f i l t e rs were 
ava il able , wh i c h  were n ot adeq ua te to 
keep spu r i o u s  respons e s  gener ated w i th 
the ARS-4 0 0  f r om bec om i ng trouble some . 
These spu r i o u s  respo ns e s  are produ ced 
wh en exces s i ve s i gnal vo l t ag e s  are inp u t  
to the f i rs t  m i x e r  and d r i ve i t  into 
nonl i near ope ra t ion . Some meas ureme nt 
app l i c a t ions o f  the TA EMS , be l ow 5 0 0  MH z ,  
u n a vo i d a b l y  w i l l  req u i re recep t io n  of 
undes i red s i gnal s of l a rge magn i tu de 
w h i c h  wou ld generate h a rmo n i c s  and i n ter­
mod ula t ion prod ucts w i th i n  the ARS- 4 0 0 .  

ITS was tasked b y  the Army t o  de s i gn and 
i n tegrate a Vo l t age Tuned Trac k i ng F i l te r  
t o  cover t h e  frequency r ange from 2 0  MH z 
to 5 0 0  MH z ,  w h i c h  w o u l d  l a rg e l y  e l i m i n a te 
the se spurious respons e s  i n  the ARS-4 0 0  
througho u t  th i s  freq ue n c y  band . Th i s  w a s  
accomp l i shed by u s i ng s i x ( 6 )  va rac to r 
tuned f i l te rs . E ach f i l t e r  cov e rs ap­
prox imate l y  0 . 8  oct ave . The f i l te r  f r e­
quency ba nd s a re as fo l l ows : 

l .  2 0  MH z to 3 6  MH Z 
2 .  3 4  MH z to 61 MH Z 
3 .  5 8  MHz to 1 0 4  MH z 
4 .  9 8  MHZ to 1 7 6  MH Z 
5 .  16 8 MH z to 3 0 2  MH Z 
6 .  2 8 3  MH z to 5 0 9  MH z .  

The tune volt age for each band i s  a nom i­
nal + 1  to + 9 V  and i s  d e r i ved f r om t he 
ARS-4 0 0 .  S i nc e  the ARS- 4 0 0  tune v o l tage 
i s  a l i near 0 to + l OV f o r  a 2 . 0 5  GH z fre­
q uency span , analog normal i z ing ci rcu i tr y  
was des i gned to obt a i n  the f i l te r  tune 
voltages . 

Each f i l te r  has a 6 dB band width o f  l e s s  
than f i ve percent of f 0 and a 5 0  d B  
band w id th o f  l e s s  t h a n  forty pe rcen t . 
F i l te r  tun ing nonl i n ea r i ty i s  w i t h i n  the 
6 dB band wid th . 

The TA EMS sy s tem i n c l ude s a to wer sys tem 
wh ich s upports a pe d e s tal al lowing a n ten­
na moveme nt i n  both az imut h and elevato r . 
A rad io f r eq uency e q u i pme nt pa ckage i s  
al so loca ted on the tower . The Remo te 
E x tens ion Proj e c t  prov ided eq u i pme nt 
nec e s s a ry to al l ow the use of t h i s  to wer 
a t  l ocat ions up to 3 0 0  f e e t  from t he 
TAEMS ve h i c le . Typ i c a l  de s i gn of the 
el e c tronics req u i red i s  shown in the 
b l ock d i agram in F i g u r e  1 - 2 8 . 

The rf / I F  s i gnal i s  pa s sed through AI ! 
w i th no mod i f i c a t ion s i nce the rang e  of 
s i gn a l s  on t h i s  l i ne i s  so great - 2 0  H z  
t o  2 GH z .  Any a t tempt to eq ual i z e  and /or 
ampl i fy wou ld i nvo lve a great d e al of 
hardware . If the f u l l  ex tens ion capa b i l -
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i ty i s  u sed , t he noi se f i g u r e  (N . F . ) of 
the sy s tem below 2 G H z  w i l l be d e g r aded 
s i gn i f i c an tl y .  Above 2 GH z ,  h o weve r ,  t he 
N . F .  i s  d e term i ned by t he d own conve rt­
e rs , a nd the ad ded cab le le ng t h has no 
impa c t . 

The 2 . 0 5 to 4 . 1  GH z r e f e r e nce s ig n al i s  
eq ua l i z ed f o r  ca b le l os se s and t h e n  
ampl i f i ed ba c k  t o  the n eed ed le vel i n  
AI I .  T h e  1 0 0- fe e t  cab le le ng t h was 
chosen be c au se of the spe c i f i c a t ions of 
the eq ua l i z e r  a nd  ampl i f i e r  al read y  used 
i n  the AI ! d own c onve rt e r .  A s ign i f i c a n t  
d ep a r t u r e  from t h i s  c ab le l e ng t h ( +  2 0% )  
w i l l  j e op a rd i z e  the phase l o ck a b i li ty o f  
the d own conve rters . 

The 1 0 0  MH z r e f e rence s i gnal i s  amp l i f i ed 
i n  e ac h  AI ! to compe ns a te fo r ca b le 
l o s s e s . The ATTN .  Pad i s  used to al l ow a 
s t and ard g a i n  ampl i f i e r  to be u se d . 

In conj un ct ion w i th the tr a ns fe rab le m e a­
s u rement sys tem , t he App l i c a t ions 
Enh ancement proj e c t  provided f o r  a 
1 0 0 - foot ex tendable IE E E  bu s s  i n terf a c e  
wh ich w a s  d eveloped and i s  b e ing u sed as 
the l i nk to pe riphe r al eq ui pme n t  i n  the 
TA EMS meas ureme nt sys tem . Sof tware w a s  
al so de veloped to cou p le the contr o l  of 
t h i s  pe r ipheral eq ui pme n t  to t he 
me asureme nt sy s tems c omput e r . Ve r i f i c a­
t io n  and gr ap h ic s  so f tw a r e  w a s  d e veloped 
to ve r i fy a nd di splay c h a r ac t e r i s t ic s  of 
the me a s ur eme nt sy s tem as wel l as the 
eq ui pme nt on the IE E E  bu s s  ex t e nd e r . 

T he TA EM S Tr a i n ing p r ov id e s  Army pe rs o n­
nel w i t h  tr a i n i ng on v a r i o u s  aspe c t s  o f  
the TA EMS Sys tem . T h i s  tr a i n i ng cons i s­
t ed of thr e e  course s .  T he f i rs t  of the s e  
w a s  e ig h t  week s  c ove r i ng comput e r  op e r­
a t ion a nd p r og r ammi ng of the sys tem a nd 
va n dep l oyme n t . T he se c o nd cou rse , o n  
m a i nte nance o f  the d own conv e r t e rs ( a  
pa rt of the rece i ve r  sys tem de s igned by 
IT S ) , la s ted two week s . The th ird cou rs e  

w a s  al s o  two week s  and cov e red t he 
sy s tems so f tware u sed on the TA EMS . Al l 
of the c ou rse s  w e re g i ven a t  Fort 
Huach u c a , A r i z ona , dur i ng the f i rs t  hal f 
o f  1 9 7 9 .  

I n  ad d i t ion to la rg e s c a l e  ins tr u me n ta­
t ion sys tems , I T S  has b e e n  ac t i ve l y  
purs ui ng t he deve l opme n t  o f  sma l le r ,  
lower- c os t sys tems wh i c h  s t il l  p r ov id e  
g r e a tl y  i mproved f i el d p e rf o rma nce and 
prod u ce d i g i t al record s  o f  v a l uable 
meas ureme nts that c a n  then be s ub j e c t ed 
to a w id e  rang e  of anal ys i s .  S uch eq ui p­
me nt f i nd s  wide app l i c a t io n  in the 
measur eme nt of c ov e r ag e , i n te rf e rence , 
p r opaga t io n , s ys tem pe rf o rmance , a nd 
s pe ctrum- cons uming p r ope rt i es of eq ui p­
me nt . One s uch d e ve l opme nt i s  the 
Automa ted F i el d  I n tens i ty M e a s ur eme nt 
S ys tem . The sy s tem wi l l  be u sed to make 
ord i nance and pe rs o n nel h a z a rd s  me asure­
me nts . 'The f i el d  i nt e ns i ty r e c e ive rs 
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used by the sys tem a re au tom a t ic a l l y  
ca l i br ated . T h e  ope rato r  the n spe c i f i e s  
frequency s c a n  w i d th , rece i ve r  ba ndwid t h , 
detec to r , e tc . , to the sys tem control l e r . 
The contro l l e r  se ts t he spe c i f i ed p ara­
meters , col le c t s  the measu red da t a , 
s tores i t  on m a gn e t ic tape , and compu t es 
s ta t i s t i c s  o f  the col le cted da t a . The 
sys tem h as been d e s igned to ope rate 
u n a t tended f o r  long t ime pe riods 
( 2 4 hours , one w e ek , e tc . ) ,  depe nd i ng 
upon how of ten d a t a  are to be col lected . 
The m a j o r  cont r i b u t io n  from t h i s  pr oj e c t  
i s  the developme n t  of app l c a t io n  so f tware 
wh ic h  cou l d  be u t i l i z ed by o ther age n c i es 
hav i ng s im i l a r  ord i nance haz a rd s  me asure­
me nt req ui reme nts . 

The DM-4 was d e s igned and bui l t  fo r the 
Army ( CE E I A ) at F t . H ua ch uca to make mea­
s ureme nts o f  e l e c t r omag n e t ic noi se and 
oth e r  s i gnals wh ich c a n  be und e rs tood 
be s t  in a s t a t i s t ic a l  s e ns e . Th i s  
ins trume n t  ( F i g ur e  1 - 2 9 ) w i l l  ope r a te as 
part of a l a rge r sys tem , proces s i ng an 
anal og s i gnal and s e nd i ng the s ta t i s t ic a l  
measurements t o  a d a t a-pro ce s s i ng s ub­
sys tem for f u r the r anal ys i s  or record i ng . 
To f ac i l i t a te i nt e g r a t ion i nto the res t 
o f  the sys tem , the DM- 4 h a s  been bu i l t  
w i th a f u l l  I E E E- 4 8 8  b u s  interf a c e , a nd 
the input s i gn a l  can be anywhere w i th in 
the 0 to 1 volt o r  0 to - l v  rang e . The 
DM- 4 meas u res the amp l i t u de proba b i l i ty 
d i s tr ib u t io n  ( APD ) of the s i gnal a t  3 1  
l e ve l s , w i th samp l i ng rate s  up to 2 0  
m i l l i o n  sample s pe r se cond . Al though the 
31 l e ve l s  must be equa l l y  spa c ed i n  
vo l t age , t h e  h i ghe s t  and l owes t l e ve l s  
c a n  be se t anywhe re w i th in 0 to 9 9 9  mv . 
S i nce the sys tems w i th wh ich the DM- 4 
w i l l  be used s upply a log a r i thmi c al l y­
w e i g h ted s i gnal ( the output from a 
typ i c a l  s pe c trum a n al y z e r  or f i e l d  
i ntens i ty me ter ) ,  t he eq ua l l y spaced 
vo l t age inc reme nts o f  the DM-4 w i l l  
a c t ua l l y  r e f e r  to eq ua l dB s pa c i ng s  a t  
the measu reme n t  sys tem i np u t . Th i s  me ans 
tha t the DM-4 c a n  be s e t  for the maximum 
d ynamic range wh ich the res t of the 
sys tem can hand le , or it c a n  be se t to 
meas ure ove r  a s mal l e r  d ynamic rang e  w i th 
f i n e r  res o l u t io n . 

The DM-4 i s  c u r r e n t l y  be ing i n tegrated 
i n to the TAEMS sy s t em a nd i n to a portable 
measu reme nt sys tem u s i ng a de sktop 
c a l c u l a to r . The i mmed i a te use of the 
DM- 4 w i l l  be to al low these sys tems to 
make electromagne t ic noise measurements 
from thund e rs torms , va r io u s  type s o f  
mach inery , e tc . A s so c i a ted comput e r  
p rog rams w i l l  u se t h e  measu red APDs to 
ca l cu l a te some of the more tr ad i t io nal 
noi se pa rame ters l ike Fa ( ave rage noi se 
power ) ,  Vd ( r a t io be twe e n  rms and ave rage 
volt age ) ,  a nd L ( r a t io be tween rms and 
average log a r i tgm ) . So f tware w i l l  a l s o  
be s upp l i ed to di rec t l y  c a l c u l a t e  t h e  pre 
d i e t ed sys tem pe rformance ( fo r  some of 
the s imple r type s o f  sys tems ) ba sed on 
the measured APD a nd an ass umed s ignal 
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The sy s tem c a n  be u se d  f o r  ot h e r  ty pe s o f  
me as ureme nts . For ex ample , a ve r ag e  rad a r  
power f l u x  cou l d  be ca l cu la ted f r om a 
me asureme nt o f  t he APD o f  a rad a r  s ig n al , 
el i m i n a t ing s ome of the hand ca l cu l a t io ns 
used now. I n  ad d i t io n  to APDs , t he DM-4 
c a n  be u s e d  to meas u r e  ave rage cros s i ng 
r a te s  ( AC Rs ) . The APD s hows how much of 
the t i me a s ig n al was ab ove a pa r t i c u la r  
level . Th i s  c ou l d  be u sed to m e a s ur e  
p u lse he i g h t  d i s tr ib u t io n s , f o r  ex ample , 
wh ich wou l d  be u se f u l  i n  ex a m i n ing EW 
e nv i ronme n t s  o r  inte rf e rence in c rowded 
rad a r  ba nd s .  

A b lock d i ag r am o f  the DM-4 i s  s hown i n  
F igure 1 - 3 0 .  The ba s ic q ua n t iz a t io n  i n to 
3 1  l e ve rsTs pe rf o rmed by 3 1  h ig h - s pe ed 
compa ra to rs . A bu f fe r  ampl i f i e r  appl i es 
the i np ut v i d e o  s ig n al to the i nve r t i ng 
i np u t s  o f  al l 3 1  c om pa r a to rs in paral le l . 
The volt age on the non- i nv e rt i ng i np u t  of 
e ac h  com pa r a to r  is d ev e l oped f r om a 
ref e rence d i vide r ch a i n ,  wh ich d e term i nes 
the ex a c t  vo l t ag e  po i n t  at wh ic h  e ac h  
c ompa r a to r  s e ns e s  t he l e v e l  of the v id e o  
s ignal . S i nce t he v o l t ag e  a t  the e nd  
p o i n t s  o f  the ref e rence d i v i d e r  ch a i n  i s  
se t by t w o  di g i t al - to-anal og conv e r t e rs 
( DAC ' s ) ,  t he DM- 4 w i l l  s e ns e  s ignal 
le ve l s  s pa ced evenl y b e tw e e n  the DAC 
output vol tage s . Whe nev e r  the v id e o  
s i gnal ex ceed s t h e  r ef e r e nce level o f  a 
g i ven compa r a to r , s ampl i ng c lo ck pu ls e s  
are g a ted i n to a c ou n te r  asso c i a ted w i t h  
e ac h  compa r a to r . A t  the end of a 
sampl i ng pe riod , t h e  numb e r  of c oun t s  a t  
a g i ven leve l a r e  compa red to the to t al 
nu mb e r  of sampl i ng c lo ck pulses to ge t 
the pe rcen tage of t ime tha t the i np u t  
s i gnal ex ceeded each of the 3 1  levels . 

Seve ral a u x i l li a ry f un ct ions have be en 
incorpo i::'a ted i n to the DM- 4 to make it 
eas i e r  fo r the ope r a to r  to as s ur e  that 
d a t a  i s  b e i ng me a s u r ed p rope r l y .  A 
coun ter a nd DAC p r ov id e  a 1 0 0 0- s tep r amp 
fun ct ion ( 0- 9 9 9  mV ) ,  wh ich is used to 
au toma t ic al l y c a l i b ra te e ac h  o f  the 3 1  
c ompa r a to r  le ve l s . A s ma l l  s pe ak e r  
al lows t he ope ra to r  to au r al l y  mo n i to r  
the meas ured s ig n al a nd a m e t e r  read i ng 
s hows the numb e r  of c ompa r a to r  le vels 
c u r re n t l y  b e i ng e x ceed ed ( on a pe ak or 
ave r age ba s i s ) .  A h ig h- s pe ed b la nk i ng 
i np u t  and an ex te rnal c l o ck i np u t  ( to 
al low s ampl i ng a t  t ime s d e term i ned by a n  
ex te rnal eve n t )  are al s o  ava il able . 

S i nce the DM- 4 u se s  a l og video inp ut , 
ava il able from a l l  of the more commo n  
mod e r n  f i e l d  i n t e ns i ty me ters and s pe c­
trum a nal y z e rs , a nd i n t e rf ac e s  to an 
anal ys i s /control s ys tem vi a the IE E E-4 8 8  
bu s s ,  i t  i s  ant ic ipa ted t h a t  t h i s  ins tru­
me nt w i l l f i nd u se s  in m a ny type s of 
me asureme nt sys tems wh e re s t a t i s t ic al 
da t a  i s  n e c e s s a ry to ad e q ua tely desc r ib e  
the meas ured da t a . 

Two p roj e c t s  fo r the u . s .  Army C omba t 
De ve l opme nt a nd Ev a l u a t io n  Command , 
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S pe c t r um Mon i to r i ng Un i t  and Freq ue ncy 
E x tens 1on of Spe c t rum-MOn i to ring 
C ap ab i l i ty-, -a r e  d e s i gned a round two 
s pe c t r um anal y z e rs that ope r a te from 
1 0 0  H z  to 1 8  GH z .  The spe c t rum a nal y z e rs 
a r e  comp leme nted w i th se l e c t ions o f  f i l ­
t e rs and p re ampl i f i e rs to i n crease se ns i ­
t i v i ty a nd s e l e c t i v i ty ,  a nd w i th antennas 
to p rov ide d i r e c t ion f i nd i ng as wel l as 
omn i d i re c t ional r ec e i v i ng capab i l i t i es 
from 3 0  M H z  to 1 8  GH z .  The rf sw i tc h ing 
be twe en antennas , f i l t e rs , p r eampl i f i e rs , 
and appr op r i a te spe c t rum a nal y z ers , now 
manua l ,  w i l l a l l ow e a sy c onve rs ion to 
au toma t ic control . The antenna 
c omp leme n t  i n c l ude s a l oop , ca v i ty -backed 
s p i r al s ,  a f i x e d - f req ue n c y  mic ros tr ip 
a n tenna for d i rec t io n- f i nd i ng app l i ­
c a t ions , a nd a wh ip and c o n i c a l  monopole 
antennas f o r  omn id i rec t io nal s ignal 
mo n i tor i ng app l i c a t ions . Al l rec e i v i ng 
e q u i pme n t s  are ho u se d  i n  an 8 foot x 
1 2  foot mob i le enc los ure w h i c h  al so h a s  a 
he a te r/ a i r  c ond i t io n e r  f o r  tempe r a tu re 
control and mo t o r  g e ne r a tors to p r ov ide 
p r imary powe r . Loc a t ion of the m any 
a n tennas on the roof o f  s u ch a s mal l 
s he l te r  has pre se nted s e veral ch a l l e ng i ng 
problems . Capab i l i t i es f o r  commun ic a t io n  
w i th o u t s i de l o c a t ions al so a r e  prov ided 
through two tr ans ce i ve rs , one of wh i c h  
ope rates i n  t h e  3 0  - 7 6  M H z  band a n d  a 
se c ond wh i c h  ope r a te s  at 1 4 1  MH z .  

The M ic roproce s s o r  S ys tem Upgrade proj e c t  
h a s  i mproved the Army ' s  A utoma t ic D i g i tal 
Re c o rd i ng of E l e c t romag n e t ic Spe ctrum 
( ADRE S )  sy s tems to p e rm i t  the use of 
i nd u s try-compa t ib le d i g i t al rec ord e rs , 
I E E E-4 8 8  s tand a rd i ns trume n t a t io n  i n t e r­
f ac e , f a s t e r  p r oce s s o rs , a nd comme r c i al 
i n te r f a c i ng to the a na l og s ys tems . I n  
ad d i t io n , the sys tems have be e n  d e s igned 
to w i th s tand rough h and l i ng a nd v i b r a t io n  
i n  transpo r t . The prog r amm i ng lang uage 
of B A S I C  w a s  added t o  t he sys tem to al l ow 
s ome f i e ld mod i f i c a t ions of so f tware fo r 
tho se app l i c a t ions that may r eq u i re th i s  
f e a t u r e . F i gure l - 3 1  s hows a f i e l d  u n i t  
a t tached t o  a spe c t rum a n a l y z e r  for 
record i ng of spe c t r u m  d a t a . The top un i t  
i s  a 9 - track 8 0 0  b p i  d i g i tal tape record ­
e r  i n  a r u g ged case . The lower u n i t  
ho use s the m i c roproces s o r  sys tem wi th al l 
of the control and i n te r f a c e  card s . 

S E CT I ON 1 . 4 .  DETERMINAT ION OF SP ECTRUM 
CONSUM I NG P ROPERT I E S  

A m a j o r  ba r r i e r  t o  ef fe c t i ve plann ing f o r  
ef f i c i e n t  spe c t r u m  u s e  i s  a l a c k  o f  know­
l e d ge of the ex t e n t  to wh i c h  the elec­
tronic eq u i pme n t  cons ume s  spe ctrum beyond 
t h a t  needed to d i r e c t l y  pe r f o rm i t s 
in tended f unct ion . Wh i l e  t he mos t  
o bv io u s  c a tego r i e s  o f  s pe c trum-cons um i ng 
e q u i pme n t  are a n te nnas , t r a ns m i t ters , a nd 
rece i v e rs , a w i de range of o the r el ec­
tronic eq u i pme nt ex h ib i ts some spe ctrum­
c ons um i ng p r opert i es . 
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S pe c trum cons umpt ion i s  somewh a t  o f  a 
m i snome r s i nce spe c t r u m  de pe nd e n t  tel e­
c ommun i c a t ions i s  a non-deple t i ng u se of 
the resource . Even so , t he pr o ce s s  o f  
us ing t he spe ctrum e i the r as a se nd e r  o r  
a rec e i ve r  ( and f r om t he broad p e rs pe c­
t i ve ,  bot h m u s t  be cons ide red tog e the r ) 
" c ons ume s " s pe ctrum by d e ny i ng i t s use to 
oth e rs fo r the d ur a t io n  of ope r a t ions . 

In th i s  se ct ion we d i sc u s s  a se r i es of 
pr oj e c t s  whose pr i nc i pa l  obj e ct i ve s  are 
to be t te r  de f i n e the se spe ctrum­
c ons u m i ng p r ope rt i es . 

We have be e n  part ic u la rl y  i n te res ted i n  
the spe ct rum-c ons umi ng ch arac te r i s t ic s  of 
tel e v i s io n  rec e i v i ng s y s tems wh ic h have 
been ad dres sed i n  thr e e  proj e c t s : 

S pe c t r u m-Cons u m i ng P r ope rt i es o f  TV 
A n tennas , Measureme nt and Anal ys i s  o f  
Indoor T V  An te nnas , a nd T V  An te nna Sys tem 
Performa nce . The g a i n  and p a t te r n  as a 
funct 1on of fr eq ue n c y  were m e a s ured f o r  
1 9  d i f fe re n t  home te l e v i s io n  rec e i v i ng 
a n te nnas wh i c h  v a r i ed i n  cos t from $1 . 0 0 
to $ 7 8 . 0 0 .  These anten nas i n c l uded 1 3  
a n tennas d e s i gned f o r  · ou tdoor erec t ion 
and 6 i nd oor ante nnas . Fou r of the ou t­
door antennas were d e s i g n ed onl y fo r VHF 
recep t io n , f i ve w e r e  d e s i gned onl y  fo r 
UHF recep t io n , a nd f o u r  w e re d e s igned f o r  
both VHF and U H F  recep t io n . One of the 
i nd oor anten nas was d e s igned onl y fo r VHF 
recep t io n , f o u r  w e r e  de s ig ned onl y fo r 
UHF recep t io n , a nd one w a s  d e s igned to 
rece ive bot h VHF and UHF s ig n al s .  

I n  ad d i t io n  to the antenna pe rf o rmaJtce 
ch a r ac t e r i s t ic s  wh ic h were m e a s ur ed , los s 
ve rs u s freq ue ncy c h a r ac t e r i s t ic s  al so 
were m e a s ured f o r  a se l e c t ion of b al uns 
( tr a ns fo rm e rs ) d e s igned to m a tc h  7 5 -ohm 
unba l a nced t r a ns mi s s io n  li nes to 3 0 0-ohm 
b a l a nced t r a ns m i s s io n  li nes and s ig n al 
s p l i t ters ( de v ic e s  used wh e n  bot h VHF and 
UHF s ignal s are coupled f r om t he antenna 
to the 'l.V r e c e i ve r  u s i ng a c ommo n  tr ans ­
m i s s ion l i ne ) .  Attenu a t io n  v e rs u s fr e­
q u e n c y  c h a rac te r i s t ic s  fo r commo n l y  u sed 
t r a ns m i s s ion li nes al so were ex trac ted 
f rom manu facture r ' s d a t a . 

A summa ry o f  o u r  m e a s u reme nts is pr e­
s e n ted in Table 1 - 3 . Cons id e r i ng the 
ch a r ac t e r i s t ic s  of these se ve ral d i s c r e te 
compone nts o f  an antenna sy s tem , we have 
hypothe s i z ed p e rf o rmance fo r home TV 
r ec e i v i ng a n tenna sy s tems . F ig ur e  1 - 3 2 
s hows ex pe c t ed rec e i ved powe r , normal 1 z ed 
t o  powe r rec e i ved by a hal f-w ave d i pole 
antenna , f o r  four ty p i c al type s of home 
antenna �y s tem s ,  wh e n  the powe r de ns i ty 
i s  1 W/m a t  the anten na . De t a il s  fo r 
app l y i ng t h i s  inf o rma t io n  to real -w o rl d  
s i tu a t ions a r e  pr e s e n ted i n  the pr oj e ct 
f i nal report ( " Te l ev i s io n  Rece iv i ng 
Antenna Sys tern Compo nent M e asureme n ts , " 
by R . G .  F i tz Ge r rel l ,  R . D .  Je n n i ng s ,  a nd 
J . R .  Ju ros hek , NTIA Repo rt 7 9 -2 2 ,  Ju ne 
1 9 7 9 ) .  
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Table 1 - 3 � Summary o f  Mea,surement Re s_u ! t s. a,nd E.xtra,cte.d Da,ta, for 
H.ome TV Receiving Antenna Sys tem Components-

Nurrber Nurrber of Minimum Maximum 
Component/Parameter 'Iested Frequencies Absolute Average Absolute Average 

VHF Indoor Antenna. Gain ,  dB 2 4 - 6. 0 - 5. 8 - 2 . 3 - 2 . 4 
VHF Outdoor Antenna Gain ,  dB 8 4 - 6. 3 - 3 . 1  10 . 4  8. 1 
UHF Indoor Antenna Gain ,  dB 5 10 -10 . 6  - 5. 2 8 . 5  3 . 9  
lliF Outdoor Antenna Gain ,  dB 9 3 for 8 - Ants . - 3 . 2  - 3 . 5 10 . 4  8. 3 

10 for 1 Ant . 

VHF Balun Los s ,  dB 13 4 0. 1 0. 2 3 . 0  1 . 5  
UHF Balun loss 13 3 0 . 4  1 . 0  7. 3 3 . 6  
VHF Signal Spli tter Los s ,  dB 5 4 o. o 1 . 6  5. 6 3 . 8  
lli F  Signal Splitter Los s ,  dB 5 3 0. 2 0. 6 4. 2 4. 0 

Transmission Line Attenuatton 
Bounds vs . Frequency, dB .  100 MHZ 500 M:Iz 90 0 M:Iz 
30D-ohm "Twin-Lead" 1 . 0 ,  3 . 6  3. 0 ,  8. 4 4. 3 ,  11. 5  
75-ohm RG-6 Type Coax 2 . 0 ,  2. 8 5. o ,  7 0 3 6. 7 ,  10. 5  
75-ohm RG-59 Type Coax 2 . 5 ,  3. 7 6. 1,  9. 7 8. 4 ,  13.9 
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'F igure 1- 3 2 . Expec ted received power , norma l i z ed to power received by a hal f -wave 
length dipole antenna , for four typical types of home TV rece1v1ng 
antenna systems when the power f l ow is 1 W/m at the antenna . 
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Actua l measu rements w i l l  be made l a t e  i n  
F Y  7 9  a t  5 0  h omes general l y  l oca ted i n  a 
c o r r i d o r  f rom Ch icago to P e or i a . 
F igure 1 - 3 3  s hows a map o f  the area w i th 
arcs d r awn: to de f i ne se ctors al ong the 
c o r r i dor . We hope to obt a i n m e a s u rements 
a t  seven or e i g h t  homes i n  the east 
s e c to r . The s e  measureme n t s  w i l l 
demons t r a te a c t u a l  p e r f o rmance of typ i c a l  
h ome T V  r ec e i v i ng a n tenna sys tems a nd 
prov ide some compa r i so n  of VHF and UHF 
s e r v i c e . 

As pa r t  of a prog r am to mak e more ef f i ­
c i e n t  u s e  o f  the broad ca s t  spe c t rum so 
that ad d i t io na l  UHF TV c h annel s can be 
as s i g n ed , the Eva l u a t io n  of UH F TV 
Rec e i ve rs pr oj e c t  h a s  d e v e l oped a­
s t a t i s t i c al mod e l  of the TV r e c e i ve r  
ba sed o n  me a s u red da ta . I n  ad d i t io n , 
meas u r eme n t s  of TV pe rformance w e re m ad e  
in a n  a t tempt t o  de v e l op a mo re q u a n t i ­
t a t i ve meas u re o f  pe rformance a nd be g i n  a 
d a ta base of pe rformance for current 
r ec e i ve r  mod e l s .  

Current l y , the a s s i gnme n t  o f  a TV c h a nnel 
to a n  area i s  based upon a f i xe o  ch a nnel 
s pa c i ng de te rmined s ome y e a r s  ago by t he 
FCC . These a s s i gnme n ts h a ve a numb e r  of 
res tr i c t ions o n  the i r  u s e  d ue to poten­
t i a l  i n terfe rence to ex i s t ing c h annel s .  
The d e te rm i n a t io n  of wha t  c ons t i tu ted 
i n te r f e rence a nd the r es u lt i ng m i n i mum 
d i s tance spa c i ng to p r ec l u de that 
i n t e r f e re nce resu lted i n  a tab l e  of 
m i n i mum d i s tance spa c i ng s for spe c i f ied 
ch annel c omb i na t ions that has been ca l led 
t h e  UHF taboos . 

The rece i ve r  mod e l  f u n c t ional blocks a re 
s hown in F i g ure 1 - 3 4 .  The mode l  de t e r­
mi nes i f  a pair of d e s ired a nd u nde s i red 
ch anne l s  i s  o ne of the taboo comb i n a t io n  
I f  i t  i s , t he mod e l  t h e n  d e t e rm i n es the 
expe c t ed p e rcentage of TV r ec e i ve rs that 
w i l l  be a f f e c t ed by a ny spe c i f i ed i np u t  
s i gn a l - to -n o i s e  r a t io . I f  n o n e  o f  the 
taboos app l y ,  then the mod e l  de term i nes 
the expe ct ed level o f  pe rformance ba sed 
on TASO g r ad i ng . 

The m e a s u reme nts have conc e n tr a ted on the 
rf port ions o f  the rec e i ve r and o n  
me thod s tha t c a n  b e  e a s i l y  i mp leme nted s o  
t h a t  a l a rg e  numb e r  o f  r e c e i ve rs cou ld be 
ef f i c i e n t l y  me as ured . Nume rous 
d i f f i c u l t i e s  i n  m ak i ng these type s of 
me a s u reme n t s  were encountered , s u ch as 
l a c k  o f  e a s i l y  a c ce s s i b le t e s t po i n t s  o n  
the rec e i ve r  ch a s s i s , a nd d i f fe re n t  
impe da nc e s  a nd t e s t  c onnec t o rs on 
d i f fe rent re c e i ve r  mode l s . Some of the se 
problems and rec ommend ed s o l u t ions h a ve 
b e e n  f i led i n  respons e to FCC Not i c e s  o f  
Inqui r i es . 

The meas u rement of se l e c t i v i ty on one of 
the t e s t  rec e i ve rs i s  s hown i n  
F igur e  �· The measu reme nt s  w e re made 
by s teppi ng a cw s i g n al through the 
p a s s ba nd of the rec e i ve r  and me asur ing 
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t he respons e o n  the IF AGC w i th the 
rf AGC and AFT d i sab led . 

In F igure 1 - 3 6 ,  photog r ap h s  of the 
s i gnal s inp ut to the TV r e c e ive r a nd  a t  
the output o f  the se cond de tec to r are 
s hown . In the top photog r ap h , a l i t tl e  
ove r  two l i nes o f  the ba s e band s ig n al are 
s hown . The top tr ace i s  the s ignal 
be fore the rec e i ve r ,  a nd t h e  bot tom t r ac e  
i s  the s i g n al a t  the output o f  the se cond 
de t e c to r . The i n te rf e rence ca n be se en 
as amp l i tude mod u la t ion on top o f  the 
d e s i red mo d u la t io n . The m id d le pho to­
graph s ho ws the s ig n al s  g o i ng i n to the 
rec e i ve r  in the freq ue ncy d oma i n . The 
l a rg e  ampl i tu de s ig n al on the le f t  is the 
5 0  k H z  mo d u l a ted i n te rf e re r  a t  the l owe r 
ad j ace nt ch a nnel f r eq ue nc y .  F in al l y ,  t he 
b o t tom pho tog r ap h  s hows the pi c t u r e  as 
se e n  on the rec e ive r i t se l f  wh e re the 
inte rfe rence is v i s ib le as ho r i z ontal 
l i nes ac ros s the p i c t u r e . 

S a te l l i te e arth te rm i nal s h ig h l i g h t  the 
s pe ct r u m-c ons uming prope rt i es of ante nnas 
b e c a u s e  of the i r  need to c oord i na te 
spe c t ru m  u se w i th po i nt-to-po i n t  m ic ro­
wave sys tems wh ich ope rate in the same 
f r eq u e n c y  b a nd s ,  bot h in the U . s .  a nd 
a br oad . S uch coord i n a t io n  r eq u i res a 
k nowle d ge of antenna pe rf o rmance a t  al l 
ang le s o f  r ad i a t io n  in the uppe r hemi­
sphere . A se r i es o f  me as ureme n t s  o f  
the se ch a r ac te r i s t ic s  ha s b e e n  m ade fo r 
the u . s .  Army u s i ng a new l y  deve l oped 
a u toma ted a n tenna pe rformance m e as ur eme nt 
sy s tem . I n  the La rg e Earth Te rm i n al 
Antenna M e a s u r emenrs-proJ e c t  th 1 s  sy s tem 
h a s  b e e n  u p gr aded and w i l l  be u sed to 
m e a s u r e  the spe c t rum-cons u m i ng 
ch a rac t e r i s t ic s  ( thr ee-d i me ns io nal 
a n t e n n a  pa t te rns ) of thr e e  l a rg e  earth 
te rm i nal a n t e nnas b e i ng de ve l oped by the 
u . s .  Army S a tel l i te Commun ic a t ions Age ncy 
fo r u se w i th the De f e ns e  Sa tel l i te 
Commun ic a t io ns Sys tem . These antennas 
are ( 1 ) the M ed i um Te rm i n al An tenna , a 
3 8 -fo ot ( 1 1 . 6m ) -d i ame te r , p a r ab o l i c  
antenna w i th G/T-3 4 ;  a nd ( 2 )  a 4 4- fo ot 
( 1 3 . 4m ) -d i ame ter , p a r ab o l i c  antenna w i th 
G/T-7 8 .  No m e a s ur eme nts have be e n  done 
becau se the antennas have not b e e n  
ava i l ab le , a nd i t  w a s  nece s s a ry to ex t e nd  
o u r  capa b i l i ty fo r mak i ng t he s e  ty pe s o f  
me a s ureme nts d ue to the m uch g r e a te r  
rang e s  req u i red be twe e n  the so urce of 
tes t s i te i l l umina t io n  and the tes t 
antenna w h e n  te s t i ng these v e ry h ig h  g a i n 
antennas . ( Ou r  meas ureme n t  techn iq ue and 
ba s ic capab i l i ty a re d e s c r ibed i n  the 
1 9 7 7  Annu a l  Report . )  A s ign i f i c a n t  
c apab i l i ty e x t e ns ion h a s  b e e n  real i z ed 
throu gh the purch a se of a n  au toma t ic , 
op t ic a l  t r ac k i ng s ys tem , s hown i n  
F igure 1 - 3 7 .  Th i s  sy s tem wi l l  al l ow u s  
t o  tra c k  smal l a i r c raf t a t  a rang e  of 
f i ve m i l e s  ( 8  km ) .  Meas u r eme n t s  o n  the 
G/T-3 4 Med i um T e rm i n al An tenna are 
expe c t ed to be g i n  i n  J a nu a ry 19 8 0 . 



Ul 
tv 

F i gure 1 - 3 3 . 

4 0  

8 0  

1 0 0  

Hap o f  the Chicago-Peoria area wher e  th.e nome 'J,'V receiving antenna, sy-stem measurements w� l l  b e  made . 
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F igure 1 - 3 7 . The automa ti c , optical tracking sy s tem . The e levation 
axis over az imuth axi s ,  cont inuous rotation pede stal with 
zoom lens opt ical subsys tem i s  on the top . The rack of 
control and display equipment is  on the bottom . 
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The ab i l i ty o f  rece i vers to perform i n  
the presence o f  interfe rence i s  a fund a ­
me n t a l  characte r i s t ic a f fe c t i ng cons ump­
t ion of the rad io spe c t rum. In the 
I n t e r f e rence E f fe c t s  of LMR Re ce i ve rs 
proj e c t , the pe rformance of a n  FM la nd ­
mobi l e  rec e iver w a s  exami ned i n  a m u l t i­
p le , land-mobi l e  i nterfe rence envi ron­
me nt . Measureme n t s  were made s ho wi ng t he 
ef fect s of mult iple i n te rf e r i ng FM 
s i g n al s as a funct io n of mod ula t io n  
ind e x , s i g n a l -to- i nterference r a t io , 
s i gn al - to-noi s e  r a t io , a nd f req ue ncy 
o f f se t b e tw e e n  the v i c t im a nd i n terfere r . 
The conc l u s ions of the s tu d y  a r e  t ha t ,  
above thr e s ho l d , the pe rformance w i th 
mu l t iple i n te r f e rers i s  nearly i d e nt ic a l  
t o  t h e  pe rformance w i t h  a s i ng le 
i n t e rf e rer . Howeve r , s i g n i f i ca n t  
d i f fe re n c e s  d o  ex i s t  i n  t h e  " be l o w  
t h r e s h o l d "  pe rformance . 

E x ample s o f  the re s u l t s  o f  the s tu d y  a re 
s hown in F i g ures 1 - 3 8  a nd 1 - 3 9 . The 
f i r s t  of these f i g ures s ho ws the measure­
ment of rec e i ve r  SINAD in a s i ngle FM 
interfe rence envi ronme n t , wh i l e  t he 
se cond f i gure s hows mea s u reme n t  res u l t s  
i n  an i nt e r f e rence e nv i ronme nt composed 
of 3 equal ampli tude FM interfere rs . The 
q ua n t i ty S/I I N in these f i g ures i s  the 
ra t io of s i gn a l  powe r to to t al i n t e r­
fe rence pow e r  a t  the input to the 
rec e i ve r , wh i l e  8 d e notes the pe ak 
freq ue n c y  d e v i a t ion of al l FM s ig n al s . 
The res u l t s  o f  th i s  s tu d y  a re d e s c r ib ed 
i n  a report e n t i tled "Meas u r eme nt of an 
FM Re c e i ve r  i n  FM I n terference " ( to be 
p u bl i she d ) • 

The Theor e t ical FM Pe rf ormance i n  
I n t e r f e re n c e  pro]ect h a s  prov 1ded t r ac t­
able g e n e ra l  res u l t s  pe rt a i n ing t o  the 
interfe rence proble m i n  a g e ne ral , f o r  
non- i d e a l , F M  rec e i ve r . I n  h a nd l i ng s u ch 
non-l i near p roblems ,  i t  i s  found t h a t  a 
f u l ly general approach i s ,  s urp r i s i n g l y ,  
m u c h  e a s i e r  and a n a l yt i c al l y  s i mpler than 
attempt ing to anal y z e  " s imple spe c i al 
ca s e s  ( e . g . ,  the s ta nd a rd h a rmo n ic 
a n a l ys i s  technique s ) . " S ubseque n t  
red u ct i o n  t o  spe c i al c a s e s  o f  interes t i s  
made a t  once , w i thout pote n t i a l  l os s  o f  
key mode l  s tructure or u s e  o f  impl i c i t  
as s umpt ions . I t  i s  al so r a th e r  s u rpr i s­
i ng to s e e  how f a r  the a n a l ys i s  c a n  be 
c a r r i ed i n  tr a c t ab le form b e f o re 
approx ima t ions , a nd pos s i b l y  s imula t ion 
of some of the ana l yt ic form s ,  mus t be 
res o r t ed t o . 

The res u l t s  are new i n  the fo l l ow i ng 
respe c t s : 

1 .  non- ideal d i s c r im i n a to rs are 
i nc l uded ; 

2 .  g e neral i nt e rfe rence i s  
s pe c i f i c a l l y s t r u c t u red , 
i n c l u d i ng comb i ned AM a nd 
a ng le -mod ula t ion , w i t h  front-
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e nd di s to r t io n  b y  t h e  rec e ive r 
s tage ; 

3 .  expl i c i t ,  manag e ab le , ge ne ral 
res u lt s  fo r the i ns t a nt aneou s  
e nve l ope ( e )  a rrl  f r eq ue ncy ( 8 ) 
of t he rec e ive r ou tput a r e  
obt a ined wh ich pe rm i t  d i re c t  
c a l c u la t io ns of both 
ins t a nt a neou s a rrl  ( t ime ) 
ave r age v a l ue.s .  

T h i s  a nal ys i s  has pr ov ided , f o r  ex ampl e , 
a nal yt ic al t e ch n iq ue s  to de sc r ib e  the 
ef fe c t  of i n te rf e rence fr om a numb e r  of 
FM trans m i t te rs on a s i ng le , like 
rec e i ve r .  

Comput a t io n s  are cu rrent l y  unde rway to 
de t e rm i ne the e f f e c t s  of o n e  a rrl  mul t ip le 
co- c h a n nel i nt e rf e re rs , a nd va r io u s  c ase s 
o f  ad j ac e n t  c h a nnel i n t e rf e re rs o n  the 
d e s i red rece ived ba se b a nd ou tput s ig n al . 
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CHAPTER 2 .  SYSTEMS ENGINEERING 
AND EVALUAT I ON 

The obj e c t ive o f  thi s  program subelement 
is to provide telecommunication system 
o r iented s tud i e s  that inc lude sy stem 
requirements ,  def init ion , cost trade-o f f s , 
des i gn and evaluation , or acceptance 
crite r i a . The se s tud ies are user o r iented 
where the user is a Feder a l  mis s ion agency 
o r  a pub l ic service user . Consulting 
services to meet the se user requirements 
take the form of analy se s ,  mea surements , 
and per formance evaluations wi th the 
results genera l l y  pub l i shed in NTIA re­
ports o r , when appl icable , in technical 
j ournal s .  The resultant per formance 
c r iter i a  and mea surement methods are used 
by Federal agenc i e s  in planning , des igning , 
spec i f ying , procur ing , leas ing , and oper­
a ting telecommunication systems . 

In July o f  thi s  f i scal year , a new D ivi­
s ion was formed a s  descr ibed in the pre f ­
a c e  t o  the report . Tho se pro j ects which 
were trans ferred to Divis ion 4 during the 
last quarter of the year are grouped 
together as indicated in Sect ion 2 . 1  be low 
and inc l ude Section 2 . 2  on Sate l l ite 
Communication s . The s e  pro j ects wi l l  be 
reported under a new program head ing next 
f i scal year . 

Section 2 . 1  addre s se s  tho se pro j ects which 
relate to communication systems and com­
municat ion services engineer ing ; Section 
2 . 2  presents tho s e  pro j ects or iented 
toward satell i te communications , Section 
2 . 3  summa r i z e s  the terrestrial rad io 
system performance and moni tor ing stud ie s ; 
S ect ion 2 . 4  dea l s  with radio channe l 
s imulat ion and radio system per formance 
s tandard s ;  and Section 2 . 5  presents re­
l ated work i n  f iber optic communicat ions . 

SECT I ON 2 . 1 .  COMMUNICATION SYSTEMS 
AND SERVICES ENGINEERING 

Some o f  the systems techno logy pro j ec t s  
relate to e s tab l i shed or planned commun i­
cat ion service s .  The services are e i ther 
o f fered o r  leased by m i s s ion agenc ie s , and 
the eng ineer ing descr ibed here relates to 
the evaluat ion , per formance cr iter i a , or 
new techno logy required for e f f i c ient , 
cost-e f fective procurement , o f fer ing , or 
e stab l i shing the se servic es . The pro j ects 
descr ibed are : Data Commun icat ions , Non­
Speech T e lecommunicat ion Service s , Proj ect 
Green Thumb , Technical Concept P aper s , 
U . S .  Forest Service Study , Aircraft 
Ob struction o f  Short Microwave Link s , 
Rural Telecommunications , EMS Commun i­
cation s , I nternational Data Communica­
tions , and MARAD A s s i s tance . 

Data Communication s . The past dec ade has 
produced two fundamental changes in the 
data communications industry : an enormous 
increase in the demand for high-qua l ity 
data commun ication service s ,  as a result 

o f  the growth of d i s tributed computing , 
and a rapid pro l i feration of new sources 
o f  supply for these service s ,  as a result 
o f  the FCC ' s  various pro-competitive 
regul atory dec i sions . In 1 9 7 0 , the total 
market for data communication service s and 
equipment was $ 6 0 0  m i l l ion . Today ' s  
market i s  over ten t ime s as l arge - $ 8 . 7  
b i l l ion - and market growth in exce s s  of 
2 0 %  per year i s  expected through the mid-
1 9 8 0 ' s .  

These industry changes have substant ially 
increased the complexity--and the impor­
tance--of the commun ications management 
function . The commun ications manager 
es sent ially operates as a broker , or 
middle-man , between a user requir ing 
communication service and suppl ier who 
provides such service s .  Typical ly , the 
user knows h i s  applicat ion we l l ,  but has 
l ittle technical knowledge of communica­
t ions ; conversely , the supp l ier knows 
communications we l l , but knows relat ive ly 
l ittle about particular user appl ication s .  
The commun ications manager ' s  task i s  to 
br idge the gap between the se two par t ie s , 
to optimally match o f fered systems and 
service s with end user heed s . 

An obvious requirement for ef fective 
commun ications management is a " common 
language " for relat ing the per formance 
needs of a particular user with the 
performance provided by a part icular 
system or service . NTIA ' s  Data Communi­
cations pro j ect has been undertaken to 
meet that need through the deve lopment o f  
user-or iented , sy stem- independent per form­
ance parameters and mea surement methods . 
Spec i f ic pro j ect obj ectives are to deve lop 
three 2elated Federal Telecommunicat ion 
S tandard s :  

1 .  Federal Standard 1 0 3 3  - - def ines 
s tandard , un iversally app l icabl e ,  
user -or iented parame ters for spec i­
fying data communication system 
performance . 
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2 .  Federal S tandard " 1 0 3 3A "  -- will 
define standard measurement method s 
to be u sed in conj unction with the 
standard parameters in a s se s s ing 
del ivered per formance . 

3 .  Federal S tandard " 1 0 3 3 8 "  -- will 
de f ine standard performance classes 
and requirements for interconnection 
of d i s s imilar networks . 

The Data Commun ications proj ect i s  being 
conducted under the auspices o f  the 
Federal Telecommun ication S tandards 
Comm ittee ( FTSC ) . Thi s  committee i s  
re spons ible , under the guidance of the 
General Services Administration (GSA) , the 
O f f ice of S c ience and Technology Pol icy 
(OSTP ) , and the Nat iona l Communications 

System (NCS ) , for the development , coorQi­
nation , and approval of Federal Telecom­
mun ication Standard s .  Propo sed standards 



approved by the committee are promulgated 
by GSA , and ultimate ly become mandatory 
for use by a l l  Federal agencies in the 
procurement of telecommun ication sy stems 
and services .  

F igure 2 - 1  summar izes the overall approach 
used in deve loping performance parameters 
for Federal Standard 1 0 3 3 . The parameter 
development proce s s  consi sted of four 
ma j o r  step s : 

1 .  Mode l Development . Existing and 
propo sed data communicat ion service s 
were surveyed and certain univer sal 
performance character i stics shared by 
all were ident i f ied . The se character­
i stics were consol idated in a simple , 
user-oriented model which provided a 
system- independent basis for the 
performance parameter definition s . 

2 .  Function Def inition . F ive pr imary 
communication functions were selected 
and def ined in terms of model refer­
ence events .  The se functions ( acce s s , 
b i t  trans fer , block transfer , me s sage 
trans fer , and disengagement) provided 
a spec i f ic focus for the parameter 
development e f fort . 

3 .  Fai lure Analys i s . Each pr imary 
funct ion was analyzed to determine 
the pos s ible outcome s an indiv idual 
" trial performance " might encounter . 
Po s s ible outcomes were grouped into 
three general outcome categor ies : 
succe s s ful performance , incorrect 
performance , and nonperformance .  
These categories correspond to the 
three general performance concerns 
( or " cr i teria " ) mo st f requently 

expres sed by end user s : e f f ic iency , 
accuracy , and rel iabil ity . 

4 .  Parameter Selection . Each pr imary 
funct ion was cons idered relative to 
each per formance criterion in matrix 
fashion , and one or more spec i f ic 
parameters were selected to represent 
per formance relative to each funct ion/ 
cr iterion pair . Parameters were 
se lected on the basis o f  expres sed 
user interest and consi sted of proba­
b i l i t ie s , wait ing time s , t ime rates , 
and rate e f fic ienc ies . The matr ix 
approach ensured that no s ign i f icant 
aspect of communicat ion per formance 
would be over looked in the parameter 
se lection proce s s . 

F igure 2 - 2  i l l u strates the standard 
parameter s ultimately selected to repre­
sent acce s s  per formance . Three speci fic 
parameters were cho sen , one as sociated 
with each of the three general per formance 
c r iteria noted earl ier : e f f ic iency , 
accurac y ,  and reliabil ity . The se lected 
parameter s are : 
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1 .  Acc e s s  Time - Average value of 
elap sed t ime between the start of an 
acce s s  attempt and succe s s ful acce s s . 
E l apsed t ime values are calculated 
only in acce s s  attempts that result 
in succ e s s fu l  acce s s . 

2 .  Incorrect Acce s s  Probab i l i ty - Ratio 
of total acce s s  attempts that r e sult 
in Incorrect Acce s s  ( i . e . , connect ion 
to an unintended destination) to 
total access attempts counted during 
a parameter measurement . 

3 .  Acc e s s  Denial Probab i l i ty - Ratio o f  
total acce s s  attempts that result i n  
acce s s  denial ( i . e . , system b locking ) 
to total acce s s  attempts counted 
dur ing a parameter measurement . 

A key a spect of the FED STD 1 0 3 3  parameter 
definitions i s  their expre s sion in mathe ­
matical form . This approach e l iminates 
the amb iguity as soc iated with traditional 
narrat ive de f initions and ensure s that the 
parameters w i l l  be appl ied in a consi stent 
way in all s ituation s . 

The same genera l  approach u sed in the 
access case was fol lowed in se lecting and 
def in ing per formance parameters for the 
user informat ion transfer and disengagement 
functions .  A separate probabil ity param­
eter was def ined to expr e s s  the l ikel ihood 
of each po s s ible failure outcome , and the 
succ e s s ful per formance outcome s were 
expre s sed in terms of wait ing times and 
( in the case of bit and b lock transfer ) 

t ime rate s . Bit and b lock transfer rate 
e f f iciencies were also def ined , to expre s s  
system performance from the standpoint of 
re source uti l i z at ion . 

A ma j or mile stone in the Data Commun ica­
tions pro j ect was achieved in FY 79 with 
the FTSC ' s  dec i s ion to approve publ ication 
of FS 1 0 3 3  as an inter im Federal Standard . 
I t  is anticipated that the standard will 
be available from GSA in the f inal pub­
l i shed form ear ly in FY 8 0 .  

Initial promulgation o f  F S  1 0 3 3  on an 
inter im ( opt iona l )  bas i s  i s  intended to 
accomp l i s h  two obj ective s : 

1 .  Allow Feder a l  agenc ies maximum 
f l exibil ity in se lecting initial 
app l ications . 

2 .  Improve the Standard by means of 
feedback from such trial appl ica­
tions . 

ITS recently began work on a pro j ect which 
will apply FS 1 0 3 3  in the specif ication o f  
performance requirements f o r  a maj or 
Federal network , the future digital 
Defense Communications System ( DCS I I ) . 
This pilot pro j ec t ,  which i s  be ing con­
ducted for the Defense Commun icat ions 
Engineering Center (DCEC ) , is de scr ibed 
el sewhere in thi s  report . 
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USER BLOCKING (a1) 

(EXCLUDED FROM SYSTEM 
PERFORMANCE MEASUREMENT) 

ACCESS TIME 
W(aJ 

SUCCESSFUL ACCESS (aJ 

ACCESS FAILURE 

ACCESS DENIAL (a 1) 

ACCESS DENIAL 
PROBABILITY 

P(a,) 

ACCESS PARAMETERS 
A 

1. Access Time = W(a5) = � I w(Bs) 
s 

as=1 

2. Incorrect Access Probability = P(am) = Am/ A' 

3. Access Denial Probability = P(a1) = A1/A' 

INCORRECT ACCESS (aml 

INCORRECT ACCESS 
PROBABILITY 

P(a�) 

DEFINITIONS 
= Total number of Successful Access 

outcomes counted during an access 
parameter measurement. 

= Total number of Incorrect Access 
outcomes counted during an access 
parameter measurement. 

= Total number of Access Denials 
counted during an access para­
meter measurement. 

A' = Total number of access attempts 
counted during an access parameter 
measurement: As+ Anft A; . 

w(as) = Value of access time measured on a 
particular successful access attempt. 

F igure 2 - 2 . Selected access parameters . 
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Another FY 7 9  happening o f  s ignif icance to 
the Data Communications pro j ec t  was the 
dec i s ion o f  the American National Stan­
dards Insti tute (AN S I  Task Group X 3 S 3 5 )  to 
deve lop an industry performance standard 
based on F S  1 0 3 3 . Thi s  ANS I  pro j ect wi l l  
improve the s tandard b y  bring ing addi­
tional indus try expertise to bear on the 
performance spec i ficat ion probl em , and 
will promote industry understanding and 
acceptance o f  the user-or iented approac h . 
I t  i s  antic ipated that the resulting 
standard w i l l  ultimately be adopted by the 
FTSC as a mandatory Federal Standard . 

Current ITS e f forts on the Data Communica­
tions pro j ect are be ing focused in two 
areas : 

1 .  S upport o f  the ANS I  review/develop­
ment e f fort . 

2 .  Deve lopment o f  s tandard data reduc­
t ion s o f tware for F S  " 1 0 3 3A " . 

I t  is anticipated that a f inal output o f  
the Task Group S 3 S 3 5  e f fort w i l l  b e  ready 
for formal ANS I  coordination by �bout the 
middl e  of FY 8 0 ,  and that an initial draft 
of FS " 1 0 3 3A "  will be comp leted by the end 
of FY 8 0 .  

The real importance o f  the Data Commun ica­
tions program lies in its s ubstantial cost 
savings potential .  I t  i s  estimated that 
the Federal Government wi l l  be spending 
about $2 b i l l ion annually on data communi­
cations by 1 9 8 0 .  An independent National 
Re search Counc i l  committee formed to 
advi se the I n s t i tute for Telecommunication 
S c ience s  on program priorities has esti­
mated that a 2 0 %  reduction in total Fed­
eral data communications costs could be 
real i z ed through the promul gation of an 
e f fic i ent method o f  selec t ing the right 
system or s ervice for a g iven user need- - a  
potential s avings in exc e s s  o f  $ 4 0 0  
mill ion per year b y  the mid-1 9 8 0 ' s .  The 
Federal S tandards be ing developed under 
thi s  pro j ect provide the e s sence of such a 
method . 

Non-s eech Te lecommunication Services .  
NTIA I TS has become involved in evaluat ion 
of a group of new telecommun ic ation 
services known generically as broadcast 
V IDEOTEX ( s implex system s )  and interact ive 
V IDEOTEX ( duplex sys tems ) . ( I t  is to be 
noted that , during early evo lution o f  
severa l  such services ,  various generic 
de scriptors have appeared in the l i terature ; 
the CC ITT has tentat ively adopted the term 
VIDEOTEX . )  S ome of the se services are 
presently o f fered in other countrie s ,  and 
one or more may soon be o f fered to the 
u . s .  publ ic . 

VI DEOTEX sy s tems typically make use o f  the 
home TV rece iver as a d i s play terminal for 
in formation transmitted as alphanumeric/ 
test o r  graphic/pictor ial material .  Some 
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systems , however , are be ing designed for 
business terminal d i splay and will provide 
increased informat ion bandwidth compatible 
with medium and high reso lution CRT s . 
None o f  the pre sently o f fered service s 
make use o f  audio to augment the v.ideo 
presentations ; hence , the term " non- speech 
telecommunications . "  Thi s  doe s  not ,  
however , prec lude the valuable addition of 
vo ice transm i s s ion at a l ater stage in the 
implementation of such service s .  

Based on an exten s ive survey o f  available 
l i terature , an NTIA report i s  be ing pre­
pared to describe , in summary , various 
propo sed and operat ional systems in the 
United K ingdom , We stern Europe , Japan , 
Canada , and the United State s . Compari­
sons are o f fered in terms of system per­
formance and capab i l itie s ,  format s ,  
costs , applications , and user-oriented 
criteria . A l so d i scus sed in the report 
are po s s ible barr iers to broad · implemen­
tation , as the r·esult of the l ack of . 
standards and protoco l s , and various 
i s sues concerning po l icy , economic s ,  and 
privacy . 

The report a l so addre s s e s  the potential 
impact of interactive VI DEOTEX traffic 
upon local l oop telephone service . Of 
particular concern are the e f fects of 
widespread use of the se interactive 
systems ( that make use of home telephones 
and local switching area s ) .  The summary 
of a pre l iminary analy s i s  o f  thi s problem 
appears l ater in thi s  d i scus s ion , using 
Pro j ect Green Thumb as a pilot case . 

Several types of V IDEOTEX services have 
attracted wide spread attention and discus­
sion . Con siderable recent domestic news 
coverage has been devoted to exp l icit 
systems in terms o f  their potential use in 
the U . S .  The se inc lude Pro j ect Green 
Thumb , GTE INSAC , Viewdata , KSL-TV ' s  
Teletext , and a host of others . An early 
interest has been expres sed throughout 
Japan and We stern Europe , where some 
systems are now operat ional .  Currently 
operational services provide visual 
di splay o f  informat ion on the home TV 
rec iever . The Briti sh have p ioneered in 
two o f  the most widely known of the se 
service s :  Teletext and Viewdata . Tele­
text i s  a broadcast VIDEOTEX system that 
makes use of TV broadcast or CATV to 
de l iver information to the home from the 
central data bank . Informat ion i s  carried 
on the vertical retrace or bl anking inter­
val of the video subcarrier . The rece iver 
has a conversion unit to strip this infor­
mation for d i splay on the TV screen . The 
service transmits news , weather , publ ic 
interest items , stock market reports , and 
do zens of other topic s in alphanumeric and 
graphic form for di splay on the home TV 
receiver . In Britain , Tel etext currently 
may be rece ived by any of 20 mill ion home 
receivers provided that they are equipped 
with a decoder box and have been mod if ied 



to rece ive , capture , and d i splay the 
informat ion transmitted as a port ion of 
the televis ion subcarr ier . To date only a 
sma l l  hand ful o f  such TV sets are so 
equipped . 

Another VIDEOTEX system which i s  quite 
s imilar in appearance to that of the 
Teletext system i s  the British viewdata 
system trademarked under the tradenarne 
Prestel . The system connects the horne TV 
rece iver to a computer bank through the 
user ' s  telephone and the common carrier 
switched network . This type sys tem per­
mits the user to reque s t  a particular f i l e  
or set of informat ion " page s "  by punching 
a few keys on the decoder box at the horne 
receiver . The interact ive capab i l ity 
al lows user access to a much larger data 
base than can be handed by the one-way 
type of general information service . 
Cus tomer/ store transact ions , real e state 
previews , banking , legal , and broker 
transactions , med ical informat ion acce s s , 
trave l re servations , and ho sts o f  o ther 
interact ions be come prac tical with such 
interact ive data service s .  

An NTIA report will include an in-depth 
di scuss ion of Pro j ect Green Thumb , an 
interac t ive VIDEOTEX service planned for 
near term implementation in the u . s .  

Project Green Thumb . NTIA/ITS has been 
asked by the Department of Agr icul ture to 
work with them on an Agr icul ture Advi sory 
Service known as Pro j ect Green Thumb . The 
role of NTIA/ITS i s  to be str ictly that of 
technical advi sor or consul tant . Partic i ­
pat ion h a s  been based o n  technical exper­
tise in interactive computer and telecom­
mun icat ion local loop capab i l ities . I t  
was agreed that such part i c ipation was not 
to be construed as endorsement by the 
Nat ional Telecommun icat ions and Infor­
mat ion Admini stration of any particular 
pro j ec t  o r  system . An NTIA report will 
provide a technical descr ipt ion of the 
program and an a s s e s sment of such sys tems 
with respect to capacity , performance , and 
potential usefulne s s . 

The Green Thumb systems , when widely 
implemented , are expected to be j us t i f ied 
on the ba s i s  of helping to reduce the more 
than one b i l l ion do l lar annual losses of 
food and f iber , which are directly or 
indirectly attributable to adverse weather 
cond itions , crop d i sease s , insect invas ions , 
harve sting too early or too late , and 
other problems facing the U . S .  farmer in 
his dec i s ion making processes invo lving 
his agr icultural busine s s . 

There fol lows a descr ipton of the var ious 
partic ipants in Pro j ec t  Green Thumb , 
together with goal s  expected to be reached 
somet ime in 1 9 8 0 - 8 1  as the Green Thumb 
sys tem i s  implemented . 
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The U . S .  Department o f  Agriculture Exten­
s ion , with the support and a s s i s tance of 
the Nat iona l Weather Service ( DoC/NOAA) , 
has drawn up plans for a prototype exper i ­
ment to test the feasibil ity of having 
s tate extens ion personnel operate a c om­
puter i z ed network for farm and weather 
informat ion d i s seminat ion directly into 
the farmer ' s  horne from a computer data 
bank . Two counties in the State o f  Ken­
tucky were se lected as test s ites for 
equipment location and demonstrat ion . 
Each county i s  to se lect 1 0 0  farmer s  to 
partic ipate in the te s t . The farmer s  w i l l  
rece ive a n  e lectrical box with a numeric 
keypad and the neces sary cables for p lug­
ging into the telephone and TV receiver . 
The electrical box i s  a microproc e s sor­
control l ed encoder-decoder plus telephone 
modern that permit s  the farmer to select 
several items from a "menu " of current 
informat ion s tored in a computer data 
base . After select ion of the information 
and placement o f  a local tel ephone ca l l , 
the data i s  automat ically tran smi tted to 
memory in this electrical box and the 
tel ephone connect ion broken . The infor­
mat ion , which may be alphanumeric s , full 
graphic , or a mixture , may be viewed one 
frame at a t ime on a TV set , e i ther in 
color or b l ack and whi te . The architec ture 
for this information sys tem includes a 
medium s i zed state-operated computer which 
handles all the inputs and updates local 
county computers as o f ten . as four t ime s 
per hour . An added potential d imen s ion 
for the test include s the po s s ib i l ity that 
several of the f armers may input user­
ob served data into the data bank via the ir 
encoder -decoder box . 

In summary , the government i s  interes ted 
in : 

1 .  tes t ing the fea s i b i l i ty o f  
operating a computer i z ed system 
for d i s s emination of weathe r , 
marke t ,  and other agricultural 
produc tion and management infor­
mat ion on a day-to -day b a s i s ;  

2 .  development of a prototype soft­
ware support sy stem for the 
t e s t ;  and 

3 .  providing test parameter data to 
evaluate the use fulne s s  and 
acceptab i l i ty of the information 
and the information d i s s emi­
nat ion sys tem . 

A chapter o f  the NTIA report on Non-speech 
Tel ecommunication Services , en titled " The 
Impact of Information Systems on Public 
Switched Networks , "  presents results o f  an 
ITS ana l y s i s  of potent ial future telephone 
tra f f i c  problems resul tant from wide spread 
use of interact ive V IDEOTEX systems . 
Pro j ec t  Green Thumb parameters are used in 
the analys i s ,  which addresses the po s s ible 
e f fects o f  such systems usage on rural 



local l oop s and local switching centers . 
In addi tion , the report shows that the 
number of trunks to the information data 
bank markedly affects the service provided . 

In rural areas , where l ines may be no i sy , 
this tra f f ic ana l y s i s  s howed tha t ,  for the 
Proj ect Green Thumb in Kentucky , blocked 
c a l l s  could be out of the acceptable range 
when as f ew as 1 0 0  VIDEOTEX subscribers 
are partic ipants in the s y s tem . 

The traffic analy s i s  was based on the 
hypothetical example o f  1 0 0  farmer instal ­
lat ions , each orig inat ing one c a l l  per 
hour , presumably at morning and evening 
hour s not conf l ict ing with f ield work . 
Holding t ime ( e l apsed time from tel ephone 
connect to d i sconnect)  was 2 . 4  minutes per 
c a l l  for a 4 k i lobyte memory ( 8  " page s " )  
and 4 . 8  m inute s per c a l l  for an 8 k i lobyte 
memory .  For no i sy channe l s ,  holding time 
was doubled in order to permit comp let ion 
of tran sm i s s ion of page informat ion . 

Re sul t s  we re obta ined for 7 - ,  1 4 - , and 2 1 -
trunk groups connect ing the local switch­
ing center to the information data bank . 
Calculat ions made u s ing tel ephone traffic 
eng ineer ing tabl e s  ind icated the percent­
age of b locked c a l l s  based on the number s 
o f  trunks terminating at the computer .  
Re sul t s  are reproduced in Table 2 - 1 . 

Technical Concept Pape r s . The u . s .  Army 
Commun ications Command has respons ibil ity 
for a wide r ange of communicat ion systems , 
inc luding strateg ic , tactical , and non­
tactic al . Many operational problems 
result from a m i smatch in commun ication 
requi rements ,  formats , o� c ryptography . 
This program i s  addre s sed to a general 
under s tanding o f  the se problems . The 
intent is to write two techn ical concept 
papers which wi l l  g ive an overview of two 
d i s t inct communication problem area s . I t  
i s  hoped that they wi l l  a s s i s t  management 
in better understand ing the options ava i l ­
a b l e  t o  them . 

The two techn ical concept papers w i l l  
concentrate o n  the following : 

1 .  secure voice commun ication s , 
2 .  commun ications mapping for the 

gateway interface s .  

The f i r s t  o f  the se examine s the current 
plan for mil itary secure voice commun i­
cations and the a s so c iated interface 
problems . There exi st s  a variety o f  
interface needs due t o  a variety o f  
mil itary secure vo ice termina l s  and 
s igna l format s .  This leads to a rathe r 
complex interface problem which portends 
a high f inanc ial and temporal cost . The 
interfaces must handl e  a variety o f  
c ryptographic keys and a variety o f  
s ignal formats . S igna l format conver s ions 
(at interface s )  are particularly trouble­
some in view o f  the vo ice qual i ty degrada­
t ion and speaker recogn ition impairment 
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that i s  suf fered a t  each convers ion . The 
paper addresses these techn ical concepts . 

The second paper concentrates on the 
var iety o f  commun icat ion gateway inter­
faces that are encountered in the . current 
m i l itary plan . In some cases , there 
appear s  to be only i l l -def ined require­
ments for the inter faces , and there is a 
d i s t inct po s s ib i l ity that the impact of 
the needs of the inter face are not under­
s tood . This paper d i scusse s a mapping of 
the interfaces encountered in the m.i l itary 
communicat ions heirarchy with a view to 
a s s i s ting mil itary planner s in more fully 
understanding future needs and trends . 

U . S .  Forest Service ADP Commun icat ions 
S tudy .  I T S  h a s  reviewed U . S .  Fore st 
Service Region I telecommun ication require­
ments for upgrading the ADP services and 
enhancing the commun ication services at 
the Forest Service Northern Region . The 
pro j ect cons ists of def ining the operational 
support requirements , deve loping cand idate 
data system conf igurat ions , making per­
formance-cost trade-o f f  analyses , recom­
mending a data-communicat ions . sys tem 
configurat ion des ign , ahd preparing imple­
mentation plans ref lect ing time-phas ing of 
the procurement s .  

Functional d iagrams have been prepared 
from which the ADP and communicat ions 
requirements may be developed . The 
obj ect ive of the pro j ect is to develop and 
document the methodology of specify ing and 
procur ing such te lecommun ication sy stem 
improvement s .  The results should be 
appl icable to other agencies of the Federal 
Government . 

Aircraft Obstruction of Short Mic rowave 
Link s . This pro j ect was a cont inuation of 
an experimental program initiated in the 
previous f i scal year . I t  was supported by 
the u . s .  Army , CEE I A ,  at Fort Huachuca , 
AZ . The obj ective was to determine the 
e f fects of aircraft penetration o f  a 
microwave transmi s s ion beam over rela­
tively short l ink s , with emphasis toward 
digital commun ication systems . The two 
important parameters in the me asurements 
we re the power fade depths caused by the 
aircraft and the multipath that might be 
caused by ref lections . 

The exper imental data were obtained from 
ex i s t ing microwave l inks operated by the 
Federal Aviat ion Adminis tration at the 
Atl anta/Harts f ield Airport in Atl anta , GA , 
and at O ' Hare International Airport at 
Chicago , IL . The results were summari zed 
in the Annual Technical Progress Report 
1 9 7 8  i s sued by NTIA/ITS . An NTIA Report-
7 9 - 1 4  entitled "Aircraft Obstruct ion of 
M i crowave Links " was pub l i s hed in January 
1 9 7 9 , and is avai lable from ITS , Boulder , 
co . 



Table 2 - 1 . Blocking E s timates For Green Thumb Test 

4 k Mem 8 k Mem 
Qui e t  Noisy Quiet Noisy 

Call a ttemp ts/hour 1 1 1 1 

Hold i ng Time 0 . 0 4 h  0 . 0 8 h  0 . 0 8 h  O . l 6 h  

Off ered Load 
per subsc r i ber 
( E rlang s )  0 . 0 4 E  0 . 0 8 E  0 . 0 8 E  0 . 1 6 E  

B lock i ng % 
7 Trunks 

Los t Mode l 6 %  3 5 %  3 5 %  6 5 %  
Held Mod e l  1 1 %  6 8 %  6 8 %  9 8 %  

1 4  Trunks 
Lost < 0 . 1 %  3 %  3 %  2 5 %  
Held < 0 . 1 %  3 . 5 % 3 . 5 % 7 0 %  

2 1  Trunks 

Lo s t  0 0 0 5%  
H e ld 0 0 0 1 6 %  

Thi s  assumes 1 0 0  subscribers make 1 c a l l  attempt per hour with 
ho l d i ng time of 2 . 4  min/c a l l  for 4 k  memory ( Quie t )  

or 4 .  8 m i n/c a l l  f or 8 k  memory ( Quie t )  
and ho ld i ng t ime doub les for noisy cha n ne l . 
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Rura l  Tel ecommunications . This pro j ect i s  
a technical support ing activity f o r  the 
broader NTIA Rural Commun icat ions Program . 
ITS hos ted a planning workshop in March 
1 9 7 9 .  Three rural communities have been 
se lected by NTIA for evaluat ion and spec ial 
empha s i s  in determin ing spec i f ic rural 
tel ecommun icat i6n needs . The se are Haywood 
Country , NC , Rio Arriba County , NM , and 
San Joaquin Valley , CA . Representatives 
from the se c ommunities presented reports 
on surveys c onducted by them to determine 
local needs . Industry repre sentatives 
from e ight sectors ranging from telephone 
serv i c e s  to s low- scan video and satell ite 
service s pre sented highl ights from their 
industry which may be useful in meeting 
rur a l  te lecommunications need s . Three 
working groups represent ing mobi l e  communi ­
cations , broadband and video commun ica­
tion s , and t e lephone and data communi­
cations were formed with ITS repre senta­
tives partic ipating in these groups . 

A s pe c i f ic need for mob i l e  communications 
to support med ical services in the Rio 
Arriba Count y , NM , s ite was identif ied for 
fo l low-up b y  ITS . F ield s ite vi�its were 
made and agreements for use of the New 
Mexico S tate EMS system were developed . 
Further developments have pur sued a radio 
coverage problem in one portion of the 
country . T h i s  spec i f ic problem has led to 
the need for def ining waiver c r iter ia for 
the use of dedic ated EMS frequenc ies in 
rural areas . E f forts are continuing to 
def ine , in a generic way , recommendations 
for telecommunications infrastructure for 
rural commun ities . The add i t ion o f  tele­
commun ications into the economic develop­
ment plans for these commun ities seems to 
be a reasonable approach to s t imulating 
appropri ate developments in re sponse to 
the Pres idential in itiative in thi s  area . 

Emergency Medical Servic e s  (EMS ) Communi­
cations . Dur ing FY 1 9 7 8 , ITS prepared an 
Emergency Medical Service s  Commun ications 
Sys tem Techn ical Planning Guide . After 
extens ive review by concerned Federal 
agenc ie s , the guide was pub l i shed a s  NTIA 
SP 7 9 - 3 . I t  was introduced at a confer­
ence , " Rural EMS Under Construction , "  in 
Okl ahoma C i t y  in May . 

The primary e f fort during this f i scal year 
ha s been directed toward a s tudy of EMS 
telecommuni cation subsystems to develop 
techniques and examp l e s  which will aid 
system managers and planners to better 
under stand the telecommun ications proce s se s  
and t o  evaluate the performance o f  ex isting 
or planned s y stems . The study resulted in 
an EMS s imul ation model which can be 
employed in evaluating the fol lowing 
subprobl ems : 
0 

0 

What t ime delays are incurred in 
gaining acce s s  to emergency medical 
re sources? 
What t ime delays are incurred in the 
d i spatch of appropr iate medical 
re sources to the emergency scene ? 
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o What t ime delays are incurred before 
the appropriate med ical resources 
commence advanced l i fe support or 
some other leve l o f  emergency care? 

The obj ectives of the study were des igned 
to a s s i st telecommun ication manager s  and 
p l anne r s  by provid ing ana lytical , s imu­
l�tion , and measurement technique s for : 
o under s tanding the individual EMS 

delay components and the ir impact on 
the del ivery sys tem , 

o adaptat ion o f  a s imul ation model ing 
techn ique for evaluat ing exi s ting or 
planned EMS telecommun ication systems 
or subsystems , 

o col lect ing and evaluat ing t ime delay 
data on existing EMS telecommun ication 
s ystems , and 

o providing a cro s s  re ference between 
spec i f ic EMS delay components and 
previous appl icable re search ( l it­
erature ) . 

For the purpo se o f  this study , the EMS 
system was cons idered to be composed of 
three sub s ystems or proc e s ses ; namely : 
Cit i z en Acce s s , Di spatch and Resource , and 
Medica l . This i s  shown d iagrammat ically 
in F igure 2 - 3 . Detai led descriptions o f  
the se proce s s e s  and the time events are 
contained in the resultant Ma ster o f  
Sc ience The s i s  submitted to the Department 
of E lectrical Engineering , Univer s i ty of 
Colorado entitled , " S imulation Model ing of 
Emergency Medical Services (EMS ) Telecom­
munic at ion Sy stems , ,; by H .  David Hunt . 

The demonstration model in thi s  study 
emp loys 'a dynamic , stochastic s imulation 
techn ique that accuratel y  accounts for the 
passage of t ime during the proce s s  depic ted 
in F igure 2_- 4 .  The model is c apable of 
closely repre senting the stochastic nature 
of the EMS envi ronment . The model was 
val idated against analytical equations 
wh ich are known to repre sent certain 
empirically der ived resul t s . The model 
was val idated u s ing data on Emergency 
Tel ephone C ircuit Analyse s ,  Emergency 
Operator and Di spatcher Staff i ng Analyses , 
Rad io D i spatch and Emergency Medical 
Channel Analyse s ,  and Medical Unit Traffic 
Analys e s . The d i f ference between prob­
ab i l i ty measure s calculated us ing the 
analytical models and the results of the 
s imul ation model was generally 1 %  or les s .  

A c ro s s-reference matrix between the model 
f l ow-chart dec i s ion points/subprocesses 
delay blocks and relevant bibliographic 
re ferences (a total of 9 6  d i f ferent refer­
ences ) provides the reader a s ource for 
the reference values used in the model .  

MARAD A s s i stance . S ince 1 9 7 3 , ITS has 
provided a range of techn ical services to 
the U . S .  Mar i time Admini s trat ion (MARAD ) , 
including test fac i l ities and a s s i s tance , 
technical repre sentation at nat ional 
( RTCM ) and international ( CC I R )  committee s ,  
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F igure 2 - 3 . EHS telecommunicat ion s subsystems 
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and advanced commun ications s tud ie s . Some 
of the spec i f ic e f forts in FY 7 9  are 
descr ibed in the fol lowing paragraph s . 

1 )  ITS provides ma j or techn i c a l  input 
towards the development of an Automated 
VHF/UHF Mar i time Mob ile Telephone System 
through partic ipat ion in RTCM Sub-Committee 
7 1  and CCIR I nterim Work ing Party 8/5 . 
ITS analyzed the tra ffic hand l ing c apac ity 
of dedicated c a l l ing channe l s  for such a 
system under various operational cond itions 
and submitted a report to the IWP . The 
system concepts evo lving in the u . s .  and 
in Europe are somewhat d i f ferent , l argely 
due to d i f ferent geographical and po l itical 
aspects . I n  the u . s . , " trunking " , that i s , 
t ime- shar ing o f  rad io channels by several 
coast stat ions , i s  genera l l y  thought to be 
e s sential for development o f  a spectrum 
e f f i c ient s ystem . In Europe , trunk ing i s  
n o t  generally cons idered acceptable due a )  
t o  the great number of po l it i c a l  bound­
a r i e s , b )  in certain cases the many coast 
stations needed to cover a relat ive ly 
sma l l  area due to geographical ( terrain ) 
feature s ,  and , c )  the requirement for 
s imul taneous c a l l ing by the se coast sta­
tions to minimize call set-up t ime . ITS 
has been instrumental in the development 
of un i f ied s igna l ing procedures over the 
radio channel so that compat ible shipboard 
s ignal ing equipment will be po s s ible at a 
minimal c o s t  increment . 

2 )  ITS i s  conduct ing a systems s tudy to 
evaluate the fea s i b i l i ty and c apab i l i ty of 
an overlay spread-spec trum commun icat ion 
system in the VHF ( 1 5 6  to 1 6 2  MH z )  band . 
A ma j or impetus for thi s  study i s  the fact 
that in the u . s .  only a rel atively sma l l  
number o f  t h e  channe l s  in thi s  band are 
ava i lable for mar itime use , in part due to 
grand father ing c l auses ( e . g . , use by the 
railroad s of certain channe l s ) . A spread­
spectrum s y s tem could use the full band 
ava i l able and provide add i t ional communi­
cations capab i l i ty ,  provided it does not 
cause inter f erence to the e x i s ting services 
and that the interference by other users 
to the spread-spectrum system does not 
exceed accep table l eve l s . 

3 )  A new CCIR Inter im Working Party 8/8 
was formed in May 1 9 7 9  to determine the 
operationa l procedures and any other 
matters neces sary for the early intro­
duct ion of D i g ital Selective C a l l ing 
( SELCALL ) in the Mar i t ime Mob i l e  ter­

restial service . ITS has for many years 
been a ma j o r  contr ibutor to the develop­
ment of SELCALL and to the internat ional 
adoption of th i s  system ( CC I R  Recommen­
dation 4 3 9 - 1 , adopted at the 1 9 7 8  CCIR 
Plenary ) . T .  de Haa s ha s been named as a 
U . S .  member to the new IWP 8 / 8  and part ici­
pate s in the work o f  RTCM Sub-Commi ttee 74 
where mo st o f  the preparatory e f fort is 
taking place . 
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NOTE : The fol lowing pro j ects ( through 
Section 2 . 2 . )  were under the new Divis ion 
4 for the l a s t  quarter of the f i scal year . 

USPS E lectronic Me s s age Service System . 
This pro j ec t  now constitutes Phase V I I  of 
the NTIA/ITS support of the E lectronic 
Me s sage Service Sys tem (EMS S )  program for 
the u . s .  Postal Service . Again , the ITS 
provides technical support , analys i s ,  and 
documentation in support of the EMS S  
program . The current agreement requires 
ITS partic ipat ion in the development of an 
integrated EMSS program plan , provid ing 
a s s i s tance to the USPS in preparation of 
the statement of work ( SOW ) for the incep­
tion of an EMS S , deve loping software 
analy s i s  and computer model ing o f  the 
EMS S , and developing a dynamic me s s age 
flow s imulat ion model of the initial EMS S . 
Other tasks require ITS to determine 
me s sage security requirements and complete 
deve lopment of trunk network planning 
factor s . 

The previous work of ITS ha s a ided in the 
development of 5 2  EMS S concepts which then 
led to the se lect ion of three and then a 
s ingle candidate by the USPS . EMSS services 
would be phased in over a number o f  years 
depending on cus tomer demand and implemen­
tation strategy to be employed , which i s  
sub j ec t  t o  market factors such as customer 
ac ceptanc e .  Various computer model ing 
al ternat ive s and growth s trategies were 
emp loyed by a pr ivate contractor for the 
three f inal c andidates in cooperation with 
the ITS . The se economic analyses a ided in 
the se lect ion o f  the f inal c and idate by 
varying growth strategy with services and 
market , re spon se as variables . The services 
at various phases would offer magnetic 
tape , opt i c a l  character recogni tion , 
f ac s imi l e , and pub l i c  terminal s  for input 
app l icat ions . Output services could 
inc lude black and wh ite printing or color . 
The market re sponse strategy was b ased on 
1 )  a slower than expected market , 2 )  a 
market that deve lops as predic ted , and 3 )  
a faster than expected market . The model­
ing used alternatives that takes the EMSS 
more than 2 0  year s to deve lop to matur ity 
or to have the EMS S terminated when market 
demand is low in as short a per iod as 8 
year s .  This would permit capital inve st­
ment to be recovered if the EMSS f a i l s  to 
gain cus tomer acceptance . 

The c andidate chosen by the USPS has the 
charac ter i s t i c s  shown in Table 2 - 2  for a 
mature system which could take 2 0  years to 
implement . 

The EMS S has the potential of operation as 
env i s ioned in the accompanying d iagram 
( F igure 2 - 5 ) . The pr inc iple o f  the EMSS 
is as fol lows : the USPS would accept 
phy s i c a l  med ia such as paper copy me s sages 
and magnetic tapes through convent ional 
ma i l  carrier pi ckup or customer del ivery 
at des ignated fac i l ities such as as soc iate 



Annual 
Volume 

( B i llions ) 

2 5 . 0  

Cost/1 0 0 0  
Me ssages 

( $ )  
1 9 . 5  

Table 2 - 2 . Characteristics of Mature Final EMSS Candidate 

Average 
Letter 

S i ze (Bits) 

6 7 , 0 0 0  

Total 
Investment 
( $  millions ) 

1 7 9 1 . 3  

Number 
of 

Stations 

8 7  

Annual 
Operating 

Co sts 
( $  million s )  

3 0 9 . 3  

Size 
of EMSS 

Staff 

4 , 3 8 7  

F igure 2- 5 .  EUSS message routing . 
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Number 
of Public 
Terminal s  

6 7 , 0 5 2  

Productivi ty 
Mill ion 
Me s sage s 

per Per son Year 

5 . 7  



po st o f f ic e s  (APOs ) or sectional center 
fac i l ities ( SCF s ) . The mes sage s would be 
converted at EMSS stations for transmission 
via leased common c arrier services such as 
satel l it e  l inks to EMSS destination sta­
t ions . On mes sage rece ipt at the EMS S 
station , the messages woutd be stored in 
computer memory , sorted in memory , and 
then printed and enveloped for carrier 
del ivery . The me ssages would be d i strib­
uted to the customer by truck or mai l  
carrier as in current practice . 

Other mes s age entry might be by the cus­
tomer at a public termina l o r  from company 
o f f i ces , the former via l ea sed l ines and 
the l atter via leased or customer-owned 
l ines to the EMSS station . No electronic 
mes sage d i s tr ibution by the USPS would 
take p l ace . 

During the past year the ITS has prepared 
an EMS S Sys tem Engineering document which 
provides a planning guide to promote 
development of the EMSS in an orderly 
manner . The document contains a system 
descr iption , requirements , and development 
pl anning factors for the EMSS . . Two areas 
are covered in the document : service 
pl anning and system planning . 

The f irst are a ,  service p lanning , invo lves 
deve lopment of appl ications-or iented 
service groups and definitions rather than 
technology-or iented service s .  There are 
f ive app l ications-or iented service groups . 
They are : Transact-mai l  which includes 
b i l l ings , invoice s ,  purcha se order s ,  and 
payments such as money orders ; Ad-mai l  
which includes various forms o f  advertis­
ing ; Expre s s  letter which would be a 
general mes sage service among businesse s ,  
government , and househol d ; Te l e-ma i l  
includes pr iori ty forms o f  transactions , 
advert i s ing , and general messages ; Custom 
ma i l  which might permit unusual features 
such as special ink and paper . 

The p l anning for the se applications i s  
de f ined in terms of input mode , method of 
c o l l ect ion , output mode , method o f  del ivery , 
and service features such as method o f  
payment , level o f  me ssage secur i ty , and 
whether colored paper and ink other than 
black is to be used . For example , a b i l l  
t o  a customer may start at a company as 
part of a l arge numbe r  of magnetically 
encoded b i l l s  on a reel o f  tape ( input 
mode ) , c o l l e c ted by the USPS ( co l lection 
mode ) , black ink printed on whi te paper at 
the destination station using a standard 
level of security ( service features ) ,  and 
del ivered by the USPS to the addre s see 
( d e l ivery mode ) . 

Service requirements for appl icat ions are 
deve loped in the document which serve as 
guide l ine s for customer , USPS , and EMSS 
fac i l i ty interfaces . The se inter faces 
estab l i sh procedures to b e  followed at 
EMS S stations , public , and user terminal s .  

An operating format is estab l i shed which 
identi f i e s  use of message forms , label ing 
o f  media container for magnetic tape , 
method o f  b i l l ing , method o f  media del ivery 
or p ickup by the me ssage originator , and 
other operat ing procedures . 

Service implementation planning cons iders 
factors which influence station des ign 
requirements . These are the .number o f  
me ssages , bits p e r  me ssage , the number o f  
media conversion devices t o  b e  required , 
and the service feature s .  This implementa­
tion planning helps serve as the basis o f  
mod i f ication o f  software which was used 
for the growth and economic analyses 
descr ibed earl ier , but is now be ing under­
taken by ITS in more detail . Another 
section is used to deve lop algorithms that 
will be used to examine rel ative f requency 
of me ssage arrival at an EMSS station and 
estimated me ssage volume for each app l ica­
tion at each station so that station and 
system requirements can be analyzed . 

The service planning summary section o f  
the document l i sts 2 2  appl ications with 
over 20 po s s ible services cons idered for 
each of the app l ications . 

The second area o f  the document , system 
planning , deve lops guidel ines for the EMSS 
phy s ical system , its functions , and 
operations . P lanning guidel ines have been 
cons idered for EMSS stations , trunk 
network s , and local telecommunicat ions . 
I nterface planning has been cons idered 
within EMSS stations , among EMS S stat ions , 
trunk networks , local telecommunications 
network s , pub l ic terminal s ,  and user 
(customer located ) terminals . 

Another area o f  support has been in 
computer programming and data base adapta­
tion . The ITS has succeeded in modifying 
a contractor-devel oped parametric analysis 
mode l  of the EMSS and a network costing 
program for operation on the Boulder 
Laboratories CDC 6 6 0 0  computer . S igni f i ­
cant change s were made i n  the software t o  
enab le succes s ful operation . This work is 
continuing for the current contrac t . 

Currently , completion o f  an integrated 
program plan for the EMSS is underway . 
This task requires a review o f  EMSS pro­
gram p l ans , ident i f ication of program 
areas r equir ing planning support , areas 
critical to EMSS inception , and develop­
ment of a total program plan for EMSS to 
maturity . 

The deve lopment o f  a draft document con­
tractor SOW of hardware/so ftware require­
ments for EMSS inception is a l so in 
progre s s .  S ervice and system planning are 
part of the document which requires 
contractor generation o f  funct ional 
speci fications for the initial EMS S . 
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There are three areas o f  ef fort in soft­
ware deve lopment . One is in the identi­
f ication o f  software by functional analysis 
at and between EMSS stations that will 
control me s s age input/output proce s s ing , 
me s sage sort ing , control funct ion s ,  and 
bookkeeping . A second is writing software 
that will permit e s t imate s of me s sage 
arriva l s  at stations and for the entire 
initial EMSS . Th i s  work i s  then related 
to the earl ier programs which were used to 
determine EMSS and station costs . The 
third i s  the deve lopment of a dynamic 
me s s age f low s imulation model handl ing 
input/output flow of me s sage traffic at 
EMSS stat ions and through the trunk net­
works whether s atel l ite , terre str ial , or 
hybrid . Thi s software will be capable of 
hand l ing var iable me s sage flow rather than 
peak loads , and will be u sed to estab l i sh 
adequacy o f  equipment spec i f ied in the 
EMS S . 

Another task i s  underway that wi l l  review 
requirements for me s sage protect ion of 
phys ical med ia and electronic data . 
Protect ion of the phy s i cal media inc ludes 
protection f rom f ire , theft , and tamper ing 
with me s sage contents . Me s sage protection 
dur ing network transm i s s ion may be through 
the use of encoding based on the Data 
Encryption Standard (DES ) and the appl ica­
b i l ity o f  propo sed Federal S tandards 1 0 2 6  
and 1 0 2 7  which define compatib i l ity and 
security requirements .  Costs a s soc iated 
with both protection areas will become 
part of the EMSS data base . 

Comp letion of work started during previous 
agreement s is expected in trunk network 
deve lopment factors . Start ing with 1 0  
c ities specif ied f o r  EMSS incept ion , the 
trunk network will be expanded to accom­
modate 1 8 - 2 5  citie s  and finally a mature 
network of c lose to 1 0 0  c i t ie s .  Thi s  
trunk network will b e  b ased o n  lea sed 
private l ine service s .  Plans are be ing 
made for a network topology growth which 
will not hinder hierarchal network deve lop­
ment . Link capacity a s s ignments will be 
made and network f low control s  pl anned . 
Thi s  trunk networking i s  interrelated with 
the network cost software e f fort descr ibed 
earlier . 

Determination o f  D igital Transm i s s ion 
Technical Criteria . This pro j ect , spon­
sored by the Defense Communicat ions 
Engineer ing Center in Reston , VA , was 
initiated in June of 1 9 7 9 . 

As the pr imary eng ineer ing arm o f  the 
Defense Commun ications Agency ,  the Defense 
Communications Engineer ing Center ( DCEC ) 
ha s the maj or respon s i b i l ity for developing 
and implementing the second-generation 
Defense Communications System ( DCS I I ) . 
This planned system , which will gradually 
supplant the exi s t ing AUTOVON , AUTODIN , 
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and AUTOSEVOCOM systems dur ing the 1 9 8 0 ' s ,  
has been motivated by two fundamental 
changes in the m i l i tary commun ications 
environment : 

1 .  A substantial increase in the demand 
for high qual ity data and secure 
vo ice commun ication service s , in 
recognition of the powerful " fo rce 
mul t ip l ie r "  ef fect o f  commun ication s . 

2 .  Dramatic improvements in the tech­
no logies of digital transmi s s ion and 
network re source s haring , typ i f ied by 
the development o f  the D ig ital European 
Backbone (DEB) and the ARPANET . 

Recent D efense Department p lann ing docu­
ments ind icate that the second-generation 
DCS w i l l  d i f fer from the current system in 
three maj or re spects : 

1 .  The analog c ircuit swi tche s and FDM 
tran smi s s ion fac i l it i e s  currently 
supporting AUTOVON wi l l  be replaced 
by d igital equipment .  

2 .  The traditional AUTOD IN s tore-and­
forward me s sage switching network 
wi l l  be augmented and , to a growing 
extent , replaced by AUTOD IN I I  - a 
second-generat ion packet switching 
system based on the ARPANET . 

3 .  The exi st ing AUTOSEVOCOM system will 
be repl aced , under the Secure Voice 
Improvement Program , w ith improved 
narrowband secure vo ice services 
provided by the new AUTOVON fac i l it ie s . 
The number of voice sub s cr ibers 
rece iving security protection will be 
s ignif icantly increased . 

The pl anned DCS I I  network represents a 
direct appl icat ion o f  the new techno logies 
o f  digital transmiss ion and re source 
sharing to the post- 1 9 8 5  needs of mil itary 
commun i cations user s . I n  compari son with 
its predece s sor sy stem , DCS I I  offers the 
potential, of substantially improved end­
to-end �er formance , broader geographical 
and organ i z ational coverage , and more 
flexible adaptation to growth and change . 

In add i t ion to the se operational benefits , 
the planned DCS I I  networ k  offers the 
potential of ma j or cost sav ing s .  The 
super io r  rel iab il ity and ma intainabi l ity 
of the d igital DCS will translate into 
reduced tra ining , operat ion , and ma inten­
ance costs ; and its improved per formance 
will encourage mil itary users to employ 
the common-user network in preference to 
ine f f i c i ent , costly dedicated services . 

Whi l e  the potential bene f i t s  o f  DCS I I  are 
substant ial , their real i z at ion will not 
be easy . Its des igners face ma j or problems 
in determining user requirements for 
service s ; in evaluat ing the per formance of 
candidate fac i l ities ; and , perhaps mo st 



impor tantl y , in relating the se two var ia­
b l e s . The success o f  the DCS II system 
w i l l  depend to a large extent on how 
e f fectively the se problems are addres sed 
during the next two to three year s . 

The ITS wi l l  contribute to the solution o f  
the problems noted above by deve loping 
prec i se technical performance cr iteria to 
be used in the spec i f ication of DCS I I  
sy stems and subsystems . The overall 
pro j ect has been d ivided into three maj or 
phase s .  Each phase requires approximately 
one year of e f fort . F igure 2 - 6  i l lustrates 
the u l t imate obj ect ive that ITS hopes to 
achieve . U ser-or iented parameters and 
values w i l l  be developed in phase A for 
one d ig i t a l  and one analog service mode . 
In phase B technica l ly-oriented parameters 
and values will be determined for various 
s ube l ement interfaces o f  the two systems . 
These must be rel ated back to the user­
oriented value s . F ina l l y , in phase C the 
results obta ined in phases A and B wi l l  be 
appl i ed to o ther service modes and other 
user app l i c ations . Thu s , ITS u l t imately 
expects to " f i l l  in the b l ank s "  shown on 
the f igure . 

This pro j ect relies heavily on the data 
communicat ion program which is concerned 
with developing user-or iented standards 
( e . g . , F S  1 0 3 3 )  for digital commun icat ion 

service s .  The spec if icat ion o f  user­
o r iented p arameter s for analog services is 
a cruc ial s tep in the technical c r iteria 
development proce s s . 

F igure 2-7 i l l u strates the basic i s sues 
that mus t  be addre s sed in conducting a 
sy stematic analysis of user communication 
per formance requirement s .  End-u sers are 
depicted as proce sses or f unctions . The 
ob j ec tive of the user requi rements anal­
y s i s  is de f ined as the e f fectivene s s  of 
this func t ion and the impact the system 
ha s on i t .  

Phase A o f  this pro j ect i s  expec ted to be 
comp leted in the spr ing of 1 9 8 0 . 

Acc e s s  Are a  D igital Switch ing System 
(AADSS ) .  The u . s .  Army ' s  Commun icat ions 

Systems Agency (CSA) at F t . Monmouth , NJ , 
i s  evaluating concepts and alternatives 
for providing an e f f ic ient interface 
between the future Defense Communication 
Sys tem ( DC S ) network and cont iguous m i l i ­
tary b a s e  environments cal led ac c e s s  
area s . 

ITS i s  conducting analyses in support of 
this AADSS program . Previous ITS e f forts 
have inc luded studies on ( 1 )  parametric 
cost al terna tives for local digital d i s ­
tr ibution s y stems , ( 2 )  prel iminary evalu­
ation o f  hub alternative s , ( 3 )  an example 
o f  the des ign for a dig ital t ime divi s ion 
switch with stored program contro l ,  ( 4 )  
trad i t ional s ignal ing techniques for 
contro l ing the switch , ( 5 )  a study o f  the 
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new and complex s ignal ing i s sues which 
ar i se in an integrated ( voi ce/data ) 
communications network , and ( 6 )  an evalu­
ation o f  switch element capac ities in 
ac ce s s  area dig ital switching systems . 

Stud i e s  1 through 4 were reported earlier 
and are descr ibed in previous annual 
reports .  Stud i e s  5 and 6 were completed 
in 1 9 7 9  and are descr ibed here . 

NTIA Report 7 9 - 1 3 , " Control S ignal ing in 
a Mil itary Switching Environment , "  d i scus­
ses var ious f actors inc luding network 
topo logy , traffic characteristic s , switch­
ing techno l ogy , and transm i s s ion media 
which a f fect the cho ice o f  control s igna l­
ing techn iques to be u sed in future mili­
tary networks . 

One o f  the ma j or i s s ue s  which arises in 
the des ign , development , and deployment of 
a telecommun ications network is the 
spec i f icat ion o f  the network management 
and contro l . The des ign of the control 
s ignal ing sys tem for DCS ac ces s area 
switche s is a pr ime example . Because 
mil itary networks tend to evolve slowly , 
perhaps over a decad� or two , re solution 
now of the key control s igna l ing i s sue s 
could influence , i f  not fully determine , 
the direction networks will take in the 
1 9 8 0 ' s  and 1 9 9 0 ' s .  

Empha s i s  i s  on tho se sy stems u s ing common 
s igna l ing channel s . D igital s ignal ing 
systems having potential application on 
both the l ine and the trunk s ide of a 
digital switch are a l so examined . Some of 
the potential s ignal ing interfaces to an 
acce s s  area digital switch are i l lustrated 
in F ig'ure 2 - 8 . 

This report provides an introduct ion to 
the se concepts and i s sues involved by 
reviewing the more important advanced 
s ignal ing concepts ava i l able today . 

A second report ent itled " Swi tch E lements 
Capac i t i e s  in Access Area D igital Switch­
ing System s " is being reviewed by the 
sponsor for pub l icat ion as an NTIA report 
during the summer of 1 9 7 9 . This report 
def ine s the parameters wh ich determine the 
capacity of modern switching sys tems in 
terms of four ma j or switch elements : the 
inter f ace , the switch ing matr i x ,  the 
control proc e s so r ,  and the s igna l ing 
elements .  Exi s t ing commerc ial switching 
systems are used to exemp l i fy the charac­
ter i s t i c s  of representat ive switche s .  · 

Numerical parameter values are developed 
for a range of switch s i z es having app l i ­
cation in m i l i tary access areas . Tele­
tra f f ic enginee ring concepts wh ich inf l�­
ence switch capacity are introduced . The 
study results are appl ied to a spec ific 
mil itary comp lex who se commun ications 
pro f i l e  is known . A digital switch con­
cept u s ing local and remote concentration 
un its i s  used in the example . Figure 2 � 9  
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NOTES: 
S P C - STORED PROGRAM CONTROL 

P C M - PULSE CODE MODULATION 

MUX - MULT I PL E X  

MOD - M O D E M  

F igure 2 - 8 . 

Ana log Transm i ss ion _:..__ D i g i ta l  Tra n s m i ssion 

Fac i l i t i e s 1 Fac i 1 1 t 1 e s  

Potential signal i ng interfaces to acce s s  area d ig i tal 
switch for tran si t ional network environment . 
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i l lus trate s the concept employed for the 
remote switching hubs serving as private 
automatic branch exchanges . The se hubs 
home on a central switching hub which 
serve s a s  the acce s s  to commerc ial carriers 
and to the DCS backbone switche s ;  see 
F igure 2 - 1 0 . 

One o f  the primary bene f i t s  of the AADS S  
will b e  reduced D C S  a c c e s s  l ine c o s t s  b y  
el iminat ing d i r e c t  homing of each mil i tary 
insta l lat ion to the backbone network . 
Inter-base connec t ivity enroute to the 
backbone DCS can reduce the overall 
acce s s  c ircuit mileage , increase acce s s  
c ircuit u t i l i zation i n  port ions o f  the 
acce s s  network , and e l iminate backbone 
switch tra f f i c  for intra-area calls . On 
a current pro j ec t , ITS expects to analyze 
the AADSS for two spe c i fic m i l i tary 
regions and to include a l l  of the mul t i ­
service acce s s  point s within each region . 
The s tudy wi l l  inc l ude an assessment o f  
the technical and practical fea s ib i l ity a s  
we l l  as the cost effectivene ss o f  various 
intra-area and AADSS backbone connectiv i ty 
al ternative s . 

Command Post/S ignal Center Bus D i s tr ibu­
t ion Concept Des ign Program . The semi­
tactical nature o f  transportab le Army 
Command Posts and S ignal Center s  ( CP/SC ) 
poses many real operat ional problems to 
the Army F i e ld Commander s . This appears 
particularly true for the internal CP/SC 
communicat ions d i stribution systems . Such 
a sys tem must o f ten be installed , mod i f ied , 
or transported rapidly . The sys tem mu s t  
be survivable , movabl e ,  and f lexible . I t s  
telecommun ications performance must meet 
a l l  mil itary operational requirements 
faced by transportab le CP/SC scenar io s . 

ITS i s  taking an in-depth look at new and 
evo lv ing techno logies to ascertain whether 
and how new system concepts ( such as bus­
type distribution) can bene f ic ially replace 
the existing fac i l ities . Th i s  ITS e f fort 
i s  sponsored by the u . s .  Army ' s  Commun i­
cat ion Electronic Equipment Installat ion 
Agency (CEEIA) at Ft . Huachuca , Ari z ona . 
The pr ime obj ective i s  to provide a func­
t ional des ign and spec i f ication of a bus­
type transmi s s ion system to replace cur­
rently used wire pairs and cabl es used in 
transportable tac tical command post s .  
Dur ing the course of this program , ITS has 
collected a cons iderable amount of infor­
mat ion relat ing to command post s igna l ing 
centers and bus- type d i stribut ion center s .  
This has been accomp l i shed by l iterature 
search , d i scus s ions with cognizant per son­
nel , and by v i s i t s  to tactical field 
exerc ises at Ft . Huachuca , AZ , and F t .  
Hood , TX . This information i s  be ing 
evaluated and wi l l  be summar i zed for 
inclus ion in the f inal report to the 
sponsor . A ma j or section of the report 
deals with overa l l  CP/SC network des ign . 
The current method u sed for interconnec­
t ion of func t ional un its in a typical area 
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s ignal center i s  shown i n  F igure 2 - 1 1 . 
The funct ional units shown in this figure 
may be spread over an area 3 km to 5 km in 
diameter . O ther topo logies such as loop 
and star- loop comb inat ions are be ing 
evaluated for bus -type networks . I t  
appears that the two measures of e f fec­
t ivene s s - -deployment t ime and surviva­
b i l ity--are often conf l ic ting . The ITS i s  
attempting to deve lop method s for quanti­
fying the survivab i l ity o f  potential bus­
type architectures used at the command 
po s t  leve l . One promi s ing means for 
providing s uch a quant itative measure of 
survivabi l ity is to determine the e f fect 
o f  inoperative nodes and l inks on the 
grade of service . The results of this 
study can then be u sed to optimi ze the 
topology to enhance s urvivab i l i ty and 
s imul taneous ly reduce deployment t ime . 

A report descr ib ing the results obtained 
is pl anned for the f a l l  of 1 9 7 9 . 

Telecommunicat ions Protec t ion . The 
Telecommunications Protect ion program was 
started in f i scal year 1 9 7 9  by NTIA in 
order to conduct the Pres idential D irect ive 
( PD/NSC - 2 4 )  Executive Agent respon s i b i l i ­
ties in communication protect ion a s s igned 
to the Secretary of Commerce and delegated 
to the Admin i s t rator , NTIA . The program 
is directed by the NT IA Special Pro j ects 
Off ice in the Off ice o f  Federal Sys tems 
and Spectrum Management . The Special 
Pro j ects Off ice in Wa shington , DC , deve lops 
po l icy recommendat ions and conducts Federal 
agency telecommunication protect ion sur­
veys . The techno logy and technical evalu­
at ion part o f  the program i s  conducted at 
ITS in Boulder , CO . 

Pres idential D irective PD/NC S - 2 4  provided 
certain pol icy guidel ines that included : 

1 .  Government c l a s s i fied informat ion 
relating to national defense and 
foreign relations sha l l  be trans­
mitted only by secure means . 

2 .  Unc l �s s i f ied information transmitted 
by and between government agenc ies 
and contractors that would be useful 
to an adversary shou ld be protected . 

3 .  Nongovernmental informat ion that 
would be u s e f ul to an adver sary sha l l  
b e  identif ied and the pr ivate sector 
informed o f  the problem and encour­
aged to take appropr iate protective 
measure s .  

The organ izational s tructure estab l i shed 
to addr e s s  the PD/NC S - 2 4  d i rect ive in­
c lude s the National Secur ity Agency act ing 
in its tradit ional role relating to c l a s ­
s i f ied informat ion and nat ional secur i ty . 
NT IA assumed a new role deal ing with the 
protect ion of unc l a s s i f ied , non-nat ional 
security related informat ion . The delega­
t ion of the se re spons ib l it i e s  i s  summar­
i z ed in F igure 2 - 1 2 . 
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Most aspects o f  the program are c lassified 
incl uding the specific s  on ITS ' role and 
activitie s . The report given here , there­
fore , i s  by necess ity broad and describes 
the program as a whole rather than focus­
ing only on ITS ' technical evaluation 
role . 

The principal threat to telecommunications 
that NTIA is address ing is the vulnera­
bil ity of both terrestrial and satel l ite 
microwave radio to eavesdropping . The 
types o f  information o f  concern to NTIA in 
their telecommunications protection role 
inc lude : 

o F inancial Information 

o P lanned changes in prime in­
terest rates 

o Support of the do l lar in fore ign 
exchange markets 

o Commodity Market Forecasts 

o Supply o f  Critical Material s 

o S trategies for International 
Negotiations 

o Se lected H igh-Technology Information . 

NTIA has ident ified long range goa l s  and 
obj ectives to meet the responsib i l ities 
de legated to NTIA by the Department of 
Commerce a s  executive agent . In tele­
communications protection o f  government­
derived unc lassified informat ion , the 
goal s  are : 

o Assure adequate protection is ava i l ­
abl e , as warranted , against appropri­
ate threats for se lected u . s .  Govern­
ment , U . S .  Government contractors , 
and pr ivate sector elements . 

o Formulate a national policy on publ ic 
cryptographic re search . 

The second goal dea l s  with the d i f f icult 
area o f  balanc ing the private sector ' s  
right to pursue re search in the area o f  
cryptography with the is sue s o f  national 
security . Short-term obj ectives include 
the development of a National Security and 
Implementation P l an based upon : 

1 .  Pol icy analyses concerning key 
issues and national impacts , and 
legal and regulatory require­
ments . 

2 .  

3 .  

System analysis to select a 
system concept and recommend 
spec ific technical solutions 
consi stent with ava i lable tech­
nology , industry plans , and 
e f f ect iveness . 

User-requirements analyses to 
specify user protection needs , 
user prioritie s ,  and vulnera­
b i l ities . 
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I T S  also participates i n  the writing o f  
telecommunications s tandards concerned 
with encryption . Two standards are in the 
f inal s tages of development . They are 
Federal Standard 1 0 2 6  ( dra f t )  and 1 0 2 7  
(draft) deal ing with the encryption o f  

data f o r  communications and the phy s ical 
security o f  the encryption equipment . The 
work i s  be ing accompl i shed in Subcommittee 
Three ( SC 3 )  o f  the Federal Telecommun i­
cations S tandards Committee (FTSC ) . 

SECTION 2 . 2 .  SATELLITE COMMUN ICAT IONS 

The main e f fort in the sate l l ite commun i­
cations program area during FY 1 9 7 9  has 
been on a continuing direct- funded pro­
gram . On this program , the regulatory , 
economic ,  and technological aspects of the 
development of sma l l - antenna earth s tat ion 
systems have been stud ied . The maj or 
long-term goa l s  o f  this program are : 

1 )  

2 )  

3 )  

To foster the use o f  new and exi sting 
telecommun ications systems and ser­
vices by pub l ic service agenc ies 
( includ ing private groups and a l l  
leve l s  o f  government) to he l p  those 
agenc ies meet their needs and goal s  
more e f fic iently and economica l l y .  

To help develop for public service 
agenc ies the technica l  means to 
improve the e f f ic iency and cost 
e ffect ivenes s  o f  their communication 
systems . 

To provide technical bases for the 
development of pol ic ie s  for the 
future evolution of new sate l l ite 
communication technologies with 
s ignif icant pub l ic service benefits . 

During FY 1 9 7 9 , the program was separated 
into two pro j ects , one address ing orbit/ 
spectrum c apacity and regulatory aspects 
and the second addressing pub l ic service 
applic ations o f  sate l l ite communications . 
The se p roj ects are d i scus sed be low . 

Frequency/Orbit Resource S tudy and Support 
o f  u . s. P roposals for 1 9 7 9  WARC . The 
object ive of these pro j ects was to en­
courage the development o f  low-co st , sma l l  
antenna earth s tations i n  the f ixed­
sate l l ite service through the deve lopment 
of technical and pol icy options and pro­
posed rules relevant to the U . S .  propo sals 
to the 1 9 7 9  General World Administrat ive 
Radio Conference (GWARC ) and the 1 9 8 3  
Regional Administrative Radio Conference . 

During FY 1 9 7 8 , work on the se pro j ects 
focused on preparation o f  the u . s.  pro­
posals through the I RAC Ad Hoc Committee 
14 4 .  The U . S .  position document was 
completed early in FY 1 9 7 9 . Although the 
formal propo sals had been completed , 
technical analysis to support these pro­
posals has cont inued . These studies 
addres sed propo sed changes in the al loca­
tion o f  the 1 1 . 7  GHz to 1 2 . 7  GHz band . 



The three related stud i e s  dealt with ( 1 )  
the increa sed orbit/ spectrum capac ity that 
would result f rom the propo sed al location 
change s ,  ( 2 )  the feasibil i ty for spectrum 
shar ing between broadc a st ing- sate l l ite 
services and terrestrial service s in the 
1 2 . 2  GHz to 1 2 . 7  GHz band , and ( 3 )  the 
economic advantage s and d i s advantages 
a s sociated with moving the broadcasting­
satel l ite service to the 1 2 . 2  GHz to 1 2 . 7  
GHz band . Re sults o f  the se studies were 
provided to the u . s .  delegates to the 1 9 7 9  
GWARC . 

Techn ical p lanning £or the 1 9 8 3  Reg iona l 
Admini strative Radio Conference was initi­
ated during FY 1 9 7 9 . The purpo se o f  the 
1 9 8 3  RARC i s  to develop a p l an for the 
broadcasting-satel l ite service for Reg ion 
2 of the I nternational Telecommunication 
Union . A s  a part of this s tudy , a stati s ­
tical analy s i s  w a s  made o f  the orbit-s lot 
and frequency channel a s s ignment plan for 
Reg ions 1 and 3 which was developed at the 
1 9 7 7  WARC-BS . The initial technical 
pl anning a l so inc luded a review o f  computer 
programs developed by others for analyz ing 
propo sed orbit- slot/frequency c�annel 
a s s ignment plans . 

Pub l ic Service Commun ications . The ob j ec­
tives o f  thi s pro j ect were to per form 
pub l ic service requirements and cost 
tradeof f  model ing stud i e s  and to monitor 
the deve lopment o f  technology appl icable 
to low cost earth stations for rural and 
other thin-route sate l l ite communications 
app l ication s . 

On this pro j ect , ITS staff have partic i ­
pated in the work and meet ings of the 
Interagency Committee on Sate l l ite Telecom­
mun ications App l ications . The National 
Aeronaut i c s  and Space Admini stration 
(NASA) , a s  a contr ibution to the work of 

the Committee , developed a network cost ing 
mode l .  This model was u sed to a s s e s s  the 
cost of d i s tr ibuting a v ideo s ignal from 
Wa s hingto n ,  DC , to 1 4  other ma j o r  c it i e s  
that have Federal o f f ice bu ildings in the 
downtown area . The resultant network 
con s i sted of a sate l l ite upl ink terminal 
near Washington l inked to Federal Govern­
ment department s via microwave relay and 
rece ive-only earth stations at each of the 
federal o f f ice bu i ld ing s in the 14 c it ie s . 

The ITS per formed a cost analy s i s  o f  a 
terrestrial video d i str ibution network 
us ing common carr ier f ac i l i t ie s . The 
results of these ana lyses show the cost o f  
the sate l l ite network t o  be about one­
seventh the cost of the terrestrial network . 
In the ana l y s i s  o f  both netwo rk s , the 
capital investment and insta l l ation costs 
were amorti zed over 1 0  year s . 

SECTION 2 . 3 .  TERRESTRIAL RAD IO SYSTEM 
PERFORMANCE 

This activity is d irected toward the de­
s ign , evaluation , acceptance , operat ion , 
and upgrad ing of exi s ting or prop_o sed sys­
tems operated by the Federal Government . 
The proj ects genera l l y  result in recom-" mendations for sy stems des ign and/or up­
grading as reques ted by the other Federal 
agenc ie s . 

EFAS/PEP I I  P rogram . The EFAS program 
addre s s e s  the technical performance char­
acter i s t i c s  of the D igital European Back­
bone (DEB) communications system shown in 
F igure 2 - 1 3 . The DEB program is directed 
at the convers ion of the wideband analog 
commun ications systems to secure digital 
commun icat ions system s . An exten s ive 
al arm , switching , and s tatus remoting 
system is imbedded in the new sys tem . 

Alarm and status reporting and remote 
switch ing is contro l led by one of three 
minicomputers connected to the sys tem that 
are managed by app l i cation programs de­
veloped by ITS . The computer system con­
tro l s  po l l ing of the remote s ites and 
presents sys tem cond it ions in a form most 
useful to the system manager . The com­
puter s a l so archive a l l  system change s for 
l ater analy s i s . Two o f  the d i splay formats 
are shown in F igure 2 - 1 4 . 

The PEP I I  Program i s  undertaken to collect 
informat ion on other parameters not a s soci­
ated with the alarm and switch ing system . 
Among the se will be rap id samp l ing of re­
ce ived s ignal leve l s  at a s ite that is one 
terminal of a 1 6 0  km l ink . This path i s  
known t o  have severe atmo spher ic layer ing . 
A l so , station power w i l l  be monitored for 
reliab i l i ty and channel block reliabil ity 
and ava i l ab i l i ty wi l l  be evaluated . 

EFAS/PEP I I  P rogram Analys i s .  The Digital 
European Backbone (DEB) system contains 
several l inks where propagation causes 
some concern . I t  a l so has one s ite which 
has a severely restricted antenna mounting 
area and is one terminal of a 1 6 0  km 
l ink which is known to occasionally exper i­
ence severe multipath fad ing . The maximum 
obtainabl e  antenna spac ing may be inade­
quate to real i z e  the divers ity recept ion 
needed on th i s  l ink . In add i t ion , the 
e f fect ivene s s  and accuracy o f  mon itor ing 
techn ique s for digital equipment is still 
unproven on a sys tem bas i s . 

This program i s  to addre s s  the aforemen­
tioned concerns by acquir ing propagat ion 
data on the l inks that are known to have 
severe atmospheric fading . Data will be 
coll ected on sy stem ava ilabil ity and 
qua l i ty to a s s e s s  system performance . 
Furthe r ,  data will be col lected to assess 
the e f fectiveness o f  the performance 
mon itoring system . 
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The third minicomputer i s  to be instal led 
and put in operat ion on the DEB system . 
The system software will then undergo 
intens ive testing . 

Data obtained from the closely spaced 
divers ity antennas are be ing analyzed and 
a letter report will be prepared for the 
sponsor . Contents o f  this report are not 
to be made pub l ic without the sponsor ' s  
approval .  

RADC/Technical Support for the Air Force 
Killer Kat Communications System . This 
proj ec t  was establi shed to provide techn i­
cal support and consultation to the Rome 
Air Development Center ( RADC ) in re spect 
to the development of a special digital 
tropo scatter communications system . ITS 
personnel have provided review o f  technical 
test p l ans and have participated in program 
review mee tings with the sponsoring agency 
and the equipment contractor . On- site 
observation and consultat ion will be 
provided l ater in the f i scal year when the 
system is installed in Europe . 

H . F .  Ground Wave . The general goal o f  
this prOJ ect is t o  determine optimum 
antenna aperture di stributions for maxi­
miz ing the ground wave f ield s trength at 
di stances beyond the optical hori zon . The 
primary application is low-angl e  radar 
coverage over both land and sea . 

The feasibil ity o f  exc it ing the Z enneck 
surface wave was first examined . By 
matching either the vertical or hori zontal 
aperture f ie ld to that of the Z enneck wave 
over a flat earth , it was found pos s ible 
to launch a Z enneck-l ike wave in the near 
f ield . However , for antennas of realistic 
s i z e , the Zenneck sur f ace wave character 
vanishes in the far f ield , and the remain­
ing field has the usual ground wave char­
ac ter . Calculations were actually per­
formed for both f lat and curved earth 
model s  and for both land and sea paths . 
In a l l  case s ,  the Z enneck wave exc itation 
was found to be ine f fective . 

Surface roughne s s  ( land or sea ) and sub­
l ayering ( ice or earth crus t )  can result 
in an inductive surface impedance which 
can strongly enhance the ground wave f ield 
strength . The curved-earth attenuation 
funct ion was calculated for a l arge range 
in amp l itude and phase of the e f fec t ive 
surface impedance .  Such calculations 
cover all expected land and sea path cases 
of intere st . 

' 

U s ing the previous results for ground wave 
propagation and excitation , optimum antenna 
aperture di stributions for both vertical 
and hor i zontal antennas will be determined . 

Performance Improvement of HF Communica­
t ions . Because o f  the vulnerab i l i ty of 
sate l l i te radio to destruction under 
wartime conditions , the armed forces need 
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t o  retain and improve the ir capab i l ity in 
HF digital radio communications . The 
ob j ec tive of this proj ect is to make a 
comprehen s ive survey o f  HF digital radio 
communication techniques to determine the 
best methods that might be used to improve 
the performance and rel iab i l ity of HF 
digital radio systems . 

A study was made o f  the spec i f ic design 
features of HF digital radio sys tems that 
af fect their performanc e .  A basic HF 
digital radio system cons ists of three 
maj or parts : the transmitter , the HF 
iono spheric channel , and the receiver . 
The performances of such systems c an be 
spec i f ied in terms of b it-error probab i l i ty 
and spectral e f f iciency ( information 
rate/s i gnal bandwidth ) . The b it-error­
probab i l ity per formance of a system is 
determined by the signal process ing tech­
nique s that are used in the transmitter 
and rece iver , and by the types and magni ­
tudes o f  the distortions that are imposed 
on the s ignal by the equipment and the HF 
channe l . The spectral effic iency of a 
system i s  determined by the s ignal proces­
sing techniques and is independent of 
channel and equipment di stortions . 

The transmitter in general conta ins an 
error coder , a modulator , an HF tran s­
mitter , and an antenna . The character­
istics of the transmitter that a f fect 
system performance were cons idered in 
deta i l  by c l a s s i fying and describing ; the 
types of error code s (block and convo­
lutiona l ) ; the digital keying methods 
(ASK , PSK , APS K , FSK , and CPK) ; the mul ti­

plexing techniques ( frequency mul t iplexing 
and concentric multiplexing ) ; the HF 
transmitter operat ion ( frequency transla­
tion , f i lter ing , and amp l i f ication ) ;  the 
size , g a in , bandwidth , and steer ing char­
acteristics of a large variety of trans­
mitting antennas ; and the addi tive , multi­
pl icative , and nonlinear equipment d i stor­
tions introduced by the various parts o f  
the transmitter . 

The HF channel in general consists of a 
number o f  propagation modes or paths over 
which the s i gnal travels from the trans­
mitter to the receiver . Because the paths 
introduce dif ferent propagation delays , 
the channe l introduces time-scatter multi­
pl icative distortion , and because each 
path introduces Doppler shift and Rayle igh 
fading on the signal , the channe l intro­
duces f requency- scatter multiplicative 
di stort ions . Noise and interference that 
are present constitute additive channe l 
distortions . A val idated HF channel model 
was used to characterize the channe l . 

The rece iver in general contains an an­
tenna , an HF receiver , a demodul ator , and 
an error decoder . The character istic s  o f  
the rece iver that affect system performance 
were cons idered in deta i l  by c l a s s i fy ing 
and describ ing : the type s of antennas 



( includ ing adaptive receiver antennas for 
suppres s ing interference ) ;  the HF rece iver 
operation ( frequency tran s l at ion , f i l ter­
ing , and amp l i f ication ) ; the types of 
demodulator f i l ters (matched and non­
matched nonadaptive f ilters and qua s i ­
s t a t i c  and dynamic adaptive f i l ters ) ;  the 
b i t-dec i s ion or detection methods ( coher­
ent , partial ly-coherent , d i fferential ly­
coherent , and noncoherent ) ;  the types of 
error decoding ( hard and s o f t ) ; and the 
additive , multiplica tive , and nonl inear 
equipment d i stortions introduced by the 
various parts of the rece iver . Also 
c l a s s i f ied and descr ibed were the type s of 
dive r s i ty operation : s ingle- transmiss ion 
polarizat ion and space d ivers ity ; mul tiple­
transmi s s ion frequenc ies and t ime d iver­
s i ty ;  and performance mon itoring and 
predict ion methods . 

The b it-error-probab il ity performance o f  
a system with respect to the various types 
of channel and equipment d i s tortions are 
a f fec ted by nine system des ign features : 
the fundamental pul s e  waveform , the keying 
method , the mul t iplexing method , the type 
of demodulator f i lter , the b it-dec i s ion 
( detection) method , the transmitter power , 
the antenna s ,  d iver s ity , and error coding . 
The s pectral e f f ic iency o f  a system i s  
determined b y  the f irst four and l a s t  two 
o f  the s ame des ign feature s .  The e f fect s  
o f  the sys tem des ign f eatures on b i t­
error-probabi l ity performance were evalu­
ated with re spect to addi t ive channel and 

· equipment d i s tortion s , mul tiplicative 
channel and equipment d i s tortions , and 
nonl inear equipment distortions in turn . 
The. e f fects o f  the system des ign features 
on spectral e f f ic iency were evaluated in 
conj unct ion with the evaluation of the 
b i t-error-probabi l ity performance . The 
results o f  the evaluation were then used 
to determine the best methods of improving 
the performance and rel iabi l i ty of military 
HF d igital radio communication s . A final 
report was prepared that describes the 
s tudy and presents spec i f i c  conc lusions 
and recommendations [ Watterson , C . C . , 
Methods o f  Improving the Per formances o f  
H F  Digital Radio Systems , NTIA Rept . ,  1 9 7 9  
( to b e  pub l i shed ) ] .  

DOE SECOM Technical Support . Thi s pro j ect 
support s  the ERDA Material Transportation 
SAFEGUARDS programs with the maj or thru st 
concern ing sys tems engineering support to 
evaluate the capab i l ities and vulnerab i l i­
t ies o f  the exi sting SECOM s y stem to 
support communications with commerc ial 
trucking s ystems transporting nuc lear 
material . The program was initiated in 
FY 7 6  and concerned the development and 
implementat ion of an improved HF propaga­
t ion mode l ,  mob ile antenna evaluation , and 
the initial design o f  a system management 
mode l . 

During this f iscal year , ITS has partic i­
pated in an evaluation program which in­
volve s three Federal agenc i e s : The 
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Department o f  Energy a s  operator o f  the 
SECOM system and manager of DOE sensitive 
material transport operation s , the Nuc lear 
Regul atory Commission (NRC ) Technology 
Asses sment and Test and Evaluation Branches 
of the SAFEGUARDS Divis ion . In addition , 
a transportation service contractor will 
partic ipate in the evaluation . Test 
direction i s  the responsibi l ity o f  the NRC 
Test and Evaluation Branch . 

ITS has deve loped the test methodology and 
a deta i led test plan . The methodology 
ident i f i e s  spec i f ic communi cations and 
operations event relationships for selected 
route pro f i l e s  and provide s event temporal 
and connec t ivity sens itivities as derived 
from existing operational and func t ional 
mode l s .  Commun ication elements inc lude 
SECOM and intra-convoy mode s .  Mi s s ion 
operations inc lude pre-mis s ion system 
entry at departure site s , enroute s tatus 
report ing and inc ident events , and c lear­
ance reporting at route termination . The 
deta iled test p lan spec i f i e s  mi s s ion 
pl anning procedure s ,  data recording methods 
and anal y s i s  proce s ses , appropriate system 
d iagno s t ic s , and convoy crew and intruder 
force tra ining requirements .  The test 
plans and test procedures are des igned to 
determine the performance of the HF 
commun icat ions system under three con­
d ition s ; namely : normal transport condi­
t ions , unintentional acc ident , and physical 
threat ( equivalent to airl ine hij acking or 
terror i s t ) . In the l atter case , the 
sc enario of the s imul ated threat , which i s  
cons idered to be non-mil itary in nature , 
has been defined and source s  o f  pub l ic 
informat ion avai l able to such counter 
forces as we l l  as the types of mil itary 
surplus · j amming equipment ava i lable to an 
informed adversary have been identi f ied . 

U s ing the se test p lans and procedures ,  an 
actual s imulated communications counter­
mea sure event w i l l  be staged to determine 
the vulnerab i l ity of the c ommunicat ions 
system to such intentional j amming . ITS 
wi l l  partic ipate in a DOE/NRC planning 
se s sion and serve as a technical advisor 
and resource in the pl anning of this test . 
The tests w i l l  actually be per formed by 
DOE contractor personnel with the counter­
force be ing suppl ied by u . s.  mil itary 
personnel who will be given the informa­
t ion which ITS has generated and resources 
to deve l op the commun icat ions counter­
measure system from commercially avai lable 
equipment .  

D igital System Performance Verif ication . 
The U . S .  Army Communications Command 
(USACC ) at F t .  Huachuca , AZ , found it 

neces sary to convert two 4 - 5  GHz trans ­
horizon transmiss ion paths from analog-to­
digital operation s . A DCEC Technical 
Report describe s the b it-error performance 
expected of a transhorizon digital system . 
However ,  the pred iction models used are 
based on model s contained in NBS Technical 



Note 1 0 1 ,  or variations o f  thi s  model .  
The Technical Note 1 0 1  model was developed 
from mea sured data concentrated in the 4 0 -
1 0 0 0  MH z frequency range . The prediction 
a s sociated with us ing frequenc i e s  outs ide 
the actual operating range is d i scus sed in 
Vo lume II of NBS Techn ical Note 1 0 1 . 

A method for reduc ing the per formance 
prediction uncertainty by decreas ing the 
width of the conf idence interval i s  
ava ilable and i t  makes use o f  measured 
data . The measured data are particularly 
valuable i f  the data are obta ined on the 
actual transhori zon path . 

Path- l o s s  data were obtained from a 6 0 -day 
measurement program on the two transhori zon 
path s . The hourly medians were combined , 
for each path , into a cumulative d i stri­
bution o f  hourly med ians , and ca lculat ions 
were made us ing the se data to decrease the 
width of the conf idence l imit s . The total 
width of the conf idence l imits were de­
crea sed roughly 9 dB for each path . 

The improvement in the conf idence o f  
performance predictions led t o  sugge st ing 
that the l ink per formance cr iteria for 
these paths could be met by repl ac ing the 
pre sent waveguide with new types having 
hal f  the attenuation and real igning the 
obviously poor l y  pointed antenna s .  Thi s 
re sulted in d i scard ing any thoughts about 
increas ing the power amp l i f ier output 
power from 1 kW to 10 kW , a s ign i f icant 
reduc t ion in co st . 

SECT I ON 2 . 4 .  S IMULAT ION AND STANDARDS 

Radio system s imulation and standards 
( inc lud ing handbooks and glossarie s )  are 

comb ined in thi s  program element . S imula­
tion provides a rea l i stic and repeatab le 
method for evaluat ing and compar ing the 
performance of d i fferent subsystem elements 
( e . g . , modem s )  on an ob j ec t ive bas i s . 

MEECN S imulation . The present obj ective 
of the proj ect is to comp lete the deve l ­
opment and evaluation of a n  exper imental 
adaptive f i lter that can be used in 
digital spread- spec trum radio rece ivers to 
suppre s s  interference ( unwanted s igna l s ) . 

Mo st dig ital radio systems use nonadaptive 
( t ime- invariant) receiver f i l te r s , usual ly 

matched f i lter s that optimi ze the rece iver 
per formance with respect to white no ise . 
Matched rece iver f i l ters generally provide 
subopt imum per formance with respect to 
interference ; however ,  generally be tter 
performance can be obta ined with an adapt­
ive f i l ter that automatical ly adapts or 
ad j usts its re sponse , accord ing to the 
characteristics of the interference , to 
maximize i t s  output s ignal-to-inter ference 
rat io . As described in more detail in ITS 
Annual Techn ical Progress Repor t  for 1 9 7 8 ,  
adaptive f i l ters can be particularly 
e f fect ive in spread- spectrum receivers 

where the performance improvement they 
provide i s ·  .in addition to , and in some 
cases much greater than , the usual chip­
proc e s s ing gain . The improvement in 
receiver performance that an adapt ive 
f i l ter can provide depends on the ratio o f  
the bandwidth o f  the modulation o n  the 
inter ference to the bandwidth of the 
spread- spectrum s ignal . With CW interfer­
ence , the b andwidth ratio is zero , and the 
improvement is idea l ly infin ite . For 
other types o f  interference , the improve­
ment decreases and the bandwidth ratio 
increas e s , with relatively l ittle or no 
improvement remain ing when the bandwidth 
rat io approaches one . 

Prior to FY 7 9 , an expe r imental adaptive 
f ilter , based on a relative ly s impl e  
delay- l ine mode l ,  was des igned and bui l t . 
I t  was temporar i ly incorporated in a U . S .  
Air Force 6 1 6A VLF-LF spread- spectrum 
digital radio system , and channe l - s imu­
lator exper iments were performed on the 
mod i f ied system to determine the per form­
ance improvements provided by the adaptive 
f i l ter . The expected substanti a l  perform­
ance improvements were ob served in the 
exper imen·t s ,  wh ich a l so con f i rmed the 
expectation that dynamic non l inear opera­
t ion of an adaptive f i lter can provide 
greater per formance improvement than 
qua s i - s tatic l inear operation . Dur ing FY 
7 9 ,  a c l a s s i f ied report was prepared on 
the des ign and characte r i s t i c s  of the 
adaptive f i l ter and the results of the 
channel - s imulator exper iments [ Watter son , 
C . C . , An adaptive rece iver f i l ter for 
inter ference suppre s s ion in digi tal spread­
spectrum radio systems ( U ) , NTIA Technical 
Memorandum 7 9 - 9 C ,  142 pp , February 1 9 7 9  
( S ecret ) , u . s .  Department o f  Commerce , 

Boulder , CO 8 0 3 0 3 . ]  
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DCS I I  S tandards Development . Thi s  pro­
gram was contracted to ITS to provide 
technical a s s i stance to the Defense Communi ­
cations Engineer ing Center ( DCEC ) f o r  
ident ify ing a r e a s  where s tandards are 
required f9r the DCS II program . The FY 
79 e f fort is to evaluate evo lving commun i­
cations techno logy , review s tandards ,  
def ine funct ional standards area s , and 
def ine one maj or funct ion area for inve s t i ­
gat ion i n  regard t o  the functional area 
selected . ITS w i l l  identi f y  s tandard s  
requirements ,  look a t  c o s t  impac t ,  a s s e s s  
feas ibi l ity , and recommend s tandardi z at ion 
act ion . 

FED-STD- 1 0 3 7 , Vocabulary for Tel ecommun i ­
cations . This comprehens ive g l o s s ary o f  
telecommun ication terms and definitions i s  
the result o f  a j o int e f fort b y  numerous 
DoD and non-mil itary Federal agenc ie s . It 
will serve as the nuc leus of a commonly 
agreed upon l anguage for both the MIL-STD-
1 8 8 - 1 0 0  and the FED-STD- 1 0 0 0  series of 
system performance standard s . 



The initial data base for the glo s sary was 
MIL-STD-1 8 8 - 1 2 0 , Mil itary C ommunic�t ion 
S tandard : T erms and Definition s , ed ited 
by ITS and pub l i shed in 1 9 7 5 . Thi s  portion 
o f  the voc abulary ha s been extens ively 
reviewed and updated by DoD agenc i e s  in 
o rder to keep abrea st of advanc ing tech­
no logy and cont inuing revi s io n s  of the 
MIL- STD- 1 8 8 - 1 0 0  serie s . 

Pr imary add i t ions ,  con s i s ti ng of over 7 0 0  
new terms and definition s ,  carne from the 
Federal sector . Many were drawn f rom 
evolving f ederal per formance s tandards 
such as FED-STD - 1 0 3 3 ,  Telecommun ications 
D igital Communications Per formanc e  
Paramete r s . The se new data were added to 
the computer- stored MIL- STD d ata base to 
produce a draft of approximately 2 0 0 0  
entrie s .  Thi s  draft was d i str ibuted to 7 5  
reviewers within the DoD and Federal 
commun itie s . Reviewer inputs were consid­
ered by a j o int DoD/ Federal Resolution 
Subcommittee of the Federal Telecommunica­
t ions Standards Committee , meeting in two 
2 -week s e s s ions in late FY 7 8 . ITS was a 
partic ipant in both s e s s io n s  and ha s been 
responsible for incorporat i ng the extens ive 
editorial modif ications into the draft 
document .  ITS is currently engaged in 
f inal corrections to the revi sed glossary 
and i n  a comprehen s ive cro s s  re ferencing 
of the integrated document . Pub l ication 
is scheduled for early FY 8 0 .  Thi s  work 
has been funded by the Nat ional Commun i ­
c a t i o n s  System and the u . s .  Army Commun i ­
cations Command/Communication s-Electron i c s  
Engineer ing Instal lation Agency ( USACC/ 
CEEIA) , and coordinated via The Standards 
Branch of CEEIA . F igure 2 - 1 5  summar i z e s  
p r imary t a s k s  involved in creation o f  this 
Standard , as we l l  as current s tatus of 
the various tasks . 

ITU P ar t i c ipation . T .  de Haa s , Chairman 
of the u . s .  CCITT Group for Data Tran s ­
m i s s ion , led U . S .  participation in CCITT 
Study Groups V I I  and XVI I . Some o f  the 
notable outputs from these Study Groups 
are a world-wide numbering p l an for data 
networks which a l so inc ludes c apab i l ity 
for i nterconnection between data- , tele­
phone- ,  and te lex-network s ,  a new Recom­
mendation for 1 2 0 0  bp s duplex moderns for 
use on the pub l i c  switched telephone 
network , and several new and updated 
Recommendations relating to packet switched 
data service s .  

I n  the CCI R ,  Mr . de Haas i s  I nternat ional 
Cha i rman of Study Group 3 ,  dealing with 
radio s y stems i n  the F ixed Service oper­
ating at frequenc ies below 3 0  MHz . He 
a l s o  partic ipated and was a Top ic Coord i ­
nator i n  the Special Preparatory meeting 
of the C C I R  which prepared the technical 
bases for the 1 9 7 9  World Admini strative 
Radi o  Conference . ITS i s  also contribu­
t i ng to the work of I nterim Working 
Parties ( IWP ' s ) 8/5 and 8 / 8  i n  the mar itime 
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mobi l e  service s , as detailed i n  the MARAD 
As s i stance program descr iption appear ing 
in Section 2 . 1 .  

SECTI ON 2 . 5 .  F IBER OPTIC COMMUN ICATIONS 

ITS has had an active role in the rapidly 
growing f ield o f  f iber opt i c s  communi­
cation s . Thi s  role has inc luded such 
activities a s  pub l i sh ing a fiber opt i c s  
handbook , organ i z ing and chairing an Ad 
Hoc Opt ical Communications Task Forc e , 
providing consulting services in fiber 
opt i c s  to the Department o f  Defense , 
devel oping a data base for an opt ical 
communications glossary , and send ing the 
Chief U . S .  Delegate to the Internat ional 
E lectrotechn ical Commi s s ion Subcommittee 
on F i ber Optic s .  The se activities are 
di scus sed in detail below . 

Opt i c a l  Commun ications T a s k  Forc e .  Prior 
to 1 9 7 0 , opt ical f iber " l ight pipe s "  
fabr i cated from commercial grade optical 
glasses y ie lded tran smi s s ion attenuation 
typically ranging from B O O  to a few 1 0 0 0  
dB/krn , precluding the ir use for any 
pract ical commun ications appl ication s . In 
that year , the first low- loss opt ical 
fiber wavegu ide s , fabricated from ultra­
pure fused s i l ic a , were succ e s s fully 
produced by a U . S .  manufacturer . Attenu­
ation was mea sured , in the l aboratory , at 
approximately 20 dB/krn . It was a lmo s t  
another f i ve y e a r s  before the first such 
low- loss opt ical waveguide was made 
avai lable ( on special order , in custom 
product ion ) in cable forrn-�by the s ame 
domestic f irm . In 1 9 7 9 ,  doz e n s  o f  manu­
facture r s  in the u . s .  and abroad o f fer , as 
commerc ial shelf items , a broad variety o f  
opt ical waveguide c abl es . Laboratory 
measurements of uncabled fibe r s  are 
currently as low as or less than 1 . 0  
dB/krn , and cable attenuat ion , after 
systems deployment ,  run s as low a s  3 or 4 
dB/krn . The guided wave optical trans­
mi s s ion l ine has technically come i nto its 
own as not only a practical , but an 
extraordinally e f f i c ient , commun ications 
med ium . The worldwide operat ional success 
of hundreds o f  sy stems atte s t s  to the 
s imultaneous rapid deve lopment of optical 
source s ,  detectors and other systems 
components . 

Parallel with this technological evo lution 
ha s been the act ivity of the Opt ical 
Commun ications Task Force ( OCTF ) formed by 
ITS in FY 7 5 . Creation o f  the Ad Hoc Task 
Force was in accordance with the OT 
mi s s ion " . • .  to a s s i st the Department of 
Commerce in fostering , serving , and 
promoting the n ation ' s  economic develop­
men t  and techno logical deve lopment by 
promoting man ' s  comprehension of telecom­
mun icat ion s c ience and by as sur ing e f fec­
tive use and growth of the nation ' s  
telecommunication re sources . . . .  " Continu­
at ion o f  the Task Force work is i n  support 
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o f  the NTIA mission o f  serving as a nation­
a l  focus for Federal policy and dec ision 
making in those areas vita l  to the Nation ' s  
economy in this new Age o f  In formation . 

The OCTF was developed to provide an 
informal , interact ive forum among govern­
ment , univers ity , and industry technolo­
gists , potent ial systems user s ,  and policy 
makers in o rder to explore j o intly the 
technological and economic potential o f  
optical communic ations app l ications . The 
empha sis of the Task Force is now on 
guided wave technology , as the result o f  
the growth o f  i t s  varied and successful 
system app l ication s .  Optical transmis sion 
through the atmosphere has a l so advanced 
remarkably within the same past few year s , 
but applications have been more l imited 
because of both bandwidth and range re­
strictions imposed by an o ften hostile 
environment . 

In the coordination of the OCTF , ITS has 
a s sumed a c atylytic role with other 
Government agencies in the evaluation of 
this new technology by interagency parti­
c ipat ion in semiannual workshop s e s s ions , 
augmented by ITS preparation and distri­
bution o f  Summary Reports o f  presentat ions 
g iven during the meetings o f  the OCTF 
App l i c ations and Users Working Group . 

The se Working Group meetings have been 
consi stent l y  we l l  attended by senior 
repre sent ation from industry , l eading 
universitie s , and government , including 
the DoD . Task Force partic ipants have 
bene f ited from the in formality of the 
working Group . This o ften has resulted in 
the early and opportune d i s s emination o f  
technical in formation and product avail­
abil ity , and al so in the open discus s ion 
o f  economic a spects that are in frequent ly 
introduced in formal communications 
society mee t ings . One such topic surfaced 
during the f irst Workshop meeting in FY 
7 9 .  The representat ive of a u . s.  system 
manu f acturer presented a summary of his 
firm ' s product l ine , emphas i z ing that " the 
technology i s  ready " for volume production , 
but that their market analysts were unable 
to pred ict a near-term market adequate to 
j ustify tho se costs required to tool up 
for mass production . Thi s pre sentation 
was followed by that of a representative 
of a leading dome stic producer of ( un­
c ab l e d )  opt i c a l  fiber waveguides , who 
announced that his firm ' s mid- 1 9 7 8  sales 
volume had reached the level previously 
predicted for 1 9 8 0 .  Workshop participants 
found the se two statements paradoxical , 
asking the fiber manu facturer where his 
market was , in view o f  the pes simi stic 
outlook for dome stical ly-produced systems . 
The reply was : " Germany , I t.a l y , the U . K .  , 
France , and Japan . " Various conclus ions 
may be drawn relative to potential e f fects 
upon u . s.  balance o f  trade ; the point to 
be made here is that the OCTF i s  ful f i l l ing 
the Department of Commerce miss ion by 
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providing a forum wherein such interchange 
does take place and where potential 
pol icy i s sue s , a s  we l l  a s  avenues of 
techno logical development , may be identi­
fied . 

The two FY ' 7 9 Working Group meet ings have 
covered a broad range of topic s  inc luding : 
component development ; experiences in 
various physicaL type s of insta l l ations o f  
optical transmiss ion line s ;  computer 
inter fac ing ; integrated optical c ircuits ; 
need for and progress in standard s ;  a lter­
nate configurat ions o f  optical data buses ; 
user needs , in'c l uding those · of the Federal 
government and the DoD ; descriptions of 
trial and operational systems ; and discus­
sions of economic factors and the impact 
of potential pol icy and regulatory deci­
s ions . 

Optical Waveguide Communications Glossary. 
The r apid emergence of optical fiber wave­
guide commun ications from the laboratory 
into commercial systems applications has 
been accompanied by the growth o f  a spe­
cial i z ed vocabulary . Some terms have been 
borrowed freely from the disciplines of 
optical phy s i c s  and communications engi­
neering ; others have been coined indepen­
dent l y .  

In this proc e s s , inevitably , some ambigu­
ity and imprec i sene ss have re sulted . More 
significant l y , perhaps , some terms have 
been used to specify a product--and are 
beginning to be accepted by manuf acturers 
and users--but are not precise descriptors 
beyond r ather narrow l imits . The absence 
of a prec i se , common l anguage among re­
searchers , manufacturers , systems des ign­
ers , and users is a hindrance to effective 
technology development and utilizat ion . 
The need for such a common l anguage has 
become pronounced as numerous standards 
working groups in both government and the 
private sector , nationally and inter­
national l y , have become engaged in prepar­
ation of per formance standards covering 
component s and systems . 

In recognition of this need , ITS compiled 
a prel iminary vocabulary data base during 
FY 1 9 7 8 . Thi s e ffort has been continued 
throughout FY 7 9 ,  attracting broad interest 
and technical support from outside individ­
uals and organiz ations . E arly in FY 7 9 , 
ITS enl arged the initial data base , 
wr iting definitions for numerous terms 
commonl y  employed in optical communications 
but not conc i sely de fined in the l itera­
ture . This initial draft was computer 
stored to facil itate text editing during 
the ant icipated several generations o f  
review and revision . A t  this time , it was 
dec ided that the scope o f  the glossary-­
and the accuracy o f  its defi�itions--would 
be augmented by contributions from phy s i­
cists with b ackgrounds in measurement 
standard s , to complement ITS experience in 
communications engineer ing . As the result , 



two NBS scient i st s ,  both actively engaged 
in opt ical measurement studie s ,  were added 
to the editorial s t a f f , thereby creat ing a 
j o int ITS/NBS e ffort . 

Individual contr ibut ions from this group 
of editors were added to the initial 
draft , and the revi sed document was 
cr itically reviewed dur ing numerous 
interactive meetings of the editor s . 
Selection o f  terminology was deliberately 
restrictive , with the goal o f  inc luding 
only terms spec i f ically app l icable to the 
field--and o f  defining tho se terms r igor­
ously . This definition proce s s  entailed 
some subj ective dec i s ion s , a few of which 
are antic ipated to create controversy . 

After comp letion o f  ITS/NBS review , the 
first external release o f  the glos sary was 
as a draft input to the ITS-chaired North 
American Advi sory Committee of the Joint 
CCITT/ IEC Working Group " 0 "  on De finit ions 
and Terms for Fiber Optical Commun ication s . 

Thi s  Adv isory Committee con s i s t s  of u . s .  
and Canadian repre sentatives from private 
industry and government ( inc luding ITS and 
NBS ) , all act ive workers in the field o f  
optical waveguide communication s . Thi s 
committee sub j ected the draft to further 
review and expanded i t s  scope by i nclus ion 
o f  add i t ional terminology pertinent to 
component manufacturers and systems 
performance standards group s . 

The resultant document , therefore , reflects 
the experience and backgrounds o f  a select 
group o f  pro f e s s ionals with widely varyi ng 
expertise in the field . The glos sary i s  
currently i n  the process o f  publ ication as 
an NTIA Special Pub l icat ion . It will have 
been presented ( Sept . 1 9 7 9 )  in Amsterdam , 
The Netherlands , by the ( ITS ) Coordinator 
of the CCITT/ I EC Advi sory Committee as the 
coord inated North Amer ican ( U . S . /Canadian )  
Pos ition o n  Vocabulary to the first inter­
national s e s s ion devoted to creation of 
standard terminology for the field . I t  
w i l l  a l s o  have been submitted , by reque st 
o f  the I EEE Standards O f f ice , to IEEE 
S tandards Committee 10 for publ icat ion in 
The IEEE Standard Dict ionary Series . 

Reque sts have been rece ived for di stribu­
tion o f  the NTIA Special Publ icat ion to 
numerous per formance s tandards working 
groups inc lud ing EIA P 6 . 6  on Fibers and 
Materia l s ,  CCITT Working Group 15 on 
Standardization o f  Fibre s , I EC Working 
Group 1 on Fibres and Cable s , and IEC 
Working Group 4 6 E  on F ibre Optic s . The 
glossary will be submitted at the approp­
r i ate time for inclus ion in the first 
rev i s ion o f  FED-STD- 1 0 3 7 , Vocabul ary for 
Telecommun ications ( al s o  prepared by ITS ) . 
The b lock diagram o f  F igure 2 - 1 6  summarizes 
the evolution o f  thi s  glos s ary and its 
p l anned d i st r ibution . 

9 4  

Opt ical Waveguide Transmi s s io n  System Engi­
neer i ng .  I T S  h a s  continued i t s  c atalytic 
role in fiber opt ics technology by inter­
acting with the technical communi ty at 
l arge . A smal l  pro j ect has re sulted i n  a 
study ( and publ ication ) which attempts to 
evaluate the U . S .  po s ition relat ive to 
foreign compet ition in capturing a fair 
share of the world market i n  fiber com­
munications components . The study i s  
based on active participation o f  the 
lead i ng countries in pub l i shing , capturing 
patent s ,  and presenting techn ical results 
at international meetings . The r e sults o f  
the study show that Japan i s  a s trong 
competitor , and the re lative pos it ion o f  
the U . S .  and Japan i s  remi n i scent o f  the 
TV industry a few years ago . 

I n  another small pro j ect , we a s s embled 
data on f iber opt ics i n st al l ations in 
North America and Austral i a  and the r e sults 
were combined with s imilar data from 
Europe and Japan to yield a survey o f  
wor ld-wi de f iber installation s . The 
results were presented in a p lenary paper 
at an i nternational mee t i ng in Washington 
and have been presented for publ ication i n  
I E E E  Spectrum , a pub l ication having a 
c irculat ion o f  about 1 8 0 , 0 0 0 .  The study 
attempted to alert potential users of new 
systems to the problem e ncountered thus 
far and the solutions that seem to be 
working i n  the f ield . Concentration in 
the North Amer ican survey was on non­
government i nstallation s .  

A sma l l  proj ect , which i s  j us t  being 
started as FY 79 draws to a close , i s  the 
development of a user-ori ented so ftware 
package for de sk-top min i -compute r s  to 
analyze and synthe s i z e  fiber opti c  systems . 

The program will operate i n  a menu-drive 
mode , allowing for use a s  a learning tool 
when the need is apparent . I f  the user i s  
f ami l iar with component spec i f ication s , 
the tool can be used for complete analy s i s  
o r  synthe s i s  ( including propo sal evalu­
ation s )  of f iber opt ic sy s tems . 
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CHAPTER 3 .  EM WAVE TRANSMIS S I ON 

The ground , the atmosphere , and the iono­
sphere degrade radio waves i n  varyi ng de­
grees , depending on c ircums tanc e s . It is 
the purpos e  of the EM Wave Transm i s s ion 
Program to s tudy these e f fects and pro­
vide mod e l s  to the sys tem designer that 
wi l l  aid him in providing more cost e f fec­
tive and spec trum e f f ic ient designs . The 
phenomena which cause thes e  detrimental 
effects on r ad io and optical sys tems are , 
in genera l , f requency dependent ; therefore , 
spec i f i c  studies and tests are r equired 
for spec i f i c  frequency r anges and app l i ­
cations . 

Some o f  the phenomena which e f fect radio 
sign a l s  and are studies in thi s  program 
are : 

1 .  Attenuation by a tmospher i c  
ga ses , hydrometeors ( ra i n , s now , hail , 
c loud s , e tc . ) ,  or ionization . 

2 .  S c a t te ring by hydrometeors o r  
i rr egul a r i t i e s  i n  the refractive i ndex o f  
the lower atmospher e  or i onospher� . 

3 .  Ref raction , duc ting , and mul t i ­
path , r e s u l ting from atmospheric o r  iono­
spheric l ay e r s .  

4 .  Dispers ion , resulting from fre­
quency d ependent properties o f  the atmo­
sphere , iono sphere , and earth . 

5 .  S c i nt i l lation o f  amp l i tude , 
pha s e , polar i zation , and angle o f  arr iv­
al , resulting from turbulence and i rr egu­
lar s tructure in the atmo sphere and i ono­
sphere . 

6 .  Ref l ec tion , scattering , multi­
path , and lower atmosphere perturbations 
resulting f rom terrain and man-made 
structures . 

The effect upon any spe c i f i c  sys tem o f  
the above phenomena i s  not only highly 
frequency dependen t , but is a lso depend­
ent upon the type o f  service required for 
the spec i f ic app l ication . 

One driving force behind the EM wave trans­
m i s s ion program i s  the need for more spec­
trum spac e . Therefore , thi s program pro­
vides mode l s , technique s ,  and i nformation 
to aid the s y s tem designer and f requency 
manager i n  their dec i s io n s  for better spec­
trum use . · 

Exper imental or theoretical determinations 
of r ad i o  wave transmiss ion character i s t ic s ,  
or the channel trans fer functio n , are re­
ported in S e c tion 3 . 1 . Measurements of 
tran smi s s i o n  med ia properties and analyses 
of collections o f  such data are inc luded 
in Section 3 . 2 . Sec tion 3 . 3  d e s c r ibes the 
deve lopment and tes ting of models which 
incorporate the transmi s s ion i nformation 
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i n  enginee r i ng too l s .  Predictions o f  
transmi s s ion characte r i s t i c s  and sys tem 
per formance are d i s cus sed in S ection 3 . 4 .  
S ection 3 . 5  reports on applications o f  the 
knowledge and too l s  to spec i f i c  problems 
of other government agenc ies , such as mine 
and fore s t  service communications . 

SECTION 3 . 1 .  WAVE TRANSMISS ION 
CHARACTERISTICS 

Exper imental determinations of the e ffect 
of the transmi s s ion med i a  on e l ec tromag­
netic wave transmi s s ion are reported i n  
thi s  section , i n  particular tho se e f fects 
produced by the atmosphere . 

Mul tipath F ad ing. Rad io s ignal s  in the 
mm/cm wavel ength r ange are sub j ect to 
severe fading ( e . g . , > 3 0  dB ) on terres­
tr i a l  paths o f  a few tens of ki lometers 
or mor e .  S uch f ading i s  i n  addition to 
attenuation by rain and i s  often omitted 
from cons ideration in po int to point link 
des ign . The s e  amp l i tude variations through 
c lear air may be c aused by : 

a .  pha s e  inter f erence from sur face 
ref lections , ·  

b. m i s a l ignment o f  the antenna beams 
by r e fraction , 

c .  focus s ing/de focuss ing of the 
beam s  by ref raction , or 

d .  atmo spheric ( surface and/or 
elevated ) ducts , one of the more 
comp l i cated fading mechani sms to 
investigate and po ss i b ly the 
main mechanism for fad ing on LOS 
l inks . 

The obj ec tive o f  thi s  program i s  to provide 
an improved model for under s tanding the 
physical mechani sms of the amplitude and 
p hase o£ the rece ived s i gnal for sys tems 
expected to exper ience non-rain fad i ng . 

An example o f  the potential fading from 
pha s e  interference is shown in F igur e  3 - 1  
f o r  a sys tem a t  3 0  GHz having a surface-­
ref lection coeffic ient of 0 . 9 5 at mid-path . 
Antenna he ights are equal and the absc i s s a  
( �og s c a l e )  i s  the ratio o f  the depres s ion 

angle ( to the reflection point) to the 
( equa l )  antenna beam �idths . The curve 
labe l l ed R is the ratio of the amplitude 
o f  the ref l ec ted and direct signal compo­
nents . The two curves FE show the f ading 
" enve lope " corresponding to the extremes 
of in- and out-o f-phas e  cond itions for the 
two components , and FR is the dif ference 
between thes e  extreme s , i . e . , the potential 
fading r ange . For a path of 2 5  km ( a t  
3 0  GH z ) , a change i n  refractivity l apse 
rate of only 8 N/km could produce a f ade 
equal to F R .  

Mea surements o f  fading a r e  being made on 
a 2 3  km path at 9 . 6  and 2 8 . 8  GHz from the 
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Effects of path/antenna geometry on rece ived 
s ignal wi th phas e  interference by one ground­
reflec ted componen t .  Amp l i tude of resultant 
s ignal : R ;  enve lope o f  maxima and minima : FE ; 
f ading rang e : RF . Abs c i s s a  i s  ratio of depres­
s ion angle o f  reflect ion point to a n tenna 
beamwidth . 
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Radi o  Build i ng to the Boulder Atmospher i c  
Observatory o f  NOAA near Erie , Co lorado . 
The transmi tters are mounted on the ele­
vator o f  a 3 0 0  m tower . Thi s  permits 
he ight-gain measurements which g ive infor­
mation about s ur f ace ref lection coe f f i c i ent 
and location . More importantly , thi s  path 
wi l l  a l low a determination o f  the e f f ec ­
tive earth ' s radius and thereby provide a 
cal ibration on possible measurements of 
refractive i ndex and i ts gradient . The 
path pro f i l e  ( for an e f fec tive earth 
rad ius factor of k = 4/3 ) i s  s hown in 
F igure 3 - 2 . The path passes over a rela­
tively thin r idge which i s  expected to 
minimi z e  surface reflecti ons and act as a 
d i f frac t ion edge . F igure 3 - 3  shows a r ay 
trace for a duct having a gradient three 
times the c r itical value ( i . e .  - 4 7 1  
N units/km) . The transmitter could be 
located within the l ayer whi le the receiv­
er is l ocated below the l ayer . Thi s i s  an 
obvious exampl e  where ray trac ing would 
f a i l  to predict the s ignal s trength and 
where a ful l wave solution is required . 
F igure 3 - 4  c ompares the measured data with 
the results expected f rom knife-edge d i f ­
fraction theory . 

The receiving termina l i s  presently being 
moved to the ITS Table Mountain f ie ld s i te 
(north of Boulder ) to provide a path which 
i s  expec ted to inc lude a s igni f icant sur­
face ref lec ted c omponent . The p lanned 
experiment w i l l  inc lude measur ements o f  
refractivity gradients in the path v icin­
ity by microwave refractome ters on the 
tower and f l own in a sma l l  aircr a f t .  

SECTION 3 . 2 . CHARACTERISTICS O F  THE 
TRANSMISS ION MEDIA 

This section is concerned with the s tudy 
of transmi s s ion media to help those who 
des i gn , cons truc t ,  or use telecommun ica­
tion sys tems to better unders tand the 
characte r i s t i c s  of the med ia and thei r  
e f fects o n  radio s ignal s .  W e  f i r s t  d i s ­
c u s s  the nonion i z ed a tmo sphere and then 
the ionosphere . 

3 . 2 . 1 .  Atmosphe r ic Charac ter i stics 

Model ing o f  EHF Propagation in C l ear Air .  
The number o f  m i l l imeter wave sys tems 
operating through the atmosphere in the 
EHF band ( 3 0 - 3 0 0  GHz ) is growing rapidly , 
in part due to their abi l i ty to penetrate 
smoke , dus t , fog , c loud s , or l ight rain , 
which gives them an advantage over infra­
red and electro-optical devices for ad­
vers e  weather appl ications . Areas where 
EHF systems are a logical cho ice inc lude 
broad bandwidth communications , survei l ­
lance radar s with high spatial resolution , 
space r adar s with the po s s i b i l i ty o f  
ground-c lutter reduc tion b y  molecular 
absorption shielding , s trato-mesospher ic 
trace gas s tud ies from SPACELAB , and 
sate l l i te meteoro logy where radiometry 
provide s global ver tical pro f i les of tern-
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per ature and water vapor . I n  a l l  cases i t  
i s  essential to have accurate knowledge o f  
atmo spheric EHF character i stics , i n  partic­
ular , to be able to predict their vari­
abi l i ty with weather , location , and height . 

Atmospheric propagation ef f ects inherent 
to the gaseous atmosphere are of foremost 
importance s ince they are always presen t .  
EHF applications a r e  dependent o n  a de­
scription of the somewhat compl icated 
interaction between m i l l imeter waves and 
the mo lecules that comprise the atmosphere . 
The purpo se o f  the work was to trans late 
molecular spectroscopy into an engineering 
data base which can be readily appl ied to 
generate attenuation , phase di sper s ion , 
and emi s s ion properties for model led radio 
paths within , into , and through the neutral 
atmosphere (h = 0 to 1 2 0  km ) . 

The relatively stable air mass of the 
f ir s t  hundred ki lometers in altitude h i s  
a unique f i l ter and generator in the EHF 
band with trans fer , shield ing , and emi s s ion 
proper ties not found at any lower frequency . 
Mo lecular abs orp tion spectra of ma jor 
(O z , H 2 0 ) and minor (e . g . , O s , CO , N z O )  

air constituents cause frequency-dependent 
s i gnal attenuation , phase delay , ray 
bending , and medium noi s e . It is pos s ible 
to pred ict such behavior for a radio wave 
travers ing a c lear , inhomogeneous atmo­
sphere i f  the phy s ical parameters [ height 
pro f i les of pressure p (h ) , water vapor 
den!;l i ty p (h) , temperature T ( h ) , and trace 
gas number dens i ties y .  (h) , and geomagne­
t ic field strength H] �long the radio path 
are known . The interaction between radia­
ti.on and air i s  expre s s ed through a com­
pl�x refrac tivity 

N ( v ,  p ,  p ,  T ,  H ,  Vi ) 

The N-calcul ation takes into account 3 6  0 2 
l i nes , 6 H z O  lines plus a nonresonant spec­
trum , and if needed , inc ludes a data base 
�or trace gas spectra (� 1 0 0  O s , 2 CO , 6 4  
N 2 0 lines ) which are genera l ly weak . The 
�a lculation scheme has been ver i f ied to a 
large extent by laboratory measurements . 
An uncertainty remaining i s  the empirical 
prediction of anoma lous water vapor absorp­
tion , which reduces at high relative humid­
ities the transparency in the window ranges 
(centered around 4 0 ,  9 0 ,  1 4 0 , 2 2 0  GH z ) . 

Various computer calculations of molecular 
trans fer character i s t i c s  were performed 
us ing numerical approx imations for the 
cumulative behavior along s lant paths . 
Re sults from the se mode l l i ng e f forts are 
depicted in F igure 3 - 5 .  

USAF-ES D/AN/TRC- 1 7 0  Digital Trope Tests . 
Thi s  pro j ect was in support of the Air 
Force Electronic Sys tems Divis ion . The 
obj ect ive was to per form path- loss and 
delay- spread measurements over a number o f  
designated troposcatter paths in southern 
Ar i zona . The particular paths were se lected 
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by the Air Force Tac tical Communications 
Test O f f ic e  wi th s upport of the MITRE 
Corporation at Fort Huachuca , AZ . The 
paths were cho sen a s  potential test paths 
for the AN/TRC - 1 7 0 Tactical Tropo Equip­
ments being developed under the TRI -TAC 
Program .  F u l l  f i e l d  t e s t  and evaluation 
programs for the AN/TRC- 1 7 0  equipments are 
expected to begin i n  f i sc a l  year 1 9 8 0  at 
the se locations . 

The purpo s e  o f  the mea surements was to pro­
vide a " c a l ibration" of the path loss and 
delay- spread parameters of each path , to 
ensure that they were not beyond the de­
s ign spec i f ications imposed on the devel­
oper s  o f  the AN/TRC- 1 7 0  sys tems . The 
equipment conf iguration u s ed an AN/TRC - 9 7A 
analog tropos catter sys tem as the hos t  
radio , whi c h  was furni shed by the USAF . 
The radio equ ipment wa s installed and 
operated by the 3rd Combat Communications 
Group f rom T i nker AFB ,  OK . The delay­
spread parameter was measur ed using the 
ITS P suedo-Random Noi s e  ( PN )  Channel Probe . 
The l atter i s  an i n s trument des igned to 
measure the e f fective impulse respons e  of 
a radio transmi s s ion channe l .  A PN tes t  
signa l , generated i n  the form of a binary 
data stream i s  used to bi-pha s e  modulate 
an IF s ignal in the transmitter , and i s  
then mixed with the propagating frequency . 
The rec e iver o f  the sys tem u s e s  a mu lti­
plex type correlation detector ( in each 
of two channe l s ) , and deve lops the equiv­
alent low-pass impul s e  response by corre­
lating the rece ived data stream wi th a 
loc a l ly generated repli cum o f  the tran s ­
mitted code pattern . The probe was de­
s igned for app l ication in both microwave 
LOS l inks and troposcatter c ircuits . The 
PN code may be c locked up to 1 5 0  MHz , pro­
viding a time resolution on the order o f  
6 n s . However , for the tropo scatter mea­
surements the c lock rate is generally held 
to 10 MH z ,  s o  that the signal BW i s  com­
mensurate with the c apabi l i ti e s  of the 
transmi s s i o n  sys tem . I n  thi s  c as e , the 
time r e solution of the impu l s e  mea sure­
men t  is on the order of 0 . 1  � s .  For high 
clock rate s , the IF is 6 0 0  MH z ,  whi le at 
the l ower c lock rates and for interface 
wi th exis t i ng rad i o  sys tems , a 70 MH z I F  
s ignal i s  u sed . The latter conf iguration 
was used i n  th i s  program so that a direct 
interface with the AN/TRC - 9 7A rad ios could 
be e f fected . The f inal amp l i f i er stages 
of the transmi tter wer e  carefully tuned 
to accomodate the broadband PN tes t s i g­
nal . The transmis s ion frequency for the 
tests was in the tuning range of the 
TRC - 9 7A sys tem , between 4 4 0 0  and 5 0 0 0  MH z .  
Cal ibration for the rece ived s ignal leve l 
( RSL)  was a ccomp i i s hed wi th a c a l i brated 
s ignal generator a t  the rf i nput to the 
radio r e ce iver s .  The gener ator frequency 
was ad j us ted with the aid o f  a frequency 
counter that monitored the I F  at 7 0  MH z .  
Al l o f  the data were recorded o n  analog 
magnetic tape . 
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Four radio paths were tested i n  the pro­
gram , ranging in l ength between 38 and 
1 4 0  miles . The probab l e  propagat ion 
mechani sms included d i f fraction a s  wel l  
as troposcatter . The exper iments were 
per formed during January and F ebruary , 
1 9 7 9 , spending approximate ly one week on 
each path . Data were obta ined almo s t  
conti nuous ly i n  order that diurnal e f f ects 
could be determined . In genera l ,  each 
path proved to be a cc eptab l e  for the 
future AN/TRC - 1 7 0  test program , under the 
c r i teria e s tabli shed for the propagation 
conditions , and spec i f i c  test plans can 
be finali z ed based on the measurement 
results . Delay- spr ead s on the average 
ranged from 0 . 3  to 0 . 5� s , with longer 
spreads o f  0 . 8 � s  for shorter periods of 
time . The s e  values are given i n  terms of 
the 2 a  values of the d i s tr ibution s , 
a s s uming a Gau s s i an function . The analy­
ses were made using a time-series computer 
that mea s ured the d i s tr i bution of the 
impul s e  width . The maj ority of the func­
tions displayed a Gau s s ian character , with 
the excep tion o f  the path that contained a 
strong d i f fraction component . An examp le 
of the impu lse response measur ed over one 
of the test paths is s hown in F igure 3 - 6 . 
The photograph wa s made from a display on 
a s torage osc i l loscope wi th a few s econds 
ttme l ap s e . It i l lustrate s the time vari ­
abi l i ty o f  the respon s e . 

Path loss measurements and predic tions 
were c omparable for two o f  the paths 
tes ted . However , a l l  of the data pro­
c e s s ing was not completed at the time of 
thi s  report , and thus no deta i l ed compari­
sons were pos s i b l e . A final report on the 
pro j ec t  wi l l  be pub l i shed in the f inal 
quarter o f  FY 7 9 .  

Rad io-Optical Refractometer . I n  the atmo­
sphere , microwave s ignals propagate s lower 
than optical s igna l s , due principally to 
the effec t  of water vapor . Measurements 
of the di f ference in veloc ity over a trans­
mi s s ion path can be used to calculate the 
total amount of water vapor along the path . 
For a path of 1 0  km through saturated air 
at s e a  l eve l , the dif ference i n  trans i t  
times f o r  a 1 0  GH z J 3  em) microwave s ignal 
and a 4 7 5  THz ( 6 3 2 8A)  laser s ignal is about 
3 n s . 

To es timate the integrated water vapor 
den s i ty to 1% thus requ ires measurement 
of the di fferential trans i t  time to 30 ps . 
Thi s  accuracy can be achieved by meas uring 
the phase d i f ference between a 1 0 0  MHz 
s i nusoidal modu lation on the laser beam 
and a 10 GHz s ignal genera ted coherently 
from the 1 0 0  MH z o s c i l lator and trans­
mi tted over the path . Thi s method was 
demo n s trated on a 45 km path with f ixed 
terminals in 1 9 6 7  and patented in 1 9 6 9 . 
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The obj ective o f  the present proj ect. i s  
t o  examine the feas ibili ty o f  maintaining 
useful accuracy in a system where one 
terminal is mounted on a small aircraft or 
hel icopter . The immediate application 
would be to cal ibrate mi l l imeter-wave 
radiometers used in earth s train measure­
ments . The principal problems appear to 
be engineer ing problems assoc iated with 
maintaining adequate optical a l ignment 
between the airborne and ground terminals . 
Re sults to date indicate that the techni­
cal problems can be solved , but the ques ­
tion of c o s t  i s  n o t  yet answered . 

Navy Refrac tivity S tudy. Anomalous fea­
tures in the vertical pro f i l e  of a tmo­
spheric refractivity c an have profound 
e f fects on the performance of airborne 
radars and other microwave systems . The 
purpose of this pro j e c t ,  sponsored by the 
u .  s .  Naval Research Laboratory , was to 
develop and demonstrate an a irborne refrac­
tivity measurement sys tem that can provide 
the aircraf t  crew with real- time graphical 
and tabular output o f  the refractivity 
pro f i le , and nearly real-time information 
on the probable effect of thi s profile on 
the performance o f  their microwave systems . 

The sys tem was designed to be used in the 
P-3 naval a ircraft and consi s ts of a Model 
7 microwave refractometer developed at ITS , 
a commercial desktop computer , and a com­
prehensive computer program to control 
the refractivity measurements . The pro­
gram provides the options of displaying 
the refractivity , air temperature , and 
altitude data in tabular format on a 
cathode ray tube ( CRT ) display , or pro­
ducing a graph of refractivity vs . alti­
tude on the CRT . The latter can also be 
reproduced on paper using the computer ' s  
hardcopy feature . All of these data are 
also s tored on cassette tapes for subse­
quent analy s i s . 

A fter the refractivity profile has been 
measured , the program can produce ray­
trace graphs on the CRT d i sp lay and , i f  
desired , o n  hard copy . The ray-trace 
graph shows the path which a radio s ignal 
would be expected to follow when trans­
mitted through a hor i zontally-strati f ied 
atmosphere characteri z ed by that refracti­
vity pro f i l e . The operator s imply speci­
f i es the altitude , beamwidth , and eleva­
tion angle of the transmitting antenna . 

The pro f i l e  and/or ray-trace graphs can be 
used to predict altitudes at which the 
performance of a given microwave sys tem 
may be adversely e f fected by the atmo­
spheric s tructure . 

The sys tem was f l i ght- tes ted in naval air­
craft in the Mediterranean area during the 
summer of 1 9 7 9 .  Preliminary evaluation o f  
the tests indicated that the sys tem per­
formance equaled or exceeded the s ponsor ' s  
expectations . 

Intervis ibility Propagation Loss Measure­
ments . A s tudy was conducted to determ1ne 
what the l imiting propagation effects are 
on the performance of a microwave system 
that could be used to detect when two vehi­
cles , s eparated by up to 1 0  km ,  are opti­
cally vis ible to one another in irregular , 
obstructed terrain . The s tudy objectives 
were to : 1 )  demonstrate what effects sig­
nal variabi lity has on the intervisibil ity 
dec i s i on proces s ;  2 )  identify the poss ible 
sources o f  the signal variability and to 
es timate the magnitude of each source ' s  
contribution to the total variabi l i ty ;  
3 )  obtain propagation loss data , over 
various types of terrain and obs tructed 
paths , which could be used to predict re­
c eived s i gnal variabi lity due to propaga­
tion over s imilar paths ; and 4 )  use the 
measured data to determine the performance 
of a s imulated intervisibi l i ty measurement 
sys tem . 

A measurement system was prepared and sent 
to F t .  Hunter Liggett , Cal i fornia , where 
propagation path los s was measured over 
several selected paths of varying lengths , 
varying path geometries , and varying amounts 
of vegetation and rock outcroppings . A 
photograph of the transmitting terminal is 
shown in F igure 3 - 7 , on top of a telescop­
ing tower which allows a height adj ustment 
of about 7 meters . Two frequency sources 
are provided , 9 . 6  and 2 8 . 8  GHz , both very 
stable in frequency and power level in the 
outdoor environment .  The tower and trans­
mitter are attached to a four-wheel-drive 
van , as shown , for travel into rough ter­
rain . The receiver terminal ( Figure 3-8 ) 
is also attached to a four-wheel -drive-­
van and mounted on tracks to permit a ver­
tical ad j u s tment of 6 meters . A milling 
head platform is used for the base o f  the 
terminal to permit preci s ion travel in-line 
and _ transverse to the path to be measured . 
Gain determining stages are a lso carefully 
stabi l i zed with an overall long term stabi­
lity of the combined link of + 0 . 2 5 dB . 

For most of the measured paths , the propa­
gation loss showed characteristics of a 
theoretical Fresnel kni fe-edge obstacle . 
Thes e  data were used to establish a deci­
s ion threshold for an idea l i zed computer 
s imulated intervisibility measurement 
sys tem . The s imulation system showed that 
correct intervi s ibility dec i s ions could be 
made for 80 percent of the cases when the 
two end points were at least 1 meter above 
or below the gra zing path . Whether this 
per formance level of the s imulated system 

· would be acceptable for an actual system 
depends upon its appl ication ; however ,  by 
" cal ibrating" the terrain where the 
sys tem i s  to operate , an optimum decision 
threshold can be computed whi ch would im­
prove the per formance results over that 
which genera l  propagation experience would 
pred i c t .  

1 0 5  
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F igure 3 - 7 .  Photograph of measurement path from 
transmitter to crest (about 6 0  mete r s } . 

F igure 3 - 8 . Photogra�� o� receiving terminal . 



F igur e  3 - 9  shows examples o f  the path 
geome try u s ed in the measurement s .  The 
transmi tter was located on one s ide of the 
obs tac l e  and the receiver on the other 
s ide ; the antennas were po s i t ioned so 
that r a i s i n g  ( lowering ) one antenna could 
cause the p ath to be j u s t  above ( be l ow) 
the graz ing path . Path- l o s s  meas urements 
were made as the antenna was moved from 
above graz ing to below gra z i n g . 

F igure 3 - 1 0  shows a family of curves 
giving the expec ted dif fraction gain due 
to the path obs tac l e  for four different 
obs tac l e  radii o f  curvature .  

F igures 3 - 1 1  and 3 - 1 2  compare the mea sured 
data wi th the theoretical d i f fraction gain 
caused by a knife-edge r idge . 

A computer - s imulated intervi s ib i l i ty detec­
tion s y s tem wa s deve loped to test its per­
formance u s ing the measur ed data . F igure 
3 - 1 3  shows the per formance results of the 
idea l i zed measurement sys tem operating on 
the measured data ver sus what would be 
expected i f  the propagation data had more 
s ignal l eve l variabi l i ty ( i . e . , s ignal 
var iabi l i ty , a = 5 dB and a � 1 0  dB) . 
Past propagation experience would have 
pred i c ted the s ignal var iabi l i ty to be at 
l e a s t  5 to 1 0  dB and p o s s i b l y  as great as 
25 dB . 

Res u l t s  o f  the two measured paths are 
shown i n  F igur e  3 - 1 4  as a n  example o f  the 
data r ecorded . The vertical axis is the 
d i f fraction ga i n  ad j us ted so that 0 dB 
repre s e nt s  the calcul ated free space loss 
values for the path . The hor i zontal axis 
i s  l abe led i n  feet and me ters and repre­
sents the d i s tance the transmitter termi­
nal is above or below the c r e s t  of an 
obstac l e , which in thi s case i s  a h i l l  
a long the path . Repr e s ented are two paths , 
# 4  and # 6 ,  which show sharply contr asting 
results . P ath 6 was recorded from a path 
with no prominence excep t the crest o f  
the h i l l , whi l e  path 4 had many trees 
surround ing the path but not i n  direct 
l ine . It i s  obvious that s i gnal s catter­
ing from the trees greatly inf luenced the 
propagated s igna l .  A total of n i ne paths 
wer e  measured , each representing a d i f ­
ferent terrain feature . 

Propagation Mode l  for Terrestrial Micro­
wave S y s tems�rformanc e  predictions of 
a digital r adio sys tem on a l i ne-of-s ight 
microwave path requ ires an a ccurate s ta­
t i s t i c a l  model of the random parameters 
of the channe l . Because d i f ferent digi­
tal radio sys tems may have d i f ferent s en­
s itivities to the var ious channel impair­
ments , the model mu s t  be comp lete to the 
extent that it mu s t  be c apab l e  of dupli­
cating the amp l i tude and de l ay o f  the 
transmi t ted s i gnal under a l l  pos s ib l e  
path cond i t i on s . To fac i l itate the under­
s tand ing of the role of the random param­
eter whi c h  has the mo s t  s ig n i f i cant ef fect 
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on line-of-s i ght digital systems ( i . e . , 
the refractive i ndex) , a group in Divis ion 
3 is presently observing the f ading and 
de l ay s ta t i s t i c s  a long a 2 2 . 8  km path from 
the Rad i o  Bui lding to the BAO observatory 
at Erie , Colorado . The pro f i l e  o f  the 
path together with the locations of the 
transmi tter and receiver are s hown in 
F igure 3 - 1 5 . The transmitter is shown at 
a height o f  about 110 m above the ground 
on the movable e l evator on the Erie tower . 
The pro f i le of the terrain i s  drawn 
a s s uming an e f fective earth ' s radius of 
4/3 . Thi s ef fec tive earth ' s  radius is 
important because of the r e lative curvature 
of the earth and the direc tion a microwave 
beam trave l s . The beam is normal ly bent 
downward a s l ight amount by atmo spheric 
r e fraction . The amount of bending varies 
with atmo spher ic condition s . The degree 
and direction of bend ing can be conve­
niently descr ibed by an e f f ec tive earth ' s  
radius . Any change i n  the amount of beam 
bending caused by atmo spheric conditions 
can then be expres s ed as a change in this 
e f fective earth ' s  radiu s . This factor is 
one o f  the parameters under i nves tigation 
on the path s hown i n  the figure . Also 
shown i n  the figure i s  the s tra ight l ine 
the microwave energy trav e l s  i n  going f rom 
the transmitter to the receiver . As shown 
in the f i gure , the energy travels near the 
top of a r idge (Hoover H i l l )  , and this 
ridge a l s o  has a bearing on the propaga­
tion of energy . Since the r idge in the 
f igure r e s emb les a knife-edge , the theory 
of kni f e-edge diffraction wi l l  be used to 
predict the var i ation in the s ignal as a 
function of height as the transmi tter i s  
r a i s ed and lowered on the towe r .  When a 
portion o f  the radio energy s tr ikes the 
top of the r idge , it can inter fere with 
the direct s i gnal either cons tructively or 
des tructive ly , depend ing upon the re l ative 
pha se of the ground reflected s igna l . I n  
gener a l , there i s  a point where the direct 
and re f lec ted s igna ls are in phase oppos i ­
tion . Th i s  f i r s t  occurs when the path 
from the transmitting antenna to the re­
f l ection path is one half wavelength longer 
than the d i rect s i gnal to the rece iving 
antenna path . The f i r s t  point of phase 
addi tion i s  a point on a n  e l l ip s e  of re­
vo lution with imagi nary foci at the tran s ­
mitter and receiver , a n d  thi s  e l l ipsoid 
i s  re ferred to as the f i r s t  Fresnel zone 
e l lipsoid . In the figure , the lower por­
tion O f  the f i r s t  Fresnel e l l ipse i s  drawn 
at a height of the transmitting antenna 
such that the el lipse j us t  grazes the r idge . 
The e f f e c t  of f i r s t  Fresnel zone c learance 
i s  under investigation by observing the 
fading and de lay charac t e r i s t i c s  of a 
rad i o  s ignal at 9 . 6  or 2 8 . 8  GBz over the 
path s hown in the figure . 

The work on thi s problem is intended to 
a s s emb l e  usab l e  and e f f i c ient information 
for the planning and engineering of l i ne­
O f - s i ght micro/mi l l imeter wave paths for 
communication sys tems . 
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3 . 2 . 2 .  Iono spheric Character istics 
and E ffects 

High Frequency Ionospheric S cattering �· E f forts to recover high- frequency 
(HF )  radi o  s igna l s  trapped between layers 
of ion i z ation which surround the earth at 
heights o f  1 5 0  to 2 5 0  km have been s uccess­
ful . Thi s  work ( performed under the spon­
sorship of the Rome Air Development Center 
located at Hanscom AFB , Mas sachuse tts ) i s  
d irected toward determining i f  there are 
low- loss trapped propagation modes which 
could extend the useful range of surveil­
lance sys tems we l l  beyond the normal over­
the-ho r i z on distances ( - 2 0 0 0  miles ) .  I t  
is wel l  known tha t ,  for periods o f  time 
near local s unr i s e  or suns e t ,  HF signals 
can be transmitted into the nighttime part 
of the day/night terminator and that the 
same s ignal c an be detected arriving f rom 
the day s id e  o f  the terminator , after 
traveling around the world , approximately 
1 3 5  ms l ater . A delay of this magnitude 
is appropriate for the propagation time 
required to circle the earth at a he ight 
wi thin the i onosphere . Evidence indicates 
that , when the transmitter and r�c eiver 
are located at the day/night terminator , 
ionospher i c  layer gradients and irregular­
ities in e l ectron density can result in 
the launching o f  a propagation mode which 
can be guided by ionospheric boundary 
gradients , much l ike a waveguide , around 
the world ( RTW) • The s ame mechani sms 
( i . e . , geometry of ionospheric grad ients 

and irregularities ) can also result in 
the abi l i ty to recover a ( RTW) s i gnal from 
ionospheric heights . This mechanism for 
launching and recovery i s  likely to reduce 
the s ignal level for each transition by 
several tens o f  dB . I t  is be l i eved that , 
once launched , the propagation loss i s  
comparatively small . 

Experiments using a very-high-powered HF 
transmitter to exc i te the e l ectrons in 
the ionosphere and create a s cattering 
vo lume were conducted from 1 9 7 0  to 1 9 7 4  
( Radio Scienc e , November 1 9 7 4 ) . The 

arti f ic ia l l y  created scatterers are com­
posed o f  numerous very e longated bubbles 
o f  increased e lectron den s i ty wi th the ir 
longi tudal axis al igned along the e arth ' s 
magnetic f ie l d  l ine s . The s e  bubbles in 
the ionosphere approximate s l ender cyl in­
ders and are aligned along the earth ' s 
magnetic f i e l d  because the f low o f  charged 
partic l e s  transverse to the f i e l d  l ines 
are greatly impeded . 

The NTIA/ ITS high-powered transmi tter 
f ac i lity loc ated near P lattevi l l e , Colorado , 
can produce about 1 . 6  megawatts o f  average 
power , which i s  used to exc i te a 10 ele­
ment ring-array antenna . Observations 
made prior to 1 9 7 4  showed that the f ield­
al igned scatterers acted like a large 
reflector of rad io s i gnal s at ionospheric 
he ights for frequencies in exc e s s  o f  4 0 0  
MH z .  Regular propagation mode s  would 
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not have exceeded 3 0  MHz f o r  the same paths 
traveling via the unmodi f ied ionosphere .  
Because there i s  little known about how 
the character i s tics o f  propagation modes 
that are presumed trapped by ionospheric 
gradients such as the RTW , it was - specu­
lated that an arti ficial r eflector pro­
duced by the Plattevi lle high-powered 
transmi tter would test the argument that 
ionospheric trapped modes do exist . 

Receiving s i tes to tes t thi s  speculation 
were located at Alamosa , Colorado , and 
Los Alamos , New Mexico , about 2 5 0  km and 
5 0 0  km south of Plattevi l l e·, respectively . 
An e ight- e lement beverage antenna array 
was cons tructed at both s i tes and aimed 
towards the region in the ionosphere where 
the s cattering volume produced by the 
Plattev i l l e  transmitter would occur . SRI , 
International , also under contract with 
the Rome Air Development Center , instal led 
a swept- frequency FM/CW transmitter and 
log periodic antenna at Sali sbury , 
Aus tral i a ,  1 4 , 5 0 0  km from Plattevi lle . 
The FM/CW transmi tter was programmed to 
sweep in frequency from 12 to 3 0  MHz at a 
1 0 0  kHz/second rate . During the first 
experiment conducted in the last week in 
Apri l  o f  th is year , sign i f icant results 
were obta ined to show that trapped modes 
could be recovered from the ionosphere .  
The tests took place between 0 7 0 0  and 0 9 0 0  
UT (_0 0 0 0  to 0 2 0 0  MST ) . The highe s t  fre­
quency propagated by conventional multi-hop 
modes was about 23 MH z .  When the P l atte­
ville transmi tter was turned on with the 
modi fier , s i gnal s were detected up to the 
l imit of the frequency range employed ( 3 0  
MH z )_ . The s ignal l evel of the trapped 
modes exceeded by 10 dB or more that o f  
the mul'ti-hop mode measured a t  the same 
frequency . Computer s imulation employing 
realistic ionospheric structures was used · 

to veri f y  that the extended frequency sig­
nal recorded was an ionospherically trapped 
( not .ref lecting f rom the earth ' s  surfac e )  

mode of propagation . 

A second exper iment was conducted on the 
5th of June with substantially the s ame 
results between 0 6 2 0  to 0 8 2 0  UT . Obser­
vations were made at other times of day 
without succe s s , presumably because of the 
inabi l i ty to launch an e levated mode except 
at local suns et , which does correlate with 
the time s above . 

As the data process ing progresses , more 
wi ll become known about signal losses and 
he ight of ref lections from the transmitter­
induced arti f i c i al scatterers . A test 
series i s  planned under Air Force sponsor­
ship with a transmitter aboard the space 
shuttle and located at ducting heights in 
the ionosphere . 

F igure 3 - 1 6  shows a processed ionogram o f  
the Sali sbury FM/CW transmitter as received 
at Alamosa , Colo rado , on 5 June 1 9 7 9 . The 
ionogram starts at 12 MH z on the left and 
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increases l i ne a r i ly to 3 0  MHz . S igna l 
de l ay is preset to 4 8  mi l l i seconds (ms ) 
and the s c a l e  of 0 to 7 ms ( bottom to top 
of ionogram) adds to obtai n  the overa l l  
path delay . The ionogram on the l e f t  
( 0 6 4 5  a n d  0 7 0 5 UT ) was r ecorded with the 

Plattevi l l e  transmi tter " o f f "  and no arti­
ficial scatter present i n  the i ono sphere , 
and the ionograms at the r ight were taken 
wi th the P l attev i l l e  transmitter " on "  and 
the s c atter present . I t  i s  quite apparent 
totally new rays appeared at about 5 ms 
delay extending in f requency f rom about 
18 to 28 MH z .  The darkne s s  of the iono­
gram is portional to the received s ignal 
leve l , and it seems l ikely tha t a sma l l  
contribution f rom the arti f i c i a l  scatter 
appears o n  the first ray , whi c h  i s  the 
4 -hop s ignal between earth and ionosphere 
enroute from Australia to Alamo s a .  The 
delay analys i s  of the elevated mode s i gnal 
is quite complex and ray paths mus t  be 
mapped to eva l uate the s e  delay s , but i t  i s  
obvious that the sc attered s ignals travel 
an extra d i s tance o f  about 5 0 0  km , twi ce 
the d i s tance f rom Alamosa to P l attev i l le , 
further than a s ignal whi ch is not re­
flected from the s catter . 

Tops ide HF No i s e . In order to a s s e s s  the 
HF environme n t  i n  the topside i ono sphere , 
ITS has investigated the data obs erved by 
the Defense Meteorological Sate l l i te . 
Thi s  sate l l i te i s  equipped with an HF 
radio rece iver that provides measurements 
of the inten s i ty o f  HF noise a t  the satel­
l i te orbit ( a lmos t  c ircular at 8 4 0  km) . 
The data have been analyzed according to 
local time a nd location on the globe . 

Global maps o f  the inten s i ty o f  the H F  
no i s e  i n  t h e  topside ionosphere have been 
produced for various frequenc i e s  between 
4 and 1 3 . 5  MHz . An exampl e  of one such 
map is shown i n  F igure 3 - 1 7 . The map pro­
vides contours o f  the rece iver termi nal 
vo l tage as obs erved by the sate l l i te over 
a thre e-month per iod from Septembe r  through 
November 1 9 7 7 ,  for the frequency of 1 2 . 0  
MH z .  By producing and analy zing maps such 
as the s e , it has been found that the data 
observed by the satel l ite appear to ema­
nate from d i s c rete transmis s ions at the 
surface of the earth . Further study has 
revea l ed that the HF environmen t  in the 
topside iono sphere is in concert with the 
manner in which the HF spectrum i s  u t i l i zed 
for terres t r i a l  point-to-po int or point­
to-area services . The mo s t  inten s e  s ig­
nals i n  the topside i onosphere are ob­
served i n  those bands as s i gned to the 
broad c a s ti n g  s ervice , followed by tho s e  
a s s i gned to the f ixed , mar itime mob i l e , 
and aeronau t i c a l  mob i l e  servic e s , respec­
tively . 

SECTI ON 3 . 3 .  DEVELOPMENT AND 
IMPLEMENTAT ION OF EM WAVE 

TRANSMI S S I ON MODELS 

I n formation about EM Wave Transmi s s ion 
Characte r i s t i c s  and the charac ter i s t i c s  

l l S  

o f  the transmi s s ion media are i ncorporated 
into engineer i ng mode l s . Thes e  models are 
being developed for users within and out­
s ide government . As in Section 3 . 2 ,  we 
f i r s t  discuss the non-ioni zed medi a  cases , 
and then tho s e  primar i ly inf luenced by the 
ionosphere . 

3 . 3 . 1 . Atmospheric Transmi s s ion Models 

Atmo spheric Transmiss ion Models . Thi s  
program i s  a c onti nuation o f  the ef fort 
to create and ma intain an in formation 
sys tem o f  computer propagation models and 
data bases . The s e  mode l s  and data bases 
represent a consol idation of the results 
in telecommunications res earch to be 
acces s ible nationwide to s upport the de­
s i gn and eva luation o f  tel ecommunications 
sys tems . Two Reports have been publis hed 
thus far . The f i r s t  is entitled " A  
Prel iminary Catalog o f  Programs and Data 
for 10 - 1 0 0  GHz Radio Sys tem Predictions " 
and i s  OT Report 7 8 - 1 4 1 . The s econd i s  
enti tled " An Add i tional Catalog of Programs 
and Data £or 1 0 0  MHz to 1 0 0  GHz Radio 
System Pred i c t ions " and i s  NTIA Report 
7 9 - 1 5 . 

Computer programs and data bases under 
the fol lowi ng c ategories now exist in the 
c atalogs . 

Category 

1 .  

2 .  

3 .  

4 . 

5 .  

6 .  

T i t l e  

Computations of Transmi s s ion 
Lo s s  and Radio Returned Power 

Computations of Des ired/ 
Unde s ir ed S ignal 

Computations of Atmo spheric 
and Precipi tation P arameters 

Data Bases and Assoc iated 
Programs 

Per formance of Digital Communi­
cation Sys tems 

Mi s c e l l aneous Programs 

Add itional entries to the i nformation 
sys tem are being s o l i c ited and evaluated 
on a sys tematic bas i s , and a new c atalog 
is antic ipated to keep thos e  interested 
abreast of thi s  valuable information . 

Mu ltipath Fading o n  Long 1 5  GHz Paths . 
This pro j ec t  i s  designed to acquire data , 
analyze it , and deve lop empirical para­
metr ic re lationships for des igning long 
( greater than 50 km) l ine-of-s ight micro­

wave l inks . The largest part o f  the data 
base for mode l s  now being used was obtain­
ed on short paths , for re latively short 
per iods , and at frequencies between 4 and 
6 GH z .  Al though there i s  some data a t  1 1  
and 1 5  GHz , much o f  the se data were ob­
tained u s ing recording techniques which 
did not provide adequate time r esolution 
for obtaining short term s tati s tic s .  
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Data acquired on this proj ect are being 
obtained using carrier frequencies near 
15 GH z .  The data are acquired on three 
long paths ( 9 0  km, 93 km, and 1 3 2  km) 
which converge at Mt . Corna , I taly ( see 
F igur e  3 - 1 8 ) . The 9 3  km path is primar ily 
over water . The data acquisition period 
wi l l  be one year beginning Apri l  1 97 9 .  
Recording of data will be done us i ng digi­
tal magnetic tape a fter the data are first 
preprocessed by . computer in one hour blocks . 
The d ata will also be recorded on strip 
chart to aid i n  categori zing fading mech­
ani sms . Thi s categori zation is done in 
an attempt to s eparate s i gnal level varia­
tions into incidence of Rayleigh fading , 
rain attenuation , other forms of power 
fading , and equipment malfunction . To be 
comparable with predic tion methods now in 
use , the data wi l l  be analyzed to predict 
Rayleigh fading incidence occurring during 
the worst 3 0-day period . 

The pro j ect i s  sponsored by the u .  s .  
Army Communication Command in response to 
increased pressure to change mili tary 
radio systems to operate in the 1 5- GHz 
band within areas of high microwave spec­
trum usage . 

Fa�ing � Lon<i' Los
.

8-GHz � in
.
Euro�e .  

Th�s proJ ect �s be�ng done �n conJ unct�on 
with the 15 GHz Long Path Pro j ect . The 
ob j ective of the pro j ect is to assess the 
per formance of spec i f ic long l ine-of-si ght 
microwave paths operating at carrier fre­
quenc ies near 8 GHz in concert with a 
1 5  GH z ITS proj ect now in progres s . The 
results of thes e  tes ts wi l l  be used to 
calculate the reliabil ity and assess the 
potential for upgrading thes e  and other 
long l inks in Europe where military micro­
wave sys tems are currently operating at 
7 - 8 GHz . 

Received s i gnal level s  wi l l  be monitored 
at 8 GHz on f ive links (F igure 3-1 8 ) . 
The three l inks terminating at Mt . Corna 
wi l l  be moni tored on both 8 and 15 GHz 
for one year . The two links terminating 
wi l l  be monitored at 8 GHz for one year . 
Recording and processing of data wi ll be 
done u s ing the s ame techniques used for 
the 15 GHz pro j e c t .  

The type of meteorological parameters 
that are used in the prediction models 
are ones that are read i ly avai lable from 
past meteorological record s . For example , 
average annual temperature is used in 
the multipath and atmospheric absorption 
models . Average annual absolute humidity 
and air pressure are u sed in the atmo­
spher ic absorption models . The rain 
attenuation model uses average annual 
rainfall , the r atio of thunderstorm to 
strati form rain and the average number 
o f  thunderstorm days per year . 

To compare these prediction models with 
the data from this experiment , it is 
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important that we know what these meteor­
ological parameters are doing on a dai ly 
basis . The dai ly information is neces­
sary for helping to identi fy radio propa­
gation mechani s ims and also to compare 
models on the bas i s  of the statistics for 
the year of the testing . Daily reports 
of meteorological data are being obtained 
from the u .  S .  Air Force Environmental 
Technical Appl ications Center (MAC )  , Scott 
Air Force Bas e ,  I l l inois . 

The USAF organi zations sponsoring thi s  
proj ect are the A i r  Force Communications 
Service , Scott Air Force Bas e ,  I l l inoi s  
and Headquarter Electronic Sys tems Divi­
s ion , Hanscom Air Force Base , Mas sachusetts . 

Pr·opagation Measurements Guideline s .  
Sponsored by the Communications R&D Com­
mand ( CORADCOM) of the Army , this proj ect 
was originally planned to provide general­
i zed guidelines for des igning measurement 
programs where the maj or purpose is to 
examine some aspect of radio propagation . 
But i t  soon became apparent that a more 
immediate concern had to do with the very 
special problem of wide-band propagation 
through forests . In respons e ,  we have 
fashioned guidelines and suggested pos si­
ble equipment to effect such measurements . 
These guidelines are incorporated into 
plans for a beginning phas e  of what the 
Army expects to be a long , multi-phase 
effort , eventually collecting statistics 
in many parts of the world inc luding 
fores ted regions of Europe . 

Indeed , ITS has already begun the first o f  
these phases in a proj ect entitled Wide­
Band Measurements .  Although this f�rst 
phase is res tricted to assembling and 
testing equipment , we do hope to make 
a modest number of field measurements in 
south-central Tenness ee .  The principal 
tool to be used is the pseudo-noise probe 
owned by ITS . It has a bandwidth of 3 0 0  
MHz and provides a n  effective impulse s ig­
nal of about 6. 7 ns resolution . It wi ll 
be operated with c enter frequenc ies at 
600, 1 2 0 0 , and 1 8 0 0  MH z .  The transmitter 
is to be mobile and the receiver semi­
mobile . We plan to record the data in a 
digital format which can be made available 
to interested parties . Even in this first 
phase we hope to be able to addres s  and 
answer some outstanding ques tions concern­
ing multi-path and pul se spread when pro­
pagation is through fores ts or near stands 
of trees . 

Wide"'Band Radio· Propa·gation Measurements . 
Th�s proJ ect has developed a computer con­
trolled system for digitally recording the 
output from the ITS psuedo-random channel 
probe . The digiti zed output from the probe 
wi ll be analyzed on a large computer to 
determine the wide-band character istics 
of propagation in the 4 0 0  to 2 0 0 0  MHz fre­
quency range . 
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This digiti z i ng system i s  contro l l ed by a 
comme rc i a l ly ava i lable 8-bit microprocessor 
sys tem as s hown i n  F igure 3 - 1 9 . The s i x 
outputs from the rece ivers are digiti zed 
and s tored in buffers at a r ate de termined 
by the operator . The receiving antenna 
he i ght is measured with the electron i c  
d i s tance meter , and r ecorded along with 
the propagation d ata . The s e  data are 
then wri tten on d i g i tal tape for later 
analys i s . The s o ftware has been des i gned 
to be flexible and yet easy to use . The 
operator communicates to the system through 
the printing terminal ,  which asks for his 
i nput . A samp l e  o f  the ques tions and 
answer s  is s hown i n  F igur e  3 - 2 0 . A pro­
vis ion was made to s tore a l l  of the 
housekeeping information on a header re­
cord at the beginning and end of each f i l e  
o f  data s o  that the s y s tem i s  s e l f  docu­
menting of the measurements that have been 
recorded . A sample of the informat ion in 
the header , data , and trai ler records is 
shown i n  F igure 3 - 2 1 .  

3 .  3 .  2 .  Ionosphe r i c  Transmis s ion Mod e l s  

Computer programs developed b y  I T S  for 
pred icting i o nosphe r i c  transm i s s i on and 
the performance of HF radio sy stems are 
used by government agenc i es and commercial 
f i rms i n  the U.  s .  and other nations . A 
continuous program i s  carried on to up­
grade and expand predi ctions s ervi c e s  to 
f i t  user s ' needs . 

Norma l day- to-day and hour- to-hour depar­
ture s  o f  c r i tical frequencies ( foF 2 )  and 
other ionosphe r i c  characte r i s ti c s  f rom ob­
served median values have a s i gni f icant 
e f fect upon the range o f  useful f requen­
c i e s  on HF commun icat ion c i rcuits . Even 
greater e f fe c t s  r e s u l t  from d i s turbances 
in the ea rth ' s  magnetic field and from 
certain f orms of activity on the s un .  

The Ionospheric Communications Ana ly s i s  
Predlction P rogram ( IONCAP ) i s  the mo s t  
recent o f  the H F  pred iction programs 
developed at the I n s t i tute for Telecommun i­
cation S c iences ( I TS ) . The computer pro­
gram i s  an i ntegrated s y s tem of s ubrou­
tines des i gned to pred i c t  hi gh-frequency 
( H F )  skywave sys tem per formance and 

analyze i onospheric parameters . The s e  
computer - a ided predictions may be u s e d  in 
the planning and operation of high fre­
quency commun icat ion sys tems u s i ng s ky­
waves . 

In the i n i t i a l  p l anning or in the mod i f i ­
cation o f  many commun ication systems there 
may be an appreciable delay between the 
c ircuit p l anning and the actual circuit 
construction or mod i f icat ion . Thi s  i s  of 
par ticular impor tanc e for high freq uency 
(HF) circuits whi ch have marked time and 

geographi c  variations in optimum f requency , 
requi red powe r , and s y s tem per formance . 

Predictions of i onospheric characte r i s t i c s  
and techniques for us ing the s e  character i s -
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t i c s  are avai lable and may b e  used to 
antic ipate the per formance of HF communi­
cation circuits and thereby provide the 
l ead time for necessary equipment se lec­
tion , frequency s e lection , and frequency 
and time-sharing arrangements . 

The IONCAP program or calc ulations u s i ng 
the program are avai lable from the Propa­
gation Predict ions and Model Development 
Group of the App l i ed E l ectromagnetic 
Sc ience Divi s ion o f  ITS . The program has 
been s upplied to s everal fore ign and domes­
tic government agencies and to the private 
sector . 

Deve lopment and Improvement of Prediction 
Formats . The ICA/VOA , in ma intaining and 
improving its wor ldwide broadcast schedules 
on high frequenc ies , r equi re s  pred ictions 
of its expected broadcast coverage we l l  i n  
advance t o  prepare f o r  its broadc ast sched­
u l e s . predi ctions have been del ivered on 
schedule , and VOA continues to make occa­
s i onal use of their programs by remote 
acces s . Work has been done and wi l l  con­
tinue to adapt the new HF pred ictions pro­
gram ( IONCAP ) to VOA ' s needs . IONCAP out­
put wi l l  be compared with HFMUFES ( the 
present program) output , and both will be 
checked (by VOA) against monitoring re­
sults . 

HF Sharing and Power Stud i es . .A.nother 
examp le of the use of EM i onospheric tran s ­
mi s s ion models i s  the work f o r  NTIA and 
FCC in deve lopment of technical material 
to s upport the u. S .  pos it ion at the 1 9 7 9  
W.A.RC . The use o f  the s e  models to s upport 
the u .  S .  pos i tion was provided in a 
technical report " Theoretical Compatibi l i ty 
Between H igh Frequency Broadcas ting and 
High Frequency F ixed Servi ces " which i s  
currently in editor ial review . 

Th i s  r eport considers the propagation 
aspects of frequency sharing es peci a l ly 
a s  r e lated to the short and medium dis­
tance , lower power operations of the f ixed 
service as compared to hi gh-power interna­
tional broadc as t .  pub l i s hed international 
hi gh- frequency broadc ast s chedules as 
dir ected toward s e lec ted areas were com­
pared to the expec ted times of success ful 
low-power operations within tho se areas 
and compar i sons were made of the relative 
s i gnal s trengths expec ted from the high­
power transmi tter s re lative to the ex­
pec ted s i gnal s trength of the low-power 
operations . The s e  compari sons were made 
wi th recently improved skywave f ield­
strength prediction method s devel oped at 
the Insti tute for Tele communication 
Sc iences , and field s trengths as predicted 
by the s e  methods were compared with ob­
s erved f ields on short and long distance 
c i rcuits . 

It was conc luded that apprec iable oppor­
tun ity for frequency sharing exists , and 
examples were shown as to how thi s  oppor­
tunity may be predic ted and used in the 
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DATE : 8./;?7./79 
T T to1E : l iS :  2 0: .::,::. 

Nl '..-'IJU I,IRNT TC1 RESET THE CLOCK f" '·Oto ·? ·;·N 

\ )  FNTFP l PCRT J nN C <= 2 0  CHP�) : ?BOULDER 

2 >  FNTFP PATH T D  < <= 20 CHPS) : ?TEST 
:,) fNTFR FPF(.II.IFNCY {MH7) FOJ;:< PE(:f I '·if. I<' 1 :  ·<".4 0 0 .  0 
8) ENTER FRFOWENCY CMH7> FDP PECE I VER 2 :  7 8 0 0  
4 ;  ENT ER Nl.lt{f!ER [I F  FPF1�1fS· TO AVERFIGE q - 1  0 )  : ·;- 1 0 
5> ENT�R NUMBER OF FRAMES OF �ATA TO BE RECORDED C l 0-4 5 0 0) : 7 1 0 0 

6) E NTER FRAME RATE C 1 , 2 • 5 · 1 0/SEC> : 7 1 0 
7> ENTER SAMPLE RATE < 1 0- 1 0 0 0 0/SEC) : ? 1 0 0 0 0  
S) FNT E P  NUMB�P. 0� SAMPLES/FRAME C 1 0- 1 0 0 0> : 7 1 0 0 0  

·=<) ENTER l'll!MBE R OF FF'AMES: TO S:I<I P B ETI..IEEN :S:Fti>1PLE S:ETS ( 0- 1  0 (1 ) : "" 0 
1 0":o FI'ITFR CQMMFNTS C l  L I NE ) : ?TEST 
fl(l YnU I,I T �H TO i.:HRNGE At�Y FtNS:I,If F.'S 0::\' / m ? ·7· 'r' 
FNTFR � ��T T nN N(1 . nR C P  WHEN DONE : 7 3  
"::l) ENTFF· FRFOI. IFNI.:Y CMH7> Fnl'· R E C: E  I V E R  1 : ?6 0 0 
:?.) FNTF.R FRFf.H .. IFNCY CMH:?) F [1 P  r;:•fCF I V E l<' 2 :  ? !;'� 0 0 
EtHFP (•I.IF:'=: T T [l� NO . [1R I":R I.IHHl DONE : .,. 

l.o lf:PMS HERTlER I �!PUT DATA S:UMto1AP\' : 

I!FtTF. : 8 .. • 27...-?9 
Tl M E :  1 6 :  24 : 1 8 

n t n.-:RT T nt� : FOUl r•F.R 
2> PATH J D :  TE�T 
·::) · FREf)I. JENCY (MH?":o l=nR F'ECE I VER 1 : 6 0 n .  

FRJ:="OI.'FNI":',' CMH?) FtlR F'E C E  J VEP c' : 1 c: 0 0 .  
4 )  N1. 1t-1l<FP . J:lF FRAMES OF DATA T O . AVEF"Fl G E : 1 0 
':') NUMBER OF FRA�1F.:�: OF DATFt · r o  F.:E PF.COF'DE D :  1 0 0 
,:..) F J;·AME PAT � :  1 0  
7) SAMPl � PAT F. :  1 0 0 0 0  
8 ,  NUMBER O F  SRMPLES/FPAMf : 1 0 0 0  
q) NI.IMBfP OF FF'A�1FS: T O  S:�: I P E:ET!J.IE ni SANPLE SET S :  0 
1 0l C�MMFNTS : TEST · 

Figure 3-2 0 .  A sample o f  the que stions and answers . 
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W I D EBAND PRO PAGAT I ON MEAS UR E MENT SYSTEM 
DATA ACQU I S I T I ON R ECORD D E SCR I PT I ON 

Header Record 

Date 
T ime 
Lo c a t ion 
P a th I D  
F requency for r e c e i ve r s  l and 2 
N umbe r  o f  f r ame s o f  data to be averaged 
Number of f rame s to be recorded to tape 
F r ame r a t e / s e c  
S amp l e  rate / s e c  
Numbe r  o f  s amp l e  s e t s  to b e  take n / f r am 
N umbe r  of frame s to s h i p  betwe en s amp l e d  f r ame s 
Comments 

D a t a  Record 

Up to 1 0 0 0  1 2 - b i t  A/D s amp l e  s e t s  ( X  & Y compone n t s  for 
rece ive r s  l and 2 )  

AGC A/D s amp l e s  for r e ce ive r s  l and 2 
D i s tance me t e r  reading 
Date 
T ime 

T r a i l e r  Record 

F l ag to i n d i c a t e  i f  preceding me a s u r ement set is good 
or not 

Up to 1 0  l in e s  of commen t s  de s c r i b i n g  any unus u a l  
cond i t ions o c c u r r i n g  d u r i n g  t h e  p r e c e d i n g  me a s u rement 
s e t  

Figure 3 - 2 1 .  A sample o f  the i nformat ion in the heade r , data , and trailer records . 
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deve lopment o f  operational s chedules s o  
that the f ixed and broadcast services may 
take advantage of time sharing or geo­
graphic sharing ( s imultaneous co-channel 
u s e )  o f  frequencies in the hi gh- frequency 
band . 

F igure 3 - 2 2  i s  a s ampl e  chart i l lus trating 
how EM ionospheric transmi s s ion models may 
be used to develop geographi c  area sharing 
pl ans for high frequency services . 

Another u s e  o f  s kywave f ield strength pre­
d ictions to s upport U .  S .  WARC pos i tions 
was i n  the area o f  deduc ing the optimum 
power for i nternational broadcast trans­
mitters to maintain a given qua l i ty o f  
servic e .  The results o f  thi s  s tudy show 
that , under mo s t  c i rcums tances , coverage 
by the broadcast can be effected at d i s ­
tances l e s s  than 5 0 0 0  k m  b y  u s ing powers 
less than 100 kW . 

Predict ion of Transmi s s ions Parameters and 
Sys tem Per formanc e .  Mode l s  f or EM trans=­
mi s s io n  v i a  the ionosphe ric mode of propa­
gation wer e  u s ed to conduct feasibi l i ty 
s tudies for new app l i c ations for high 
frequenc i e s  i n  the long range planning of 
Federa l agenc i e s . The use o f  these models 
to assist the Department o f  Transportation 
in the updating o f  the i r  aeronautical 
commun ication systems was provided i n  a 
technical r eport " Theoretical Feasibil i ty 
of D igital Communication over Ocean Area s 
by High Frequency Rad i o "  NTIA TM 7 9 - 1 7 . 
Thi s report examines the theore tical r e l i ­
abi l i ty o f  d i g i tal data transmi s s ion via 
hi gh-frequency radio for typical air 
tra f f i c  routes i n  the At lantic and Pac i fic 
areas i n  an evaluation of a sys tem for 
improving air traf f i c  control over ocean 
areas . The expected per formance of a 
re ference high- frequency data transmi s s ion 
system of 1 2 0 0  bits per s econd with a 
permi s s i b l e  error rate of one-in-a-thous and 
binary error was expres s ed as a percentage 
o f  time that a given theore tical rel iabi­
l i ty wil l be equa led or exceeded . 

Transmi s s ion models permitted the deter­
mination of optimum high frequency for 
digital communicat ion from aircraft and 
also the optimum ground locations for 
reception . The s e  bands and ground loca­
tions were found to vary with aircraft 
location and time o f  day . F i gure 3 - 2 3  is 
an exampl e  of the determination of the s e  
opt imum bands and rece iver s i tes . 

Polar I ono sphe r i c  Propagation . As par t o f  
the program t o  a s s e s s  the per formance o f 
the CONUS over-the-hori zon backs catter 
radar system ,  the Air Force Geophy s i c s  Lab­
oratory and the E l ec tronic Sys tems Divis ion 
are s upport ing a deve lopment ef fort at ITS 
to a s s i s t  in this a s s e s s ment . The ITS i s  
deve loping optimum mod e l s  o f  the polar 
ionospheric e l ec tron dens i ty that repres ent 
the s tructure o f  the ionosphere during the 
time periods that the radar w i l l  be oper­
ating . The models wi l l  permi t actual iono-
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spher i c  data to b e  incorporated into them 
and wi l l  be used in propagation s imulation 
programs to reproduc e the actual radar 
characte r i s tic s .  The i onospher ic absorp­
tion suf fered by the radar s ignal s  and the 
impact of irregularities in electron den­
s i ty wi l l  also be modeled and compared 
agai n s t  actual radar data . 

In add i t i on to mod e l i ng , the po lar iono­
sphe r i c  s tructure and other parameters of 
importance to the per formance of an HF 
backs catter radar , the ITS wi l l  be deve l­
oping optimum methods to s tore and retrieve 
the polar iono spheric data . The types of 
data and the locations at whi ch they will 
be obs erved are given in F igur e  3 - 2 4 .  

VHF/UHF Measurements i n  Urban Areas . The 
obj ec tive of thi s program i s  to provide 
meas ur ements of the s ignal s trengths of 
VHF/UHF broadc asts in an u rban area which 
c an be used as a bas i s  for implementing 
improved techniques for pred icting the 
coverage of UHF-TV and mob i l e  radio 
sys tems . During this year , a meas urement 
program was des igned and carried out for 
gathering data on the s tati s tical variabi­
l i ty o f  s i gna l s  from exi sting transmitters 
i n  the VHF/UHF band in the Denver metro­
pol i tan are a .  

Me asurements were made u s i ng the TV trans­
mitters located on top o f  Lookout Moun­
tain near Golden , Colorado . The s ignals 
mon i tored were KBTV ( 1 8 9  MH z ) , KMGH ( 1 7 7  
MH z ) , KOA ( 6 9  MH z ) , and KWGN ( 5 7  MHz ) . 
Mobi l e  measurements of the s e  s i gnals were 
made at s everal veh i c l e  speeds along 4 4 th 
Avenue in Golden , Colorado . The antenna 
used was a mod i f ied vers ion of a miniature 
VHF dire ctional antenna system origina l ly 
d e s i gned to provide continous coverage of 
the 3 0 - 2 0 0  MH z frequency range . The 
modi f i ed antenna was converted to an i so­
trop i c  antenna u s i ng a hybrid network with 
a 2 0 °  pha s e  s h i f t .  The receiver sy stem 
wa s instal led in a mobi l e  van . 

Typical received s ignal var iations of 
Channe l  9 (KBTV ) at 1 8 7 . 2 4 MHz ( video ) and 
1 9 1 . 7 4 MHz ( audi o )  meas ured at a mobile 
speed of 20  mph are d i splayed i n  F igure 
3 - 2 5 .  These meas urements were obtained 
over a test course of approximately . 7  
mile ( 1 2 0 0  meter s ) , which s imul ated the 
urban environment of large s te e l  and con­
crete bu i ldings . The corre lation coe ffi­
cient was less than 0 . 5  for the multipath 
scattering on the video and audio s ignal s .  
�nspecti on of F igure 3 - 2 5  suggests that 
the fading mechan ism may be s imilar to 
that i nvo lved in troposphe ric scatter , 
i . e . , a random mu l tipath effec t .  It can 
be s hown that this type of transmiss ion 
produces a rece ived s ignal whos e  cumulative 
d i s tribution function ( CDF ) i s  a Rayleigh 
d i s tr ibution . The data in F igure 3 - 2 5 was 
analy zed and pro c e s s ed to obtain the CDF ' s ,  
and the results are plotted i n  Figure 3 - 2 6  
o n  Rayleigh D i s tr ibution Function pape r .  
On thi s  coordinate scale , a Ray leigh 
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d i s tribution wou ld plot as a straight 
line , and one can see that the obs erved 
CDF ' s  are very near ly " Rayleigh . " For 
purpos e s  of compari son , the same CDF ' s  
wer e  p lotted on so-cal led " Ga u s s i a n "  paper 
( F igure 3 - 2 7 ) . On the s e  coordinates , if 

the d i s tribution were a Gaus s ian (or normal ) 
probab i l i ty function , the CDF ' s  would also 
plot as a s traight l ine . It would appear 
that the obs erved d i s t r ibution is more 
nearly " Rayle i gh " than " norma l . "  However , 
add i tional analy s i s  of a l l  the data wi l l  
b e  neces sary to verify this rather tenta­
tive conclusion . 

Ionospheric Mapping Study . Numerical 
models o f  med ian ionospheric character­
i s ti c s  have been devel oped by ITS and are 
widely u s ed for predicting radio wave 
propagation e i ther via the i onosphere or 
through the i ono sphere .  

The models for the F 2 - l ayer c r i t i cal fre­
quenc ie s ,  foF2 , and the transmis s ion 
factor for a 3 , 0 0 0  km path , M ( 3 0 0 0 ) F 2 ,  
were derived from obs ervations made 
be twee n  1 9 5 4  and 1 9 5 8 . A study for the 
Department of Defense is underway to 
determine i f  there are any s y s tematic 
d i f ferences with either solar cycle acti­
v i ty o r  s e ason , between the pred ictions 
and observations for the years o f  1 9 6 8 ,  
1 9 7 0 ,  1 9 7 2 , and 1 9 7 4 . Based on the s e  
r e sults , I T S  wi l l  deve lop a program to 
improve the numerical maps in tho s e  areas 
o f  the world where substantial improvement 
is indicated . Theor etical numerical 
techniques , as well as other sources of 
addi t ional measurements , ( e . g . , sate l l i te s )  
w i l l  b e  cons idered . 

SECTION 3 . 4 .  PREDICTION OF T RANSMI S S ION 
PARAMETERS AND SYSTEM PERFORMANCE 

Completed engineering models for EM wave 
transmi s s io n  calcul ations are del ivered 
to sponsoring and reques ting agencies for 
the ir u s e . Fol lowing are repres entative 
u � e s  of the s e  s ervice s . 

3 . 4 . 1 . Long-Term I onosphe r i c  Predi ctions 

The I CA/VOA requires regular pred ictions 
of " c i rcui t "  per formance as an aid i n  plan­
n ing appropriately for the continuation of 
i t s  world-wide HF broadca s t s . 

The Rad io Propagation Pred i c t ions pro j ec t  
provide s t h e  VOA every second month w i th 
HF circuit per formance pred i c tions for 
about 1 8 0  broadcast circuits 8 months in 
advance . For about 1 5 0  o f  the s e  c i rcuits 
( from Tinang , Kavala , Greenvi l l e , Woo fer­

ton ,  Monrovia , Munich , and Tangi er ) , the 
predictions inc lude s e l ection of optimum 
transmitt i ng antenna .  In the pa s t ,  the 
predictions program , HFMUFES , has been 
u s ed . With the deve lopment o f  I ONCAP , how­
ever , HFMUFES w i l l  gradua l l y  be replaced . 
For the VOA , a set o f  predictions made 
w i th both programs have been s ubmitted for 
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compar i son . In addition , map s of " broad­
c a s t  coverag e "  for representative VOA 
transmi tter s ites have been prepared as an 
al ternative output for s tudy by VOA per­
sonne l . 

CDC 6 6 0 0  f i les have been maintained for 
local batch process ing and , under the VOA 
Time Share Service , they are ava i l ab l e--­

for use by means o f  access from a remote 
TELEX termi na l .  F i les are also maintained 
on the XDS 9 4 0  for interactive time-share 
acc e s s  by VOA to the predi ction program . 

In add i tion to VOA , the re are other govern­
ment agencies and indus trial organ i z ations 
requir ing Numerical Prediction Services . 
Thi s  pro j ec t  provides HF radio propagation 
predictions and computer programs on a 
cos t re imbursable bas i s . 

HF radio propagation pred iction s  were pro­
vided routinely to ITT Wor ld Commun ications , 
Associ ated Press , NOAA/SEL , and the Ameri­
can Rad i o  Re l ay League ( for pub l i c ation 
i n  (QST) . lTS made predi ctions for Gu l f  
O i l  Communication s , Radio Netherl ands , 
McPhee Consul tants , Sabre Communi c ations , 
S c i enti f i c  Rad io Sys tems , USDA Forest 
Service , At lantic Re s earch Corporation , 
Barry Re s earch Commun ications , Page Iberica , 
TRT Telecommun ic ations , Federal E l ectric 
Corporation (Vandenberg AFB )  , and Adventist 
Wor l d  Radio . Radi o  Nether lands i s  now 
engineer ing a new broadc ast operation at 
H i lversum , Hol land , and has r eques ted 
extens iv e  predictions for th i s  s i te . ITS 
has received two requests for atmospher ic 
noi s e  data " numerical maps " which have 
been f i l l ed according to deta i l ed instruc­
tions f rom tho se r equesting them : RD 
�ssociates , and CNET in Lannion , France . 
In addition , predi ctions were sent to the 
fol lowing companies in s upport of HF sys­
tems des ign and were suppl i ed to foreign 
governments , espec i a l ly i n  the Middl� Ea s t i  
B R  Communications , Canadian Marconi , CCA 
E l ectro n i c s , DHV Incorporated , Sabre Com­
muni cati ons , Scientific Radi o  Sys tems , 
S inger Products Inc . , TAI , Te chno Gener 
Ltd . (Ir ah )_ . �TC in Denver needed pre­
di ctions for the proj ected r eception ( for 
midwe s t  rebroadcasting via cable)  of VOA 
programs from the east coast of the United 
State s . Also under the r eimbursable Num­
erical Predi ctions Services pro j ec t ,  pro­
gram tapes were sold to Granger As sociates , 
Hoy les Niblock In ternational Ltd , Merle 
Coll ins Foundation , Shape Technical Center , 
National I n s ti tute for Telecommuni cation 
Re s earch ( S outh Africa ) , Uni ted Marine 
E l ectron i c s  A/S (Norway ) , and Johns Hopkins 
APL . The program was provided w i thout 
cos t to the Radio Re s earch Labora tor ies 
in Tokyo . 

Saudi Arabia HF Predic tions . The Propa­
gation PredictTon andModel Development 
Group of ITS has undertaken a pro j ect to 
develop high-frequency ( H F )  rad i o  propa­
gation predictions for the K ingdom o f  
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Saud i Arab i a  as an aid i n  broadcast s ched­
ul ing . The s e  predictions were intended 
to a s s i s t  the Mini s ter of Information in 
Saudi Arab i a  to more e f fectivel y  de termine 
an optimum a s s ignment of frequency for 
the i r  broad c a s t  circui t s . 

A total of s eventy-n ine wor ldwide receiving 
s i te s  were specified by the Director of 
Frequency Management o f  S audi Arabi a with 
the transmitter location at Riyadh , S audi 
Arabi a .  Four antenna types with appro­
priate bearings wer e  reque � ted f�r a total 
of thirty-one antenna conf lguratlons ( see 
Tab le 3 - 1 )  . 

Table 3 - 1 .  Transmitter Antenna 
Configurations 

Type 

Curtain Antenna ( one band ) 

Curtain Antenna ( two band ) 

F ixed Log Per i odic 

Ratab l e  Log Periodic 

* Ratable to ma in beam . 

Number of 
Bearings 

1 4  

1 4  

2 

1 *  

The pred i c t i ons wer e  prepared u s ing the 
I onospher i c  Commun ications �nalys i s  and 
Pred ict ion Program ( IONCAP ) deve l oped at 
ITS and con s t ituted a s i g n i f icant u t i l i za­
tion o f  the f l exab i l ity and optim i z ation 
of IONCAP . Both tabular and graphical 
presentations o f  the various prediction 
parameters were presen ted that inc luded 
graphs of the expected d i urnal var iati�n 
of Maximum Useful Frequency ( MUF ) , Optlmum 
Tra f f i c  Frequency ( FOT ) , and Lowe s t  Usable 
Frequency ( or Lowe s t  Usable Broadca s t  
Band)  . LUF were produced f o r  e a c h  antenna 
and its a s s o c iated bearings and broadcast 
reception location for each month at the 
two s o l ar a ctivity leve l s . A tabular pre­
sentation o f  predicted parameters inc luded 
the c ir c u i t  r e l iabi l i ty ( REL) , de fined as 
the percen tage of days within . the mo�th . 
that an adequate s i gn a l - to-no l s e  ratlo lS 
expected , the expected monthly med ian of 
the hourly med ian field strength at the 
receiver location ( DBU ) , and the monthly 
median of the hourly median s igna l - to­
noise ratios at the receiver i nputs ( S/N ) . 
The s e  parameters were determined a s  im­
portant in the deve lopment of f requency 
schedu l e s , the s e lection o f  antennas to 
estima te if broadc ast s igna l s  woul d  be 
adequate i n  the presence of inter ference � 
and to meas ure circuit qua l i ty .  The r e l l ­
abi l i ty parameter was a l s o  presented in a 
format des i gned to s imp l i f y  the determina­
tion of geographic coverage at a g iven 
time for a given frequency and antenna . 
Another format of c ircuit r e l iabi l ity wa s 
deve l oped to estima te the portion of the 
day a g iven frequency woul d  provide sat­
i s factory reception in a g iven area . 
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HF/UHF P ropagation Evaluation . The Insti­
tute f or Te lecommunicat ion S c i ences has 
been i nvolved in an HF/VHF propagation 
valuation program for representation of 
the United States inte l l igence community 
to enhance the i r  operational capabi l ities . 
Thi s inc luded tasks to s upply techn ical 
con sultation on HF/VHF propagation-re l ated 
problems and provide compari s on of obs erved 
and predicted HF propagation parameters . 
Thi s included numerical s imulation of long­
dis tance high- frequency radio propagat ion 
system per formance and HF per formance pre­
dict ions uti l i z ing the Ionosphe r i c  Commu­
nications Analys i s  and Prediction Program 
( IONCAP ) deve loped at ITS . 

The IONCAP program wa s u sed to predict 
spec i f ic c ircuit parameter s .  The s e  pre­
dictions were then compared aga inst obser­
vations of HF f ie ld strength , maximum 
usable frequenc i e s , and l owe st obs ervab le 
frequenc ies . The source of obs erved data 
wa s pr imar i l y  CCIR documents . Particular 
emphas i s  was p laced on the extens i on of 
the I ONCAP program to frequencies from 
3 0 5 5  MHz . As part of this task , it wa s 
necessary to deve l op specific antenna 
model rout ines for antenna design s  speci­
fied by the sponsor . 

3 . 4 . 2 .  Med ium Frequencies 
Transmi s sion S tud ies 

AM Band Coverage Prediction Technique s .  
Propagation by skywaves in the medium 
frequency ( MF )  portion o f  the spectrum 
signif icantly impacts the per formance of 
AM broadcasting s ervice , e specially at 
n ight . Sta ndards of per formance and 
qua l i ty of service during ni ghttime hours 
are determined using methods to deduce 
field strengths due to MF skywaves that 
are l e s s  than optimum . The ITS has been 
suppor ting an NTIA init iative to the 
Feder a l  Commun icat ions Comm i s s i on that the 
chann e l  spacing for AM broadc as ting be 
reduced from 1 0  kH z to 9 kHz in keeping 
with a European and Asian dec i s i on to 
adopt the 9 kHz channe l spac ing . As 
part of thi s support , the Propagation 
Predictions and Mode l  Deve lopment Group 
has i nve st i gated and summarized the 
var ious method s of computing MF skywave 
f ield strength . The methods inc lude thos e  
deve loped b y  the FCC , the CC I R ,  a n d  the 
European Broadcast ing Union . Thi s inves­
tigation and the results der ived therefrom 
have been documented in a report tha t i s  
pre sently i n  the draft form . 

The results of thi s inve stigation are be ing 
used to determine methods that can improve 
the predic tion and specif ication of n ight­
time MF skywave f ie ld strength . 

MF Ad j acent Channel Interference Project . 
Thi s pro j ect ' s  obJ ect ive was to determine 
the adj acent channel interference poten­
tial resulting from a r eduction in the 
MF frequency channel spac ing from 10 kHz 



to 9 kHz . Four elements were needed to 
achieve thi s  obj ec tive . F i r s t ,  i ndus try­
acceptable s tandard measurement techn i­
ques for the per formance of commercial AM 
receivers had to be identi f i ed . S econdly , 
approximate ly 5 0  commercial r ece ivers were 
subj ected to per formance measurements and 
the measurements s ummar i z ed . Thirdly , 
the number of adj acent channe l  s tations 
where groundwave service area might pos­
s ibly be adversely affected by a 9 kH z 
MF channel space , wa s summari zed . Las tly , 
the overa l l  potential impact o f  9 kHz 
channel spacing was determined on the AM 
service area and r eported . 

Rad io Per formance Tes ts . With respect to 
the time constraints on the pro j ec t ,  three 
te s t s  were deemed germane in evaluating 
potential receiver interference from the 
proposed channel spac ing reduction . The 
f i r s t  was the obj ec tive two - s i gnal mea­
suring method for the determination of 
radio frequency protection ratios . This 
method of testing is found in CCIR Report 
3 9 9 - 2  "AM S ound Broadc asting . "  Thi s i s  
e s sentially a two-s ignal method cons i s t­
ing of modu lating succ e s s ively with a 
given modulation depth , the wanted and 
the interfer ing s ignal by a s tandard 
shaped noise s ignal , the spectral ampli­
tude of which corresponds to modern dance 
mus i c . The second tests were cal l ed 
S I NAD measurements as descr ibed in the 
EIA Standard RS- 2 0 4 -A .  S INAD is defined 
as 

�ignal + noise + d i s tortion 
noi s e  + d i s tortion 

and i s  a meaningful measure o f  a receiver ' s  
u s ab l e  s en s i tivity , al though the SINAD 
data does not direc tly rel ate to the 
interfer ence probl ems associ ated with a 
reduction i n  channel spacing . 

The th ird set of tests was to determi ne 
the selectivity o f  the test r ece iver s . 
The selectivity of a receiver i s  a 
measure of i ts abi l i ty to d i s c r iminate 
between a wanted s i gnal , to which the 
rec e iver is tuned , and unwanted s igna l s . 
The s ingle s igna l-se lectivity mea s ure­
ment wh ich was used in thi s  test i s  
referred t o  as a receiver bandwidth te s t .  
The s e lectivity curve associ ated with a 
particular radio has a definite e f fect 
upon the interference problems associated 
wi th reduced channel spacing . 

Te s t  Rece iver Selection . Approximately 
50 radios were purchased from local re­
tailers for use in thi s  testing program 
and were tes ted i n  an " of f  the she l f "  
cond ition . No attempts were made t o  opti­
mi z e  the rec eiver per formance with the 
exception of the car radios where the 
tr immer capac itor was adj usted for optimum 
high frequency per formance . The price of 
the s e  radios varied from $ 5 . 0 0 to about 
$ 1 0 0 . 0 0 .  The se receivers are considered 
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typical o f  what the average cons umer might 
purcha s e , and hence our test data repro­
duces the potential interference problems 
faced by consumers . 

Ad j acent Channel Stations . 5 3 3 7  AM Broad­
cast s tations were analyzed for geographic 
proximi ty to other s tations broadca s ting 
on adj acent channe ls . Cumulative d i stri­
butions were made parametric i n  nighttime 
a nd day time transmi tting power s .  

Overall Potential Interference of 9 kH z 
Channel Spac i ng .  From the tests on AM 
receiver s ,  i t  appears tha t ,  to maintain the 
same aud io frequency protectio n  ratio as 
enj oyed on the present channel spac i ng , the 
rftdio frequency protection ratio needs to 
be increased by 2 or 3 dB on the average . 

Directional Antenna S tudi e s . The proposed 
change in the al location bandwidth ( from 
1 0 kHz to 9 · kHz l  in the med i um- frequency 
broadc a s t  band would require that a large 
number of broadcast s tations change thei r  
o�erating frequenc ies . O n e  plan that has 
been proposed wou ld require changes in 
frequency al locations o f  1 kHz to 4 kHz 
de�end ing upon the present operating fre­
quency of the broadca s t  s tation . This 
l i s ting , showing the proposed n ew operating 
f requenc ies , is shown in Table 3 - 2 .  

A part o f  the s tudy being conducted b y  the 
Ins titute for Telecommunication S c i ences 
i s  concerned with the do l l ar cost to broad­
casters for changing thei r  operating fre­
quenci e s  i n  accordance with the propos ed. 
plan . I n  the case of broadc ast s tations 
wi thout directional antennas , thi s cost can 
be ea s i ly determined as being the cost 
o f  new· crystals for transmitters and 
mon i toring equipment plus the cos t o f  
ins tal l i ng them i n  the equipment . New 
antenna impedance mea surements should not 
be neces sary s ince antenna impedance 
curves for �he present frequency s hould 
s�an the new operating frequency . 

In the United States , because o f  the need 
for many broadcast s tations to s erve the 
needs of the many communities and ethnic 
grou�s , the med ium-frequency broadcast 
band i s  very crowded and the use o f  direc­
tional antennas which protec t  other s ta­
tions on the same frequency from in ter­
�erence whi l e  maki ng it p o s s i b l e  to s erve 
a commun i ty has become prevalent . Origi­
nally d irectional antennas were uti l i z ed 
for n i ghttime oper ation when s kywave 
interference between s tations on the s ame 
or adj acent channe l s  became a probl em , 
but the use of the s e  antenna systems has 
been greatly extended to permi t daytime 
stations to operate in local area s . The 
result o f  thi s  practice is the exis tence 
of a very large number of s tations u s ing 
directional antennas . 

The determination of the cos t to the broad­
caster of making sma l l  (1 kHz to 4 kH z )  



Present f 
kHz 

5 4 0  
5 5 0  

5 6 0  
5 7 0  
5 8 0  

5 9 0  

6 0 0  
6 1 0  

6 2 0  

6 3 0  

6 4 0  

6 5 0  
6 6 0  

6 7 0  

6 8 0  

6 9 0  

7 0 0  

7 1 0  
7 2 0  

7 3 0  
7 4 0  
7 5 0  

7 6 0  

7 7 0  

7 8 0  

7 9 0  

8 0 0  

8 1 0  
8 2 0  

8 3 0  

8 4 0  

8 5 0  

8 6 0  

8 7 0  

8 8 0  
8 9 0 

Table 3 - 2 .  Proposed 9 kHz Frequency Al location P lan 

Neare s t  
New * f !':,. f  

kHz kHz 

5 4 0  0 

5 4 9  - 1  
5 5 8  - 2  
5 6 7  - 3  

5 7 6  -4 

5 8 5  

5 9 4  + 4  

6 0 3  + 3  
6 1 2  + 2  
6 2 1  + 1  
6 3 0  0 
6 3 9  - 1  
6 4 8  - 2  

6 5 7  - 3  

6 6 6  - 4  

6 7 5  

6 8 4  +4 

6 9 3  + 3  
7 0 2  + 2  
7 1 1  +1 

7 2 0  0 

7 2 9  - 1  

7 3 8 - 2  

7 4 7  - 3  

7 5 6  - 4  

7 6 5  

7 7 4  

7 8 3  

7 9 2  

8 0 1  

8 1 0  
8 1 9  

8 2 8  

8 3 7  

8 4 6  
8 5 5  

8 6 4  

8 7 3  
8 8 2  

8 9 1  

+4 
+ 3  
+ 2  
+ 1  

0 
- 1  

- 2  

- 3  
- 4  

+ 4  

+ 3  
+ 2  

+ 1  

Present f 
kHz 

9 0 0  

9 1 0 

9 2 0  
9 3 0  

9 4 0  

9 5 0  
9 6 0  

9 7 0  

9 8 0  
9 9 0  

1 0 0 0  

1 0 1 0 
1 0 2 0  

1 0 3 0  

1 0 4 0  

1 0 5 0  

1 0 6 0  

1 0 7 0  

1 0 8 0  

1 0 9 0  
l l O O  

l l l O  
l l 2 0  

l l 3 0  

l l 4 0  

l l 5 0  

l l 6 0  

l l 7 0  

l l 8 0  

1 1 9 0  

1 2 0 0  

1 2 1 0  

1 2 2 0  

1 2 3 0  
1 2 4 0  

1 2 5 0  

Nearest 
New * f 

kHz 

9 0 0  

9 0 9  

9 1 8  
9 2 7  

9 3 6  

9 4 5  

9 5 4  
9 6 3  

9 7 2  

9 8 1  
9 9 0  
9 9 9  

1 0 0 8  
1 0 1 7  
1 0 2 6  

1 0 3 5  
1 0 4 4  

1 0 5 3  

1 0 6 2  

1 0 7 1  

1 0 8 0  

1 0 8 9  

1 0 9 8  

l l 0 7  

l l l 6  
l l 2 5  

l l 3 4  

l l 4 3  
l l 5 2  

l l 6 1  
l l 7 0  

l l 7 9  
l l 8 8  

l l 9 7  

1 2 0 6  
1 2 1 5 
1 2 2 4  

1 2 3 3  
1 2 4 2  

1 2 5 1  

M 
kHz 

0 

- 1  
- 2  
- 3  

- 4  

+ 4  
+ 3  
+ 2  

+ 1  
0 

- 1  

- 2  
- 3  

- 4  

+ 4  
+ 3  
+ 2  
+ 1  

0 

- 1  
- 2  
- 3  
- 4  

+ 4  

+ 3  
+·2 

+ 1  

0 
- 1  
- 2  

- 3  
- 4  

+ 4  

+ 3  
+ 2  

+ 1  

Present f 
kHz 

1 2 6 0  

1 2 7 0  

1 2 8 0  

1 2 9 0  
1 3 0 0  

1 3 1 0  

1 3 2 0  

1 3 3 0  
1 3 4 0  
1 3 5 0  

1 3 6 0  

1 3 7 0  
1 3 8 0  

1 3 9 0  

1 4 0 0  

1 4 1 0  

1 4 2 0  

1 4 3 0  
1 4 4 0  

1 4 5 0  

1 4 6 0  
1 4 7 0  

1 4 8 0  

1 4 9 0  

1 5 0 0  
1 5 1 0  

1 5 2 0  

1 5 3 0  
1 5 4 0  

1 5 5 0  

1 5 6 0  
1 5 7 0  

1 5 8 0  

1 5 9 0  

1 6 0 0  

* According t o  the 9 kHz spac ing p la n  used i n  Reg ions 1 and 3 .  

1 3 1 

Nearest 
New * f 

kHz 

1 2 6 0  

1 2 6 9  

1 2 7 8  
1 2 8 7  

1 2 9 6  
1 3 0 5  
1 3 1 4  

1 3 2 3  
1 3 3 2  
1 3 4 1  

1 3 5 0  

1 3 5 9  

1 3 6 8  
1 3 7 7  

1 3 8 6  

1 3 9 5  
1 4 0 4  

1 4 1 3  

1 4 2 2  

1 4 3 1  

1 4 4 0  

1 4 4 9  
1 4 5 8  

1 4 6 7  

1 4 7 6  

1 4 8 5  

1 4 9 4  
1 5 0 3  

1 5 1 2  

1 5 2 1  

1 5 3 0  
1 5 3 9  

1 5 4 8  

1 5 5 7  
1 5 6 6  

1 5 7 5  
1 5 8 4  

1 5 9 3 
1 6 0 2  

M 
kHz 

0 

-1 

- 2  
- 3  
- 4  

+ 4  
+ 3  
+2 
+1 

0 

-1 
- 2  
-3 
-4 

+4 

+3 
+2 
+1· 

0 

-1 
-2 
-3 

-4 

+4 
+3 
+2 
+1 

0 
-1 
- 2  
- 3  
-4 

+4 

+3 
+2 



frequency changes in accordance with the 
propos ed plan is not as s imple with d i rec­
tional arrays . Thes e  antenna arrays range 
from s imp le two-e lement arrays to arrays 
with as many as twelve e l ements and from 
l i near arrays to arrays with more comp l i ­
cated physical arrangement s . Changes i n  
operating frequency a lter the e lectrical 
heights of the antenna s ,  the e lectrical 
spac ing between e l ements of the array , and 
the phase shi fts in transmis s i on l ines and· 
in pha s i ng and matching networks . The 
costs o f  frequency changes are determined 
to a l arge extent by the engineering costs 
o f  rea l i gning thes e  arrays and the complex­
ity of r equirements imposed by the Federal 
Communications Commis s i on . 

Theoretical computations of the change i n  
the radiation patterns o f  a l arge number 
of broadcast station s  have been made for 
frequency changes of 1 to 4 kHz and have 
shown the pattern changes to be minor . 

To provide experimental ver i f ication of 
the theoretical findings , the operating 
frequency of radio station WLBH in Mattoon 7 
I l l inoi s , was changed from 1 1 7 0  kHz to 1 1 6 6  
kHz and to 1 1 7 4  k H z  dur ing the te st per iod 
from 1 to 5 am on two n ights . WLBH uses 
a 4 tower l inear directional antenna 
array . The l i censed operating parameters 
for the directional were u sed at each of 
the test frequencies . A Delta in-line 
br idge was used at the common point to 
as sure that the l i censed input power was 
obtained at each frequency . Measurements 
were made at three points on each of 
twe lve radial s for each of the three fre­
quenc ies . 

It is interesting to note that the direc­
tional wa s real igned on each of the fre­
quencies in less than 1 . 5  hours by engi­
neering per sonn e l  o f  the station for the 
most part using the f ront of the pane l 
controls of the phas ing gear . 

The f ield strengths measured on the radi­
als varied more than the pred icted value s . 
I t  is felt that the deviations can be ex­
p lained as being due to the fact that 
phases and current ratios were not exac tly 
the same on the three f requencies and that 
samp l ing for the mon itoring equipment was 
located at the tower bas e s . I t  wa s felt 
that the original values of f i e ld strength 
could have been restor ed with further 
minor adjustment of the array . This was 
not possible because of the l imited author ­
i z ation of two four hour periods i n  which 
to per form the tests . 

A ful l  report on the proj ect and a dis­
cussion of the al ternative procedures for 
imp lementation of the proposed frequency 
change with trade-offs which wi l l  greatly 
inf luence the cost to broadcasters is 
p lanned . 
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SECT I ON 3 . 5 . APPLICAT IONS 

The cons tant study o f  EM wave transmi s s ion 
characte r i s t ic s , the deve l opment of up-to­
date theoretical and emp i r i c a l  mode l s , and 
the s tudy of real-wor ld telecommunication 
problems lead to state-of-the-art app l ica­
tions for telecommunicat ion uses . Thi s 
section dea l s  with a variety of programs 
which show the broad spectrum of applied 
e lectromagnetic sc ience s .  

3 . 5 . 1 . Antennas and Rad iation 

San C l emente Over -the -Hor i zon Radar . S ome 
year s ago ITS bui lt a new pha sed array , 
over-the-ho r i z on radar on San C lemente 
I s land o f f  the coast of Ca l i fornia . Thi s  
used a new concept where each antenna was 
fed at the ba s e  of the antenna tower by 
its own transmitter as s hown in Figure 3 -2 8 .  
The hos t i l e  environmen t  o f  San C l emente---­

I s l and (mainly the salty s ea bre e z e )  had 
caused ma j or corrosion o f  the antenna and 
transmitter sys tem . On- s i te repa irs of 
the transmitters were deemed impossible 
due to l ack of fac i l i ty , s o  the 25  tran s ­
mitter s were returned t o  Boulder for r e ­
furbi s hment and design update . 

The transmitter s were r eturned to the 
I s land in June of 1 9 7 9 .  The systems were 
insta l led , phased , and c a l ibrated and 
succes s ful experiments having to do with 
ocean surve i l lance were conducted in July 
1 9 7 9  under the dir·ection o f  the Nava l 
Research Laborator ies , Washington , D .  C .  

Kod iak S ite Study. The U .  S .  Coast Guard 
commun ication station Kod iak is located on 
Kod iak I s land , Alaska , and due to its 
location i s  very critical to nautical 
commun ications in the northern Pacific and 
the Ala skan region . The respon s i b i l i t i e s  
of communication station Kodiak currently 
inc lude : commun ication to/from all Coast 
Guard ve s s e l s  in the Northern Paci fic/ 
Alaskan region inc lud ing aircraft on a l l  
routine and emergency m i s s i ons , reports 
from foreign fi shing ves s e l s  regarding 
location and c atch with i n  the 2 0 0 -mi le 
limit , c ontinuous guard on s everal MF and 
HF d i s tr e s s  and c a l l i n g  frequen c i e s , 
continuous mon itor o f  the AMVER (Automated 
Mutual - As s i s tance Ves s e l  Res cue ) system , 
and as s orted other duties as needed s uch 
as phone patches , land l ines , etc . 

The proj ected future operational require­
ments f or communication station Kodiak 
ind icate a greatly increa sed leve l of 
activity due to a var iety o f  factor s . 
Some o f  the se fac tor s are increased o i l  
exploration and tanker tra f f i c , a n  in­
crease i n  the number o f  Coast Guard patr o l  
ves s e l s  and aircraft in t h e  Ala skan region , 
a pos s ible 2 0 0 -mi le pol lution contro l , and 
others .  
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Due to the s trategic locat ion of the com­
municat ion stat ion and the need for im­
provement of the phy s i c a l  plant , ITS wa s 
reques ted to undertake a study of the 
antenna s i t ing at the commun ication s ta­
t ion . An unpubli shed report was prepared 
that addres s ed the que s t ion of both MF 
and HF propagation to various regions of 
the Northern Pac i f ic/Alaskan r egion con­
si der ing the locati on of the commun ication 
station with regard to the ocean areas 
and the topography of Kodiak I s land . 
Surface-wave propagation predictions were 
made for the MF frequencies and were des­
cr ibed in previous ITS annual reports . 

Skywave propagat ion pred ictions were made 
for the HF frequenc ies , considering the 
ocean region s  of inter e s t  and a set of 
seasonal , diurnal , and solar activity 
cond ition s .  One output of these pred ic­
tions i s  a his togram of the opt imum fre­
quency use . I n  add i t ion , the associated 
distr ibutions o f  take-off angle for each 
frequency were computed . The se predictions 
also were descr ibed in a previous annua l 
repor t .  

Predict ions s uch a s  those j us t  descr ibed 
are u sed in determining the required 
antenna system. The greate s t  problem at 
the Kod iak tran smitter s i te i s  the local 
topography . The hor i zon e levation angle 
as obs erved from the c enter of the Buskin 
Table s i te c an be as high as 1 2 ° .  

A site survey was made to determine the 
station operation s  and to view the topo­
graphic s i tuat ion . ITS has reviewed the 
predicted data , the existing physical 
plant , and topography . The fol lowing 
recommendations were pres ented in a final 
report . 

Operat iona l Conf iguration - The proposed 
operational conf iguration i s  cons idered to 
be e f f ic ient and more versatile than the 
current one ( s ee Figures 3 - 2 9  and 3 - 3 0 ) . 
The new configurat ion should be c apable 
of handling the expected traf fic . The 
proposed " quick-tun e "  transmitters that 
need to be acquired should be remotely 
control lable . The AN/FRT- 3 9 ' s  could be 
used as the " s low- tune " transmitters in 
the proposed transmitter upgrad ing pro­
gram . 

Transmitter Power - The 1 0  kW (AN/FRT-3 9 )  
currently used i s  indeed a factor in deal­
ing with the poor s i te location , although 
1 kW may be s u f f ic ient for the shorter 
range circuits tbat involve the higher 
e levation angle s . S ince thi s is dif ficult 
to predic t ,  i t  is s ugge s ted that lower 
power be tried for a time to determine 
where and when i t  c an be us ed . It would 
be good to retain one or more of the 40 kW 
(AN/FRT-4 0 )  transmitters for emergency 
s i tuations . 

1 3 4  

Poor Coverage Areas - The few cases o f  
spotty , poor communications c urrently ex­
perienced ( southeas t  Alaska , the Aleutian 
cha i n )  may be due to the terrain in the 
vicinity of the ship . The u s e  of a hor i ­
zonta l ly polar i z ed antenna aboard ship 
may a l levi ate the problem . 

Antenna Polariz ati on - The s imp lest and 
mo s t  e f f ect ive way of dea l ing with the 
poor s i t e  location is to use hor i z ontal 
polar i z ation for a l l  but the lowe s t  fre­
quen c i e s  and shorter c ircuits . 

Antenna Matr ices - I t  i s  recommended that 
two new antenna matrices be insta l led at 
the transmitter s i te to replace the current 
" patch-pane l " .  One matrix should be of 
the manual type , switchable at the trans ­
mitter building , and i t  should b e  used to 
couple the s l ow-tune ( S T )  transmi tters 
to some of the general purpos e or f ixed­
tuned antennas . This matrix i s  s hown in 
F igure 3 - 3 1  with the re commended tran s ­
mitter and antenna ensembl es . The s econd 
matrix s hould be remotely control lable 
from the operations bui lding . I t  would 
coup le the proposed quick-tune (QT) tran s ­
mitters and the spec i al -purpose o r  high 
gain antennas . This matrix is shown in 
F igur e  3 - 3 2 . The 3 x 3 matr i x  currently 
used with three AN/FRT- 8 9  MF transmi tters 
i s  quite adequate and should be retained 
as i s . 

BOM Analytic EM Wave s . Various s ubsurface 
e lec tromagnet i c  wave prob l ems have been 
analyzed for the U .  s .  Bureau of Mine s . 
The appl ications have been in mine communi ­
cations and in e lectr omagnetic methods for 
nondestr uctive testing of mine hoi s t  rope s . 

The pos s ibi l ity of transmitting s i gnal s  
from depth i n  a bore hole t o  a dr i l l  
operator has been studied . A toroidal 
co i l  whi c h  completely encircles the dr i l l  
rod wi l l  exc ite axial currents o n  the 
dr i l l  r od which wi l l  propagate to the 
surface . Both the propaga tion a long the 
rod and the input impedance of the tran s­
mitting toroid have been analyzed for 
frequencies from 1 to 3 0 0 0  H z . I t  was 
found that a thin insulating layer on the 
dr i l l  rod wi l l  greatly decrease the 
required input power . 

Nonde structive testing o f  mine hoi s t  ropes 
is an important problem i n  mine safety . 
E l ectromagnetic methods involving both 
so lenoidal and toroidal exc itation of wire 
ropes have been analyzed extensive ly . A 
sy stem i nvolving solenoidal exc itation and 
mul t ip l e  sensing c o i l s  appears to be most 
promi s ing . The effect o f  rope veloc ity 
has also been analyzed and i s  found to be 
relative ly un important except for extreme 
cases of high velocity or very thick 
rope s . 

Hydro-Quebec , the province-owned d i s t r i ­
butor o f  e lectric power to a lmo s t  a l l  o f  
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Quebec , i s  p l anning an extens ive mode r n i ­
z ation o f  i t s  l and mobi le r a d i o  system . 
Under the pro j ec t  Mob i l e  Aids , ITS dev i s ed 
c omputer a ids to he lp the de s i gn o f  the 
new system and supp l i ed these aids in 
the f orm of computer programs able to 
operate at the sponsor ' s  fac i l i ty .  

The pro j ec t  i s  now c omplete . The sponsor 
now has operating programs wh ich s tore 
and retrieve large amount s  o f  data in a 
variety of formats and others whic h  use 
a d i g i t i z ed topographi c f i le to e s t imate 
rec eived s i gnal leve l s  on point-to-point 
l i nks and on roads and areas serviced by 
mobi le bas e station s .  

3 . 5 . 2 . Tran smi s s ion Through the 
Atmosphere : App l ication s  

Consol idated Mode l  f o r  Earth-Sate l l ite 
Links . The a l location o f  frequency ass ign­
ments i s  one aspect o f  radio spectrum 
management whi c h  i s  very much c oncerned 
w i th the prob lem o f  determining coordina­
t i on d i s tance ( the min imum permi s s ible 
geographical separation between co-c hanne l 
station s  w i thout f ormal coordination ) .  
De termin a t i on o f  this d i s t ance requires 
pred i c t i on of the occurrence o f  propaga­
t ion c ond i t ions whi c h  support inter fer­
ence f i e ld s . NTIA has i n i t i ated a s tudy 
to deve l op engineer ing methods for the 
pred i c t i on o f  the poten t i a l  for interfer­
ence f i e lds . A recent report ( " Recent 
P rogre s s  i n  Duct P ropagation Pred i c t i o n "  
b y  Dougherty a n d  Har t , I EEE Tran s . AP - 2 7 ,  
July 1 9 7 9 )  reviews the ava i lable meteoro ­
logical data on duct s , propagation pre­
d ic t i on methods , and prel iminary e s t imates 
o f  expected inter ference f i e lds . 

F i gure 3 - 3 3  i l lus trates the type o f  unusu­
a l ly s trong f i e lds ( to within 2 0  dB o f  the 
free- space leve l )  that can occur in the 
pres ence of e levated atmospheric layers 
over transhor i z on paths whi c h  normally pro­
duce rapidly f luctuat ing f ie lds attenuated 
by an add i t i on a l  4 0  to 6 0  dB . 

makes the c orre sponding earth-space pre ­
dictions o f  attenuat ion due to rainfall 
is entit led DEGP 7 7 , and has recently been 
user-oriented through the add i tion of 
comment cards and the preparati on o f  a 
spec i a l  deck of cards for general acce s s  
b y  poten t i a l  users . 

S o l ar Power Sate l l i te Ionosphere Modi f i ­
catiOn� part of i t s  program in seeking 
a lternat ive energy sources to meet the 
needs of the Uni ted S ta te s , the Department 
of Energy is undertaking a program to 
a s s e s s  the impact of the operation of a 
Sate l lite P ower Sys tem ( S P S )  upon the 
atmo sphere and i onosphere . The SPS is 
con f i gured as 6 0  sate l l ites in geostation­
ary orbit col lecting radiant solar energy . 
Thi s  r adiant energy i s  to be converted at 
the sate l l i te into microwave energy and 
down - l inked to antennas at the surface 
o f  the earth which wi l l  rectify the micro­
wave energy and c onvert i t  into DC for 
inc lus i on into power grids . As the micro­
wave e nergy p a s s e s  through the ionosphere 
from the sate l l ite , there exi sts the pos­
s i b i l ity that the i onosphere wi l l  be 
heated by ohmic proc e s s e s  by the microwave 
energy . Thi s heating could result in the 
format i on of e lectron den s i ty irregular i ­
t i e s  i n  the F region and in enhanced 
absorption o f  radio waves in the D region . 
The e f fects of such heat ing upon te lecom­
mun ications sys tems are i l lustrated in an 
arti s t ' s  concept in F i gure 3 - 3 6 .  

The Propagation Predict ions and Model 
Deve lopment Group is re spons ible for 
coord inating and managing the DoE program 
addre s s ing the poten t i a l  e f fects o f  SPS 
operat ion on the i onosphere and i ono spher i c ­
depenment telecommun icat ions systems . A 
program of res earch and exploratory deve l ­
opment h a s  been devel oped and coordinated 
with scientists and poli cy-makers through­
out the United S ta te s . Current activities 
are directed toward three spec i f i c  areas 
o f  inve s t i gation . F i r s t , the impact of 
the SPS 8perat i on upon telecommunication 
sys tems that rely on the D region of the 

Previous years ' activities have extended i onosphere wi l l  be s tudied . This i s  being 
the Dutton-Dougherty ( mod i f ied Rice-Holmber g ) accomp l i shed by s imulating the SPS i ono­
r a i n f a l l  predic t i on model by detai led map - spher i c  heating effects us ing the HF 
pings of the pred i c t i on parameters ( total P lattev i l l e  Ionospheric Heating Faci lity 
rainfal l ,  M ,  ratio o f  thunders torm days and measuring the performance of the tele-
to total rainy days , S ,  e tc . ) .  Last year ' s  communication sys tems who s e  energy pas ses 
e f forts produced e s t imates o f  average-year through the heated i onosphere . Te lecommu-
r a i n f a l l  and the year-to-year var i a t i on nication sys tems such a s  OMEGA , LORAN-C , 
i n  Europe . This year , a report ( " Year-to- WWVB , WWV , and AM Broadc a s ting s i gnals 
Year " Var iabi l i ty o f  Ra i n f a l l  for Microwave wi l l  be mon itored when the P l atteville 
App li c ations in the U . S . A . " by Dutton and heater is turned on and o f f  in an e f fort 
Dougherty , IEEE Tran s . COM- 2 7 , June 1 9 7 9 )  to deduce wha t , i f  any , heating-re lated 
presents s imilar e s t imates for the U . S . A .  effects are observed . 
For examp l e , F igures 3 - 3 4  and 3 - 3 5  show 
the c ontour mappi n g  of the U . S�for the 
one-minute r a in f a l l  rate expected for 0 . 1 % 
of an aver age year , R 1  ( 0 . 1 % ) - -expected for 
a cumu l a t i ve total o f  8 . 7 5 min dur ing the 
year-- and the c ontour mapp ing o f  the year­
to-year var iabi l ity in thi s 0 . 1 % r a i n f a l l  
rate , 8 1  ( 0 . 1 % ) . A computer progr am that 
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A sec ond e f fort i s  direc ted toward gather­
ing exper imen tal data to aid in determining 
the phys i c a l  mechani sms responsible for 
the heating o f  the i onosphere . This effort 
re l ie s  heavi l y  upon the use o f  the Incoherent 
Scatter Radar a t  Ar ecibo , P . R . , in order 
to de termine the c hanges i n  electron 
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in a s soc iation with e levated atmo spheric (.refractivity l  l ayer s  as potential inter fere�ce fields . 
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dens i ty and e lectron temperature due to 
ohmic heating . A final e f fort i s  directed 
toward the deve lopment of theoret ically 
valid models of the S P S - induced ionospheric 
heating effec t s . The theoretical mode l s  
a r e  needed in order t o  extr apo late the 
experimental results obtained at heating 
frequenc ies i n  the HF portion o f  the 
spec trum to those antic ipated at the SPS 
opera tional frequency o f  2 . 4 5 GH z .  

Solar P ower S tation EMC Ana ly s i s . Thi s i s  
a c ontinuing program spon sored b y  the De­
partment of Energy to s tudy the p otential 
RFI /EMI e f fects of a proposed Solar P ower 
Station ( S P S ) . The se satellites would 
convert solar energy into DC voltage which 
would dr ive high power microwave source s  
to produce a high energy microwave beam at 
2 . 4 5 GHz . The satell ite in geostat ionary 
orbit would beam the energy to a given 
receiving antenna ( r ectenn a )  on earth 
where the microwave energy would be con­
verted to e l ectrical energy for consumer 
use . One satell ite is capable of produc ing 
5 0 0 0  me gawatts of electrical power on the 
earth . 

One of the f i r s t  tasks was to ca lcul ate the 
radia tion pattern for the space antenn a .  
The antenna i s  a phased array 1 k i l ometer 
in d i ameter with a 10 dB Gauss ian amp l i tude 
taper across the ape rture . It beams 6 . 8 5 
GW of powe r us ing more than a hundred 
thous and microwave klystrons each producing 
about 5 0 - 7 0  kW each . The pattern analy s i s  
is g iven i n  NT IA Technical Memorandum 
TM- 7 9 - 5 .  F i gure 3 - 3 7  shows a computer plot 
o f  gain versus angle from bor e s i ght for 
the propos ed spacetenna . F i e ld inten s i ty 
plots for the cont inenta l United States 
were calcu lated for a various number o f  
SPS sate l l i te s . F igures 3 - 3 8  through 
3 - 4 0  show a 1 ,  5 ,  and 10 satell ite d i s ­
tribution . F igure 3 - 4 1  shows a hemi sphere 
d i s tr ibuti on for a ro-8ate l l i te case . 

From the field inten s i ty map s came an 
e s t imate of the range of microwave ene rgy 
that other e lectronic equipment and sys tems 
would be exposed to . Thi s  led to exposure 
leve ls that wou ld be used in the determina­
tion o f  the functional and operational 
degradat i on o f  e lec tromagne tic sys tems 
( communications , radar s ,  navigation aids , 

etc . ) and other environmental sensitive 
equipments and sys tems ( computers , sensor s ,  
e l ectron i c  medical ins truments and devi ces , 
etc . ) .  Subs equent tasks addressed mitiga­
tion techniques for degraded sys tems with 
some actual measurements to val idate 
est imated operationa l degradation . 

Figures 3 - 4 2  through 3 - 4 4  show : norma l 
error l imits on some candidate sys tems 
with no SPS i l lumination ; the percent loss 
in e f f ic iency in an SPS environment as a 
function of dis tance from the rec tenna 
site ; and the reduction o f  e f fect when 
certain mit igation techniques were used . 
Figure 3 - 4 2  shows the normal e f f ic iency 
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range for a variety o f  microwave commun i ­
cation l inks . The c r o s s -hatch area repre ­
sents the range o f  errors measured for 
the systems tested . The area labeled 
"mitigated " shows the reduction in degra­
dat i on due to the fol lowing technique s . 

1 .  The receiving antennas of the 
microwave systems were c hanged to r educe 
the i r  vertical gain and thus r educe the 
amount of interact ion with the SPS power 
beam . 

2 .  Notch f i lters for the SPS center 
frequenc y  a t  2 . 4 5 GHz and second harmon ic 
at 4 . 9 6 HZ were used to r educe s i gnal 
coup l in g  to the input s i gnal ampli tude s .  

3 .  Shie lding o f  modules within the 
sys tems were accompli shed to e l iminate 
phy s i c a l  apertures ( s lots or holes ) 
through wh ich SPS microwave ene rgy could 
be coupled . 

4 .  S igna l  and c ontrol cables were 
either s h i e lded if energy coup l ing was 
taking p l ace or double shielded cables 
were used if normal shielded cables showed 
SPS coup l ing e f fects . 

Fi gure 3 - 4 3  shows the imag ing e f f i c i ency 
of high reso lut ion TV and infrared sensors 
used in secur i ty mon i tor app l ication s  a s  a 
funct i on of S P S  i l lumination and mitiga­
tion . The cross hatch again shows a r ange 
of degradation representing a var i e ty o f  
sys tems tested and a variety o f  con f i gura­
tions of s ensor sys tems . The mitiga tion 
techn ique s used inc luded an opt i c a l  aper a ­
ture grid shi e ld placed in front o f  the 
rec e iving optics in an optical defocus 
loc ation with a me sh s i z e  o f  1/ 2 "  x 1 /2 " ;  
an a luminum shield was used over other 
sen s i t ive areas with no open ings l arger 
than 1 / 4 " in d iameter ; dual coax was again 
used to keep cable coup ling at a minimum . 

Fi gure 3 - 4 4  shows the e f fects of S P S  beam 
coupl ing into micr oproc e s s or s  and mini 
computer s .  A large var iety o f  sys tems 
were tes ted g iving a wide r ange of degrada­
tion responses to SPS energy c oup l i n g  r e ­
presented b y  t h e  cross -hatch area . However , 
the mea sured errors were reduced to an 
acceptable leve l by the u s e  o f  wire grid 
shielding over phy s i c a l  s lots and holes 
larger than 1 / 2 " x 1/ 2 " ; using single 
point ground system f or a l l  module s ;  the 
use o f  dua l coax in a l l  me s s age and con­
nect ing cable s ; using s ingle point ground 
for cable system ;  and u s ing power and bias 
supply f i lters for source and func tional 
module ends to e l iminate SPS EM energy 
from coupling through supply vo ltage s . 

These are only a few representative typ es 
of sys tems under s tudy , and a c omp lete re­
port wi l l  be wr itten to show the coup l ing 
modes and mitigating s trategies for a wide 
var iety o f  sys tems . 



c 
0 

(.!) 

F i gure 3 - 3 7 . 

F igure 3 - 3 8 . 

89 90 9 1  9 2  
T h e t a  

9 3  9 4  

Gain versus angle from bores ight . 
i s  about 8 7 . 6 5 dB .  

95  

On-axis gain 

S P S  single sat e l Lite power den s i ty dis tribution , 
mw/cm2 . 

1 4 3  



1-' I l l I � 
� 

-- -� ---;�- l:,> � · .1'1_......, 

<;) 

q 

.10-8 
·w -� . - -

I 
I 
I 

I 

� ·��o-a,.-luJ�--- - i- -- ---t�e,p-;;.��__jvp,--lo-7 ..,\  
I I 

I : 

. ·:: ·: - -·� __ } 

F igure 3 - 3 9 . Field intens ity d i str,ibut;Lon , rnw(cm2 , 5 rec eiveJ: s.:j.te.s . 



1-' 
,. 
Ul 

F igure 3 - 4 0 .  

,. ... .. 
•' 

____ .. 4- � 
· '· ,. 

'· ... ;) 

·-�-:-:----··--.�- --·-·- ���.--

.- ./ rf/ r·­

.' \ -::::: 4 

'\ 

\__,.) 

F ield intens ity d i s trji:Pution for l Q  SPS ;t"ece.iving s ites . 

10- � �-.-. 'c·�,._· 
• !0 { �1\.\ 

10�(; rnw/(•t; 
to""�> nlwl(!lr 

. ' 10 rnw·cm 
• 10 � rnNk rt' 
u .  10 ;> mw/(m 

H.-�c t,'!'l')t1 



Figure 3 - 4 1 . F i e ld intensity dis tribut ion , mw/cm2 , 1 0  rece iver s i te s . 
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Another area of concern was the potential 
degradation in operation o f  exis ting and 
p l anned s a te l l ites both in Geostat ionary 
Earth Orbi t ( GEO)  and Low Earth Orbi t  ( LE O ) . 
The GEO s a t e l l ites inve s t i gated are g iven 
in F i gure 3 - 4 5  and the SPS ampl i tude 
thresholds where problems start to occur 
are g iven i n  F igure 3 - 4 6 .  

A detai led analys i s  of potential e f fects 
on an INTELSAT communicati on sate l l ite is 
given i n  NTIA Technica l Memorandum 7 9 -5 . 
The conclus ion s drawn from these analyses 
appear to indicate that the SPS spacetenna ' s  
extreme ly n arrow beamwidth wi l l  not cause 
potential interference problems with 
neighboring sate l l ites . 

The LEO satel l i te s  such a s  LANDSAT and GPS 
have a much hi gher poten t i a l  for SPS e f f ects 
since they have a h i gh probabil ity o f  
p a s s i n g  through the power beam o f  an SPS 
from t ime to time . F igure 3 - 4 7  shows the 
SPS mic rowave beam geometry-ar-a GPS 
sate l l ite orbit altitude . The t ime s s hown 
are the times the sate l l i te wi l l  be s ub­
j ected to the leve l of intens ity indicated 
or h i gher . That i s , the sate l l ite wi l l  
be sub j ected to f i e lds greater than 4 
mw/cm2 for 1 . 3 5 seconds . The potent ial 
prob l ems could ef fect S band receive r s , 
on board s i gnal proce s s i ng , a l t i tude con­
tro l c ircuits , and EED c ircuits . The ma i n  
s ignal coup l ing would come through the S 
band antenn a  that looks away from e arth 
and toward an SPS , and through cool ing 
louver s  as they open to cool e lectronic 
circuits behind them . A GPS func t i onal 
impact mod e s  diagram i s  shown i n  F igure 
3 - 4 8 .  There are a number of mitigating 
techn iques such as power s upply f i ltering , 
wire mes h  behind open louver s ,  f i l te r ing 
ahead o f  the receivers , etc . , that can be 
used to a l l ow acceptable per formance of 
mos t  sate l l ites for the f ew seconds they 
would be in the power beam . 

This i s  an ongo ing pro j ec t  which wi l l  look 
at other sate l l i tes i n  a n  SPS environmen t , 
ana l y z e  the pos s ible use of higher opera­
ting frequencies for the Microwave Power 
Transmi s s i on Sys tem ( MPTS ) , continue to 
study e f fects and mitigation techn iques 
for many types of EM and e l ectronic sys tems 
and devic e s , compute emi s s ions expected 
from the MPTS including noi s e  and harmon i c s , 
and other tasks i nvolved i n  unders tand ing 
the SPS EM environment and how compatibi­
l i ty can b e  achieved . 

3 . 5 . 3 . CCIR Part i c i pation 

Support to the International Te lecommun i­
cation Union ' s  ( I TU) advi s ory Interna­
tional Rad io Consultative Commi ttee ( CC I R )  
w a s  provided by ITS personn e l  i n  t h e  f ie lds 
of tropospheric ( S tudy Group 5)  and iono­
spher ic ( S tudy Group 6 )  propagation . The 
U .  S .  National Cha irmen of CCIR S tudy 
Groups 5 and 6 ,  Drs . H .  T .  Dougherty and 
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c .  M .  Rus h , are both members o f  I TS ' s  
Appl ied E l e ctromagnetic S c i ence Divisi on . 

Areas o f  spec i f ic concern to CCIR in which 
ITS personn e l  p l ay key roles inc lude : 
ionospheric mapping ; ionosphe r i c  operation­
al conside r at i on s ; skywave f ie ld s trength 
calculations at frequenc i e s  above 1 . 6  MHz ; 
microwave system design ; f ading phenomenon 
on LOS l in k s ; the role of rainfall in 
microwave sys tem performance and inter fer­
enc e ;  and the i onospheric and tropospheric 
aspects o f  radio noi s e .  

In add i t ion , I T S  personne l actively parti­
c ipated i n  the CC I R  Spec ial Preparatory 
Meeting held in Geneva , Swi t z er land , during 
October and November 1 9 7 8 ,  and partic ipated 
in a Reg ion 2 te lecommunications meeting 
held in Panama in March 1 9 7 9 . These 
meetings were h e ld to deve lop r eports to 
be used by Admin i s trations preparing for 
the General Wor l d  Admini strative Radio 
Con ference . 



1 .  SATCOM - 119 W J  1 3 5  W J  132 W 

2 .  COMSTAR - 128 W J  9 5  W 

3 .  WESTAR - 99 W J  123 . 5  W J  91 W 

4 .  TDRSS - 171 W J  41 W 

5 .  MAR I SAT - 1 5  W J  176 . 5  E J  73 E 

6 .  SBS - 122 W J  106 E 

7 .  I NTELSAT - 16 , 5  E 

8 .  AN I K  - 1 08 . 5  W J  114 W 

Figure 3 - 4 5 . Potential victim s at e l l i te s . 

1 .  SATCOM : - 62 dBm - f0; -77 dBm - f
2 

2 .  COMSTAR : -60 dBm - f0;  -74 dBm - f
2 

3 .  WESTAR : - 58 dBm - f0;  -74 dBm - f
2 

4 .  MAR I SAT : - 62 dBm - f0; -76 dBm - f
2 

0 

5 .  SBS : - 62 dBm - f0; -78 dBm - f
2 

6 .  AN I K :  - 62 dBm - f0; -78 dBm - f
2 

7 .  TD RSS : - 54 dBm - f0;  -68 dBm - f
2 

F igure 3 - 4 6 .  The SPS amp l i tude thre sho l d s  for GEO sate l l i te s . 
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ANNEX I 
ITS PROJECTS FOR FY 7 9  

ORGAN I Z ED BY DEPARTMENT AND AGENCY 

Project Title Leader 

AGRICULTURE , DEPARTMENT OF 

9 1 0 4 3 8 4  Communication Support Program McQuate 

COM11ERCE , DEPARTMENT OF (DoC) 

Ma ritime Administration (MARAD ) 

9 1 0 2 4 1 9  MARAD A s s i stance deHaas 

National Bureau o f  Standards (NBS ) 

9 1 0 3 5 5 1  IACP/NBS Test Program Bo l ton 

National Oceanic & Atmospheric Admini stration (NOAA) 

9 1 0 3 4 1 7  
9 1 0 3 5 3 7  

Weather Radar RFI Surveys 
SPS Ionospheric l!odification 

Tary 
Rush 

National Telecommunications and Information 
Administration (NTIA) 

9 1 0 l l l l  

9 1 0 l l l 2  
9 1 0 l l l 3  

9 1 0 l l l 4  

9 1 0 l l l 5  

9 1 0 1 1 1 6  

9 1 0 l l l 7  

9 1 0 1 1 1 8  

9 1 0 l l l 9  
9 1 0 l l 2 0  
9 1 0 4 1 5 1  
9 1 0 4 1 5 2  
9 1 0 4 1 5 3  
9 1 0 4 1 5 4  
9 1 0 4 1 5 6  

9 1 0 4 1 5 7  

9 1 0 5 1 7 9  

9 1 0 5 1 8 0  

9 1 0 5 1 9 5  

9 1 0 5 1 9 6  

9 1 0 6 2 0 9  
9 1 0 6 2 1 0  

9 1 0 7 2 1 9  

9 1 0 7 2 2 6  

9 1 0 7 2 3 5  
9 1 0 7 2 3 6  
9 1 0 8 2 4 0  

9 1 0 8 2 4 1  

9 1 0 8 2 4 2  

9 1 0 8 2 4 3  

9 1 0 8 2 4 4  

9 1 0 8 2 4 5  

F M  Frequency Assignment & 
Criteria Evaluation 

Spectrum Tradeoffs - Mobile 
Spectrum Consuming Property of 

TV-FM Receiving Antennas 
Evaluation o f  UHF TV 

Receivers 
Spread Spec trum Application of 

LMR 
Mul tiple Interference Effects 

o f  LMR Receivers 
TV Spectrum Planning 

Techniques 
Theoretical FM Per formance/ 

Interference 
Ad j acent Channel Interference 
D irectional Antenna Study 
Data Communications 
Guided Wave Communications 
EHS Communications 
Rural Telecommunications 
Regular Impact on Direct 

Sate l l i te Communications 
Technical & Economic Aspects 

of Small Earth Station 
Development 

Engineering/Technical 
Evaluation 

Characterization of 
Protection Contract 

Technical Asses sment of 
Green Thumb 

Local Loop Telephone 
D i stribution Technology 

HF Sharing & Power S tudies 
S a te l l i te Spectrum Sharing 

Study 
Technical S ubcommittee 

Support 
Spectrum Analysis Techniques 

& Support 
RSMS Operations 
RSMS Deve lopment 
VHF/UHF Measurements in 

Urban Areas 
Review of Present AH Band 

Coverage Prediction 
Technique 

Expansion o f  Model & Data 
Bank 

Propagation Mode l Terrain 
Microwave System 

Hodel Sate l l ite-Earth 
Hicrowave Links 

1-leasurement of Fading 
Stat i stics & Error Rates 

Haakinson 
Berry 

Matheson 

Adams 

Juroshek 

Juroshek 

Hufford 

Spaulding 
Nashburn 
Stewart 
Seitz 
Bloom 
Hull 
Hull 

Nells 

l�e l l s  

McManamon 

Lemp 

Nortendyke 

Bloom 
Rush 

Ne l l s  

Hull 

Hurray 
Matheson 
Matheson 

Grant 

Rush 

Washburn 

Ott 

Dougherty 

Lucas 

Title Leader 

COl!MERCE , DEPARTHENT OF (DoC) (Continued) 

National Telecommunications and Information 
Admin istration (NTIA) (Continued) 

9 1 0 8 2 4 6  
9 1 0 8 2 4 7  
9 1 0 8 2 4 9  
9 1 0 8 2 5 0  
9 1 0 8 2 6 0  
9 1 0 8 2 6 5  

M F  Long D i s tanc� Interference 
P l atteville Repairs 
Directional Antenna Study 
Adjacent Channel Interference 
FCC Proceedings 
Public Broadcasting 

DEFENSE , DEPARTHENT OF (DoD ) 

Lloyd 
Lucas 
Stewart 
Washburn 
Will iams 
Hufford 

Air Force Communications System (AFC S )  

9 1 0 3 4 8 4  

9 1 0 4 3 8 0  

9 1 0 3 4 7 9  
9 1 0 3 5 2 8  

9 1 0 3 5 6 4  
9 1 0 4 3 7 1  
9 1 0 4 3 7 3  

9 1 0 3 5 3 0  
9 1 0 3 5 6 2  

Automatic Measurement System 
Upgrade 

LOS Fade 8-GHz System 

Air Force Sys tems Command (ESD) 

EFAS/PEP I I  Program 
HF Ionospheric Scattering 

Study 
CONUS OTH-B Propagation 
TRC Tropographic Tests 
EFAS/PEP II Program Analysis 

Air Force Sys tems Command (RADC) 

RADC Technical Support 
HF Ground Wave 

wortendyke 
Hause 

Skerj anec 

Violette 
Rosich 
Hubbard 
Skerj anec 

Hubbard 
Wait 

Air Force Space & Missile Systems (SAMSO) 

9 1 0 1 4 6 3  

9 1 0 3 4 4 1  

9 1 0 3 4 9 2  
9 1 0 3 5 6 3  
9 1 0 3 5 6 5  
9 1 0 3 5 6 9  
9 1 0 4 3 9 3  

9 1 0 3 3 8 2  

9 1 0 3 4 2 7  
9 1 0 3 4 3 4  

9 1 0 3 4 4 6  
9 1 0 3 4 7 0  
9 1 0 3 4 7 4  

9 1 0 3 4 7 8  
9 1 0 3 4 9 1  
9 1 0 3 4 9 9  
9 .1 0 3 5 0 1  
9 1 0 3 5 0 5  

9 1 0 3 5 0 7  
9 1 0 3 5 11 
9 1 0 3 5 1 3  
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ANNEX V 

GENERAL AND HISTORICAL INFORMAT ION OF ITS 

The I n st itute for Telecommunication Sci­
ences , l arge st component o f  the National 
Telecommun ications and I n formation Admini­
stratio n , i s  located a t  the Boulder Lab­
oratories of the Department of Commerce 
and has (as of S ept . 3 0 , 1 9 7 8 )  a full -time 
permanent s t a f f  of 1 0 0  and other staff o f  
4 5 . I n  FY 1 9 7 8 , i t s  s upport con s i s ted o f  
$ 1 . 9  mi l l ion of direct funding from Com­
me rce and $ 7 . 5  mi l l ion in work sponsored 
b y  other Federal agencie s . 

The Boulder Laboratories i n c l ude research 
and engineer ing components of the National 
Bureau of S tandards , the National Oceanic 
a nd Atmo spheric Admini stration , and the 
Nationa l Telecommunications and I nforma­
tion Admini stration . Common admini s tra­
t ive services are the r u l e  i n  the Boulder 
Laborator ie s . The Radio Building , which 
hou s e s  ITS , is on the National Bureau of 
S tandards c ampus at 3 2 5  Broadway . In 
add ition to ITS , the Nation a l  Telecommuni­
cations and Information Adm i n i s tration 
a l so has its Boulder Divis ion o f  the 
O f f i c e  of Po licy Analy s i s  and Development 
located in the 3 0 th Street Building o f f  
B a s e l in e  Road in Boulder . 

The fol lowing brief histo ry shows its NBS 
beginning s . The Rad io Section of the 
National Bureau of S tandards was founded 
prior to Wor l d  War I ,  and p l ayed a ma j or 
role in the evo l ution o f  our understanding 
o f  radio propagat ion . D r . J . H .  De l l inger , 
its director for mos t  o f  the per iod up 
until World War I I ,  was strongly convinced 
o f  the importance o f  research and gave it 
prac t i c a l  application a s  f i r s t  Chairman of 
the Study Group on Ionosphere P ropagat ion 
in the C C I R .  

During World War I I , the Interservice 
Radio P ropagation Laboratory ( IRPL )  was 
organ i z e d  a t  the Nation a l  Bureau o f  S tand­
a rd s , under the direction of Dr . D e l l inger . 
H i s  group provided a common focus for 
m i l itary needs in propagation dur ing the 
war . I n  1 9 4 6 ,  the Centra l Radio P ropaga­
tion Laboratory ( CRPL ) was e s tabl ished , 
and in i t s  early years had direct ties 
with the Defense Departmen t ; for examp l e , 
senior o f f i c i a l s  o f  DoD wou l d  appear be­
fore Congr e s s  to defend the CRPL budget . 
I n  1 9 4 9 , Cong r e s s ional concern for the 
vulnerab i l ity of government l aboratories 
located in Washington , D . C . , and the 
crowd ing of the NBS Connecticut Avenue 
c ampu s made it advisable for the radio 
r e s earch wor k  to b e  taken e l s ewhere . 

Three s ite s ,  one in C a l i fornia , one in 
Co lorado , and one in I l l i no i s , were con­
s idered , and Boulder , Color ado , wa s s e l ec­
ted . The f ir s t  group from CRPL , which at 
that time included radio standards work , 
moved to Colorado in 1 9 5 1 , and the move 
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was compl e ted i n  1 9 5 4 , dur ing wh ich year 
P r es ident E i senhower dedic ated the NBS 
Radio Building . The Radio Standards pro­
gram l e f t  CRPL at the time o f  the move to 
Boulder , and ha s pursued a para l le l  exist­
ence a t  Boulder in NBS since that time . 

I n  1 9 5 4 , CRPL con sisted o f  two r e s earch 
divi s ion s : Radio Propagation Phy s i c s  and 
Radio P ropagation Enginee ring . The Radio 
Sys tems D ivi s ion was formed in 1 9 5 9 . I n  
1 9 6 0 , the Upper Atmosphere and Space Phys­
i c s  Divis ion and the Ionosphere Re s earch 
and Propagation Division were formed from 
the Radio P ropagation Phys i c s  Divi s ion . 
I n  1 9 6 2 , CRPL received a f u l l -time Direc­
tor , D r . C .  Gordon Litt l e . I n  1 9 6 5 , Dr . 
H .  Herbert Hol loman , f i r s t  Assi stant Sec­
re tary for Sc ience and Technology in Com­
merce , impl emented a dec i s ion to unify 
geophy s i c s  in Commerce with the creation 
of the Environmental S c ience Services 
Admin i stration ( E S SA )  , made up of the 
Weather Bureau , the Coast and Geodetic 
Survey , and the Centra l Radio Propagation 
Laboratory . At that time , the CRPL was 
renamed the I n stitute for Telecommunica­
tion S c iences and Aeronomy ( ITSA) . In 
1 9 6 7 , the I n s titute for Telecommunication 
Scien c e s  came into being . It contained 
the t e l ecommunications-or iented activities 
o f  I TSA . Dr . E .  K� Smith served a s  an 
interim Director for one year and wa s 
fo l l owed by R .  C .  Kirby who was Di rector 
for the e nsuing three year s .  

Meanwhile , in Washington , maj o r  attention 
was being given to the organiz ation o f  
t e lecommunications in the F ederal ' e s tab­
l i shment ,  and the Department of Commerce 
e stab l i shed an Office o f  Telecommun ications 
in 1 9 6 7 . Reorgan i z ation P l a n  No . 1 of 
1 9 7 0  and Executive Order 1 1 5 5 6  e s tabli shed 
the O f f ice of Telecommunicat ions Pol icy 
( OTP ) in the Executive O f f i c e  of the Pres­
ident , and a s s igned additional responsi­
b i l ities to the S ecretary o f  Commerce in 
s upport o f  OTP . To meet the se re sponsi­
b i l ities , the Office o f  Telecommun ications 
( OT )  was g iven expanded r e spon s ib i l ities 

on September 2 0 ,  1 9 7 0 ,  and ITS , a long with 
its programs , property , personne l ,  and 
f i s cal resources was trans ferred to OT . 

I n  1 9 7 1 ,  Doug l a s s  D .  Cromb ie be came Dir­
ector of ITS . ITS has shi fted from its 
s trong emphas i s  on radio wave propagation 
and antennas s ince 1 9 7 0 , in the direction 
of app l ications in spectrum management and 
in telecommunication system s . 

I n  March 1 9 7 8 , . Pr e s ident Carter s igned 
Executive Order 1 2 0 4 6  which e s tab l i shed 
the National telecommunic ation s and Infor­
mation Admin i s tration and merged s ome of 
the functions o f  the Office of Te lecom­
munications Pol icy with those of the Of fice 



of Telecommun ications in the new agency . 
ITS was a s s igned the respo n s ib i l i ty of 
managing the telecommun ications technology 
research programs of NTIA and providing 
research s upport to other e lements of NTIA 
as we l l  as other agenc ies on a reimburs­
able ba s i s . Among other a s s igned task s , 
the I n s t itute was to rema in " . . .  the 
central Federal Government l aborator ies 
for research on transmi s s ion of radio 
wave s . "  

ITS and i t s  predece s sor o rganiz ations have 
always p l ayed a strong role in pertinent 
s c ient i f i c  ( URS I ) ,  pro f e s s ional ( IEEE ) , 
national ( IRAC ) , and internat ional ( CCIR)  
governmental activities . The D i re ctor o f  
CCIR from 1 9 6 6  to 1 9 7 4  was Jack W .  Herb­
s t re i t , a former Deputy D irector of CRPL 
and ITSA, and the current CCIR D i rector i s  
Richard c .  Kirby , formerly D i rector o f  ITS . 
At the present t ime , the U . S .  p reparatory 
work for three of the e leven Study Groups 
of CCIR is direc ted by members of ITS 
( U . S .  Study Groups 1 ,  3 ,  and 5 ) , and staff 

members o f  ITS partic ipate in many o f  the 
other Study Groups . ITS actively s upports 
the I nterdepartment Radio Advisory Commit­
tee ( I RAC ) , and the Chairmen of its Stand­
ards Working Group ( J . A .  H ul l )  and the 
P ropagati on Working Group ( W . F .  Utlaut ) of 
the Techn ical S ubcommittee are members of 
ITS management . 

The work which ITS does for other agencies 
in the government derives its legal 
authorities from 1 5  u . s . c .  2 7 2 ( e )  " Advi­
sory Services to Government Agencies on 
Scient i f i c  and Techn ical Prob l ems " and 15 
u . s . c .  2 7 2 ( f )  " Invention a nd Development 
of Devices to S erve Spec i a l  Needs o f  
Government . "  A s  a matter o f  Federal po l­
icy , NTIA does not accept work mor e  
appropriately done by other non-government 
or government organ i z ation s . I t  i s  a l so a 
matter of po l icy that a l l  sponsored work 
rein force NTIA ' s  overall program and that 
it be c lear that other agenc ies , indus­
trie s , o r  un iver s ities could not serve 
equa l l y  we l l  or bette r .  

Within these pol icy guide s ,  ITS aspires to 
being the Federal laboratory for research 
in te lecommunication s . I t  is c lear that 
the government has a re spon s i b i l ity to 
pursue long-range studies in telecommuni­
cations which are not economic a l l y  pr9fit­
able for industry . I t  i s  a l so c lear that 
the government must have i t s  own , inde­
pendent laborator ies to a s s e s s  the s ig­
n i f icance of research conducted e l sewhere . 
Towards the se e nds , ITS strives to ma in­
tain a knowledgeable staff that is working 
on the frontiers of technology and i s  in 
touch with the telecommun ications prob lems 
o f  the Federal Government . I t s  programs 
and future directions are succ inctly g iven 
in the Foreword and Introduction of this 
report by ITS D irector D . D .  Crombie . 
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The Department o f  Defense has long been 
the pr imary source o f  advanced technology . 
At the present t ime , the largest part o f  
the other agency spon sorship o f  ITS come s 
from needs o f  the Department o f  Defen s e . 
However ,  there is a l so a c l ear need for 
relevance to national go a l s  on the c ivi l­
ian s ide of the Federal e stab l i shment .  
ITS i s  there fore moving to increase i t s  
work w i t h  the c ivi l s ide o f  t h e  Federal 
Government . The agenc ies in the c iv i l ian 
secto r  are frequently a l so i n  the high 
technology area ; for exampl e ,  the FAA and 
NASA , for which ITS ha s done , and contin­
ues , very important work in navigation , 
co l l i s ion avo idance , satell ite communica ­
tions , and r e lated work . 
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