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INTRODUCTION 

This annual report reviews the activities and 
accomplishments of the Institute for Telecom
munication Sciences for the fiscal year ending 
September 30, 1 9 82. It is intended to serve 
as a reporting mechanism to the agency manage
ment, to our other agency sponsors, and to 
interested members of the public. 

The Institute for Telecommunication Sciences 
(ITS) is the chief research and engineerir.g 

arm of the National Telecommunications and 
Information Administration (NTIA), U.S. 
Department of Commerce. Its mission may be 
divided into two major elements: 1) to pro
vide direct support to the NTIA Administrator 
and the Secretary of Commerce and 2 )  to serve 
as a central �ederal resource to assist other 
agencies of the Government in the planning, 
design, maintenance, and improvement of their 
telecommunications activities. The work per
formed in carrying out the latter responsi
bility is reimbursable, is relevant to 
national goals and commitments, cannot be 
readily performed by the private sector, and 
contributes to NTIA's goals. 

In order to meet the responsibilities assigned 
to it by NTIA and the Department of Commerce 
and to meet requests placed upon it by other 
Federal agencies, the program carried out by 
the Institute falls under two broad catego
ries: Spectrum Research and Analysis and 
Systems and Networks Research and Analysis. 

The program of Spectrum Research and Analysis 
includes research directed toward development 
of models of radio-wave transmission applica
ble to optimization of spectrum use �nd commu
nication system performance prediction. It 
also includes research directed toward devel
oping spectrum use concepts and models which 
can lead to more efficient use of the spectrum 
resource; this is primarily related to the 
interactions between radio systems and the 
electromagnetic environment. 

Since radio waves are strongly influenced by 
the environment in which they propagate, the 
transmission models, depending upon radio fre
quency, account for the effects of terrain 
electrical properties, shape, and surface 
cover; the non-ionized lower atmospheric 
gases, meterology, and spatial structure; and 
the highly variable time and spatial proper
ties of the ionized region of the upper atmo
sphere. These models then provide statistical 
estimates of signal attenuation, dispersion, 
multipath, and other factors which determine 
the rate of information transmission and qual
ity of performance systems provide. With 
additional information obtained from measure
ment and evaluation of the spectrum-consuming 
properties of antennas, receivers, and trans
mitters and from measurement of spectrum occu
pancy, development of spectrum planning tech
niques and ways of more intensively sharing 
the spectrum have resulted from work in this 
program. These efforts relate to NTIA and FCC 
roles in spectrum management. 

The Systems and Networks Research and Analysis 
program conducts studies directed toward 

assessing and developing domestic and inter
national technical performance standards to 
facilitate competition in the provision of 
enhanced telecommunication products and ser
vices and to expand U.S. industry opportuni
ties to compete in international markets. 
Also, technology alternatives for the develop
ment of competitive, lower cost, communication 
networks are investigated; and research and 
analysis of advanced networks for future 
application are done. 

In both program categories, significant 
involvement in the activities of the Interna
tional Telecommunication Union (ITU) and, 
especially, its major subdivisions, the Inter
national Consultative Committees on Radio 
(CCIR) and Telephone and Telegraph (CCITT), 

has been essential and continues a long 
history of active involvement by Institute 
staff in such activities. Work in support of 
these international commitments is reported 
within the succeeding chapters at relevant 
places. 

In total, the work summarized in this report 
is intended to assist in maximizing the effi
cient use of the national spectrum resource, 
the efficient use of Government telecommunica
tion systems, and new technology toward 
achieving national goals. It is directed 
toward incorporating technical, economic, 
market, regulatory, and other factors in an 
integrated manner into policy development 
and toward translating Administration policy 
for use in national and international arenas. 





CHAPTER 1 .  EFFIC I ENT USE OF THE 
SPECTRUM AND E�1 WAVE TRANSMISS ION 

The electromagnetic spectrum has seen dramatic 
growth in demand and use s ince the beginning 
o f  World War II and a great range o f  new 
spectrum-dependent telecommunication services 
have evolved . To provide for new and expanded 
use of the spectrum two maj or a lternatives 
exi s t :  ( 1 )  to exploit new regions of the 
spectrum at progre s s ively higher frequencies 
and ( 2 )  to determine more ef fective means of 
managing spectrum use . The National Telecom
munications and Information Administration , 
Institute for Telecommunication Sc iences 
( NTIA/ITS) , conducts a program of applied 
research and engineering development which 
addresses  both o f  these a lternatives . In  thi s  
chapter , some highlights o f  the NTIA/ ITS pro
gram directly concerned with thes e  i s sues are 
reviewed . Many of these pro j ects draw heavily 
on experience from o ther programs in ITS , in
cluding antenna des ign and measurement , chan
nel characteri zation and system performance , 
and the many propagation related

-
e fforts . 

Spec ific spectrum engineering techniques that 
have been developed by ITS personnel wi l l  be 
discussed in the next sec tion of this chapter . 
In Section 1 . 2 ,  the application o f  these 
techniques for spectrum resource a s s e ssments 
is d i s cus sed . Section 1 . 3  provides an out
l ine of the work being undertaken by the 
Institute to develop advanced instrumentation 
and spectrum measurement techniques .  In 
Section 1 . 4 ,  the work that i s  be ing under
taken to assess and pred ict telecommunication 
system performance in l ight o f  the known 
characteristics of the properties of the EM 
wave transmi s s ion medium i s  discu s s ed . 

SECTION 1.1. SPECTRUM ENGINEERING TECHNIQUES 

The concern in this portion of the program i s  
the development o f  techniques which c an be 
used by policy makers , frequency �anagers , 
sys tem de signer s , and sys tem planner s  in 
effecting decis ions r egarding use o f  the 
electromagnetic spectrum for telecommunica
tion purpose s . Thes e  are techniques that 
address problems in optimum choice o f  fre
quencies and rational trade-offs between 
l imi ts on broad c l a s s e s  of equipment ( l imits 
on factors such a s  antenna height or powe r )  , 
the abi l i ty of a sys tem to provide a required 
service , and the e f ficiency with which avail
able spectrum i s  used . Techniques of thi s  
kind are extremely varied and mus t  addres5 a 
wide range o f  problems from the very spec ific 
( for the des igner o f  a speci fic system at a 
particular location) to the very general ( for 
the pol i cy maker and regulator who mus t  con
s ider national or regional consequences in a 
s ingle action ) . 

Traditionally , spectrum engineering tech
niques have been developed to evaluate a 
spec ific  s ituation , usually with a series  o f  
" safe " or " conservative " assumptions . The 
spectrum resource can be conserved by a s s i gn
ing spec i f ic frequencies to stations in a 
way that minimi z e s  the total bandwidth 
required to license all appl icants . In the 
pas t two year s , ITS has been developing the 

3 

�athematical model s  and computer algorithms to 
make such a s s i gnments . The earlier research 
results are being trans lated into practical 
capability in the Tradeof f s  for Effic ient Use 
of the Spectrum project .  There are two useful 
forms of output : a user-oriented , interactive 
computer program for making spectrum-conser
ving frequency a s s i gnments and general prin
ciples of e f f i cient frequency ass ignment that 
can guide the development of frequency-di stance 
separation rules for a service . 

Before a practical frequency-assignment pro
gram could be developed , the idealized model 
o f  a radio service used in the initial re
s earch had to be enhanced to better represent 
actual conditions , and procedures for handling 
t�e more comp l icated model had to be developed . 
S 1 x  enhancements were developed and installed 
this year . 

1. The maximum number o f  transmi tters that 
can be handled during a run was increased . 
Software changes doubled the maximum 
number from 2 0 0  to 4 0 0 . Additional memory 
was purchased for the mini-computer that 
wi l l  double the latter figure . 

2 .  The program was modified so that existing 
or priority a s s ignments can be maintained 
whi l e  optimi z ing the spectrum use of 
other app l icants . 

3 .  The research program finds the minimum 
bandwidth required to license all  appli
cants , a s suming that enough spectrum was 
avai l able .  Actually , all service bands 
are l imited to the al located bandwidth . 
The abil ity to recognize and operate 
within such a l imitation was installed in 
the program . 

4 .  

5 .  

6. 

A graph-theoretic technique called " hi
chromatic interchang e "  was installed . 
(The name comes from graph-coloring 

mathematic s , which i s  the bas i s  o f  the 
frequency-assignment program . ) When a 
new appl icant requires ass ignment o f  
a previous ly-unused channe l ,  this tech
nique examines the pos s ibility of inter
changing channel ass ignments among those 
s tations blocking the new appl icant so 
that all can provide service in the pre
sently-occupied bandwidth . This tech
nique has the greate s t  promi se for opti
mi z ing sequential frequency ass ignments 
when the applications arr ive one , or a 
few , at a time and a s s ignments mus t  be 
made without knowing where future appli
cants wi l l  be . 

There are two or more kinds of service 
authori z ed in many bands . The equipment 
and procedures in the services may dif
fer s igni f i cantly . The ability to 
handle up to five d i f ferent ( or d i f ferent 
clas s e s ) o f  service with intra- and 
interservice frequency-di s tance separa
tion rules was developed . 

The mos t  s igni ficant development was the 
abi l i ty to make ass ignments guided by 
a " constraint matrix , "  rather than by 
frequency-distance separation rules . 
The e lement c ( i , j )  o f  the cons traint 



matrix contains any a s s ignment constraints 
between s tation i and station j that must 
be observed when ass igning frequencies . 
The constraints may result from calcula
tions of s ignal-to-interference ratio , 
from ass igned priorities , or from other 
causes.  All that is necessary is that 
they be stated . The constraint matrix 
provides the e f ficient frequency a s s ign
ment algorithm with an interface to a 
broad range of problems that are not 
amenable to frequency-di stance separation 
rules , for example , HF broadcasting fre
quency ass ignments . 

Last year a general curve for the spectrum 
cost of first-adj acent-channel distance separ
ation rul e s  was developed and is now inc luded 
in the Documents of the CCIR ( Report 7 2 9 ) . 
This year the spectrum cost o f  a second-ad j a
cent-channel separation distance was s tudied . 
Figure 1 - l  shows the results . A l l  di stances 
in the study are norma l i zed to the co-channel 
separation dis tance so that the curves can be 
appl ied to any servic e .  The hori zontal axis 
in Figure 1-l is the required distance separ
ation for second-adj acent-channe l s tations 
divided by the co-channel separation d i stance . 
The vertical axis i s  the percentage increase 
in total bandwidth required to satis fy all  
applicants as a result o f  the second- ad j acent
channel distance separation rule . The d i f fer
ent curves are for d i f ferent first-adjacent
channel d i s tance separations . 

For first-adj acent-channel distances that are 
small  relative to the cochannel separation 
dis tance , a second-adj acent-channel rule 
requires very l ittle additional spectrum unti l  
the second-adj acent-channel distance is 
greater than one-third of the cochannel 
separation distance . The knee in the curve 
depends on the fir s t-adj acent-channel separa
tion distance . Beyond the knee , the spectrum 
cost of a second-ad j acent-channel rule rises  
sharply as the separation dis tance increases . 

The behavior is diff erent if the first- ad j a
cent-channel distance separation is large . 
In this case , the spec trum cost of a second
ad j acent-channel rule increases almost line
arly with the required separation distance . 

The dif ference in behavior caused by the dif
ference in the firs t-adj acent-channe l separa
tion d is tance is counter to the intuition of 
many exper ienced engineers . This discovery 
of counter- intuitive principl e s  shows the 
value of the s tudy . 

We also studied the que stion of whether it i s  
more effic ient t o  frequency- segregate services 
or to mix them . In a mixed band , a trans
mitter can be ass igned any frequency in the 
band that does not violate the frequency
d i stance separation rules . It is as sumed 
that there are intra- and inter-service 
frequency distance s eparation rules . It was 
proven ( Berry and Cronin , Proc . 1 9 8 2  IEEE EMC 
Sympos ium) that a mixed service never takes 
more total bandwidth than contiguous segre
gated services if  the s ame frequency distance 
separation rules are app lied to the two 
arrangements. Furthermore , if  there are only 
cochannel distance separations required , the 
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mixed service never requires more bandwidth 
than the segregated services , even if the 
bands are not contiguous . I f  there are other 
than cochannel dis tance separation rules , and 
the bands are located further apart than the 
largest frequency separation with a required 
d i s tance separation , and if pos s ible inter
ference to other services i s  ignored , the fre
quency segregated s e rvices may take less  band
width . However , it is l ikely that the s ame 
characteri s tics that required non-cochannel 
separation distances in the mixed service wi l l  
require inter-service separation dis tances 
with the ( unconsidered ) services in ad j acent 
bands that will eliminate the advantage . 

The analytical results showed only that mix
ing services does not require additional band
width . Computer s imulation studies indicate 
that in some cases it requires les s .  For 
the computer s imul ation , we assumed that 
stations were located randomly in a square. 
Cochannel stations in service A had to be 
separated by at least dA km; cochannel sta
tions in service B had to be separated by at 
least dB km . Two s tations , one from each 
service , could share a channel only if they 
were separated by ( dA+dB ) /2 km . The channel 
width was the same for both services . Figure 
l - 2  shows the average number of channe ls  re
quired to ass ign 200  stations randomly 
located in a square with s ide 2 A ,  as a func
tion of the ratio dB/dA . Each set o f  sta
tions was assigned twice--once in a mixed 
service , and once in a frequency segregated 
service . The mixed service took l e s s  total 
bandwidth in every case . 

This is not true for a l l  pos s ible mixtures of 
services . If services are both resistent to 
interference from s imilar transmitters , but 
susceptible to inter ference from some kind o f  
transmitters ( sate l l ite earth s tations and 
radar , for example)  there is apparently no 
advantage to mixing . For a case where the 
inter-service cochanne l frequency separation 
is 10 times the intra-service cochannel 
separation , the total required bandwidth was 
the s ame for mixed and segregated services . 

Related to the above e ffort , a number o f  
spec ial analys i s  capabil ities were developed 
and applied to a s s i s t  the NTIA Public Tele
communications Facil ities P rogram (PTFP ) . 
Results of this work produced maps showing 
regions of radio and televis ion coverage in 
the Uni ted States as in Figure l - 3 . Esti
mates of population covered were also pre
pared for each map . The methodology used to 
prepare these maps i s  described in a paper 
enti tled "Televis ion Coverage in the Coter
minous Uni ted S tates : Methodology and 
Results , "  to be pub l i shed in a spec ial is sue 
o f  the IEEE proceedings . 

A further illustration o f  the spectrum engi 
neer ing techniques work undertaken by ITS i s  
the Expanded F M  Capac ity pro j ec t .  The cur
rent FM broadcast rules do not a l low second
and third-adj acent-channe l transmitters to 
be any closer to exis ting transmitters than 
the distance to the exis ting transmitter ' s  
protected contour ( i . e . , 1 5  miles for Class  A ,  
4 0  miles for C l a s s  B ,  and 65 mi les for Class  
C transmitter s ) . However , i f  the FCC main
tains its requirement to provide an audio 
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s ignal-to - interference ratio of 3 0  dB and its 
pol icy to deve lop rules based on good qual ity 
receivers , there may be reasons to reduce the 
second- and third-adj acent-channel minimum 
mi leage separation requirements , based on the 
performance o f  today ' s  median FM broadcast 
rece iver. The Expanded FM Spectrum Capac ity 
pro j ect provided for the review of exi s ting 
measurements of FM receiver properties and the 
labor atory measurement of additional receiver s 
to establ ish the basis for these conclus ions. 
In FY8 2 , work on this pro j ect cons i s ted of 
addi tional analyses of data obtained from 
measurements o f  the performance o f  a number of 
FM receiver s in the presence of interference 
from other FM s ignals.  Also , data were ob
tained from other laboratories and included in 
the analyses. The data and analyses were 
pres ented in a report that is being prepared 
for publication. The Spectrum Engineering 
Development Support pro j ect provides analys i s  
support to the Spectrum Engineer ing and 
Analys i s  Divis ion ( SEAD ) of NTIA. 

In many conges ted spec trum-use environments ,  
there i s  s igni ficant variability in almost 
every factor inf luencing communi cations 
succe s s .  Transmitters may be mobi l e  or their 
locations may be unknown , e ither because data 
are not avai lable or because the sys tems have 
not yet been deployed. Antenna heights may 
depend on availability of favorable locations 
or on des ired coverage of individual sys tems. 
Transmitter powers may vary by speci f ica�ion 
or because of aging and dif ferent maintenance 
procedures. Transmis s ion loss var ies with 
deta i l s  o f  the transmi ss ion path and often 
wi th time because o f  weather or other geo
physical events. Me ssage traffic or channel 
usage may vary with the requirements of the 
users. Therefore , any realistic estimate of 
communications success  mus t  be probabili stic . 
It should be based on cons iderat ion o f  the 
statistical d i s tr ibution of a l l  s igni fic ant 
factors.  

The work thi s  year has been focused on im
proved knowledge of the practicality of opti
mum frequency a s s ignment methods.  Several of 
the capabil ity enhancements described in the 
progre s s  report for the Tradeof f s  for E f f i 
cient Use of the Spectrum pro j ect were 
developed at the sugge stion o f  SEAD engineers. 
To test the methods , SEAD retrieved current 
ass ignments in the 4 1 0 - 4 2 0  MH z band from the 
Government Master File . The ass ignments were 
for two busy areas : Hous ton , TX , and the 
Tennessee Val ley , and two rural areas--Grand 
Canyon , AZ , and Yel lowstone , WY. The band is 
shared by wideband fixed service , narrowband 
fixed service ,  and land mobile radio. SEAD 
also devised plaus ible frequency-distance 
separation rules to prevent intra- and inter
service interference. The frequency ass ign
ment program was used to ass ign frequenc ies 
to see how much bandwidth was neces sary to 
provide the service. 

The band chosen turned out to be 
sparsely-popul ated , so that the present level 
of service could be provided in l e s s  than 
one-fifth of the al located bandwidth. How
eve r ,  a s s ignments are now spread throughout 
the entire band because users choo se their 
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frequency rather than having it chosen by the 
ass igning authority. 

It also turned out that the transmi tters in 
the test areas were mostly within one cochan
ne l separation distance of each other . Thus , 
there i s  little opportunity for frequency 
sharing- -nearly every transmitter in the area 
required its own channel.  As a resul t ,  the 
frequency-a s s i gnment program did on ly a l i ttle 
better than any person with a list of loca
tions and a l i s t  o f  avai lable channe l s  could �o. The optimum frequency assignment program 
lS useful when there are many more users than 
channe l s  and they are distr ibuted over an area 
with a radius at least twice the cochannel 
separation distance . 

The reliabil i ty o f  direct radio links ( prob
abi l i ty o f  successful communications on the 
link ) can be computed us ing mode ls  developed 
by ITS and others.  Advanced technology ( for 
example , packet radio)  allows e f fic ient net
working o f  land mobile radio ( LMR) sys tems 
that previous ly operated primarily on direct 
link s . Communication sys tem planners now want 
to know the probabi l i ty o f  communications 
between two spec ified stations when any or a l l  
of the other s tations i n  a net c a n  b e  used as 
re lay. In the Limited Network Communications 
Probabil ity pro] ect , methods for computing that 
rel iability for large networks are being -

developed. 

Hathematic ians know how to compute the prob
ability . The problem is that a large network 
requires so many calcul ations that a parametric 
design s tudy i s  impractical even on l arge 
computers if  the calcul ation is done exactly. 
For example , the number of pos s ible paths is 
approximately e (N- 2 )  ! ,  where e = 2. 7 2  . . .  , and 
N is the number of stations in a net. For a 
relatively sma l l  net containing 1 0  stations , 
there are more than 1 0 0 , 0 0 0  paths to examine , 
and a 5 0 - s tation net would have more than 
1 0 64 pos s ible paths . The goal o f  thi s  pro j ect 
is to d i scover approximate stati stical methods 
for extimating the probabil ity of communica
tions in large networks when any or all o f  the 
other stations in the network can be used as 
relays. 

A state-of-the-art computer algorithm for 
sma l l  networks has been acquired and installed 
on our compu-ter. It  i s  used to test the 
accuracy of approximate s tatistical method s . 
We assume that a statistical method that i s  
accurate f o r  sma�l -to-medium s i z ed n e t s  w i l l  
b e  even better f o r  l arge nets , becaus e  the 
accuracy of s tatistical methods usually in
creases with the sample s i z e. 

A modular , interactive computer program has 
been developed to do the calculations. The 
reliabi l i ty o f  individual direct l inks is 
computed us ing the area-predict-ion model 
described by Huf ford , Longley , and Kiss ick 
(NTIA Report 8 2 - 1 0 0 ) .  Figures 1 - 4  and 1 - 5  
show some of the program's output for a

-
sma l l  

network. The r adio frequency of the s tations 
i s  2 2 5  MH z ;  they are deployed in h i l ly terrain . 
Figure 1 - 4  s hows the locations o f  the station s , 
and the reliabil ity o f  the direct l inks. The 
coding of the l ines was chosen to represent 
the condition o f  the l inks : the lower the 
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probability of communications , the more broken 
is the line . The calculations were made 
a s suming that the direct link probabilities 
are independent o f  each other . Table 1- 1 
shows the l ink reliabi lities to 3 signi ficant 
digits . The reliabi lities for mos t  o f  the 
direct links are small ; the example was 
chosen for illustration . 

Figure 1 - 5  shows the probability o f  communi
cating between two speci f i c  s tations when all 
others are available as relays . The prob
abil ities are of course higher than in Figure 
1 - 4 .  For example , the rel iabi lity of the 
direct link from s tation 1 to s tation 5 i s  
0 . 1 5 4  ( see Table 1 - 1 ) , but when relays are 
used the probabi l i ty o f  communication i s  
0 . 5 66--over three times as great . The in
creased probabil ity of communications results 
from having the paths 1 - 2 - 5 , 1- 3 - 5 , and 1 - 3 -
4 - 5  as alternate route s .  

Several methods for computing approximate 
rel iabilities in large networks have been 
tested . The best o f  these combines exact and 
s tatistical methods . The rel iabil ity result
ing from the direct link , the two-link paths , 
and possibly the three- l ink and four-l ink 
paths is calculated directly . It is as sumed 
that these paths as a group are independent 
of higher-order paths , and that the higher 
order paths are highly dependent on each other 
because they share many of the same l ink s .  
Neither assumption i s  exactly correct ,  but 
they are approximately correct ,  and they are 
wrong in opposite directions . Thus , the 
approximate answer based on them is accurate 
enough for many practical applications . 

Table 1- 1 .  Direct Link Rel iabilities and 
Full-Network Rel i abilities for 
an Example Five-Station Network 

From 
S tation 

1 
1 
1 
1 
2 
2 
2 
3 
3 
4 

To 
Station 

2 
3 
4 
5 
3 
4 
5 
4 
5 
5 

*Not computed . 

Direct Link 
Rel iabil i ty 

0 . 8 4 6  
0 . 62 2  
0 . 3 7 9  
0 . 1 5 4  
0 . 2 9 5  
0 . 1 7 5  
0 . 2 4 5  
0 . 9 2 5  
0 . 1 8 6  
0 . 2 63 

Full-network 
Reliabil ity 

0 . 9 0 5  
* 

0 . 8 4 3  
0 . 5 66 

* 
0 . 7 9 9  

* 
* 
* 

0 . 5 66 

A link performance analysis  tool has been 
developed as a result o f  the Ground Network 
Communications pro j ect that allows a sys tem 
designer or network analyzer to examine in 
both a broad and detailed s ense the opera
tion of a ground based communication net .  
The mode l i s  valid over a 5 0  km by 5 0  km 
area , and with up to 3 0 0  nodes in the net
work . In the maximum s i ze the net would 
con s i s t  of 4 4 , 4 5 0  link s .  Us ing this too l , 
the overall operation o f  the net i s  given in 
numbers o f  connec ted node s  and the ir con
nections . The des igner i s  given the option 
of easily changing the network parameters 
( node location , antenna types , equipment 

1 0  

types , etc . )  i n  orde r  t o  determine the ef
fects o f  these changes to the network 
per formance . The model i s  based on the In
tegrated Terrain Model ( ITM) that calculates 
path loss from digitized topographic data . 
The model has choices in output o f  either 
plotting the connected l inks or l i sting the 
deta i l s  o f  the link calculations . Us ing thes e  
outputs the user can decide t o  redesign the 
net by any of the several options that are 
mos t  cost e ffective . The options may be to 
move one or more nodes to better locations , 
add one or more relay nodes , adjust antenna 
patterns and gain , increase power , etc . The 
model can also be used to l imit the parameters 
to tho s e  needed to sati s f y  the net require
ments . This has the advantage of l imiting the 
net interference to other users , and conserv
ing spectrum for other use s .  

SECTION 1 . 2. SPECTRUM RESOURCE ASSESSMENT 

As a result of decis ions taken at the 1 9 7 9  
General World Administrative Radio Confer
enc e , there will be changes in frequency 
allocations in certain bands for certain 
classes  o f  services . In some ins tances 
these changes could result in substantial 
impacts to current United States spectrum 
usage because of such considerations as 
large capital investments in equipment or 
spec i f ic frequency management concepts being 
employed under speci f i c  operational s cena
rio s . In response to direction from NTIA/ 
FSSM , the Institute undertakes Spectrum 
Resource Asses sments to determine the s e  
impacts on particular frequency bands . 

The Spectrum Resource Assessment ( SRA) of 
the 1 60 5 - 2 0 0 0  kHz Frequency Band examines 
the 1 60 5 - 2 0 0 0  kHz band to a s s e s s  current and 
future spectrum use by both Government and 
non-Government services ; to identify present 
or future compatibility problems between 
ma j o r  users ; to evaluate technic a l ly the 
feas ibility of sharing between the services ;  
and to recommend , where appropriate , changes 
to improve spectrum management procedures .  

Pursuant to the al location change s adopted 
at the 1 9 7 9  World Administrative Radio Con
ference ( WARC- ' 7 9 )  and approved by the u . s . , 
Broadcas ting Service will be allocated on a 
primary bas i s  to the 1 60 5 - 1 7 0 5  kHz  band in 
Region 2 .  Services now uti l i z ing this band 
will either be moved into the upper adj acent 
band , 1 7 0 5 - 1 8 0 0  kHz ,  or proven to be compat
ible with the Broadcasting Servi c e . Thi s  
spectrum resource asses sment identifies some 
compatibil ity problems and recommends 
spectrum management procedures needed to 
minimi ze the e f fects of thes e  changes . 

To a s s i s t  NTIA in ful f i l ling its spectrum 
management mis sions , ITS is currently under 
taking the following items : 

( 1 )  Review the characteristics o f  
existing and proposed Government and non
Government Systems within the 1 60 5 - 2 0 0 0  kHz 
band , including those whi ch could be expected 
to move out o f  the band in respons e  to the 
results of the WARC - 7 9  and other national 
agreements .  



( 2 )  Review previous compatib i l i ty anal
y s i s  o f  systems within this band . 

( 3 )  Identify and document the potential 
problem area s , showing potential impact on 
e f f i c i ent use o f  the spec trum , and evaluate 
the feasibil ity o f  sharing between exi sting 
and proposed service s .  

( 4 )  Review exis ting technical standards 
and channel ing plans and determine the impact 
of s tate-of-the-art techno logy on band usage. 

( 5 )  Identify and outl ine specific 
problem areas requiring additional analys i s , 
i f  any . 

( 6 ) Recommend spec ific  changes to the 
exis ting rules , regulations , and frequency 
management practices which wi l l  a l low 
compatibil ity with WARC ' 7 9 change s . 

A report that de scribes the results o f  thi s  
s tudy in detail will  b e  avai lable i n  early 
FY8 3 .  

In the Spec trum Resource A s s e s sment o f  the 
5 65 0 - 5 9 2 5  MHz Frequency Band the 5 65 0 - 5 9 2 5  
MHz band i s  being examined t o  a s s e s s  current 
and future spectrum use by both Government and 
non-Government s ervices ; to identi fy present 
and future compatibi l i ty problems between 
maj or users ; to evaluate technical ly the 
feasibi l i ty of sharing between Government 
and/or non-Government service s ;  and to recom
mend , where appropr iate , changes to improve 
spectrum management procedures .  

In the United States , 5 65 0 - 5 9 2 5  MHz has been a 
shared band with the primary a l location 
a s s i gned to the Government radiolocation s er
vice with an industrial , s c ient i f i c  and medi
cal ( I SM) a l location at 5 8 0 0  +7 5 MHz . There 
is a s econdary al location for

-
the amateur 

s ervice . Government a llocation is for mi l i 
tary radiolocation and i s  u s e d  f o r  air- sur
veil lance r adar , transponder tracking and 
pos itive aircraft guidance , m i s s i l e  and rocket 
radio , and r adar equipment . 

At the 1 9 7 9  Wor ld Admin i strative Radio Con
ference (WARC ) , the portion of this band f rom 
5 8 5 0  to 5 9 2 5  MHz was real located to the fixed , 
f ixed sate l l ite ( earth- to- spac e ) , and mobile 
s ervice s  on a primary bas i s  with r adio location 
and amateur services on a secondary bas i s  for 
Region 2 .  Interdepartment Radio Advisory 
Committee ( IRAC ) Ad Hoc 1 7 2  has r ecommended 
adding only non-Government f i xed s atell ite 
service s  ( F S S ) ( earth-to- space ) in the 5 8 5 0  
to 5 9 2 5  MHz band on a primary ba s i s  i n  the 
u . s . Ad Hoc 1 7 2  has also  propo sed U . S .  Foot
note YYl l which s tates that the FSS i s  l imited 
to international sys tems and s ubj ect to case
by-case electromagnetic compatib i l i ty 
analys i s . 

From a spectrum management s tandpoint , the 
maj or i s sue o f  this particular frequency band 
s tudy i s  the need to accommodate the F ixed 
Sate l l i te Service uplink a s s ignment in the 
5 8 5 0 - 5 9 2 5 MH z portion . At present the 5 65 0 -
5 9 2 5  MHz band i s  a Government Radiolocation 
Service occupied by the Army , Navy , Air Force , 
NASA , and DOE users along with a f ew manufac-
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ture r s  of equipment and sys tems used in the 
band by the Government. The main problem 
dealt with here i s  the interference potential 
of high power radars with international com
munication s ate l l i tes of the INTELSAT type 
coming into the band in the mid 1 9 8 0 ' s .  

The current proposal calls  for two satel l i te 
uplink termina l s , probably one loc ated on 
each coast within CONUS . As s hown in Figure 
1 - 6  even though the greatest den s i ty o f  
a s s i gnments i s  on the coastal areas , there 
w?uld be many locations where upl ink ter
mlnal s  could be located wel l  away f rom cur
rent radar sites.  In addition , terrain 
topology could be used to minimi ze interfer
ence potential s  between upl ink transmitters 
and r adar wideband receiver front ends . 

There i s  some d i f f iculty in a s s e s s ing the 
main beam-to-mainbeam coupl ing problem since 
sate l lite antenna patterns are s haped to 
rece�ve transmi s s ions from almo s t  every 
pos slble terres trial direction . Another 
point of d i f ficulty i s  encountered when 
attempting to f ind an agreed-upon criteria or 
an acceptable definition of " harmful radar
to-sate l l i te interference . "  One o f  the prob
lems being taken up at present by Ad Hoc 1 8 3  
o f  the IRAC i s  to develop and recommend to the 
IRAC spectrum management procedures that 
will  a l low implementation of the F ixed
S atel l ite Service in the frequency bands 
3 60 0- 3 7 0 0  MHz and 5 8 5 0 - 5 9 2 5  MH z ,  cons i s tent 
with the National Table of Allocations as 
implemented as a result of WARC - 7 9 . The out
puts f rom this Committee should be of great 
help to studies involving radar/sate l l ite 
inte r ference. 

Another re ference point for the evaluation 
of interference from radar may be taken as 
the s aturation level at the sate l l i te 
receiver input . Table 1 - 2  give s the satura
tion f lux density-ror-

the INTELSAT VI used 
in thi s  report .  For power f l ux densities 
which mee t  or exceed the saturation flux 
dens i ty o f  the sate l lite receiver , nonlinear 
regions o f  the front end may be reached and 
intermodulation products begin to appear at 
the receiver output . These nonl inear distor
tions may appear at frequenc ies other than 
that o f  the inte rfering s i gnal and be demodu
lated into unpredictable voice channe l s . 

Table l - 2 . INTELSAT VI Communication 
S ate l l i te Technical 
Characteris tics 

Earth s tation transmitter 
Power - l Kw ERIP 9 0  dBW 
Polar i zation - Le ft hand circular 
Antenna Gain - 60 dB 

Satellite transponder receiver 
saturation power flux dens ity 

- 7 9  dBW/m2 
/ 8 0  MHz beam edge 

- 8 2 . 6  dBW/m
2

/ 8 0  MH z within 

GT = - 8 . 5  dB/k beam edge 

beam 

GT = - 5 . 5  dB/k within beam 
Out-of-band receiver filter response 

- 3 0  dB at 5 8 4 0  MHZ 
- 4 0  dB at 5 8 3 0  MHZ 
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The AN/FPS- 1 6  i s  repres entative o f  a typical 
tracking radar u s ed in the band and the most 
widely used at the tracking ranges in CONUS . 
The technical characteristics are given in 
Table 1-3 and wi l l  be used in the fol lowing 
analys i s . 

For mainlobe-to-mainlobe coupling 

( 1 )  

where :  PI=Pi+G
i 

Radar radiated power , dBW 

P
T

=PT+GT 
Earth s tation radiated 

power , dBW 

G
T=Satellite antenna gain in the 

direction o f  the e arth station , 
dBi 

GI=Sate l l ite antenna gain in the 
d irection of the radar , dBi 

LT=Path los s between earth station and 
sate l l ite , dB 

LI=Path loss  between radar transmitter 
and satellite , dB 

M = Path los s margin for the e arth 
s tation s i gnal , dB ( as sumed to 
be equal to 1 . 2  dB ) 

< 1 

BT=Satel l ite receiver 3 dB bandwidth , 
H z  

B
I

=Radar 3 d B  emi s s ion bandwidth , H z  

D =Radar compr e s s ion ratio . 

Maximum interference to sate l l ite rece iver 
occurs when : 

and 
L 

T 
1 . 0 dB 

G
T

- GI = - 3 . 0  dB . 

Subs tituting equations ( 2 )  above into ( 1 )  
give s 

C/I PI + ( - 3 )  - ( 1 )  - ( 1 . 2 ) + 0 

( Note , iJ 0 for this c a s e )  . 

( 2 )  

( 3 )  

Table l - 3 .  AN/FPS- 1 6  ( MPS- 2 5 )  
Technical Characteristics  

Type 
Frequency 
Power 
Antenna Gain 
Beam Shape 

Ins trumentation 
> 5 65 0 - 5 9 0 0  MH Z 
T MW peak 
4 7  dBi 
Pencil 

1 3  

Substituting values from Tables 1 - 2  and 1-3 , 

C/I ( 3 0  + 60 ) - ( 60 + 4 7 )  - 5 . 2  

- 2 2 . 2  dB . 

The desired C/I ratio to be used here for the 
satellite receiver is C/I = 2 5  dB . 

For the case o f  the AN/FPS- 1 6  then tte C/ I 
criteria is exceeded by 4 7 . 2  dB for rnain
beam-to-mainbeam coupl ing . 

For the shipboard AN/SPS - 1 0  type radars which 
use a wider beamwidth the calculation be
comes : 

C/I 9 0 - ( 5 4 . 5  + 3 0 )  - 5 . 2  

0 . 3  dB . 

Here the C/I criteria i s  exceeded by 2 4 . 7  dB 
for mainbeam-to-mainbeam coupl ing . 
For the case of the radar s idelobe to satel
l i te mainbeam interactions the wors t  case 
will be pursued here which would involve the 
first  s idelobe o f  the radar . The actual 
earth s tation antenna to be used with the 
INTELSAT VI was not totally speci fied at this 
writing , but the gain and patterns may be 
e s timated from knowledge given by COMSAT Labs 
by private communication and ITU recommenda
tions . ITU Appendix 2 9 ,  Annex I I I , gives a 
method for calculating radiation patterns . 

Assuming the earth s tation antenna has a dia
meter o f  32 m, the gain pattern o f  the antenna 
was calculated and is listed in Table 1-4 . 
In contrast ,  a typical tracking radar antenna 
approximatly 4 . 8 8 rn diameter ( AN/FDS 16)  was 
calculated and the results are l isted in 
Table 1 - 4 . 

Table 1 - 4 . Gain for 3 2  m Diameter 
Antenna at Selected Angles 
off Bores ight 

q,o G ( dB ) Remarks 

0 60 . 0  Main lobe 
0 . 1 2 - 0 . 3 3° 4 4 . 1  1st  s ide lobe 
so 1 4 . 5  
1 0 °  7 . 0  
2 0 °  - 0 . 5  
4 0° - 8 . 1  
4 8°<¢<1 8 0 °  - 1 0 . 0  

Table 1 - 5 . Gain for 4 . 8 8 m Diameter 
Antenna at Selected Angles 
Off Bores i ght 

0 
0 . 8 4 to 1 . 0 7 
5 
1 0  
2 0  
4 0  
4 8  2.¢2. 1 8 0° 

G (dB)  

4 7 . 0  
3 1 . 5  
14 . 8  

7 . 3  
- 0 . 2  
- 7 . 6  
- 9 . 7  

Remarks 

Main lobe 
1st s ide lobe 



For the radar s idelobe-to-satel l i te mainbeam 
coupling cas e ,  equation (3 ) can be rewritten in 
a more convenient form a s  

where 

P .  1 

( 4 )  

radar transmitter power , dBW 

G . ce1 1 radar antenna gain in the direction 
of the satel l i te mainlobe as a 
function o f  pointing angle , e .  

For the tracking radar case , the AN/FPS - 1 6  
radar characteri stics wi l l  b e  used giving for 
the first s idelobe 

G
i 2 + 1 5  log � 3 1 . 6 2  dBi 

C/I 90 - ( 6 0  + 3 1 . 6 ) - 5 . 2  = - 6 . 8  dB 

which exceeds the C/I criteria o f  2 5  dB by 
3 2 . 8  dB . 

For the minimal angle , e ,  that the radar mus t  
b e  pointed away from the geostationary orbit 
pos ition for C/I = 25 dB 

PT - P .  - G .  ( e )  - 5 . 2  + e 2 5  ( 5 )  1 1 
G

i 
( e )  - 0 . 2  

3 2  - 2 5  log e - 0 . 2  

e 1 9 .  4 ° .  

For the AN/SPS 1 0  radars the minimal angle , 
e ,  that the radar must be pointed away from 
the geostationary orbit pos ition for the 
C/I = 25 dB criteria i s  

G
i ( e )  9 0  - 5 4 . 5  - 5 . 2  - 2 5  

5 . 3  

3 2 - 2 5  loge 5 . 3  

8 1 1 .  r .  

Other interference s tudies involve earth sta
tion transmitter-to-radar receiver coupling , 
earth s tation-to-radiolocation transponder 
coup l ing , ISM,  and Restricted Radiation 
Devices/Radar interactions which are given in 
an NTIA Report to be published early in FY 8 3 . 
Also given in the report are the frequency 
dependent re j ection characteristics of the 
s ate l l ite which help establ ish how far away 
from the operational frequency band of the 
s ate llite a radar mus t  operate to mee t  sharing 
criteria . 

International communication satel l ite systems 
such as the INTELSAT VI series are scheduled 
to be operational in the 5 8 5 0- 5 9 2 5  MH z por
tion of the band under s tudy here in the 
1 9 8 5- 8 6  time frame . As shown here , the in
terference potential to the satel l ite 
receiver system from inband radar energy 
presents an incompatible s i tuation . The 
earth station transmi tter could also pose 
some compatibil ity problem for transponder 
systems in the radiolocation service sharing 
this portion o f  the band . However , only the 
first sidelobe provides enough energy to be 
a problem . Judicious placement of the earth 
s tation should minimi ze this problem. 

Measurements by the ITS Radio Spectrum 
Measurement System described in the next 

1 4 

section show this band to be heavily used 
by mi li tary test ranges and shipboard radar s . 
However ,  few radars were measured above 5 8 5 0  
MH z .  Transponders were found to operate above 
5 5 8 0  HHz and as mentioned previous ly , would 
experience pos s ible interference from the 
FSS . Careful selection of s ites for the FSS 
earth s tation upl i nk will  help in l imited 
sharing by the two services . However , radars 
whose tracking angles may cause mainbeam-to
mainbeam coupl ing with the satel l ite would 
have to be power l imited to 5 9 . 8  dBW radi
ated power to provide a C/I = 25 dB criteria . 
Another option i s  to o f f-tune the radar s 
far enough away from the 5 8 5 0- 5 9 2 5  MHz por
tion o f  the band until s ome agreed upon C/I 
criteria i s  met . A combination o f  reduced 
power and o f f - tuning could also be used . 

SECTION 1 . 3 .  ADVANCED INSTRUMENTATION 
AND SPECTRUM MEASUREMENTS 

Many forms of system des ign , spectrum engi
neering , and even tactical use o f  e l ectronic 
systems depend on a real i stic understanding 
o f  the e lectromagnetic environment in which 
the systems wi l l  be operating . Unfortu
nate ly ,  environmental measurements o f  spec
trum usage cannot often be made simply , be
cause o f  requirements for l arge amounts of 
data needed for a rel iable s tatistical mode l 
and because o f  the very detailed measure
ments needed to describe technical sys tem 
interactions . Some o f  these problems can be 
overcome with the aid of computer-control led 
measurement sys tems . These computer-con
tro l l ed measurement systems can provide 
several advantages over earl ier manual 
systems including economical measurement o f  
mas s ive amounts o f  data , real-time measure
ment and analys i s  o f  high- speed phenomena , 
and soph i sticated proces s ing o f  data to 
provide a relatively untrained operator with 
answers that are not otherwise obvious .  

The Institute has developed a sophi sticated , 
mobile system for providing measurements o f  
the e lectromagnetic environment o n  a de
tailed basis . This system ,  referred to as 
the Radio Spectrum Mea s urement System ( RSMS ) , 
i s  housed in the van shown in Figure 1 - 7 . In 
FY8 2 , Measurement Van Operation s  u s ing the 
RSMS continued measurements of Federal Govern
ment radio frequency usage in its tenth year 
o f  operation . As in FY8 1 ,  RSMS measurement s  
contained a m i x  of directly funded measure
ments and sponsor-supported measurements . 
The directly funded measurements continued to 
support Spectrum Resource Asses sment ( SRA) 
being done mostly in the Annapol i s  offices o f  
NTIA . These intens ive s tudies o f  individual 
frequency bands used mea surements o f  current 
spectrum usage as one of the key pieces of 
data for predicting future usage in tho s e  
bands . Five maj or s e t s  o f  measurments were 
performed by the RSMS in FY8 2 , as wel l  as some 
smaller measurements of individual s i gna l s . 
These are l i s ted here and wil l be described 
in more detail later : 

( 1 ) EWCAS ( E lectronic warfare , close 
air support) 

( 2 )  

( 3 )  

Seattle area measurements 

Noi s e  from video games 



F igure 1-7 . Radio Spectrum Measurement System ( RSMS ) . 
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( 4 )  JPL measurements at Goldstone 

( 5 )  S i te survey for Systems 
Planning Corporation . 

Measurement activities were somewhat cur
tai led this year to a llow more time to be 
spent iu des igning a replacement measurement 
system for the RSMS . In FY 8 2 ,  the new system 
was des igned and $ 3 3 5 , 0 0 0  was allocated to 
purchase components for the new system .  Mos t  
o f  the required components were purchased in 
FY8 2 .  In FY8 3 ,  the entire RSMS e f fort will be 
directed at construction and integration o f  
the new measurement system, although some 
measurements may be conducted on an emergency 
bas i s . The new sys tem is expected to be 
operational in FY8 4 .  

The RSMS i s  a computer-control l ed mea surement 
system contained in a motorhome-type vehicle 
( Figure 1 - 8 ) . This sys tem a llows spectrum 

measurements to be made over the 1 0 0  kHz -
1 8  GHz range in a highly automated manner ,  
which permits the e f ficient col lection o f  
statistically significant amounts of spectrum 
usage d�ta . In land mobile  radio ( LMR) band s , 
for example , channel usage i s  measured and 
analyzed at the rate of 1 2 5  channel s/s- -more 
than 1 0 , 0 0 0 , 0 0 0  individual channel usage 
measurements every day . Other families o f  
cal ibration , measurement , and analysis pro
grams are available to measure radar band 
u s age and to measure general usage in wide 
frequency bands with mixed types of s ignals . 
Mos t  o f  these programs are des igned to operate 
with or without operator intervention . 

Measurements were made o f  a military exercise 
this year . A l arge part of the Government 
portion of the spectrum is al located for 
military systems , so the e ffic ient utiliza
tion o f  these bands i s  o f  concern to frequency 
managers ( j us t  as the e f f ic ient uti l i zation 
of the nonmi l i tary Government bands is o f  
concern ) . Since many o f  these bands are not 
heavily used during peacetime , measurements 
during a mil itary exerci s e  are one method o f  
obtaining some estimates o f  usage during 
heavier military activity . These measure
ments also provide some ins ight to operation
a l  frequency requirements on a mi l i tary test 
range . 

The RSMS made measurements o f  spectrum usage 
at EWCAS ( Electronic Warfare/Close Air Sup
port)  near Ne l l i s  AFB this year . Measure
ments were made in selected frequency bands 
between 3 0  MHz and 1 8  GH z .  About 5 weeks of 
measurements were made from a remote hilltop 
s ite on the Ne l l i s  test range . The SRA 
report i s  being written by NTIA personnel in 
Annapol i s . 

The second maj or NTIA mea surement activity by 
the RSMS in FY 8 2  included a s eries o f  meas
urements in the Seattle are a .  Two special 
area s  o f  activity were planned for the 
Seattle measurements , besides a standard 
series of spectrum usage measurements in 
selected radar and LMR band s . Spectrum usage 
in the 9 3 0 0 - 9 5 0 0  MHz band is o f  special con
c ern because o f  the l arge number o f  maritime 
and airborne radars , as wel l  as increas ing use 
o f  active repeater beacons . In addition , in 
the Seattle area a s eries o f  VTS (Vessel  

1 6  

Traffic System) radars u s e  this band to pro
vide very high resolution image s of ships in 
the whole Puget Sound area . These images are 
relayed to a central location and are dis
p l ayed for  control lers who can give naviga
tion ins tructions to ships . A set of mea s 
urements o f  peak amplitude and pul se counts 
for three thresho ld s  was made to provide data 
for an SRA being done in this band . These 
measurements were made from a mountaintop 
about 35 mi NW of Seattle over a 3 -day period . 
The figures shown here summarize 5 3  sets of 
measurements o f  this band . Al l measurements 
made in thi s  band were made with a 4-s " dwe l l "  
time . S ince radars in this band typically 
rotate every 4 s ,  data were accumulated for 
4 s at each measured frequency . This ensure s 
the measured peak amp l itude of the radar will 
include the s i gnal when the radar i s  pointed 
at the RSMS ; it  also  tends to make the pul se 
counts repre sentative o f  a complete radar 
rotation period . Figure 1 - 9  shows the sta
tistics  o f  peak received ampl i tude for 53 
measurement periods . At each frequency , the 
upper l ine shows the highes t  s i gnal received 
during the entire 53 s cans . The middle 
( da s hed)  l ine shows the average of the peak 

measured signa l s , and the bottom l ine shows 
the minimum of the peak amp l i tudes received 
in the 53 measurements . Pos sibly the mos t  
striking feature o f  thi s  graph i s  the dif
ference in characteristics  between the fixed 
radars ( e . g . , 9 3 1 0  MH z )  and the more random 
population of mobile radars ( e . g . , 9 3 4 0- 9 4 6 0  
MH z ) . F igure 1 - 1 0 shows the number o f  radar 
puls e s  in a 4 s period that exc eeded - 8 0  dBm , 
the lowes t  amp l itude thre shold , as a function 
o f  frequency . Again , the three l ines repre
sent the highest count of 53 4-s s amples , 
the average count for a l l  5 3  samples , and the 
value of the lowe st count rece ived during 
4 s .  Figure 1 - 1 1  and F i gure 1 - 1 2  are s imi
lar , but show the results o f  counts for 
thresholds of - 7 0  dBm and - 6 1  dBm , respec
tively . 

A set o f  measurements o f  band occupancy in 
the 7 . 8 - 8 . 4  GH z microwave band i s  also under 
way in the Seattle are a .  T h i s  s tudy has 
been given priority at this time because of 
the need to relocate existing microwave l inks 
to the lower part o f  the band . ( The WARC 
changed the frequency a ll ocation on the upper 
hal f  of the band . ) This s tudy will  include 
measurements of microwave emi s s ion spectra 
for various channel loading conditions , 
propagation between microwave sites , and the 
spectrum usage of the microwave band as seen 
through operational microwave antennas . By 
connecting to existing microwave antennas ,  the 
RSMS wi l l  see exactly what the microwave 
receiver sees , including suppres s ion o f  o f f 
axi s  s ignals . A measurement at this point 
will automatically inc lude exact factors for 
the emi s s ion spectra o f  interfering s i gna l s , 
p �opagation , and antenna gains . On the other 
hand , measurements are general ly expens ive and 
may not take time -variable factors into 
account . The maj or ques tion this study will 
answer i s  whether a measurement-aided fre
quency ass ignment plan for thi s  band can more 
efficiently squeeze channel s  in than a com
puter/data base ass ignment plan (which mus t  
generally u s e  fairly conservative mode l s  to 
handle the worst-case s i tuations ) .  
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The RSMS made a series o f  measurements of the 
e lectronic noise generated by video games . 
These measurements were done in response to 
concerns about the l imits recently establi shed 
by th� FCC on " Part 1 5 "  devices . Measurements 
were made at several video game arcades in 
Colorado and California . Although the s igni
ficance of the data is still  being evaluated , 
numerous s ignals were observed that are near 
the current FCC limits . 

RSMS Measurements at Goldstone were made for 
Jet Propuls ion Laboratory to provide data on 
several problems relating to the deep- space 
receiving s ite Bars tow , CA . This s ite con
tains several large dish antennas used to 
communicate with deep-space craft ( i . e . , out
s ide of Earth orbit ) . Besides the extremely 
sensitive receivers used at these s ites , 
several of the s i tes employ high-power trans
mitters used to transmit commands to space
craft and for radar s tudies of planets . The 
larges t  of the s e  transmitters , for example , 
transmits a CW radar s ignal with 4 0 0  kW power . 
Currently , the several s ites are well i solated 
from each o ther by several miles and interven
ing mountains . There are a number of logistics 
reasons to consol idate these sites into a 
s ingle s ite , but it is not known how much 
interference between s ites would result from 
this move . In addition , Goldstone ' s  neighbors 
have recently become much more active elec
tron ical ly , and there is some concern about 
how much the quiet environment has degraded . 

Therefore , we were asked by JPL to make some 
spectrum occupancy measurements over the 1 - 1 2  
G H z  range . The se measurements would 1 )  show 
whether the transmitters produced spurious 
s idebands which could cause interference to 
the very sensitive receivers , and 2 )  show 
what s ignals were present in the general 
environment . 

The mos t  s igni ficant challenge these measure
ments presented was to measure with sufficient 
sen s itivity . Al though the desired - 1 4 0  dBm 
sen s itivity could be obtained with the use o f  
a 1 k H z  measurement bandpas s ,  the RSMS would 
be forced to tune so s lowly that 4 - 5  days 
( 2 4  hr/da ) would be required for a s ingle 

measurement over the 1 - 1 2  GHz range . This 
would not have permitted all o f  the des ired 
measurements to be made in the available 
amount of time . 

Fortunately , JPL was able to provide the use 
of their " RFI  Van " , a 6 5 , 0 0 0  channel FFT 
spectrum analy zer . It was determined that 
the RSMS could be modif ied to provide a 2.0 
MHz wide signal to the JPL RFI Van , which 
would provide a continuous s imultaneous 
measurement equivalent to 6 5 , 0 0 0  channels , 
each channel with 3 0 0  Hz bandwidth . This 
al lowed the RSMS to rapidly measure the 
spectrum in 2 0  MH z s teps , while still achiev
ing the des ired sensitivity . F i gure 1 - 1 3  
shows a block diagram of the combined meas
urement system . 

Because of dif ferent s ignal-process ing 
techniques ( the RSMS could measure pulsed 
radar signals bette r )  and the need to see 
real-time indications of data , it  was 
decided that the RSMS would make measurements 
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s imultaneously to the JPL RSMS Van . However ,  
s ince the RFI Van could provide the required 
sens itivity , the RSMS wou ld use larger me as
urement bandwidths ( 1 0  kHz or 1 0 0  kHz )  . 
Although system maintenance problems pre
vented all o f  the work at Goldstone from 
being per formed exactly as planned , many 
days and nights of environmental data were 
measured and emis s ion spectrum measurements 
were made on all of the transmitters . 

Figure 1 - 1 4  shows the RSMS during a typical 
transmitter spectrum measurement . The dish 
a�tenna on the roof o f  the RSMS i s  receiving 
Slgnals scattered from the subreflector of 
the 2 1 0  ft  dish antenna . The dish  is aimed 
straight up and radiating 4 0 0  kW continuous ly . 
The RFI Van is :located between the RSMS and 
the large dish antenna . 

The RSMS Measurements for Sys tem Planning 
Corporation ( SPC ) involved a survey of 
environmental s ignals present at a s ite over 
the 0 . 1 5 - 1 8  GH z range . To be able to 
automatically make measurements over this 
frequency range , it was nec e s s ary to mount 
addit ional antennas to the RSMS antenna tower 
and to the rooftop antenna pedes tal , result
ing in a configuation shown in Figure 1 - 1 5 . 
Three types o f  antennas were used for all  
frequencies --an omnidirectional antenna , an 
antenna with approximately 9 0  degree beam
width , and a dish antenna with 2 - 2 0  degree 
beamwidth . For frequenc ies below 1 0 0 0  MHz , 
only the omnidirectional and quadrant anten
nas were used . A set o f  bandpass filters 
and wideband , low noise preampli fiers were 
located near the antennas and connected 
appropr iately as needed for the frequency band 
being measured . Typical noise f i gures of 
4-8 dB at the antenna terminals were avail
able with this configuration . 

The programs used to make the measurements 
were des igned to 1) cal ibrate acros s  the 
whole frequency range , us ing noise diodes 
near the antenna s ;  2 )  measure acro s s  the 
frequency range us ing omnidirectional anten
nas ; 3 )  measure acros s the frequency range 
using quadrant antennas ; 4 )  measure acros s  
the frequency range us ing dish antennas 
( quadrant be low 1 GHz ) ; and 5) cal ibrate 
and start again . This program was des igned 
to operate without requiring inte rvention 
from an operator , and 9 days of data were 
gathered on an 2 4 -hr/day bas i s . 

At each frequency , measurements were made with 
a peak detector ( for radars and other impul
s ive s i gnal s )  and with an average detector 
( for cw s ignals ) .  Figure 1- 1 6  shows a typical 
example o f  data produced by this program . The 
" ti c "  marks along the right-hand edge o f  the 
graph are thre sholds for the peak and average 
detectors . I f  ne ither the peak or average 
s ignals on a graph exceeds its respective 
threshold , the data are di scarded . This real
time data sorting substantially decreased the 
amount of data to be incorporated into other 
analys i s .  In genera l ,  data were recorded on 
magnetic tape , but hardcopy output l ike Figure 
1 - 1 6  was a l s o  produced as required . 

Two d i f ferent vers ions o f  the measurement pro
grams were used--a low resolution ( lo-res ) and 
a high resolution ( h-re s )  vers ion . The hi-
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F igure l - 1 4 . RSMS mea suring spec trum from pl anetary radar at Goldstone . 
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r e s  version provided 1 0  dB better s ens i tivity 
and 1 0  times better frequency resolution , but 
also required 10 times as much measurement 
time . The pertinent characteristics  of the 
two vers ions are descr ibed in the fol lowing 
table : 

lo-res hi-res 

Bandwidth , f < 1 GHz 1 0 0  kHz 1 0 0 0  kH z 

Bandwidth , f > 1 GHz 1 0 0 0  kH z 1 0 0  kHz 

No . o f  scans , 1 5 - 1 8  GHz 2 5 5  2 5 5 0  

Me as time , 0 . 1 5 - 1 8  GHz 1 7  min 3 hr 

The measur ement proce s s  provided thousands o f  
graphs which needed t o  be combined to give a 
more conc i s e  look at frequency usage . Part 
of the data analy s i s  that was performed took 
lo-res like F igure 1 - 1 6  and c ompressed it  
1 0 0 : 1  in frequency . -orhi s  allowed the entire 
1 5 0  MH z - 18 GHz range to be covered in three 
graphs ,  F igures 1 - 1 7 , 1 - 1 8 ,  and 1 - 1 9 . The 
" frequency-compres s ion" pro c e s s  s aved only 
the highes t  amplitude peak measurement and 
the highe s t  amplitude average measurement 
from each of the original graphs .  These two 
points were graphed as the repres entative 
amplitudes for the entire original graph . 
One hundred o f  these sets o f  points were used 
to make a new graph , which covered 1 0 0  times 
the frequency range o f  the original graphs .  
One o f  the more obvious features thes e  graphs 
s how is the re lative much higher usage o f  
spectrum f o r  frequencies below 1 GHz . The 
responses marked with an " X "  in F igure 1 - 1 9  
are re spons e s  caused by internal respons e s  in 
the measurement system and do not repres ent 
real s i gnals .  

Measurements o f  radar puls e  dens ities in the 
2 7 0 0 - 3 1 0 0  MHz band were undertaken at two 
s ites in the Los Angeles area in F Y 8 1  as part 
of the Radar S tudies in Los Ange l e s  pro j ec t . 
A report on these measurements was completed 
in FY8 2  and publi shed by FAA as  DOT/FAA/RD-
8 2/1 7 ,  " S-Band Radar Pul s e  Dens i t i e s  in the 
Los Angeles Area . "  

In the course o f  the last s everal years o f  
measurements with the RSMS , it  h a s  become 
increas ingly apparent that the original RSMS 
measurement equipment would benef i t  from a 
rede s ign based on modern components and 
pract i ces . The main problems were related 
to r e l iability and maintainabi l i ty . Not only 
have we e xperienced more fai lures recently , 
but repair o f  tho s e  failures has been aggra
vated by nonavailability of parts and ser- · 
vice . A number o f  field measurements were 
badly affected by poor operation of the 
system . Accordingly , a decis ion was made 
this year to begin work on an improved meas
urement system , e xpanding the Measurement 
Van Development work . With l imited resources 
available for this RSMS Upgrade it was dec ided 
to reuse the original vehicle , antenna tower , 
equipment racks , etc . Thes e  components have 
g iven good s ervice in the pas t ,  and only 
l imited benef i ts would result from replacement 
of these i tems . 

The major changes will be in the c omputer 
system and in the rf  and IF  hardware . Sub
s tantial technical advances have been made 
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i n  the past few years , which s hould be 
expected to give generally better perform
anc e . In addition , our exper i ence with the 
original system has identified several 
spec i f ic areas where improvements would make 
measurements more reliable , or more accurate , 
or more s i mpl e . Table l - 6  shows some o f  the 
areas where speci fic improvements have been 
des igned . 

Table 1 - 6 . Upgraded Solution 

RSMS Problem 

Many problems with 
computer fai lure 

Many problems with 
freq synthes i z er 

Limited dynamic range 

Intermod and o ther 
spurs 

Poor noise f i gure 

Limited program and 
data s torage 

Slow measurement 
speed 

1 0 0 %  redundancy in 
computer sys tem 

Spare frequency 
syneth s i z er 

Fundamental mixing 
to 18 GHz 

Hardware overload 
detectors 

Tower-top preampli
fiers 

5 l 2 K-bytes plus 
Wincheste r  disc 

LMR speed doubled 
to 2 5 0  Chan/s 

QuickSearch speed 
increased 2 0 x  

A block diagram o f  the planned radar receiv
ing sys tem is shown in Figure l -2 0 .  S i gnals 
enter the system through a 0 - 70 dB step 
attenuator . The s ignal i s  routed through 
the appropriate preamp/converter uni t ,  where 
typical s ignal process ing involves YIG-tuned 
pres election , low noi s e  preamp l i fication , 
YIG-tuned pos t  selection , and mixing to a 
2 7 1 . 4  MHz IF . The bandwidth o f  the IF hard
ware is in exc e s s  of 1 0 0  MH z after mixing 
and is s i gnal bandwidth constrained only by 
the bandwidth of the YIG f i l ters preceding 
the mixer . The local oscillator for the 
mixer is furni shed by a commercial 2 - 1 8  GHz 
frequency synthes i zer which is connected to 
the mixer used for the selected frequency 
range . Except for the frequency synthesi
z er , all o f  the rf  components in the front 
end wi ll  incorporate many pieces from the 
original system.  

The 2 7 1 . 4  MH z IF  s ignal from the preamp/con
verter units enters the IF processing unit 
which al lows three s imultaneous independent 
modes of s i gnal proces s ing . '1-Jideband log 
video i s  produced by a logarithmic amp l ifier 
connected to the 2 7 1 . 4  MHz IF . Since the IF  
bandwidth i s  wider than the rf  bandwidth , the 
log amp l i f ie r  will respond to all signals 
pas s ing through the rf  components . Thus , the 
log amp l i f ier can be used as an rf overload 
detector . The wideband log video s i gnal can 
be sampled by the computer , and add itional rf 
attenuation can be added if s i gnals near the 
saturation level are measured by the computer . 
The wideband log video also contains the be st 
( i . e . , least d i s torted by insufficient rise
time ) presentation o f  radar pulse s hape . A 
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trans ient digitizer connected to thi s  point 
wi l l  provide total measurement sys tem video 
bandwidths greater than 35 MHz . F inally , the 
wideband log video can be used to examine the 
shape of the Y I G  preselector bandpa s se s . In  
combination with a comb generator , thi s  cap
ability can be u s ed to test the actual fre
quency o f  peak YIG response .  S imple correc
tion algorithms can be used to force the YIG 
to the desired frequency , thus ensuring 
accurate tracking o f  the YIG at all times . 

Another log ampli fier with 8 0  dB dynamic 
range is used with a set · o f  switched IF band
pass fi lters to produce the radar log video 
s i gnal . The radar log video will generally be 
used for the maj ority of radar spectrum usage 
measurements . Measurement bandwidths l e s s  
than 1 MHz a r e  produced us ing the measurement 
bandwidths in a spectrum analyzer IF section 
operating with a 2 1 . 4  MHz IF . A portion o f  
the 2 7 1 . 4  MH z IF i s  mixed down t o  2 1 . 4  MHz to 
provide the required s i gnal . The spectrum 
analyzer IF section allows the selection o f  
bandwidth between 1 0  H z  and 3 MHz ,  providing 
1 0 ,  3 0 ,  1 0 0 , 3 0 0 ,  etc . , steps over the band
width range . 

The r f  section o f  the spectrum analyzer i s  
used as  a sweeping receiver i n  a " swept- IF " 
mode . In thi s  mode , the spectrum analyzer rf  
section sweeps acro s s  a portion o f  the IF 
bandwidth , measuring that portion o f  the I F  
bandpass with greatly increased resolution 
and sensitivity . Although a s imilar function 
could be real i zed by sweeping the " frequency 
of the preamp/converter while us ing the spec
trum analyzer IF section with a narrow band
width , the swept- IF mode has some cons ider
able advantages .  The main advantage i s  sub
s tantially increased measurement speed . The 
2 - 1 8  GHz frequency synthe s i zer requires about 
2 0  ms to change frequenc y ,  even for sma l l  
step s ;  1 0 0 0  s t e p s  would require 2 0  s .  The 
rf section of the spectrum analyzer can tune 
acro s s  1 0 0 0  s teps in l e s s  than 1 s .  Thu s , 
the swept-IF mode greatly increases measure
ment s pee d .  To measure a wide frequency 
range with great sensi tivity , for example , 
one might s tep the 2 - 1 8  GHz frequency 
synthes i zer in 1 0  MH z steps . At e ach s tep , 
the spectrum analyzer would sweep acrq s s  a 
1 0  MHz range , u s ing 1 0 0 0  s teps o f  1 0  kHz 
each . Thi s  i s  a particularly e f f i c ient 
measurement technique , s ince all of the 
built- in spectrum analyzer routines are avail
able to e fficiently search for peak s i gnal 
leve l s , etc .  

Further proc e s s ing o f  the various log video 
s ignals will permit measurements to be made 
of detailed radar pulse shapes ,  to do sort
ing of radar pulse trains , to view s ignal s  
on a n  o s c i l lo scope , and t o  gather wide band
width s tatistics on s i gnal amplitudes ( pro
cessed at 31 l evels  s imultaneou s l y )  . 

A greatly improved computer system wi l l  con
trol the measurements and analyze the data 
from them . Two identical computer systems 
will be located in the RSMS , with a third 
system in the Boulder Labs . The system in 
the Boulder Labs wi l l  have additional d i s c  
memory capab i l i ti e s  and b e  optimi z ed toward 
analyzing the l arge amounts of data f rom the 
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RSMS . Each o f  the two computers in the RSMS 
wil l  be able to operate all systems in the 
RSMS on a t ime- shared bas i s . Norma l ly , how
ever , each computer will be programmed to 
operate the radar receiver or the LMR 
receiver , giving the maximum measurement 
speed . The failure o f  one computer would 
normally result in sharing o f  the remaining 
computer between functions or dropping the 
lower priority functions . The computer 
systems will be operated in an RTE mode , 
which will allow schedul ing o f  multiple 
activities . A communications capab i l i ty 
wi ll  al low system s tatus to be interrogated 
over telephone lines and to al low events to 
be scheduled via telephone . All measurement 
hardware wil l  be controlled via multiple 
I EEE-4 8 8  bus connections . Computer peri
pherals include a graphics terminal and 
thermal printer , a high- speed electro s tatic 
graphics printer , a 4 . 6  megabyte Winchester 
d i s c , and a dual cartridge tape drive with 
2 0  megabyte s o f  capacity each. Plug-in 
cards in the computer will provide 12-bit 
ADC capabilities  ( 5 0 , 0 0 0  readings/s ) and 
quad 1 2-bit ADC capabil ities ( 5 0 , 0 0 0  out
puts/s ) .  

The des ign e ffort for thi s  work has been 
mos tly finished , with procurement of parts 
we ll under way . The upgraded RSMS will be 
constructed and integrated in FY8 3 ,  with the 
first measurements us ing the new sys tem 
planned in FY8 4 . 

Another measurement system developed by ITS 
i s  the AN/MSR- ( )  Multiple Receiver System . 
The AN/MSR- ( )  i s  a mobile fully automatic 
multiple receiver system that i s  to be em
ployed by the Air Force for autonomous and/ 
or integrated operation with groundbased 
radar emitters that s imulate various threat 
s i gnals to produce a real i s tic rf environ
ment during the conduct of electronic war
fare ( EW)  operational tes t ,  training , and 
evaluation ( OTT&E ) of equipment and aircrews 
at EW range s . The primary function of the 
AN/MSR- ( )  is to acquire , analyze , and output 
key operational parameters/characteristics 
o f  the radar threat ( s )  radiated emi s s ion 
pro files during EW tes ts and exerc i se s . 
The output data are then used to ( 1 )  assess  
operational tests o f  new and improved ECM 
systems and technique s , ( 2 )  provide a meas
ure o f  aircrew proficiency in tactics and 
the employment o f  avai lable ECM assets , and 
( 3 )  evaluate functional operational readine s s  
o f  SAC and TAC aircraft.  

The design o f  the AN/MSR- ( )  i s  based on a 
prototype model developed by the Institute 
which , after extens ive field tests , served as 
the basis for the production decis ion by the 
Air Force Sys tems Command to equip all of its 
worldwide EW ranges with s imilar models . Pro
duction was initiated in 1 9 8 0  and ITS was 
tasked by the Air Force to provide technical 
support during the procurement cycle that ex
tends over a 3 0 -month period . The e f fort of 
ITS has been primar ily technical guidance to 
Air Force procurement o f ficers and engineers 
to insure that hardware/software des ign 
approache s and operational s trategies by the 
AN/MSR- ( )  contractor are in compliance with 
s pec i fication requirements . 



The Institute was also tasked to provide a 
Factory Acceptance Tes t  Plan , Method , and Pro
cedure that wi l l  be conducted by the Govern
ment to evaluate operational compliance with 
production requirements "prior to field opera
tional acceptance tests . This factory test 
i s  scheduled in November 1 9 8 2  with completion 
o f  the first o f  eight production units . To 
conduct these tests ITS has des igned and 
fabricated a " l aboratory type" threat/ECM 
s imulator . Thi s  unit produces representative 
and realistic emis s ion profiles  of the more 
complex s ignals which wi l l  be encountered in 
a real world EW environment . The s imulator 
has an automatic time programmer which cal l s  
u p  d i f ferent threats and ECM responses a s  
often as once p e r  second or any other longer 
period up to 8 minutes . The threat/ECM 
parameters of pulse width , pulse repetition 
interval , modulations , depth of modulation , 
etc . , and thei r  time/f requence varying 
characteristics are programmed into EPROM ' s .  
The outputs are read into controlling and 
generating c i rcuitry on a pul se-by-pulse 
basis as often a s  neces s ary to insure the 
integrity of the function being generated . 
Special control c ircuitry i s  provided to 
selectively and randomly produce in the ECM 
s ignal s ,  discontinuities , dropouts and dis
tortions within the generated waveforms . 
These intentional distortions are produced to 
s imulate known real world occurrences caused 
by propagation anomalies , multipath , clutter 
and equipment under test momentary mal func
tions . The waveform outputs are then fed to 
PIN diode modulators for modul ating energy 
from external r f  signal sources to complete 
the threat/ECM generation and produce the 
s imulated s i gnals for inj ection into the 
AN/MSR- ( )  i tem ( s )  under tes t .  

Other technical support e f forts by I T S  for 
the AN/MSR- ( )  procurement have included ( 1 )  
the derivation o f  data bases for radar threat 
emitters based on current intell igence sources 
and ECM performance requirements and capabil
ities based on current Air Force equipment ,  
and ( 2 )  a comparative analy s i s  o f  the opera
tional performance o f  a multiple threat emi t
ter system currently in production/procurement 
versus recent intell igence E stimate s of actual 
performance . The results o f  these e f forts are 
reported in NTIA Technical Memoranda NTIA-TM-
8 1 - 5 8C entitled " In formation and Data Base for 
Threat/ECM Operational Performance Evaluation 
During Deployment o f  the AN/MSR- ( ) , Volume I 
REVISED , Airborne ECM Systems - Signal 
De scriptions and operational Tolerances ; "  
" Volume I I : Groundbased Threat Radar Systems -
Signal De scriptions and Operational S IMVAL 
kequirements , "  and NTIA Technical Memorandum 
NTIA-TM- 8 2 - 7 4 C  entitled " Comparative Analysis 
of the AN/MST-TlA Multiple Threat Emitter 
System Performance with the EWIR Data Base . " 

The data bases o f  r adar threat emitter system 
operational capabil ities and airborne ECM 
system operational capabil ities are to be used 
as res ident library files in the AN/MSR- ( )  for 
compari son with operational measurements of 
actual performance during the conduct crf in
s itu EW tests and exer c i s e s  at the various Air 
Force ranges .  The comparative analy s i s  i s  
then used to evaluate operational readine s s  o f  
SAC and TAC aircraft , a s s e s s  aircrew opera-
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tional proficiency , and evaluate operational 
tests o f  new or improved ECM systems . 

The Institute also makes other types o f  
measurements that a r e  directed toward 
specific spectrum application s . The obj ec
tive o f  the Earth Terminal Antenna Measure
ments proj ect is the mea surement of the 
magnitude of s id e - l obes produced by a spe
c i f i c  40 foot diameter antenna . This anten
na was instal led at the Table Mountain test 
s i te near Boulder ,  CO , where an aircraft was 
used to provide the neces s ary elevation angl e s  
f o r  pattern measurements above the hori zontal 
plane . The hemispherical power-gain radia
tion pattern was measured at s iting angles o f  
4 5 °  and 9 0 °  above the hori zon . 

The test site was i l luminated by an antenna 
mounted on a small aircraft with a separation 
d i stance between the aircraft and the test 
antenna o f  0 . 8D 2 /A  to 2 D 2 / A . 

A relative-gain method o f  measurement was used 
with a s ingle receiver switched rapidly 
between a reference gain antenna and the te s t  
antenna . The reference gain antenna was 
mounted onto an optical tracking system used 
to monitor aircraft pos i tion and output an 
elevation and az imuth reading relative to the 
tesc. s ite . 

The gain o f  the test antenna relative to the 
gain of the reference antenna is equal to the 
difference in received s i gnal leve ls plus a 
constant factor composed o f  the differences in 
cable losses . The power-gain of the reference 
antenna is known ; there fore , these relative 
gain 6ata are corrected to absolute gain data 
by the addition o f  the reference gain value . 

Data obtained from the measurements were 
plotted to provide stat i s tical power-gain 
patterns that were compared to the CCIR 
recommended power-gain enve lopes for appro
priately s i zed antennas . 

The Ins titute a s s i s ts the Federal Aviation 
Adminis tration by making several types o f  
spectrum-related measurements . The Federal 
Aviation Administration operates several 
" flight inspection aircraft" that can be 
equipped for a variety of mis s ions . Among 
thes e  i s  the airborne mea surement o f  radio 
s i gnals . The purpose o f  the current FAA Air
craft Cal ibration pro j ec t  i s  to determine the 
calibration constant for a particular antenna 
mounted on a particular airplane at the radio 
frequency of 1 0 0  kH z .  

The aircraft cal ibration i s  a part of a larger 
s tudy being conducted by the FAA--an evalua
tion of the e f fects o f  power line carrier 
( PLC ) systems on airborne Lor an-e receivers . 
The Loran-e navigation system is being con
s idered as a s upplement to and pos s ibly a 
replacement for the VOR nav i gation system . 
Loran-e signals are centered on 1 0 0  kHz with 
9 9 %  o f  the energy confined between 90 and 1 1 0  
kHz . 

The PLC systems which are operated by the 
electric power uti lities for teleprotection , 
telecontrol ,  and other telecommunications 
operate in the frequency r ange from 10 to 5 3 5 
kHz . The PLC s igna l s  are not intended to 



r adiate ; they are propagated along the power 
l ines l ike guided wave s .  In practice , be
c ause real power l ines contain various de
partures from ideal geometry , some of  the 
guided s i gnal can be launched as s ome other 
mode of propagation . There i s  s ome contro
versy as to how, or even i f ,  this happens . 
At any rate , some level of radio- frequency 
s igna l s  exist in the airspace above power 
l ines with PLC . 

S ince the FAA aircraft i s  being used in 
s everal experiments designed to measure the 
e ffects of PLC s i gnals on a variety of  Loran
e receivers , it is neces sary to know the 
c alibration constant (or antenna facto r )  o f  
the aircraft antenn a .  T h i s  i s  so that the 
received s ignal l evel ( in vol t s )  at the air
craft antenna terminals can be related to the 
f ield strength ( in volts/meter ) external to 
the aircra f t .  Knowing the actual field 
s trength o f  the Loran and/or PLC s i gnals 
makes it poss ible to compare the p lanned 
measurements with those made by others . 

The measurement aircraft with its  receiving 
antenna mus t  be calibrated as a uni t ,  because 
at Loran-e f requencies ( 9 0 - 1 1 0  kHz )  even the 
aircraft is quite small relative to a wave
l ength ( about 3 km) . In order to perform the 
calibration , the plane mus t  be immersed in a 
known field;  therefore , the f ield mus t  origi
nate from a calibrated source . 

S ince thi s  aircraft cal ibration must be done 
at 1 0 0  kHz , it is not pos s ib l e  to use a test 
source because it  could interfere with Loran
e navigation equipment in use . A Loran-e 
transmitter is the most l i kely and practical 
source . The e f fective radiated power ( ERP ) 
o r  the f ield s trength at some d i stance mus t  
b e  accurately determined , and the pulsed 
nature of  the signal format must be assessed . 
Another requirement of the calibration meas
urements i s  that they mus t  be made over a 
smooth , homogeneous surface s o  that reliable 
predictions of f ield str ength can be mad e .  
The u s e  o f  an actual Loran-e transmitter 
located very near the sea would satisfy this 
r equirement . 

The U . S .  Coast Guard , who i s  responsible for 
the operation of  the Loran-e navigation 
system in the Uni ted State s , operates the 
Loran Rec e iver Test Complex ( L RTC ) in Wild
wood , NJ . The most important part of the 
LRTC is a cal ibrated Loran-e transmi tting 
station which can be put on the air whenever 
it  is needed . It is the f ifth secondary in 
the Northea s t  U . S .  chain when it  i s  on . This 
means that it  transmits a group o f  e i ght pul
ses in the s tandard Loran-e format , with a 
group repetition interval ( GRI ) o f  9 9 , 6 0 0  w s .  

The radiated power of  the LRTC transmitter 
can be calculated from the antenna base cur
rent and the radiation resistanc e ,  both o f  
which can be measured . The Coast Guard uses 
a loop to sense the current in the antenna ' s  
ground retur n ;  this is  the antenna base cur
ren t .  The method used to dete rmine the 
radiation r e s i s tance involves a s tandard 
procedure o f  measuring field s trength . 
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During the previous fiscal year , the test 
plan and data recording instrumentation were 
finished . Early this fiscal year the test 
fl ights were made and the calibration con
s tant was calculated . I ts value is such 
that i f  one adds 1 2 7  dB to the received 
s i gnal level ( at the antenna termina l s )  in 
dBm , the result is  the e lectric field 
str ength in dBu .  

Ano ther spectrum measurement program that 
supports FAA obj ectives is the Instrument 
Landing System Interference Performance 
pro j ec t .  National and international guide
lines are required to protect aircraft 
navigational aids from harmful interference . 
In order to e s tablish reasonable guide lines , 
laboratory measurements 

'
are needed to deter

mine how contemporary navigation receivers 
perform in the presence of various types and 
leve l s  of interferenc e .  The Federal Avia
tion Admin i s tration ( FAA) contracted with 
the Institute to perform a limited set of 
measurements on Instrument Landing System 
( ILS )  Interference Performance . The FAA 
requires the interference perfo rmance meas
urements to support their participation in 
the International C ivil Aviation Organi za
tion ' s  s tudy group on Harmful Interference 
to Radio . 

ITS measured the performance o f  four ILS 
localizer receivers with cochanne l  inter
ference . Four modulation modes for the 
inte rference s ignal inc luded continuous wave 
( CW )  , phase-shift-keying ( PSK)  , frequency
shift-keying ( F S K )  , and frequency modula
tion ( FM ) . 

The ILS local i ze r  is a ground-based radio 
system designed to give lateral guidance to 
aircraft with respect to a runway center l ine . 
The loca l i z er carrier is modulated at 9 0  and 
1 5 0  H z  in a spatial pattern that makes the 
9 0-Hz modulation exceed the 1 5 0-Hz modulation 
when the aircraft is to the left of the 
cour s e , with a dif ference in depth of modu
lation ( ddm) between the 9 0-Hz and 1 5 0 -Hz  
s ignal s  that is  proportional to the angular 
displacement from the course center line . 
The loc a l i z er display shows a " fly right" 
indication to the pilot when the 9 0 -Hz  signal 
dominates .  To the right o f  the course center 
line , the 1 5 0 -Hz s ignal is greater than the 
9 0 -H z  s ignal ; ,thus the localizer display 
shows a " fly left"  indication . 

Four loca l i z er receivers were obtained through 
the FAA from manufacturers or Government 
agenc ie s .  The four receivers included two 
models u s ed primarily by general aviation air
craft and two used by commercial aircraft . 
The four rece ivers were tes ted to determine 
rece iver s ens itivity and selectivity . 

F igure 1- 2 1  shows the equipment configuration 
for making the s ignal-to- interference ratio 
measurements . The audio analyzer was used to 
measure four of the localizer rece iver out
puts ; i . e . , localizer audio , course deviation 
voltage , flag voltage , and AGC voltage . These 
parameters were chosen as being potentially 
sensitive to interference . The audio analyzer 
has an audio generator whose output modulated 
the ILS s ignal generator . The audio analyzer 
monitored the receiver ' s  audio output to 
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determine percent audio distortion . The ILS 
s ignal generator was set to s imulate a s ignal 
that would produce the s tandard deflection of 
0 . 0 9 3  dBm or 9 0  microamperes of course current 
in the receive r . 

Table 1 - 7  gives the measured ILS receiver 
parameters and the parameter error conditions 
at which the input s ignal-to- inter ference 
power ratio was measured . 

Table 1 - 7 . Locali zer Receiver Parameter 
--- --

Error Bounds 

Parameter Error Cond ition 

Course deviation 

Flag indicator 

Audio distortion 

AGC voltage 

Error bounds exceeded when 
course deviation is more 
than 15 �A from the s tand
ard deflection of  9 0  �A . 

Error bounds exceeded when 
1 )  flag first appears 
peeping f lag ) and 2 )  when 
full flag is presen t .  

Error bounds exceeded when 
audio distortion percent
age is  increased by addi
tional 1 ) one percent and 
2 )  ten percent . 

Error bounds exceeded when 
AGC voltage changes by 
1 )  0 . 1  dB and 2 )  1 . 0  dB . 

The set of measurements sugges t  the fol lowing 
conclus ions : 

1 )  A 1 5  �A course error l imit requires a 
greater signal-to- interference ratio than 
does a full warning flag , a 1 0-percent 
change in audio distortion or 1 . 0  dB 
change in AGC voltage . 

2 )  The required s ignal-to-interference ratio 
to maintain less than 15 �A course error 
is nearly cons tant for each receiver as 
the des ired input signal l evel is  changed 
from receiver sens itivity to - 2 7  dBm 
( 1 0 0 0  �v across 5 0  ohms ) . 

3 )  The loca l i z e r  receivers were most sensi
tive to CW interference , c losely followed 
by PSK,  FSK,  and FM modulation inter
ference . 

4 )  The loca l i z er receivers require about 
2 0-dB s ignal - to- interference ratios to . 
maintain less  than 1 5  �A course devia
tion errors , when the interference does 
not c ause 90 or 1 5 0-Hz  heterodyne s . 

5 )  At preci s e  frequency o f fsets o f  9 0  and 
1 5 0  H z  ± 2 H z , a typical receiver re
quired 32 dB signal-to - interference 
ratio to maintain less than 15 �A cours e  
error and 4 2  d B  t o  maintain less  than 
5 �A cour s e  error . However ,  prec ise 
frequency offsets o f  90  and 150 H z  
between interference source s  and ILS 
local i zer transmitters have a very low 
probabi l i ty in environments outs ide o f  
the l aboratory. 
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The Institute also develops specialized 
instrumentation to and in specific spectrum
related studies . The obj ec tive of the AFGL 
Re fractometer pro j ec t  is  to develop a Micro
wave Refractometer for the Air Force Geo
phy s i c s  Laboratory in support of  their rum
wave s tudies . Their immediate need is  for 
the Absolute Re fractive Index and the fre
quency of the air turbulence . The refracto
meter is  being des igned for aircraft and 
f i xed use . The Unit will have the capability 
o f  monitoring up to four temperature compen
sated cavities .  The cavities can be automati
cally sequenced or they can be monitored 
individually in the manual mode . The refrac
tive index and turbulence output is  in two 
forms : 

1 .  Digital for use with a computer 
to collec t , store , and display 
the information . 

2 .  Analog for use with a strip chart 
recorder .  

SECTION 1 . 4 .  EM WAVE TRANSMISS ION 

The ground , the atmo sphere , and the iono
sphere degrade radio waves in varying de
grees , depending on c ircumstances .  I t  is  
the purpose of  the EM Wave Transmiss ion 
Program to s tudy thes e  e ffects and provide 
models to the sys tem des igner that \vill  aid 
in providing more cost effective and spec
trum efficient des igns . The phenomena that 
cause these detrimental e f fects on radio 
systems are , in general , frequency dependent ; 
therefore , spec ific s tudies and tests are 
required for specific frequency ranges and 
appl ications . 

Some o f  the phenomena which affect radio sig
nals and are s tudied in this program are : 

1 .  Attenuation by atmo spheric gases , 
rain , snow , hai l ,  c louds , or ioniz ation . 

2 .  Scattering by irregularities in 
the refractive index of  the lower atmosphere 
or ionosphere . 

3 .  Refraction , ducting , and multipath 
resul ting from atmo spheric or ionospheric 
layers . 

4 .  Dispers ion resulting from frequency 
dependent properties of  the atmosphere , iono
sphere , and earth . 

5 .  Scintil lation of amplitude , phase ,  
polari z ation , and angle o f  arrival resulting 
from turbulence and irregular structure in the 
atmosphere and ionosphere . 

6 .  Reflection , s cattering multipath , 
and lower atmo sphere perturbations resulting 
from terrain and man-made structures .  

The e ffect upon any specific sys tem o f  the 
above phenomena is not only frequency depen
dent , but is  also dependent upon the type of 
service required for the specific application . 

One driving force behind the EM Wave Transmis
s ion Program is  the need for more spectrum 
space . Therefore , this program provides mod-



e l s , techniques ,  and information to aid the 
sys tem des igner and frequency manager in their 
decis ions for better spectrum use . These in
clude experimental and theoretical determina
tions of the properties of the radio wave 
transmiss ion medium, the development and test
ing o f  models and prediction methods that 
characte r i z e  the performance of telecommuni
cation systems , and applications o f  the know
l edge and tool s  to specific problems bes etting 
frequency manager s and spectrum users in 
various Government agenc ies . 

1 . 4 . 1 . Properties o f  the Radio Wave 
Transmis s ion Medium 

Experimental determinations and theoretical 
estimates o f  the properties o f  the transmis
s ion medium on the performance of telecommuni
cation systems are reported in thi s  section . 
Particular emphas i s  i s  payed to tho se e ffects 
produced by the lower (< 10  km) atmosphere . 

In the pro j ect devoted toward Exper imental 
Determination of Mi l l imeter Wave System 
Effects recent studies by ITS have indicated 
that if certain eas ily achieved de s ign cri
teria are met ,  practical narrow bandwidth 
transmis s ion l inks would have few problems in 
c l imates s imilar to the c l imate of the 
Denver-Boulder , CO , area . Basically this en
tails providing an adequate fade margin for 
l ine-of-sight l inks up to 50 km in length at 
frequenc ies up to 1 0 0  GHz , excluding the 
molecular oxygen absorption band around 6 0  
GH z .  At 6 0  GH z the absorption i s  about 1 5  
dB/km a t  s e a  l eve l and about 1 2  dB/km at 
1 5 0 0  me ters ( Boulder ' s  elevation) which re
stricts path lengths to no more than 3 to 4 
km . However ,  this offers advantage s such as 
operation o f  a system without the possibility 
of reception or detection at greater distances 
( covertnes s ) and frequency reuse without 

mutual interference .  The oxygen absorption 
band acts much l ike a band rej ect f i l ter , yet 
bandwidths o f  several hundred megahertz are 
avai lable without appreciable distortion in 
either amplitude or phase for thes e  l imited 
ranges . 

Observations near Boulder , CO , over 3 - 1/2 year 
period indicate that with fade margin of 35 dB 
in the 3 0  to 5 0  GHz band and 45 dB in the 7 0  
to 1 0 0  GH z band , a 5 0  km l ink could maintain 
up to a 5 MHz band'lvidth with less  than 1 0  
minutes o f  outage per year from weather re
lated sources . Rain attenuation has been 
monitored for about 2 years ( 1 9 8 0  and 1 9 8 1 )  on 
a 2 8 . 8  GHz , 23 km path with a maximum recorded 
rain attenuation of 26 dB . During this period , 
the month of May 1 9 8 1  produced much above
average rainfal l .  In July 19 8 2 ,  rain attenu
ation of slightly over 30 dB was observed for 
5 minute s on a 12 km, 30 GHz path . 

Very high rain attenuation is always asso
ciated with convective type or thunder
s torms . Convective storms produce the high
est rain rates , in excess  of 1 0 0  mm/hr within 
a cell , but seldom does the intense s torm cell  
exceed 5 to 8 km in diameter . Therefore , the 
highest peak rain attenuation does not gen
erally change s ignif icantly whether the path 
length i s  1 0  km or 5 0  km . Rains which cover 
a wider area typically have much lower rain 

3 6  

rates and the total attenuation measured dur
ing these storms are l e s s  even when extended 
over 50 km . 

Attenuation ratios as a function o f  f requency 
were taken from data recorded at Boulder over 
the summer months of 1 9 7 6  through 1 9 7 8  for 
30 and 60 GHz .  Extrapolation of rain attenua
tion to higher frequenc ies is pos s ible from 
thi s  data and theoretical prediction s . 

No time delay spread dis tortion produced by 
forward scattering f rom rain drops could be 
detected . The main e ffect of rain attenua
tion i s  a reduction in s ignal -to-no i s e  ratio 
o f  the l ink . 

Next to rain , the mos t  important mechanism 
observed in terms o f  fade depths is produced 
by mul t ipath s i gnal within the atmosphere . 
An atmospheric mul tipath occurs when a re
fractive layer exists at a path height which 
bends the signal over two routes that differ 
by a half wave length . When two s ignals  
arrive at the received antenna at almo s t  
equal amp l itudes ,  a greatly reduced re
ceived s i gnal results f rom destructive 
phase interference . A 4 0  dB fade o f  thi s  
type was observed o n  a 3 0  GHz , 2 3  k m  l ink 
briefly ( 1  to 2 minutes )  during a time near 
local sunri se . Atmospheric multipath fades 
o f  lesser depths were seen on occas ion between 
midnight and 1 to 2 hours after local sunrise . 
Their occurrence might be expected to increase 
with frequency s ince the required delay path 
lS l e s s  as the wavelength becomes shorter . 
Even though layers form regularly in the lower 
atmosphere in the Denver-Boulder area , there 
i s  usual ly motion within the layer o f  a scale 
s i z e  that reduces the probability of generat
ing only two signa l s ; or  i f  formed , their 
durations are bri e f .  This small  scale motion 
may prevent fade occurrence at the high fre
quencie s .  

For narrow bandwidth channe ls there i s  very 
l ittle distortion assoc iated with atmo spheric 
multipath because the fade occupies the 
entire channel without appreciable amp l itude 
dispers ion . 

Other fade mechanism,  such as refractive 
defocus ing , ground mul tipath , beam decoup
l ing , and scintil lation occurred at various 
time s but the only e ffect on a narrow band 
channel is a sma l l  change i n  the sys tem 
s ignal-to-noise  ratio . A paper entitled 
" Height-Gain Studies for 2 3  km Links at 9 . 6 ,  
1 1 . 4 ,  and 2 8 . 8  GHz " by K . C .  Allen , et . a l . 
published in the I EEE Transactions on 
Antennas and Propagation , Vol .  AP- 3 0 , No . 4 ,  
July 1 9 8 2 , describes these observations .  

Obtaining the required fade margin to reduce 
outage time to minutes per year i s  not d i f 
f icult f o r  a l ink with a few megahertz o f  
bandwidth . A two foot parabolic antenna 
provides suffic ient gain when combined with 
readily available low-noi se receiver front
end mixer/preamp l i fiers and solid s tate 
transmitter sources . 

It should be noted that the c l imate o f  
Colorado may b e  representative of a large 
area within the CONUS but very humid c l imates 
will surely require trade-offs in path length 
and/or fade margins . 



The des irable f eature o f  mi l l imeter waves 
i s  the inherent bandwidth capabi l i ty o f  
2 0 0 0  MHz o r  more . Sys tems developed in the 
u . s .  and Japan are already approaching the se 
bandwidths . Problems encountered with very 
wide bandwidth m i l l imeter wave channe ls 
through the a tmosphere are much more complex 
than at narrow bandwidth and requires further 
investigation . To provide a tool for this 
inve stigation , a mill imeter wave diagnostic 
probe which can fully descr ibe the propaga
tion character istics of a wide-band channe l 
has been developed by ITS . Emphas i s  for the 
appl i cation of the probe is on high data-rate 
digital l inks where the received s ignal 
c haracteristics are complicated by experi
encing refraction , ref lection , and/or diffrac
tion , as well as  attenuation enroute from the 
transmitter . 

The primary instrumentation con s i s ts of a 
3 0 . 3  GHz ,  1 0 0 0  mb/s coherent QPSK or 5 0 0  
mb/s coherent PSK transmitter-modulator , a 
2 GHz bandwidth receiver-demodulator with a 
5 . 5  dB double s ide band noise f i gure , and 
a baseband proce ssor bit- error-rate ( BER)  
detector . Bui lt into thi s  digital system 
is the capab i l ity o f  selecting a c hannel 
impulse response mode us ing cro s s - correla
tion o f  pseudo random binary words which 
permit a 1/2 nanosecond time resolution in 
identi fying time delay disper s ion . A third 
mode provided by the probe is  a spectrum o f  
2 . 5  x 1 0 4 coherent frequency lines for a 
1 GHz bandwidth amplitude di spersion monitor . 
The output o f  the diagnostic probe describes 
the trans fer function of the channel which 
c an be translated in terms of BER for path 
l engths up to at least 50 km . At 50 km the 
exce ss signal to noise ratio is 20 dB us ing 
3 foot parabol i c  reflectors , for example , 
or 3 2  dB i f  6 foot ref lectors are used . 

By accompanying the 3 0 . 3  GH z wideband probe 
with a set of narrowband coherent probes at 
9 . 6 , 1 1 . 4 ,  2 8 . 8 , 57 . 6 , and 94 GH z ,  fades and 
channel di stortion mechani sms can be identi
f ied and label led according to the degree o f  
frequency dependence . T h i s  multiple fre
quency probe will enable the colle ction of 
information to veri fy and j udge theoretical 
propagation models and permit statistical 
mode l s  to be established for predi ction o f  
system performance within the 1 0  to 1 0 0  G H z  
band . 

In order to cal ibrate the wide band prcbe , a 
te st range was es tabli shed us ing a 2 5 0  meter 
path folded with trihedral corner reflectors . 
A pr imary 3 9  em reflector was fixed in dis
tance and a s econdary 2 2  em reflection was 
placed on an a d j ustable beam us ing a worm 
gear posi tioner . With this configuration a 
range o f  + 6 ns o f  s ignal arrival time re la
tive to the fixed reflector was available . 
The amplitude ratios are adj usted by the 
separation perpendicular to the path so that 
the second reflec tor is  positioned on the 
skirts of the transmitter and rece iver anten
na beam. In this manner , multipath distortion 
and fade s are simulated to compile  data sets 
for corre lating bit- error-rate performance 
with measured channel impul s e  response and 
amplitude distortion . Figure 1- 2 2  shows a 
samp l e  plot o f  re lative s i gnal amp l itude and 

3 7  

BER versus displacement of the secondary 
reflector in r.anoseconds of delay time . The 
displacement between amplitude peaks is equiva
lent to one cycle of the rf  wave length or 
1 em . The data rate is  5 0 0  mb/s (2 ns per 
bit duration ) ;  therefore , in the first nano
second of delay mos t  of the errors are due to 
s i gnal-to-noi s e  ratio change resulting from 
the s ignal fade s . After 1 nanosecond , inter
symbo l interference becomes apparent by the 
irregular fringe of the BER plot . By 2 nano
seconds of delay the e rrors are due entirely 
to intersymbol interference because the modula
tion is  a psuedo random phase-shi ft-keyed 
binary code and out of phase components do not 
occur after one bit duration . A family o f  
plots , a s  in F igure 1 -2 2 , al lows a prediction 
of BER given any multipath signal amplitude 
and delay . Fi gure 1- 2 3  shows the probe impulse 
response and ampl i tude dispers ion with a 
s ingle reflector only ( no multipath ) and with 
a seconded reflector set for a 1/2 nanosecond 
multipath delay . The resulting BER is li sted 
in the amplitude display . Noise was added to 
the l ink to increase the BER above lo - 8 , the 
lower limit of BER detectabi lity of the 
computer logging and data proces sing system . 
A 1/2 ns delay produces fades spaced 2 0 0 0  MHz 
apart in the frequency spectrum . The 
impuls e  response of Figure 1 - 2 4  is  the result 
o f  a 6 ns delay and a 8 . 7  dB reflector 
ratio . An ampl i tude versus frequency dis
play is  shown in F i gure 1-2 5 comparing the 
s ingle reflector with a simulated multipath 
s i gnal de layed 6 ns producing fades spaced 
each 1 6 7  MHz as  c an be seen in the signal 
bandwidt h .  

The diagnostic probe was placed o n  a 1 2  km 
test path and F igure 1 - 2 6  di splays a plot 
o f  received s i gnal leve l and BER for an 
atmospherically calm period when the e f fec
tive transmitter power was reduced to 2 micro
watts to force a readable BER . Figure 1 - 2 7  
is  the same path except the receiving antenna 
is  pointed down 2 degrees .  The effec tive 
transmitter power was increased to 20 micro
watts to compens ate for the s ignal lost by 
the antenna pointing e rror . In this case a 
multipath s ignal with 3 . 4  ns delay appeared 
in the impul s e  response of Figure 1- 2 8 . Three 
correlograms were taken at about 3 0 -minute 
intervals in F igure 1 - 2 9  showing the time 
variabili ty of the multipath s ignal . 

Under the pro j ect MM Wave Attenuation Mode l ,  
a review was completed on the quantitative 
picture ( that is , mode ls vs . experiments and 
theory ) , upon which estimations are based for 
the transparency in four atmospheric milli
meter wave window range s .  The windows are 
located around 3 5 ,  9 0 ,  1 4 0 , and 2 2 0  GHz and 
their frames are set up by molecular re sonance 
absorption of H 2 0 ( centered at 2 2 ,  1 8 3 , and 
3 2 5  GHZ )  and o

2 
( centered at 60 and 1 1 9  GHz )  

a s  illus trated i n  F igure 1 - 3 0 . I t  appears 
that 1 5 0  GHz of the-

EHF band ( 3 0 - 3 0 0  GHz )  are 
available for s ignal transmi s s ion . A closer 
look reveals  that the windows are vei l ed by 
water vapor and suspended hydrometeors ( haze , 
fog , c loud ) and darkened by ra1 n .  

In the EHF window range s ,  it is  pos s ible to 
formulate s impli fied expressions for spec ific 
( dB/km) and total ( dB )  radio path attenua
tions . Water in both liquid and vapor states 
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obscures window transparencies for ground
based system application s .  Magnitude and 
frequency-dependence of H2 o attenuation are 
distincly different for tne same number of 
absorbers ( 1  g/m3 ) in water , rain , hydrosol , 
moist air , and pure water vapor forms as 
depicted in Figure l- 3 1 .  The three atmos
pheric phase states lie between the extremes 
of continuum-type water ( curve 1 )  and 
resonance-type vapor ( curve 5 )  absorption 
spectra.  Specific attenuations for rain , 
suspended hydrometeors , water vapor , and dry 
air were parameteri zed in terms of rain rate 
R ( mm/h ) ,

3
water and vapor concentrations w 

and v ( g/m ) , pressure p (mb) , and temperature 
T ( K ) . Elaborate , lengthy calculations which 
require specific drop s i z e  distributions , the 
complex refrac tive index of water , spectral 
data for 3 0  H

2
o and 48 o2 l ine s , e tc . , have 

been reduced to simple equations . They 
allow rapid estimations of window transpar
encies provided the meteorological variables 
of a radio path are available . The theoreti
cal bas is  for water vapor continuum absorp
tion was analyzed in more detail s ince it  has 
been a long- standing source for speculations 
in the correct modeling of  moi s t  air behavior . 

The cumulative zenith attenuation through the 
total atmosphere requires height profiles of  
R-w-pTv-distributions . Ten synthetic atmos
pherics from arctic to tropical cl imates have 
been analy zed . The example in F igure 1 - 3 2  is 
for the U . S .  S tandard Atmosphere . Air-mas s 
specific coefficients for zenith window 
attenuation and delay effects due to dry air , 
total precipitable water vapor ( PWV) , and 
water contents were obtained for arctic , 
s tandard , and sub-tropical atmospheres . The 
calculations are performed " layer-by: layer " 
in a spherical ly stratif ied mode l  atmosphere 
encompass ing 4 8  s labs between sea level and 
3 0  km altitude . 

An invi ted AGARD paper entitled the " Atmos
pheric propagation medium between 45 and 75 
GHz "  by H.  Liebe ( Conf . Proc . CP- 3 3 1 ,  4/1- 1 2 )  
treats the unique oxygen absorption proper
ties of the neutral air mass in great detail 
including the mesospheric Z eeman effects . 
Bandwidth l imitation of this medium have 
been analyzed by employing various short
pulsed (< 1 ns ) test signals and Fast Fourier 
Transform ( FF T )  algorithm . 

The phys ical propagation model developed by 
the Institute provided the basis for a statis
tical s tudy entitled " C l imatological influ
ences on system per formance at s elected U . S .  
locations " covering 1 8  population centers in 
the United S tate s .  An example o f  gaseous 
absorption variability ( cl ear a i r )  is  depicted 
in Figure 1- 3 3 .  Rain pres ents the most seri
ous limitations to system performanc e .  Costly 
design decis ions hinge on adverse weather 
statistic s .  For example , rain rate e xtremes 
for the value not to be exceeded by more than 
one hour during a year ( 0 . 0 1 %  reliability ) , 
l ie in the continental U . S .  between 7 (Ari zona 
desert ) and 1 1 5  mm/h ( south F lorida ) . This 
m�ans a difference of  about 1 : 2 0 in dB for 
des igning a system with the same rel iable per
formance .  Thi s study provides valuable data 
for assess ing the feas ibility of cons idering 
mill imeter wave systems in various parts of 

4 6  

the U . S . ,  sinc e ,  even with technological ad
vances , the adverse weather e ffects remain the 
ultimately l imiting factor for system appl ica
tions . 

In a pro j ect whose obj ective i s  to develop a 
Rain Rate Model , a survey o f  rain e f fects , 
primari ly attenuation associated , i s  be ing con
ducted as part of  an e f fort to assess  the 
feas ibil i ty of using portions of the upper SHF 
and lower EHF spectrum in military tactical 
s ituations involving point-to-point terrestrial 
l ink s . I t  has been tentative ly dec ided to 
subdivide the survey in the fol lowing manner : 

1 .  Rain E f fects at Millimeter Wave l engths 

A .  attenuation 
B .  polari zation sens itivity and 

depolari zation 
C .  scattering and interference 

2 .  Rain E f fects on Communication Links in 
the Tactical Environment .  

Part 1 will concentrate on the theoretical as
pects o f  the problem , and Part 2 wil l  concen
trate on the operational aspects of  the prob
lem with the most likely appl ications in 
tactical environments . 

As an examp l e  o f  some of the theoretical as
pects that must be considered at the s e  frequen
cies , F igure l - 3 4  shows the speci f i c  attenua
tion ( attenuation per unit l ength ) for surface 
rain conditions that might occur in a tropical 
s ituation ( We s t  Palm Beach , F lorida ) , a temper
ate s i tuation ( Washington , D . C . ) , and a desert 
situation (Yuma , Ari zona ) for rain rates ex
pected 0 . 0 1 percent of  an average year . Note 
that this figure , having used only locations 
in the United S tates , will mos t  l ikely not be 
representative of  worldwide extreme conditions ,  
but it does give an indication o f  frequency 
and c limatic behavior . 

In the Mill imeter Wave Laboratory S tudies 
pro j ect the phys ical bas is  for model ing mi l l i
meter wave propagation e ffects can be improved 
by performing controlled laboratory experi
ments . Ass e s s ing individual contributions to 
specific attenuation is d i fficult from 
measurements in the actual atmosphere . Re l i 
abi l i ty ,  preci sion , and s c a l e  o f  supporting 
meteorological data compromis e  the quality of 
most field obse rvations . Three key elements 
were completed to s erve a definitive study of 
mill imeter wave attenuation by moi s t  air . 
They are : 

o computer-controlled spectrometer ( see 
s chematic in Figure l - 3 5 )  

o high humidity s imulator ( RH < 1 0 1 % )  

o atmospheric EHF propagation model .  

The Mill imeter Wave Laboratory Studies pro j ect 
continued to perfect the spectrometer perform
ance for 1 4 0  GHz attenuation measurements . 
The data acquis i tion is now fully computer 
controlled , and two test runs over 10 days 
each have been completed . Mos t  of  the soft
ware has been developed for running the 
experiment and for data reduction and plotting 
of s everal thousand data pairs . An example is 
given in Figure l - 3 6 . 
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A final report entitled " Molecular absorption 
test at 3 5  G H z "  was publi shed as NTIA Report 
8 2 - 9 6  describing in detail the experimental 
and analytical e f forts for estimating pos
s ible exces s  absorption in sea level air due 
to various trace gases ( e . g . , H

2
o

2
, HN03 , 

N02 , N 20 l . This report was the result o f  the 
Trace Gas Attenuation of Air pro j ec t .  

A s  part o f  the Vegetation Millimeter Wave 
Propagation pro j ect , a measurement program 
was conducted in FY81 to determine the e f fects 
on mi llimeter wave signals propagated along 
paths obscured wi th deciduous and conifer 
tree s .  The obj ective o f  the pro j ect was to 
obtain information on signal loss as well as 
spatial , polar i zation , and scattering 
characteristics for propagation through a 
variety o f  fol iage and atmospher ic condi
tions at 9 . 6 ,  2 8 . 8 , and 5 7 . 6  GHz . Results 
o f  this work are reported in the U . S .  Army 
Report CECOM- 8 l-CS 0 2 0-F entitled " SHF-EHF 
Propagation through Vegetation on Colorado 
East Slope . "  The principal results of the 
FY8 1  work included a measure of signal loss 
through vegetation as a function o f  tree 
depth , he ight above ground , fol iage ( leaves 
and no leaves for deciduous ) , antenna pol
arization , vertical and hori zontal terminal 
displacement , and frequency.  

In FY8 2  the vegetation studies for the U . S .  
Army continued with emphasis on determining 
signal properties as a function of foliage 
depth in order to develop the best theoreti
cal model for predicting l ink performance . 
In forested area s ,  the dens ity o f  fol iage 
was found to be nonuniform and dif ficult to 
describe in terms o f  depth . To remove the 
density variable , an evenly planted orchard 
would best permit a control led measurement . 
Because o f  the tree s i z e ,  foliage density , 
and humid c l imate , a pecan orchard near 
Wichita F a l l s , Texas , was selected as best 
suited to the measurement requirements .  

The first series of measurements was 
completed in Apr i l  1 9 8 2  when the trees were 
in a defoliated state . For certain paths , 
a compari son o f  the orchard data to the 
Co lorado data was possible and showed quite 
s imi lar results as expected since propagation 
at trunk level and through branches and stems 
is little af fected by cl imate . 

The results obtained in Apr i l  regarding vege
tation losses as a function of fol iage depth 
is  shown in F igure 1- 3 7 .  Plotted i s  the 
vegetation loss per tree in dB rel ative to 
the number of trees on· the path as a function 
of frequency and height above ground . Note 
that the path length increased in proportion 
to the number of trees but free space losses 
were norma l i z ed so that only vegetation losses 
are plotted . For these measurements all paths 
were e s tabli shed by positioning the terminals 
( transmitter and rece iver ) directly in line 

with the center of the trunk or trunks at the 
1 meter leve l . The signi f icant finding is the 
rapid roll-off of loss per tree as the number 
of trees in the path increased . Even for the 
defoliated state the losses at the 1 meter 
height are less  than at 4 and 6 meters although 
the oppos ite was true f rom a vi sual observa
tion . No branches or twigs were in the path at 
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the 1 meter height and the grove was completely 
devoid of underbrush . Propagation at 1 meter 
in thi s case was via edge dif fractio n  and sur
face reflection whereas at branch leve l narrow 
aperture s  o f  line-of-s ight and mul tip le scat
tering provided the path to the rece iving 
antenna . 

Several sets of data were recorded to measure 
the received signal level with the transmitter 
moving along the perimeter of the orove with 
the receiver at various locations in the grove . 
One of these runs is shown in Figure 1 - 3 8  
where the receiver was located a t  a depth of 
7 2 0  meters into the grove and midway between 
two rows of tree s . As the transmitter trans
versed a 2 0 0  meter path approximately perpendi
cular to a l ine between terminals , the s i gnal , 
traces shown in Figure 1 - 3 8  were recorded . 
The highest rece ived leve ls for each fre
quency occurred in the line-of-s ight por-
tion o f  the scan where greater than 1 s t  
Fresnel clearance exis ted . Thes e  amp l i tudes 
are slightly l ess  than the free space value 
(0 dB ) by 1 to 2 dB but this reduced and 

fluctuating level is attributed to surface 
multipath and/or slight antenna misal ignment . 
During these runs the receiver antenna pos i 
tioner was manually control led accounting 
for a pos s ible pointing error and the mobile 
transmi tter van could not per fectly maintain 
a cons tant r adius arc because of terrain 
restrictions . Of  interest is the general high 
signal levels when the path was non- line-of
sight considering the distance and number 
of trunks which obstructed the path . 

A second measurement series was conducted 
in August which repeated the Apr il measure
ments to determine the added losses and 
propagation d i f ferences that occurred with 
the leaves present . At the time of th is 
writing , the August data have not been 
reduced . 

Of the model s  tested the transport theory 
predictions best fits the data . The roll
o f f  o f  vegetation loss  with increasing 
depth was predicted by this model with good 
agreement . The higher attenuations at short 
ranges are pr imary coherent scattering compo
nents but at greater depth , incoherent scat
tering components remain . 

In the Urban Millime ter Wave P ropaqation 
pro j ect , measurements o f  millimeter wave 
propagation in urban areas have been made . 
The obj ective of the program has been to study 
millimeter wave propagation characteristics  
in  a c i ty environment with principal empha
s i s  on the evaluation o f  communications 
link reliabi l i ty , detectab i l i ty ,  and usable 
bandwidth as a function o f  pos ition of 
terminal s .  

Backscatter and oblique reflec tion measure
ments were performed on bui lding surfaces 
of concrete aggregate , painted smooth con
crete with protruding r ibs , brick , and 
metal siding . Frequencies 9 . 6 ,  2 8 . 8 ,  and 
57 . 6  GHz were used to compare reflec tion 
coefficients for these surfaces with wide ly 
different conductivity and roughnes s . Data 
were recorded to determine aspect sensi
tivity of the reflected signal in a back
scatter mode . To ob·tain a data po int with 
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known properties a 3 - foot square f lat reflec
tor was used a s  a reference for thi s  type of 
mea surement . 

S ignal leve l and multipath data were recorded 
as a function of  d i s tance for s everal runs 
over paths of about 1 ki lometer in the center 
of  the Denver metro area us ing vertical , hor i 
zontal , and cro s s ed antenna polar i z ation . 
Figure 1 - 3 9  i s  a recording o f  one of the down
town observations with vertical antenna polari
zation showing s ignal ampl i tude for each fre
quency as a function of  the transmitter ter
minal pos ition a s  it  trave l l ed at a constant 
spe ed down the s treet toward the receiver 
terminal . Thi s  plot provides an indication 
of  occurrence of fades resulting from multi
path for this environmen t .  Note that a f ter 
the last 1 0 0  meters i t  was not pos s ible to 
maintain antenna pointing due to maneuver
abil ity l imi tations of  the vehic le s .  As a 
compar i son , s imilar types of runs were re
corded over paths in an open ( nonurban ) area 
to aid in separating ground multipath ( as 
phalt road or s treet)  from other ref lecting 
paths . F igure 1 - 4 0  shows one such recording . 
The dashed l ine accompanying each plot i s  the 
l eve l the s i gnal trace would take if the ter
minal s  were in a free space environment . The 
free space trace for the 5 7 . 6  GHz r ides above 
the recorded s ignal at the longer ranges be
cause of the molecular oxygen absorption , 
which was not removed in the free space trace . 

A series of non- line-of- s i ght observations 
were made in urban Denver which showed sub
s tantial s ignal s  even with the terminals 
s eparated by several large mul t i - s tory 
bui ldings along the direct path . All 
rece ived s igna l s  were a result o f  multiple 
r e f l ectors and/or edge d i f fraction and 
the s e  were mos t  pronounced at 9 . 6  GHz and 
decreasing with increasing frequency . 

By means of a hor i zontal angle scan with 
1 degree beamwidth receiving antenna s , the 
angle of arrival of s ignal s  propagated down a 
s treet surrounded by bui ldings was plotted . 
Figure 1 - 4 1  di splays thi s  type o f  scan for 
two frequenc ies-- 2 8 . 8  and 5 7 . 6  GHz--and for 
both hori zontal and vertical pol ar i zation . 
The s i gnal peak occurring at 0 degrees i s  
the line-o f - s i ght s ignal and a l l  other s ig
nal peaks are reflection from buildings . 
Using the path geometry , d i s tance between 
termina l s , and building s eparation f rom the 
s tree t ,  a good e stimate of  s ignal delay i s  
poss ible . This delay information coupled 
with the multipath s ignal amplitude permits 
a c alculation of  channel bandwidth potential . 
For the case  c ited over a 5 0 0  meter path 
u s i ng 4 degree antenna beamwidths a 25 mb/s 
l ink could run with l ittle intersymbol 
interferenc e .  

Army-owned 6 0  GHz handheld communicators 
were also used in this exerc i se . Vo ice 
qual i ty was always good when frequency lock
up was achieved but the long time required 
to lock up , due mostly to s ignal fades and 
o f f  angle s ignal s ,  caused d i f f iculty in 
e s tabl i shing a contact .  Several non- l ine
o f - s ight contacts were made from a s ingle 
reflection f rom buildings or obj ects along 
the s treet over about a 4 0 0  meter path , all  
with good voice reception . 
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1 . 4 . 2 .  Mode l s  and Performance 
Prediction Methods 

The direction of use of  the f requency spec
trum resource has generally been upward in 
frequency in recent year s , primari ly because 
of the relative availability of  bandwidth , 
and the requirement of digital sys tems for 
wider bandwidth s . Thi s has led to cons ider
able intere s t , both here at the National 
Telecommunications and Information Adminis
tration , and e l s ewhere to the usage potential 
of microwave and mil limeter wave systems . 
The lower atmos phere , sometimes called the 
troposphere , has a considerable inf luence in 
this frequency region if existing and/or 
intended systems mus t  communicate through 
the atmosphe r e . However ,  the surroundina 
terrain and even the ionosphere can exert 
an influence a s  wel l .  

In order to aid the prospective user , and in 
particular the prospective modeler , with 
background material on atmospheric and ter
rain e ffects of the propagation medium at 
thes e  frequenc i e s , ITS has undertaken a 
bibl iography and article synops i s  as part of  
the Millimeter Wave Mode l  literature survey . 
The bibliography and synop s i s  s hould be 
ava i l able early in F iscal Year 1 9 8 3 . 

There should be nearly 1 0 0 0  papers , reports , 
and books that are actually incorporated into 
the bibl iography . All of the papers , reports , 
and books included in the bibliography were 
surveyed to determine their potential value 
to a propagation e f f ects modeler , on the bas i s  
of  the ir t i t l e s  and abstracts . I f  those ap
peared promi s ing , the actual paper , report , or 
book was examined . Even some of these were 
not adj udged to be a s  valuable as others , so 
that finally only 60 papers and reports were 
selected for the brief commentary and syn
ops i s  section . 

For convenience to the reader and prospective 
mill imeter-wave-region propagation model s , it 
i s  planned to subdivide the bibliography into 
the fol lowing propagation-related topic s : 

1 .  Ray Tracing Effects 

A .  Refractive Index 

B . Ray Tracing and General Wave Equation 
Solutions of Interest 

C .  Angl e  of  Arrival 

2 .  Tran s fer Function E ffects 

A .  Line-of-S ight and Terrain Multipath 

B .  Vegetation 

c .  

D .  

E .  

F .  

D i f fraction 

Gaseous Absorption , Delay , and 
Dispe r s ion 

Unstable and S table Clear Air 

1)  Turbulence 
2 )  Strati fication and Ducting 

Inclement Weather 
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1 )  Rain , Clouds , and Other 
Hydrorneteors 

2 )  Sand , Dus t ,  and Smoke 

G .  Depolari zation 

3 .  Atmospheric Noise Effects 

4 .  Miscellaneous Articles 

In 1 9 7 3 , the f i r s t  vers ion o f  the Dutton
Dougherty model for prediction of the distr i 
bution o f  attenuation due t o  c lear air gase s , 
cloud s , and rain for use on microwave , earth
sate llite links was published at ITS . Thi s  
model was refined i n  1 9 7 7  and 1 9 7 8  and corn
pared with data available at that time , which 
also included prediction distr ibutions for 
s everal d i f ferent locations . At that time , 
the concept o f  year-to-year variabi l i ty o f  the 
attenuation d i stributions at a given location 
became an integral part of the Dutton-Dougherty 
( DD )  model . 

The 1 9 7 7  ver s ion o f  the DD mode l  predicts the 
probabi l i ty ,  P (A > T

f
) ,  that a given attenua

tion , '
f at frequency , f ,  i s  exceeded during 

a year , and that this value was l imited to 

( a )  

o r  0 . 0 1 percent o f  a year . The parameter A 
repre sents some random value o f  total earth/ 
space attenuation . For many user s , however , 
even higher sys tem availabi lities ( the comple
ment of P)  than that represented by ( a )  are 
required . For this reason it became des i r able 
to attempt to extend the DD model to the 0 . 0 0 1  
percent l evel ,  o r  

P (A > T f ) > 0 . 0 0 0 0 1 .  ( b )  

This work was performed as part o f  the NASA 
P ropagation Studies pro j ec t .  

Through a derivation proc e s s  involving a spher
ical convective s torm mode l ,  and rea l i z ing that 
practically all  s torms are convective between 
the 0 . 0 1 percent and 0 . 0 0 1  percent leve l s  in 
the U . S . A . , an extrapolation procedure to the 
0 . 0 0 1  percent level can be obtained . Figure 
1 - 4 2  shows the prediction to 0 . 0 0 1  percen t .  
There are f ive prediction curves ( solid cur
ves )  on the f igure for Washington , D . C .  The 
middl e  curve i s  the median prediction curve , 
the inner two curves surrounding the median 
curve cover the 9 0  percent confidence interval 
in year-to-year var iabil ity , and the outer two 
curves cover the 9 9  percent confidence inter
val in year- to -year variabi l i ty o f  the pre

diction . Two years o f  data ( 1 9 7 7 - 1 9 7 8 )  are 
shown as the dashed curve on Figure 1 - 4 2  for 
compar i son . 

The present , or " standard" ver sion o f  the DD 
mode l  uses a d i s tribution of r aindrop s i z e s  
i n  a cubic meter o f  a i r  given by e xpr e s s ions 
which are in the exponential form o f  the 
classic Marshall -Palmer (MP ) drop- s i z e  d i s tr i 
bution , but with h a l f  the intercept value . 
Attenuation per unit length , or spec i f ic 
attenuation a ( f , h ) , due to rain can be calcu
lated from l iquid water content L ( h ) , of a 
cubic meter o f  air at height , h ,  via e xpres 
sions o f  the form 
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a ( f , h ) = c ( f )  [ L ( h )  ]
d ( f )  

( c )  

where c ( f )  and d ( f )  are frequency-dependent 
coef ficients . Compari sons have been made with 
several other methods for modeling specific 
attenuation and drop-s i z e  distr ibution . For 
example , Figure 1 - 4 3  shows the five prediction 
curves for the s ame condi tions at Washington , 
D . C . , as in Figure 1 - 4 2 ,  except that the spe
c i f ic attenuation i s  derived from the proce
dure of R . L .  g1sen , L . , D . V .  Rogers ,  and D . B .  
Hodge ( The aR relation in the cal culation o f  
r a i n  attenuation , IEEE Trans . Ant .  & Prop . 
AP- 2 8 , No . 2 ,  pp . 3 1 8 - 3 2 9 ,  March 1 9 7 8 ) , and 
the full MP drop-s i z e  d i stribution ( i . e . , 
with the full intercept value ) . The results 
o f  Figure 1 - 4 3  tend to indicate that the DD 
model Figure 1 -4 2 )  gives tighter bounds , and 
j us t  as good a prediction ,  based on avai lable 
data ( the dasl1ed curve in both F igures 1 - 4 2  
and 1 - 4 3 )  a s  d o  other alternative methods . 

The obj ectives o f  Southern Cal i fornia Propaga
tion Study addres sed somewhat lower VHF and 
UHF frequency range . These obj ectives were 
to deve lop plans for the measurement o f  VHF 
and UHF propagation los s ,  particularly under 
ducting conditions , and to des ign , fabricate , 
and install automated special-purpose propa
gation measurement and data acquisition equip
ment . The des i gn was completed and four 
automatic propagation measurement systems 
were bui l t ;  three were deployed in the San 
Diego area . Each o f  the systems will measure 
10 s ignal s in the f requency range o f  60 to 
9 0 0  MHz for about 1-1/2  years . The sys tems , 
being microproces sor contro l l ed , proceed 
through an hourly cycle of sel f-cal ibration , 
sequential data collection , and data analysis 
and s torage . Data s ummaries are printed 
locally , and all raw data along with the 
summaries and overhead information are re
corded on magnetic tape . The Federal Communi 
cations Commi s s ion w i l l  collect the data 
tapes once per month for further analys i s . 
The ultimate goal o f  the pro j ect is to develop 
statistics on the incidence of ducting propa
gation conditions at VHF and UHF in the 
Southern C a l i fornia environment . 

Phase I of this proj ect provided the FCC with 
an overview of the propagation phenomena in
volved , recommendations as to the type and 
amount of data needed to accomplish the over
all pro j ect obj ective s , and descriptions and 
cost estimates o f  the equipment needed . In 
consultation with the FCC staf f ,  the Institute 
for Telecommunication Sciences has provided 
the FCC with the following specific items of 
information : 

( 1 )  a review o f  the propagation pheno
mena involved that is based on 
avai l able theoretical and empirical 
studies and interference reports ; 

( 2 )  recommendations as to paths , re
cording s ites , and transmitting 
sites required to obtain needed 
data ; 

( 3 )  recommendations as to s ignal 
sourc e s ; 
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( 4 )  recommendations as to desirable data 
sampl ing rates , amount of  on-site 
data reduction , and statistical 
parameters to be recorded for re
duced data ; and 

( 5 )  recommendations a s  to meterological 
data needed and sources . 

This information was presented in an informal 
report to the FCC entitled " Planning for the 
Measurement of Propagation Phenomena in Land 
Mobile F requency Bands in Southern Cal ifornia , "  
dated June 2 ,  1 9 8 0 .  

The ob j ective o f  Phase I I  was to develop the 
design of both the receiver and the receiver 
control/data col lection system ( RCDCS ) to the 
point where the procurement of  supplies and 
equipment could begin and then to procure 
some of  those supplies and equipment . Figure 
1 - 4 4  is  a photograph of  one of  the automatic 
propagation measurement systems . 

Phase I I I  of the pro j ect provided for the 
final assembly , tes ting , and deployment of 
the three sys tems in the San Diego area . The 
s ites are as follows : 

S i te 1 .  Point Lorna 

On Naval Ocean Systems Center 
property . 

3 2 " 4 0 ' 0 3 " N . , 1 1 7 " 1 4 ' 3 6 " W . , 
1 5  m/msl ( above mean sea level ) .  

Very close ( 1 0 0 - 2 0 0  m) to the 
Pac ific shore . 

Site 2 .  La Mesa 

On the premi ses of  the FCC 
field office in La Mesa . 

3 2 " 4 6 ! 0 8 " N . , l l 7 " 0 1 ' 4 3 "W . , 
1 5 0m m/msl .  

About 1 5  km inland from the 
shore . 

S ite 3 .  Cowles Mcuntain 

At the " head-end " of  a cable 
TV company . 

3 2 " 4 8 ' 4 5 " N . , l l 7 " 0 1 ' 5 0 " W . , 
4 7 5  m/ms l .  

About 2 0  km inland from the 
shore . 

The choice of signals to be monitored at each 
location took into account a variety of  path 
characteristics and , of  course , the avail
ability o f  signal sources . Table 1-8 gives 
only the frequenc ies of  the sources-To be 
received at each of  the three receiver sites . 
Thes e  sources are of two type s : televi sion 
signals ( only the video carrier is  measured ) 
and test signal s installed for this experi
men t .  The l a s t  three sources l i s ted in the 
tabl e  are the test sources . Nearly all of 
the sources are located in the Los Angeles 
area . 
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Table 1- 8 .  

Site 1 
( MH Z )  

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

Received S ite Measurement 
F requencies 

S i�)2 
(MH z )  

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

Site 3 
(MH z )  

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

*This s ignal will be received us ing both 
hori zontal and vertical polar i zation . 

The other important path parameters assoc iated 
with this selection of  sources and receiver 
s ites are terrain type , source height , and 
path length . Of the paths cho s en , some are 
almo s t  entirely over water or land ( s everal 
each ) ; mos t  are a combination of land and 
water . The source height ranges from 2 0  m/msl 
to over 1 8 0 0  m/msl . The path l ength ranges 
from as low as 1 5  km (onG case )  to a typical 
valu� of  about 1 5 0  km, to as high as  3 3 0  km . 

Phase IV of the proj ect provided for main
tenance and repair of  the systems , the dev
e lopment of detailed system documentation , 
and pre l iminary "ducting-incidence " model 
development . The first task l i s ted is self
explanatory ; some repair work and a trip to 
the S an Diego area were needed . The system 
documentation is the collection of all  the 
des i gn information , such as sch emati c s  and 
speci fications , and manufacturer s ' l i terature . 
The documentation includes a ful l ,  annotated 
listing o f  the computer software . Two copies 
of  the documentation package were given to 
the FCC . 

"I'Ji th the data we expect to explore the cor
rectness and pertinence of existing models 
such as that reported by the CCIR or , perhaps , 
to devi se new , more extensively applicable 
model s . One approach , for example , would be 
to consider a standard set of pos s ible atmos
pheres , to compute for each of them the con
sequent field strengths , and then to combine 
the results into a statistical distribution 
according to the statistical incidence of the 
atmo s pheres in the region of operation . 

Another aspect of the ITS VHF/UHF model ing 
e f fort is the Extended Range Communication 
pro j ect . The bas i c  concept is that a message 
is  sent as a short bur s t  of information . 
The mes sage is first stored in a local memory 
device , and the system waits until a communi
cations link to the intended receiver can be 
e s tablished ; when propagation conditions are 
sufficiently good , the mes sage is  quickly 
transmitted . The bas ic concept here has been 
known before ; this is how a meteor-burst 
communications system works . The new aspect 
in this study is the application o f  the burst 
concept to terrestrial ( groundwave or trope
scatte r )  radio propagation at VHF and UHF . 



Figure 1- 4 4 . The Automatic Propagation Heasurement System .  Three of these are 
being used in the Southern C a l i fornia Propagation Study . 
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One c an imagine several protocols for e stab
li shing the required link . One that comes 
immediately to mind is presently u s ed in the 
"meteor burs t  communication " sys tems which 
make use of  the intermittent appearance of 
meteor trails  in the ionosphere . In such a 
sys tem, when a " maste r "  station wishes to 
receive a message , it " po l l s "  one or more 
sending units by periodically transmitting a 
command signal . When a sending unit receives 
one of the command s ignals , it can assume 
there exists a suitably placed meteor trail 
and that propagation conditions are satis
factory . It therefore immediately transmits 
its mes sage before the meteor trail has had 
time to disper s e .  

There are two main aspects to this pro j ect . 
One of these i s  to develop a meteor-burst 
model and then to implement it  as an inter
active computer program . The other aspect is 
to study the feasibility of us ing burst 
transmiss ions in situations where the usual 
modes o f  radio propagation are operatins . 
And , there are several parts to this feasi
bility study : field measurements to demon
strate the principle , an examination of huw 
to use the received signal statistics , compu
tations of the r ange extens ion , and sugges
tions for future work . These topics will be 
discussed in the paragraphs below beginning 
with the meteor-burst model . 

A communication channel c an be e s tabli shed 
by reflection from one or more of the bil
lions of  meteor trails formed daily in the 
earth ' s  atmosphere between 8 0  and 1 2 0  km . 
This channel will function in the frequency 
range of  30 to 1 2 0  MHz and for terminal 
separations of  2 0 0  to 2 0 0 0  km . Typically , a 
meteor trail with the right geometry to pro
vide reflection will be available every few 
to tens of s econds and will last a portion 
of a s econd . Although these signal dura
·tions and waiting times would be unaccept
able for analog voice , digital information 
requiring a low throughput can appear to be 
almost continuous to a user . One bene f i t  of  
a meteor-burst communication system is that 
transmis s ions are relatively secure because 
there is only a small probability that a 
second receiver would nave a s imultaneous 
and proper ly oriented trail . 

The Institute has developed a Meteor Burst 
Communications Model which is  a user- inter
active computer mode l .  The model predicts 
the waiting times required to complete the 
transfer of mes sages from a master station to 
a remote station as a function of the fre
quency , transmitter , and receiver character
istic s , system protocol , distanc e ,  time of 
year , and time of day . This model can also 
predict the waiting time s  for a network of 
stations , e . g . a master , a remote , and two 
relays , each with its own user def ined system 
parameter s . Figure 1 - 4 5  shows the model in
put and output for a transmitter and receiver 
separated by 1 3 0 0  km. The first section of 
the figure lists the input parameters that 
were entered by the user ; the s econd section 
lists the computed value s and gives a table 
of  the waiting times for seven message lengths . 
This length is the �uration of a complete 
message transfer rather than for an inter-
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rupted channel .  For example , a t  2 0 0 0  bits 
per s econd and 7 bits per character , a 2 0 0  ms 
message would contain about 6 0  characters or 
roughly one line of text . As can be seen in 
the table of waiting times , wi th a 9 9 %  reli
abi lity , the one line of  text will be rece ived 
within 1 5  s in the morning and within 42 s in 
the evening . Radio system des igners can use 
this model to deve lop system and s iting 
parameters for meteor-burst communications 
sys tems . 

Work so far on the feas ibility study has shown 
that the bur s t  transmi ss ion concept is pro�
ably mos t  useful in the land-mobile service 
where one can take advantage of  the we ll-known 
propensity for s ignal leve ls to vary s igni f i 
cantly as a mobi l e  unit moves . The usual 
system i s  des igned with a large fade margin to 
counter thi s  variab i l ity . A sys tem employing 
burst transmi s s ion can di spense wi th this fade 
m�rgin

_
and perhaps even operate on the nega

tlve s1de where it  anticipates higher than 
average s ignal leve l s . We estimate that the 
signal advantage would be between 2 0  and 4 0  
dB and that the system range might be ex
tended by a factor of  1 . 5  to 3 .  

There i s ,  o f  course , a price to pay for the 
ran�e extens ion . Usually a given message 
will not be sent immediately but wi l l  need 
to wait whi l e  the mobile unit moves to a 
suitable location . The distance required to 
find this location we call the "waiting dis
tance . "  I t  is  a random variable which is  
related to the autocorrelation function of  
received signal leve l s . Prel iminary measure
ments indicate that to gain the advantage s 
given above the system would need to wai t ,  at 
mos t ,  5 to 10 km before 9 0 %  of  the mes s ages 
would have been sent . 

-

The measurements mentioned above were made in 
the Boulder , C O ,  area at the nominal frequency 
of  50 MHz .  The configuration of one fixed and 
one mobi l e  terminal was used . Some o f  the 
data has been used to compute the location 
variabi lity ,  and there are l imited examples 
of  some time variab i l i ty .  

The needs for future work fall into two areas : 
a better unders tanding of " low-percen t "  data 
for the usual propagation mechani sms ( i . e . , 
troposcatter , e tc . ) and some study of unusual 
propagation mechanisms ( i . e . , off-path reflec
tion or ducting , etc . )  The first aspect could 
be approached by determining the weaknesses o f  
existing propagation model s . The ultimate 
terrestrial burst-transmi ss ion system or model 
should allow for some adaptability in sys tem 
protocol . This would al low the use of the 
system in a wider range of conditions . 

At the HF portion o f  the spectrum , the 
Ionospheric �ommunications Analysis Prediction 
Program ( IONCAP ) is  the most recent of the 
prediction programs developed at the Institute 
for Telecommunication Sciences ( ITS ) . The 
computer program is  an integrated sys tem o f  
subroutine s des igned t o  predict high- frequency 
(HF )  sky-wave system performance and analy z e  
ionospheric parameters . These computer- aided 
predictions may be used in the planning and 
operation of high- frequency communication 
sys tems us ing sky-waves . 



( a }  

( b )  

METEOR BUR ST COMMUNICATIONS 

INPUT PARAMETERS 

FREQUENCY 
TRANSMIT POWER 
TRANSMIT LINE LOSSES 
TRANSMIT ANTENNA OPTION 
TRANSMIT ANTENNA GAIN 
RECEIVE ANTENNA OPTION 
RECEIVE ANTENNA GAIN 
ANTENNA CIRCUIT LOSSES 
RECEIVE LINE LOSSES 
RECEIVE NOISE FIGURE 
IF BANDWIDTH 

MASTER REMOTE 
30 . 0  30 . 0  MHZ 
30 . 0  30 . 0  DBW 

2 . 0  2 . 0  DB 
GAIN GAIN 
1 5 . 0 7 . 0 DBI 
GAIN GAIN 
1 5 . 0  7 . 0 DBI 

0 . 0 0 . 0 DB 
2 . 0 2 . 0  DB 

1 0 . 0  1 0 . 0  DB 
2 . 0 2 . 0 KHZ 
3 . 0 3 . 0  DB REQ ' D  PRE-DETECTION S/ N RATIO 

LOCATION DESCRIPTION QUIET RURAL QUIET RURAL 
MESSAGE TRANSFER 
SYSTEM OVERHEAD PER BURST 
USER-DEFINED MESSAGE LENGTH 
DISTANCE BETWEEN MASTER AND REMOTE 

COMPUTED SYSTEM NOISE POWER 
MONTH OF OPERATION 

MULTIPLE BURST MODE 
83 . 0  83 . 0  MS 

75 . 0  MS 
1 1 3 1 8 .  KM 
7034 . 2  S MI 

-1 20 . 8  - 1 20 . 8 DBM 
MAY 

OUTPUT PARAMETERS 

POWER FACTOR = TRANSMIT POWER - TRANSMIT LINE LOSSES 
+ ANTENNA GAINS - ( SYSTEM NOISE POWER 
+ REQD SIGNAL-TO-NOISE RATIO ) 

THE MASTER-TO-REMOTE LINK POWER FACTOR = 1 97 . 8 DB 
THE REMOTE-TO-MASTER LINK POWER FACTOR = 1 97 . 8 DB 
THE WAITING TIME CALCULATIONS ARE BASED 
ON THE SMALLER POWER FACTOR . 

THE AVERAGE METEOR BUR ST DURATION = . 1  SEC 

COMPLETE MESSAGE TRANSFER BY MESSAGE PIECING 
ON MULTIPLE BURSTS 

LOCAL WAITING TIMES NOT EXCEEDED 
TIME FOR 99 . 00% OF THE TIME 

MIDPOINT FOR THE GIVEN MESSAGE TIME 
BETWEEN AVERAGE USER-

MASTER INTERVAL DEFINED 
AND BETWEEN 75  50  1 00 200 400 800 

REMOTE BURSTS MS MS MS MS MS MS 
1 6 00 

MS 
-------- -------- -----------------------------------------

( SEC ) ( SEC ) ( SEC ) ( SEC } ( SEC ) ( SEC ) ( SEC ) 

0 5 . 2 42 40 44 ij� �� sl 200 4 . 5 37 34 3 9  
400 4 . 3 �6 33 �� 44 56 �� 600 4 . 9  �� 49  6 3  
800 6 . 0 �� 51  60  �� 1 07 

1 000 6 . 9  g3 58 �R 1 2� 
1 200 8 . 3  g� 8n 70 1 07 1 4  
1 400  1 0 . 9 95 1 1 � 1 4 1 1 97 
1 600 1 3 . 3 1 09 1 02 1 1 3 1 3  1 7 2  23 9 
1 800 1 3  - �  1 g� 1 02 1 1 3  1 34 1 7 2  23 9 
2000 1 0 .  83 91 1 09 1 41 1 93 
2200 6 . 7 54 5 1  56 67  86 1 20 

F igure 1- 4 5 . Meteor-burst communication model input parameters ( a )  
and output parameters ( b ) . 
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( SEC ) 

1 37 
1 20 
1 1 6 
1 30 
1 58 
1 83 
221 
292 
359  
35g 
28 
1 7 9  



In the initial planning o r  in the modifi
cation of  many communication systems there 
may be an appreciable delay between the 
c ircuit planning and the actual circuit 
cons truction or mod i fication . This i s  of 
particular importance for high- frequency 
( HF )  circuits which have marked time and 
geographic variations in optimum frequency , 
required power , and system per formance . 

Predictions of ionospheric characteristics 
and techniques for u s ing the s e  characteris
tics are available and may be used to 
anticipate the performance of HF communi
cation c ircuits and thereby provide the 
lead time for neces sary equipment selec
tion , frequency s election , and frequency 
and time- sharing arrangements . 

Speci fic modeling e f forts included in the 
IONCAP program are :  

1 .  A complete explicit electron den
s ity profile . Whi le this function 
is not measurable , the integration 
of the profile  to give an ionogram 
is . These prediction ionograms 
have been checked against measure
ments . 

2 .  For oblique ray paths , Martyn ' s  
theorem has been corrected for a 
curved ionosphere . The correction 
was derived to a s sure agreement 
with full ray tracing us ing the 
s ame elec tron density profile . 

3 .  Explicit sporadic E modes have 
been added to the program . The 
mode l  is composed of subparts 
which have been der ived from and 
tested against measurements over 
the past 3 0 years .  

4 .  

5 .  

6 .  

A revi sed median loss  model has 
been created . The s ame basic 
equation i s  used , but an addition
al term is added for E modes ,  and 
a revis ion of  the collis ion fre
quency term for mode s  with reflec
tion heights within the absorbing 
region added . Also , a deviative 
loss term i s  added to high angle 
modes ( these are also an addition 
to the program) . The revis ion as 
well as the total loss equation 
was compared to field strength 
measurements . 

An MUF mode l  has been added which 
directly calculates the values 
rather than searching for the cor
rect value . The complete e lectron 
density profile  is used . The dis
tribution of  the MUF over a speci
fied month for each poss ible layer 
is now included . 

The di stribution of tranmis sion 
loss has been extended to vary 
with each operating frequency and 
with each type of mode . This al
lows the extension of stati stical 
sys tem performance upward in fre
quency . 
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Some modifications to the antenna 
model s have been made , the mos t  
significant being f o r  vertical an
tennas which are e l ectrically short . 

The complete set of model s  for long 
paths , as descr ibed above , have been 
added . 

A ma jor e f fort i s  currently in pro
gre s s  to replace all of the antenna 
models used in the I ONCAP program . 

The IONCAP program or calculations using 
the program are ava i l able f rom the Institute . 
The program has been s uppl ied to several 
foreign and domestic government agencies and 
to the private sector . 

As part of the HF Antenna S imulation pro j ect 
a s ubstantial e f fort has been devoted to

. 
the 

development of antenna model s  and a program 
code to be used with the IONCAP program . The 
maj o r  intent is to create an antenna package 
to be used with the HF s ky-wave predictions . 

Radio waves under cons ideration here have been 
reflected from the ionosphere and thus have 
traveled a cons iderable dis tance . This al lows 
the problem to be viewed as two parts : ( 1 )  the 
l?cal e f fect of  the ground at the transmitting 
s 1 te on the antenna , and ( 2 )  the local e f fect 
of  the ground at the receiving s ite on the an
tenna . Further ,  the a s s umption of  plane-wave 
reflection is j usti fied for this sky-wave case . 

The analys i s  o f  the antenna mode l s  was broken 
into two logical subdivi s ions : 

( a )  the exterior ( radiation ) problem , 
which dea l s  with the interaction of 
the antenna with the propagation 
medium; and 

( b )  the interior ( circuit )  problem, which 
deal s  with the interaction of  currents ,  
voltage , etc . , within the antenna 
system itse l f . 

The solution to the interior problem i s  imple
mented a s  precalculated curves or as measured 
curves where available . The exterior problem 
i s  implemented us ing the equations as deve l 
oped by ITS . For arrays o f  dipoles , the prac
tice of  expres s ing the array equations as that 
of the resonant dipole e l ement and a reduced 
array factor i s  used . This procedure results 
in a computer code which i s  quite stable and 
fast in running time . There are no matrix 
inversion routines nor any use of  the complex 
arithmetic routines . 

The work during thi s  year cons i s ted of deve l 
?Ping the theory and s ubprograms f o r  trave l 
lng wave antennas and of  writing a report on 
the theory and use of the antenna module . 
The traveling wave antenna analy s i s  considered 
a terminated s loping wire , terminated s loping 
V ,  the rhombic antennas , and s everal arrays of 
rhombics . The antenna report inc ludes the 
general theory of  sky-wave antenna pattern s , 
the derivation o f  the models for each antenna 
type , the use of  the computer program , and 
a�vice of  the use and l imitation of  each par
tlcular antenna type . Compari sons of computed 
patterns with published patterns are given 
where available . 



The report is intended to be documentation of  
antenna mode l s  intended for u s e  with the HF 
sky-wave sys tems performance program ( IONCAP ) . 
I t  i s  not intended to be a general antenna 
des ign guide or user ' s  handbook . The general 
antenna equations are included here and all  
radiation equations are derived her e .  Thus , 
the report could be used as a reference to 
derive equations for other wire antennas . 
The radiation r e s i s tance equations are not 
derived here but are selected from the l iter
ature . The maj or e l ements of  thi s  work are :  

( l )  A direct correlation between the 
equations and the computer code . 

( 2 )  The derivation o f  a l l  radiation pattern 
e quations and compari son with pub l i shed 
equations if  available . 

( 3 )  The clarification o f  the use o f  the 
radiation resi stance equations and 
r e ference to the ir source . 

( 4 )  The clarification o f  the norma l i zation 
of the reflection coeffic ients and their 
use with the ground reflection factor s .  
( This problem has been recurr ing for 
5 0  years . )  

( 5 )  The s impl i f ication o f  the mod e l s  for use 
with the prediction program and the 
resul tant s tabi l i ty of the computer code . 

( 6 ) The accuracy of the patterns for use 
with the prediction program. 

The chief l imitations of the work are : 

( 1 )  Those cases  when the antenna i s  p l aced 
c lose to the ground . Thi s  problem 
arises  for smooth ground s ites because 
o f  the approximation of  free space of  
perfect ground that i s  u s ed for the 
radiation resistance . For realistic 
antenna sites , local variations in the 
s ite parameters are important and can
not be included in general routines as 
p rovided here . A tab l e  of  thi s  e ffect 
for hor i zontal dipoles  over perfect 
ground i s  incl uded in the report . 

( 2 )  The u s e  o f  the models  outs ide the des ign 
l imi ts of  the antenn a .  This i s  not 
always apparent when a frequency comple
ment cover in a l arge band i s  used . 
Some attempt has been made to as sure 
that the antenna wi l l  appear to per form 
poorly outside its intended region when· 
compared to per formance within the 
d e s i gned range . But no c laim to absolute 
accuracy of  the pattern outside its 
des ign range i s  made . 

Po s s ib l e  areas o f  improvement to this work 
are , f i rs t ,  incorporation of antenna types 
not included here , and , s econd , improvements 
to the solution of  the interior problem , 
mainly radiation r e s i s tanc e s , a s  used here . 
Methods such a s  those us ing nume r i c  integra
tion and matrix invers ion techniqu e s  such as 
the three-term theory or the many method-of
moment programs are not really improvements 
to the work here but r ather are a lternative 
and s ometimes more accurate approache s .  Pat
terns generated by these methods o r  f rom 
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measurements c an , o f  course , b e  used by the 
prediction program by the precalculated 
antenna f i l e  option . 

The Ins titute for Telecommunication Sciences 
has developed a polar ionospheric model that 
can be used to speci fy and predict the s truc
ture of the high- l atitude ionosphere as part 
of  the Polar Ionospheric Modeling pro j ect . 
This model ,  and app l ications of it , have been 
described in a report by Rush et a l . , 1 9 8 2  
( NTIA Report 8 2 - 9 4 ) . Currently , the model 
is being used a s  the bas is to deve lop im
provements in the predictabil ity of the F 2  
region critical frequency , foF2 , during the 
sunrise  period in the north polar regions of  
the globe . Particular emphas i s  i s  given to 
relating d i f ferences in foF2 observed during 
the sunrise  transition in Europe to di ffer
ences observed in foF2 during the subsequent 
sunrise transition in North America . The 
ob j ective of the work is to deve lop a method 
to improve the prediction of foF 2 in the 
po lar regions around local sunrise  that i s  
based upon observations of  foF 2 ascertained 
at remote locations . In FY8 2  a method was 
developed that allowed for the incorporation 
of certain high latitude ionospheric features 
into the IONCAP HF prediction program . 

Ionospheric predictions programs have been 
developed at ITS and are wide ly used for pre
diction of radio propagation characteri stics . 
The currently used methods rely on numerical 
coe ffic ients to specify ionospheric parameters 
which can be both s low and cos tly in evalua
tion . Also , the current methods do not in
clude ground-to-air HF communications . A 
program has been created that requires less  
cos t  and includes ground-to-air predictions 
as part of  the Ground-Air Propagation pro j e c t .  

The general approach to economi zing the oper
ating speeds of the HF predictions program 
HFMUFES was to precalculate as many parameters 
as pos sible for a given area o f  interes t . The 
ionospheric parameters such as foF 2 , h ' F 2 , 
fOES , etc . , were precalculated for a grid of 
points which would encompass all  the path con
trol points . Then for any communications link 
whos e  control points fall ins ide this gri d ,  a 
linear interpol ation i s  done to get the iono
spheric parame ters . This e l iminates the 
necess ity for evaluating large numerical 
series and reduces the cost of  calculating 
communications path performance . A l so pre
calculated were the statistics associated with 
the parameters used to characterize the iono
spheric communication path . 

The ground-to-air communications capability is 
based on a ground-air program deve loped at 
ITS , and i s  currently used in MF predictions . 
The initial model required a rather l arge 
memory a s s ignment , and execution time for a 
given communications link was unacceptable . 
To achieve the program s i ze and speed , the 
fol lowing procedure was deve loped . Loss curves 
were plotted in the range of  2 MHz to 30 MHz 
for 0 km to 2 0 0 0  km . These plots were made 
for antenna heights from 1 m to 50 km , a fixed 
antenna type ( vertical ) and ground cons tants 
( conductivity = . 0 0 5  MHO/meter , dielectric 
constant relative to free space - 1 0 . 0 ) .  



Numerical equations were fit to the plotted 
curves and the coefficients of  thes e  equations 
were placed in a subprogram for evaluation . 
For a given antenna height , frequency , and 
d i stance , a linear interpolation between co
e f f icients is done , and the resulting coef
ficients are evaluated for the ground-to-air 
los s .  

Us ing the original programs and the methods 
developed under thi s proj ect , a compari son was 
made to a s s e s s  the accuracy degradation . In 
the ionospheric predictions section , us ing a 
4 degrees in latitude , and 5 degrees in longi
tude grid , the differences were l e s s  than 1 0 %  
in  the areas the program was tested . One 
would expect the largest errors in a geo
graphical area where the parameter gradients 
were s teep and parabolic in shape . To compen
sate for this pos sibi lity , the density may be 
varied thus reducing the error to an accept
able leve l . The ground-to-air port ion of the 
predictions were tested over dif ferent ranges 
of  height , distance , and frequency . The errors 
observed over the ranges of  the test were less 
than 1 0 %  and it appeared that thi s would be 
con s i stent across  the ranges of applicability .  
The time enhancement for the shortened mode 
was approximately a 1 0  to 1 increase in speed 
over the old model and this was con s i s tent for 
all l engths of  paths tested . 

Because o f  the heavy reliance in HF propaga
tion prediction programs on numerical coef
f icients to represent the ionospheric para
meters ,  the Institute i s  undertaking a pro
gram to improve the accuracy of these coe f
ficients a s  part of the Ionospheric Mapping 
proj ect.  The numerical coefficients provide 
global maps of  specific ionospheric parameters . 
Maps of monthly median ionosperhic parameters 
valid for the entire globe form the basis for 
a number of  empirical and statistical models 
o f  the ionospheric e lectron dens ity .  The 
accur acy of such models is therefore tied 
d irectly to the accuracy of  the maps of  the 
ionospheric parameters . Maps of the critical 
f requency of  the E region , foE , the critical 
frequency of  the Fl  region , foFl , aad the 
critical frequency of the F2 region , foF2 
have been employed in one form or another 
to determine ionospheric s tructure ,  HF prop
agation conditions , and trans ionospheric 
propagation factor s .  Stud ies have been re
ported descr ibing how the global maps of 
monthly median ionospher ic parameters can be 
modif ied with daily ionospheric observations 
in order to more realistically represent the 
daily variations in ionospheric s t�ucture . 

The global maps of ionospheric parameters are 
generated from numerical coefficients obtained 
by performing a spherical harmonic analysis 
on observed monthly median values of  foE , 
foFl , and foF 2 . The resultant accuracy of 
the maps i s  dependent upon the geographical 
distr ibution of  the data that were used in 
the generation of the coefficients . The data , 
foE , feEl , and for foF 2 ,  that were used in 
developing the global maps were obtained from 
between 1 0 0  and 1 5 0  vertical incidence iono
sonde s tations that operated throughout the 
worl d .  These s tations provided observations 
that permit a reasonably accurate map of the 
ionospheric parameters at these locations for 
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which data were available . A t  locations for 
which data were nonexi stent , such as for 
ocean areas , the accuracy of  the maps i s  
questionable . 

It has long been appreci ated that the uncer
tainties in the maps of foF 2 are the l argest 
source of  potential error in any ionospheric 
model that utilizes global maps of  median 
ionospheric parameters . This i s  due princi
pally to the fact that the F 2  region i s  the 
mos t  variable of the ionospheric regions dis
playing large changes on both temporal and 
spatial s c ales . The var iations in the F 2  
region are the mani fes tation o f  complex inter
actions between neutral and ion i z ed constitu
ents at ionospheric heights , the dependence 
of  F2 region phenomena upon the geomagnetic 
field , and the influence of  the magnetosphere 
on the ionosphere . The var iability of the 
F 2  region renders it d i ff icult to extrapolate 
observations of  foF 2 at one location to 
another location with a degree of accuracy 
that is commen:mrate with e xtrapo lation pro
cedures employed for the E and Fl regions . 
In order to recti fy thi s  s i tuation somewhat , 
it was decided to employ a theoretical mode l 
of the ionosphere to generate values o f  the 
F2 region cri tical frequency in low and mid
lati tude parts of the world where obs e rva
tions of  foF2 are unavailable . The values of 
foF 2 determined from the theoretical model 
were then combined with actual observations 
of foF2 and , in some instance s , with values 
of  foF 2 determined from the exi sting s ets of 
coe fficients . These data then formed the 
basis for re-generating the numerical coeffi
cients that yield global maps of  the F2  
region critical frequency for spec i fic months . 
The resultant maps provide a means to s pec i fy 
foF 2 on a global basis that i s  cons i stent 
with observation and with the phy s ical under
s tanding about the s tructures of  the low and 
mid- latitude F2 region and the causes of its 
large-scale variations . 

F igure 1 - 4 6  shows how wel l  the theoretical 
mode l  can be made to fit median measurements 
of foF 2 observed at Auckland , New Zealand , in 
September 1 9 7 8 .  The detai l s  of  the mapping 
work have been publi shed in a report by Rush 
et al . , NTIA Report 8 2 - 9 3 ,  and will also appear 
in Radio Science . 

It i s  often useful to have ionospheric propa
gation predictions pre sented in a form to 
a s s i s t  in the es timate o f  geographic coverage 
of a given frequency at a given time and with 
a spec ific  antenn a .  Predictions such as the 
�1UF , c ircuit reliability , s i gnal-to-no i s e  
ratio , and median f ield s trength could a i d  H F  
broadcasters and others i f  pre s ented in a geo
graphic latitude- longitude matrix display for 
specif ied areas of  the world . The work 
reported here is the result of  the Area Cover
age HF Prediction proj ect to develop such a 
geographic latitude-longitude display of iono
spheric propagation predictions . 

The task cons i s ted of deve lopment o f  a pro
cedure to generate a geographic area coverage 
representation of ionospheric characteristics  
given a specific  area .  The area i s  identi
f i ed by e ither a code which targets a pre
def ined geographic area or by speci fication 
of  the latitude and longitude boundaries of 
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the area.  The ionospheric propagation pre
dictions are computed at the boundary loca
tions of  the grid and at incremental loca
tions within the grid . The area coverage 
representation consists of the display of  
these predictions on a matrix grid for  each 
frequency and each hour for a spec i fied month 
and antenna . The area coverage representa
tion , therefore , consists of the predictions 
of several point-to-point communication paths 
on a rectangular grid . 

The implementation allows the flexibility to 
identify the construction of rectangular 
grids where : ( 1 )  a specific transmitter 
location is used to communicate with each 
receiver location on the grid , ( 2 )  each 
location on the grid is considered a trans
mitter and is  used to communicate with a 
specific receiver location.  

IONCAP program is  used to compute the iono
spheric propagation predictions for this ef
fort . The procedure consists of  development 
of a processor to generate the input to the 
IONCAP program based on the specific  grid to 
be constructed and a proces sor to generate 
the geographic  grid from the IONCAP predic
tions . There are distinct advantages to this 
procedur e .  The IONCAP program is  a point-to
point communications program and does not 
directly construct area coverage grids . The 
input processor generates the geographical 
area as a set of  point-to-point communication 
paths that IONCAP can use without maj or modi
fication to the IONCAP program. The IONCAP 
program is utili zed more effectively by eval
uating a particular point-to-point path at all 
specified hours and frequencies rather than 
all point-to-point paths at a s ingle hour and 
frequency . It i s  also more efficient to 
compute all des ired propagation predictions 
( i . e .  Maximum Usable Frequency (MUF ) , f ield
strength , and s ignal-to-noise ratio ) for a 
particular path rather than the prediction of 
each parameter for all  paths . That is  to 
say , the IONCAP program does not compute the 
predictions in the same order as is needed by 
the geographical area coverage mode l .  The 
output processor , therefore , reads the IONCAP 
predictions and generates the desired area 
coverage grid . 

A procedural flow diagram of  the area coverage 
model is represented in Figure 1- 4 7 .  

There have been several extens ions to the 
bas ic area coverage model made at the request 
of  the sponsoring agency . These modifications 
and extensions include : ( 1 )  An error detec
tion capabi lity to detect user input errors 
and issue an appropriate diagnostic s . ( 2 )  
Multiple output option extension to allow the 
user the capabi lity to obtain several differ
ent output types without recalculating pre
dicted values . ( 3 )  Multiple frequency exten
sion to allow the user the capability to 
analyze a particular area coverage grid at 
several frequencies during the same computer 
run . ( 4 )  Multiple hour extension to allow 
the user to evaluate diurnal coverage capabil
ity in the same computer run . ( 5 )  Evaluation 
of constraints that restrict the maximum 
number o f  l atitude and longitude locations 
within the grid and restrict the number of 
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output option , frequency , and time permuta
tions . 

The Institute continued work on the develop
ment of a new MF propagation model in FY8 2  
u�der the MF Propagation Studies pro ject .  The 
h1gher power AM stations south of the u .  s .  
border have caused interference to some U . S .  
AM b�oa?cast stations . Current accepted 
pred1ct1on models  tend to underestimate f ield 
strengths in the Wes tern Hemisphere . To 
remedy this , the Institute in cooperation with 
the Federal Communications Commission estab
lished M� monitoring s ites at Cabo Roj o ,  
Puerto R1co , to actually observe s ignals  from 
the more southerly South American s tations . 
This  capability provides data with sky-wave 
ref�ection P?ints below 3 0 °  north geomagnetic 
�at1tude� whlch , in the long term, will yield 
1nformat1?n so �hat the e ffects of frequency , 
geomagnet1c lat1tude , ionospheric loss , and 
solar activity on the performance of long 
di�tan�e MF s ignals can be properly evaluated . 
Th1s , 1n turn , would lead to a real istic MF 
sky-wave prediction model . 

At the field sites , sky-wave s ignals  from sev
eral South American AM stations are being 
observed on highly directional Beverage anten
nas : ?nly s torage tapes are being shipped 
P7r10d1cally to the Institute for analysis . 
F1gure 1- 4 8  shows a typical plot of field 
strength ( dBu ) versus local time by consecu
tive monitoring day (midsummer ) at the Cabo 
Roj o site . By using an antenna model devel
oped by the Lawrence Livermore Laboratories 
and on-site field strength readings of  known 
tr�nsmissions , observed AGC readings are 
b71ng transformed into field strength values . 
F1gure 1 - 4 9  shows the horizontal antenna 
pattern� an angle of arrival of 7 ° . The 
Beverage antenna moni toring the signals  i s  
shown in the previous Figure 1- 4 8 .  The 
o�f-base site angle is 1 4 °  for the particular 
s1gnals .  

�TIA Report 8 2 - 1 9  entitled "Fading S ignals  
1n the MF Band" was written by A . D .  Spaulding . 
This  report develops methods that can be used 
to assess  the interference potential to u . s .  
MF operations from emitters outside the u . s .  
In this repor t ,  computer algorithms are devel
o�ed �hie� determine the actual overall fading 
d1str1but1on of  one or a combination of  two 
fadin� si�nals , when the short-term fading of  
each 1s  g1ven by  a Raleigh distribution and 
the long term fading of median values is given 
by a l?g-normal distribution . Also , a s imple  
a�prox1mate means of  determining the distribu
tlon of the median value of a signal given by 
the sum of any number of fading signals  is  
developed . As an  example , Figure 1 - 5 0  shows 
the cumulative distribution resulting from two 
signals , both with the same mean and both with 
a 6 dB fading range . The distribution for one 
signal with the same mean and fading range is 
given for comparison . Also shown is  the 
d�stribution resulting from two signals ,  one 
Wlth a mean 1 0  dB below the other and with the 
larger s ignal having a 6 dB fading range and 
the smaller s ignal a 1 2  dB fading range . 

Further theoretical research was carried out 
with application to through-the-earth communi
cation with trapped miners in the ELF and VLF 
bands as part of  the Subsurface EM Waves pro-
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j ect . Extens ions to earlier work were made 
in the areas of inter ference from atmospheric 
noise and improved modeling of earth attenua
tion.  The properties of the vertical magnetic 
field component of atmospheric noise have not 
been previous ly well understood , and this is 
the dominant interferer in transmis s ion be
tween hori zontal loop s .  Several theoretical 
models were analyzed in an attempt to explain 
the magnitude , frequency dependence , and 
spatial properties of vertical magnetic noi se . 
The attenuation o f  through- the-earth signal s  
as predicted previously b y  a homogeneous 
earth model is not in good agreement with 
recent transmi s s ion experiments by the Bureau 
of Mines . A two- layer model with high con
ductivity at the surface was analyzed and 
found to be in better agreement with exper i
mental data . 

The Institute for Te lecommunication Sciences 
has played a major ro le over the years in 
various aspects related to ionospheric modi
f ication by h igh-powered HF radio waves . 
The Plattevi l l e  high-powered HF fac i l i ty , 
owned and operated by ITS , was the first 
facility to be used to demons trate the impact 
o f  h igh-power HF radio waves on the structure 
o f the ionosphere . In recent years , the 
ionospher ic modi fication program at the 
Institute has emphas i zed the role played by 
ionospheric modi f ication of the performance 
of ionospheric-dependent telecommunication 
sys tems as part of the Ionospheric Heating 
pro j e c t .  Speci f i c  s tudies are being under
taken to determine the degree that lrregu
larities in the ionospheric e lectron dens i ty 
resulting from high-power HF radio waves 
influence HF , VHF , and UHF radio wave inci
dent upon the irregularity regio n .  Emphas is 
i s  being given to assessing the pertinent 
geometrical dependenc ies between the geomag
netic field configuration and the location of 
the ionospheric irregularities relative to 
transmitter and receiver locations in ground
based telecommunication systems . The program 
of s tudy is being undertaken to determine the 
degree of inter ference to terres trial systems 
that can result from irregularities in the 
ionosphere c reated by both man-made and nat
ural methods . 

1 . 4 . 3 .  Applications o f  Propagation Predictions 

Numerous studies have been undertaken by ITS 
to apply the knowledge gained from the experi
mental studies and the propagation prediction 
techniques developed over the years to spec i� 
fie telecommunication system per formance 
i s sue s . 

The pro j ect Ground Wave Measurements in the 
HF Band represents the prel iminary planning 
and-re8earch needed to initiate a measurement 
p rogram for the Defense Nuclear Agenc y .  Thi s 
proj e c t  i s  a companion to another which in
volves the development of a new theoretical 
prediction method and its implementation in a 
computer program. The theoretical work i s  
actually a n  extens ion t o  a n  existing ground 
wave propagation model-program WAGNER .  

Ground wave prediction methods that are based 
on the smooth earth as sumption are adequate 
for most needs at MF and lower frequencies . 
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When higher frequenc ies are o f  interest ter
rain �eatures and path inhomogeniety ca� be 
very lmportant . The analytical solution of 
�round wave propagation over irregular and 
lnhomogeneous terrain is impo s s ible because 
the sur face of the earth cannot be described 
by some function . The solution to this prob
lem must rely on numerical techniques . Pro
gram WAGNER represents one of these solutions · 
it i s  based on an integral equation formation ' 
of the problem. As long as the elevation 
chang� is  not too abrupt nor the frequency 
too h lgh , WAGNER can predict the transmis s ion 
loss  over reali s tic , irregular , and inhomo
geneous terrain . 

The extens ion to the program WAGNER ( the 
companion pro j ec t )  i s  the inc lus ion of a s lab 
over the ground that can have a conductivity 
and permittivity different from the ground . 
The purpose of the s lab i s  to permit the 
modeling of sections of fore s t ,  urban areas , 
or snow cover on a path . 

There �s very l i ttle collective experience 
regardlng ground wave propagation at HF s ince 
it  is an unco�on app l ication . HF is usually 
chosen for medlum- to long-range communica
tions u�ing sky wave modes of propagation . 
The cholce of ground wave l imits the range to 
r�l atively short dis tances , such as a hundred 
kll�meters ; but this is the intended appli
catlon . As noted earlier,  the irregularity 
and inhomogeneity are importan t ,  so program 
WAGNER appears to be the best approach to the 
solution of radio engineering problems us ing 
HF ground wave . Before WAGNER can be con
sidered fully useful for thi s  appl ication and 
to be sure that the new s lab feature is co
rec t , validation measurements are needed . 
That is the primary purpose o f  the HF ground 
wave measurements . A secondary purpose is to 
develop some engineering guide lines that 
involve the application of WAGNER where a s l ab 
is needed . For example , how thick a s l ab and 
what values of conductivity and permittivity 
should be used to model the urban section of 
some path . 

The bas ic information needed from a measure
ment program is the field s trength versus dis
tance along a radial centered on the transmit
ter . In addition , for selected distances on 
some of the measurement paths , height-gain 
measurements are cons idered es sentia l .  This 
is  a measurement o f  the field strength versus 
height and will be important information when 
comparing predictions and measurements 
especially in a s lab . A minimum set of path 
�ypes that should be measured are given below 
ln Table 1 - 9 . These paths will probably be 
located in both the United States and Germany . 

Table 1-9 . A Minimum Set of HF Ground Wave 
Measurement Paths 

1 )  relative ly smooth and flat , 
2 )  similar to 1 ,  but with an urban 

section , 
3 )  smooth to rolling with complete 

forest cover , 
4 )  similar to 3 ,  but partial forest 

cover , 
5 )  rough with a fore st section , 



6 )  

7 )  

8 )  

smooth to roll ing open ground , 

same path as 6 , but with snow 
cover , and 

rough open ground with s now cover . 

The methods o f  making the des ired ground wave 
measurements as wel l as the need for ground 
conductivity and permi ttivity mea surements 
have been e xamined thi s  year . 

The field strength measurements will require 
the discrimination o f  the ground wave and sky 
wave modes of propagation.  One technique that 
has been chosen is to measure the angle o f  
arrival o f  the t e s t  s ignal . This wil l  require 
a soph i sticated receiving antenna . The receiv
ing system will include a microproces sor for 
control and data recording to al low increased 
measurement capabi l ity . The bit error rate 
will be recorded a long with the field s trength 
by us ing a known pseudo- random- s equence . Four 
frequencies wi l l  be measured simul taneously . 

There are a variety o f  methods avai lable to 
measure the ground conductivity and permit
tivity . None o f  them i s  cons idered as a 
s tandard nor are they a l l  applicable in thi s  
cas e .  The method chosen must be independent 
of the propagating wave used for the field 
strength measurement , but the results must be 
valid for the exact frequency used . The 
method or measurement chosen must be rel iable 
at HF . Thes e  requirements el iminate a l l  but 
the wave-tilt and the two- loop mutual 
impedance techniques . 

The VOA HF Propagation S tudies pro j ec t  has 
provided support to the Voice o f  America (VOA) 
in the areas of HF propagation predictions and 
operational s tudies for a number o f  years . 
This support has continued through thi s  year . 
The Institute has provided circuit performance 
predictions for over 1 8 0  VOA broadcast cir
cuits . These predictions are used by the 
Voice of America in the scheduling of frequen
cies for broadcasts . In addition , the Insti
tute sti l l  provides VOA with remote access to 
its computer programs that are used to deter
mine HF propagation condi tions . 

Specific studies have been undertaken by the 
Institute in support of Voice of America prep
aration for the 1 9 8 4  HF Broadcasting WARC . 
Sky-wave predictions were used in our s tudy to 
determine the optimc l seasonal and solar-acti
vity epoch groupings for use in the develop
ment of high - frequency broadcast schedules . 
The results indicated that the current s ea
sonal schedule i s  optimum as far a s  seasonal 
grouping i s  concerned . A study was also under
taken to determine the number o f  frequencies 
required to cover a given broadcast area . The 
results were publi s hed in NTIA Technical Memo
random 8 2 - 7 5 .  Table 1 - 1 0  provides a typical 
summary found in the Memorandum. Typical ly , 
it was found that , for 8 0 %  of the time , one 
frequency can serve an entire area . Two fre
quencies are needed 1 8 %  o f  the time and three 
frequencies are needed only 2% of the time . 
The times at which more than one frequency i s  
required f o r  broadcast coverage corre spond 
invariably to times of maximum sunl ight on 
the radio c i rcuit o� when a trans ition occurs 
between the transmitter s ite and the area 
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involved . These results were determined under 
the assumption o f  a cons tant gain antenna of 
1 5  dB . Results of s tudies us j ng more realistic 
antenna configurations are to be descr ibed in 
a separate publ ication . 

Table 1 - 1 0 . Frequency With The Highe s t  
Re liability ( R )  And The Range Of F requenc ies 
With Re liabi lities  Greater Than 0 . 9 5 For 
Broadcast Transmi s s ion From Tehran to CIRAF 
Z one 29 During December , Solar Min imum And 
Solar Maximum Conditions 

Tehran to Zone 2 9  

December Solar Min imum 

UT Frequency with Range of Frequenc ies 
Highest R ( :.t:_O . O l )  With R > 0 . 9 5 

0 2  3 . 9  3 .  9 - 4 .  8 
0 4  7 . 2  3 .  9 - 7 .  2 
0 6 l l .  8 9 .  6 - l l . 8 
0 8  1 1 . 8 7 .  2 - 1 5 . 3  
1 0  1 1 . 8  7 . 2  - l l . 8 
1 2  ll . 8 6 . 1  - l l .  8 
14  9 . 6  3 .  9 - 9 .  6 
1 6  4 .  8 3 .  9 - 4 .  8 
1 8  3 . 9  3 .  9 - 4 .  8 
2 0  4 .  8 3 .  9 - 4 .  8 
2 2  4 .  8 3 .  9 - 6 . 1  
2 4  4 .  8 3 .  9 - 6 . 1  

0 2  4 .  8 3 .  9 - 4 .  8 
0 4  9 . 6  3 .  9 - 9 .  6 
0 6  1 5 . 3  9 . 6  - 1 7 . 8  
0 8  1 7 . 8  9 .  6 - 1 7 . 8  
1 0  1 7 . 8  9 .  6 - 1 7 . 8  
12  1 5 . 3  7 .  2 - 1 7 . 8  
1 4  1 1 . 8  3 .  9 - 1 1 . 8  
1 6  7 . 2  3 .  9 - 7 . 2  
1 8  4 .  8 3 . 9  - 6 . 1  
2 0  6 . 1  3 .  9 - 6 . 1  
2 2  7 . 2  3 .  9 - 7 .  2 
2 4  6 . 1  3 .  9 - 6 . l  

As a result o f  actions taken at the General 
Wor ld Admin i strative Radio Conference o f  1 9 7 9 , 
A world Adminis trative Radio Conference ( WARC ) 
deal ing with HF broadcas ting will take place . 
The purpose o f  t.he HF Broadcast ing WARC wi l l  
b e  to plan and deve lop p rocedures to more 
e ffective ly u t i l i ze the HF spectrum for broad
cas ting purpose s .  The Conference wil l  be 
held in two s e s sions , the first to begin in 
early 1 9 8 4 . 

Telecommunications operations in ·the high 
frequency ( H F )  portion o f  the spectrum are 
directed toward international broadcas ting by 
many Adminis trations in the world . In  the 
United States , in particular , international 
broadcas ting by short-waves (HF) is an inte
gral part o f  the foreign pol icy . The out
comes o f  the HF Broadcas ting )'/ARC are of 
vital concern to the United States . In order 
to assure that U . S .  pos itions at the HF 
Broadcasting WARC are based on sound techni
cal deci s ions , the Institute i s  developing 
an automated method to ass ign HF frequenc i e s  
f o r  broadcas ting purpo s e s  under the HF Broad
casting WARC pro j ect that supports  NTI A ,  VOA , 
and the Board for International Broadcasting . 



The procedure that i s  being developed will 
al low studies of trade-offs between such 
aspects as power required and protection 
ratio to effect broadcast operations to be 
s imulated using the best avai lable informa
tion . 

The U . S .  Coast Guard Consulting proj ec t  pro
vides " quick reaction" radio propagation pre
dictions and short-term studies as needed by 
the Coast Guard for the operation of their 
larg� network of HF and VHF communication 
systems . In addition , seasonal propagation 
charts are provided at regular interva l s  to 
help support the AMVER (Automated Mutual
Assi stance VEs s e l  Rescue ) program . These pre
diction charts are di stributed to the many 
AMVER participants to aid them in choos ing the 
best frequency and Coast Guard communication 
s tation with which to log their AMVER reports . 

One o f  the special s tudies begun last y ear and 
continued through this year involves coverage 
problems along the Tennessee River in the 
Second U . S .  Coast Guard Distric t .  Several of 
the VHF s ites used for communication with 
vessels on the river do not perform wel l .  The 
result is that several sections of the river 
are not covered . So far the Institute has 
provided some specific path predictions and 
topographic in formation . Thi s  year , a method 
of computing the bas ic transmi s s ion loss 
between a fixed s ite and a river section has 
been developed . The result is a plot o f  the 
basic transmi s s ion loss as a function of pos i 
tion a long some locus ( in this case a r iver 
section) . F igure 1 - 5 1  is a map o f  the Tennes
see River with two " problem" sections indi
cated as A and B .  Then in Figure l - 5 2  is  an 
example of our computations�his graph shows 
the basic transmiss ion loss for the first 5 0  
km of section A ( zero is  a t  the north end o f  
the section) . 

Propagation at or near vertical inc idence 
presents a d i f ficult antenna des ign problem 
due to the relative low frequency required 
for skywave communications at short d i stance 
and the desire to operate us ing antenna s  a s  
small as pos s ible . The analyses performed 
under thi s  e f fort will provide the necessary 
antenna des ign to provide the required system 
reliab i l i ty . This work is being undertaken as 
part o f  the Near Vertical Inc ident Skywave 
(NVIS )  Performance pro ject that directly s �p

ports the U . S .  Army Communication Electronic 
Engineering Instal lation Agency . 

U s ing an antenna description and gain profile 
from a report by Harold Tolles ( " A Short Low 
Profile Antenna for 1 . 5 to 4 . 1  MHz Frequency 
Communications , "  Technical Report EMEO-PED-
7 9-6 , August 1 9 7 9 ) , an antenna gai n  file  was 
created for input to the Ionospheric Communi
cations Analyses and Predictions ( IONCAP ) 
program . A model of the antenna was con
s truc ted and used to establ ish a re ference 
point relative to the gain pattern de scribed 
in the above repo r t .  Also an antenna gain 
f i le for input to IONCAP describing a hal f
wave d ipo le at heights o f  1 0  meters or one
quarter wavelength (whichever is  smaller ) was 
created . The IONCAP program was then run for 
typical Army operational circuits . An example 
i s  central Europe , path lengths 40 to 4 0 0  km , 
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a l l  hours and months , and frequencies from 2 
MHz to 6 MHz .  An asses sment of the values 
returned from IONCAP was made with emphas i s  
o n  circuit reliabi l i ty and s ignal-to-noise 
ratio . 

Also included in this proj ect is a task that 
will give the users of IONCAP the abi l i tv to 
have many input and output formats witho�t 
rerunning the IONCAP program . The output 
portion of the task required the generation 
of a structured computer file which would 
allow acce s s  by an output program . An inter
active output program was generated which 
takes requests from the user and acce s ses the 
above file and outputs the " information " in 
the pre scribed format . 

The development and implementation of a pro
cessor to generate input to the ( IONCAP ) pro
gram provides the methodology for individuals 
to interface with the IONCAP program developed 
by ITS . Speci fically , the user will respond 
to a sequence of detai led questions presented 
by the interactive proces[ �r . The inter
active proces sbr will have the capabil ity of 
evaluating the user ' s  responses by checking 
for pos s ible incons i s tenc ies and requesting 
the user to submit a new response to a ques
tion if an inconsis tency is  detected . The 
processor will also have the capability of 
providing a s s i s tance to the user should the 
user have difficulties responding to the 
questions presented . The interactive proces
sor will convert the user responses into the 
appropriate IONCAP card image input . 

A knowledge of service and interference ranges 
associated with existing and future air navi
gation aids is  an important part of the FAA ' s  
spectrum p lanning effort . Coverage , inter
ference , and propagation prediction capab i l 
ities developed b y  NTIA a s  part of the Air 
Navigation Aids pro j ect are uti li zed to pro
vide much of this information . 

In recent years much of this effort has in
volved the VHF-UHF range , but this past year 
most of the work has been in the LF-MF range . 
Many computations ·t�ere done to aid in the 
preparation of a new handbook for the non
directional beacons . Along with this ef fort 
a sky-wave program was combined with a ground 
wave program to produce tables of di s tances 
at which the t�o components are equal and , 
also , where the ground wave exceeded the sky
wave by 10 dB . A report was written explain
ing the methods used and the various parameters 
that were included . The FAA is publi shing 
the report . 

Two further tasks are currently under way : 

( 1 )  Production o f  computer generated propa
gation and interference predictions as 
requested by the FAA . These wil l  in
clude , among others , the Microwave Land
ing System (MLS ) , the Butler DME , the 
Wilcox DME , and the Area VOT . 

( 2 )  Ongoing comparisons o f  predictions with 
exper imental data and with other models . 

The Technical Support/Propagation and Spec
trum Engineering pro j ec t  was establi shed as 
a consulting and advisory activity to the 
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F igure 1- 5 1 .  The Tennes see River and the exi sting VHF high-level s i te s . 
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Federal Aviation Admini stration ( FAA) , with 
respect to frequency planning and management 
in the aeronautical frequency bands . Spec ific 
i s sues related to actions of the World Admin
i strative Advisory Conference (WARC ) were 
s tudied , and several informal letter reports 
were i ssued to the FAA . 

The initial work on this pro j ect resulted in 
the publication of " An atlas of basic trans
miss ion loss for 0 . 1 2 5  to 1 5 . 5  GHz "  by M. E .  
Johnson and G .  D .  Gierhar t ,  FAA Report No . 
FAA-RD- 8 0 - 1 , August 1 9 8 0 . Based on this work 
and subsequent analyses ,  a rev i s ion of CCIR 
Recommendation 5 2 8  entitled " VHF , UHF and SHF 
propagation Curves for Aeronautical Mobile 
Servic e "  was prepared and submitted to U . S .  
S tudy Group 5 .  The proj ect was completed in 
November 1 9 8 1 . 

The Bureau o f  Reclamation Telecommunication 
Analysis  Services pro j ect allows Bureau of 
Rec lamation telecommunication planners to use 
avai lable time - share computer programs at ITS . 
The programs are use ful for making radio prop
agation predictions us ing Bureau of Reclama
tion parameters such as transmitter and 
receiver location coordinates ,  antenna heights 
and gains , transmitter power , receiver sensi
tivity , and des ired communications reliabil ity . 
By uti l i z ing the programs , the Bureau of 
Recl amation can optimi ze the s iting o f  their 
radio sys tems and analy ze trade-offs between 
transmitter power , antenna gain , e tc . 

7 9  





CHAPTER 2 .  SYSTEMS AND NETWORKS 

The Systems and Networks program subelement 
is a combina tion of the Systems Engineer ing
Evaluation and the Advanced Communication 
Networks subelements reported in the previous 
annual repor t .  The obj ectives of thi s over
all subelement are : 

( 1 )  to provide system-oriented studies 
that are user-oriented where the 
user is a Federal mi ss ion agency ; 

( 2 )  conduct programs of appl ied research 
and qnalysis  of advanced communica
tion systems and networks in support 
of NTIA and other Federal agency 
requirements .  

SECTION 2 . 1 .  SYSTEMS ENGINEERING DES IGN 
AND PERFORMANCE EVALUATION 

The obj ective of this program subelement is 
to provide system engineering stud ies that 
are user -oriented where the user is the 
Federal miss ion agency . The studies are 
generally directed toward def ining system 
requirements , system des ign and evaluation , 
cost trade-of f ,  development of performance 
criteria or standards , and user-acceptance 
criteria . The eng ineer ing work needed to 
carry out these studies takes the form of 
analyses , measurements , and performance 
evaluations with the results publi shed in 
NTIA reports or , when applicable , in tech
nical j ourna l s . Federa l agencies use the 
results in planning , des igning , specifying , 
procuring , leasing , and operating telecom
munication systems . 

Section 2 . 1 . 1 .  addresses those pro j ects which 
are categori zed as terrestrial radio system 
performance and monitoring studies and tests ; 
Section 2 . 1 . 2 .  presents those pro j ects which 
deal with communication systems and services 
engineering ; and section 2 . 1 . 3 . deals with 
the standards activities . 

2 . 1 . 1 .  Terrestrial Radio System Per formance 
and Monitor ing S tudies and Tests 

This activity is  directed toward the de sign , 
eva luation , acceptance ,  operation , and upgrad
ing of exi s t ing or proposed radio systems 
operated by the Federal Government . The 
proj ects generally result in recommendations 
for system design changes and/or system 
upgrading or for new monitor ing and control 
methods . 

Wideband Radio Over-the-Hori zon Link Des ign . 
To improve the effic iency of des igning beyond
the-hori zon radio l inks , ITS will  provide an 
automated , interactive set of desk- top
computer programs which wi ll  permit workers 
with moderate skill levels to perform the 
calculations necessary for the des ign of 
beyond-the-hori zon microwave links for both 
FM/FDM and PCM/TDM systems . The programs are 
to be provided with documentation which wi l l  
permit them to b e  ea s i ly operated , unders tood , 
modif ied , and updated . 

The models used cover beyond- the- hori zon 
l inks operating between 4 0  MH z and 10 GH z .  

8 1  

The models will  not cover any o f  the iono
spheric modes which are occasionally opera
tive at the lower end of this frequency 
range . The programs will  not cover mixed 
modes of radio propagation such as are ob
served in cases where di ffraction and tropo
spheric scatter modes occur alternately or at 
the same time . 

To achieve the obj ectives , four maj or tasks 
were undertaken : 

1 .  Appropriate engineering models were 
found . 

2 .  Design of the basic architecture of the 
sof tware was prepared . 

3 .  Component programs were developed and 
tested . 

4 .  Programmer and operator documentation 
was prepared . 

The programs are being written in HPL for a 
desktop computer with 4 8  ki lobytes of working 
memory . The peripheral equipment consists of 
a f lexible disk drive , a printer , and a 
plotter . 

Some of the calculations done by this sof t
ware fall into the following categories : 

1 .  Earth Geometry 

2 .  Path Profile and Ray Paths 

3 .  Terrain Reflection 

4 .  Single Obstacle Diffraction 

5 .  Rounded Obstacle Di ffraction 

6 .  Multiple Obstacle Dif fraction 

7 .  Smooth Earth Dif fraction 

8 .  Irregular Terrain Diffraction 

9 .  Tropospheric S catter 

1 0 . Path Los s Vari ab i l ity 

11 . Equipment S i zing and Divers ity 
Conf iguration 

12 . FM/FDM Channe l Qual ity anc 
Unava i labi l i ty 

1 3 . PCM/TDM Channel Qual ity and 
Unavailab i l i ty 

The proj ect is sponsored by USA CEEIA and i s  
approximately 8 0 %  complete . 

Automated Performance Predictions for Mixed 
MOde Links . In the operation of near-line
of-sight and beyond-the-hori zon microwave 
links , performance may be determined by more 
than one mode of radio wave propagation . 
This may come about as the result of a com
plete change from one mode to another or from 
two or more mode s  existing simultaneously . 
For example , a normally l ine-of-s ight link 
could become a dif fraction or scatter link or 



vice-versa , as a result of changes in refrac
tivity gradient and effec tive earth radiu s . 
The obj ec tive of this pro j ec t  i s  to use the 
d i s tribution of the apparent earth ' s  radii 
for a given area a s  the data ba se for the 
a lgorithms used to calculate link perform
ance . The algor ithms and data ba se wil l  be 
u sed to prepare computer programs and docu
ment them . 

To obtain a better estimate of the long-term 
variabi lity transmis sion loss over mixed mode 
paths , there has long been a desire to use 
d i stributions of  refractivity gradients . As 
pointed out by a number of workers , the 
distr ibutions are d i fficult to use for thi s  
purpose s ince the refractivity gradient for a 
point location often does not represent the 
conditions for a s ignif icant distance along 
the path . The information needed i s  the 
probability that a particular positive refrac 
tivity gradient i s  exceeded over a large part 
of the transmi ss ion path . A model for esti
mating such d i s tr ibutions is  provided by s .  A. 
Schiavone ( 1 98 1 ,  Pred iction of pos i tive 
r efrac tivity gradients for line-of - sight 
microwave r adio paths , BSTJ , Vol .  60 , No . 6 ,  
pp . 8 03 - 8 2 2 ) . Thi s model i s  designed for use 
in the Uni ted States ,  but many of the param
eters u sed may be found on world maps . The 
s cheme used on this pro j ec t  for obtaining an 
estimate of refractivity gradient time d i stri
bution for a path in any part of the wor ld is  
a mod i fication of Schiavone ' s  method . 

L ink analysis ba sed on path refractivity dis
tr ibutions are particularly useful for esti
mating the performance of marginal l ine-of
s ight paths especially since the method ha s 
been tested . Long-term var iabil i ty of paths 
with larger losses ( beyond-the-horizon paths ) 
can be calculated u s ing path refractivity 
d i str ibution s  but these estimates have not 
been tested extensively . 

When the average refrac tivity changes from 
its  median value for a s igni ficant part of a 
l i nk ,  the terrain profile a l so changes 
( change in e f f ec tive earth ' s  radiu s )  a s  wel l  

a s  the antenna pointing angle . Often , only 
one end of a beyond-the-hori zon path may be 
a f fected e specially if the path is very long . 
By taking these changes into accoun t ,  the 
long-term variabil i ty distribution of trans 
mi ssion l o s s  may b e  calculated . 

Thi s proj ec t  i s  sponsored by the u . s .  Army 
Communications Electronics Engineering Insta l 
lation Agency and i s  about 2 0 %  complete . 

Advanced DEB IV EFAS . The obj ective of this 
program is  to design and develop an inte l l i 
gent second generation transmi ss ion monitor
ing and control system ( TRAMCON) in support 
of the Digital European Backbone ( DEB ) , 
formerly called Enhanced Fault Alarm Sys tem 
( EFAS ) . The system is to be used to monitor 
several digita l  microwave terminal s and 
relays within a network . The monitoring 
system is  intended to provide the system 
operators with suf f ic ient alarm and parameter 
data to i solate degraded conditions and 
faults at remote locations . Interac tive 
d i splays are the core of the system that wil l  
a s sure e f f ic ient communication system opera
tion . 

8 2  

Progre s s  to date has inc luded the speci f i 
cation and procurement of  the computer systems 
that wi l l  form the inte l l igent nodes in the 
system , and an architecture for the software 
and d i splays has evolved . Further ef forts 
are in progre s s  to develop the deployment of 
these systems to cover the Defense Communica
tion System in Europe . Also , early efforts 
have been made on the evaluation of di stribu
ting the network intell igenc e  down to the 
remote terminal s , to be investiga ted during 
the last quarter of CY 8 2 . 

It is antic ipated that the second generation 
system will be developed , tested , and in
stalled on a segment in Europe for evaluation 
by late next year . 

The pro j ec t  is sponsored by USAF , ESD . 

Sys tem Monitor Automated Remote Terminal ( SMART) 
The obj ective of this program i s  to design 
and develop an inte lligent moni toring system 
for digital microwave communication stations . 
The work is be ing done in conjunction with 
the aforementioned TRAMCON system development 
pro j ec t .  The jnte l l igent monitoring system , 
or SMART , wilr- be located at each station in a 
communication system . It will monitor all 
site and equipment functions and report the 
status of the se functions to the central 
TRAMCON computer . Each TRAMCON computer wil l  
monitor up to 2 5  stations . The reason for 
the interest in developing a remote monitor 
ing unit with some data processing capabi l i ty 
i s  to improve the speed of reporting of  
problems or failures of  station communication 
equipment whic h ,  in turn , wi l l  improve the 
continuity of service of the se important 
defense communication system s .  

Progress to date has been the development o f  
a technical spec if ication for the micro
processor-controlled SMART and the prepar
ation of a procurement package for the 
hardware . Delivery of the equipment i s  
expected before the end o f  the calendar year , 
with software development to start at that 
time . Installation of the equ ipment in a 
te st status in Europe i s  expected to occur 
near the end of  CY 8 3 . 

The proj ec t  i s  sponsored by USAF , ESD . 

DRAMA Rad io Performance Tests . In support o f  
the U . S .  Air Force , Electron1c Sys tems 
Division , propagation mea surements and per
formance testing were conducted in con
junction with a new dig ital microwave radio 
sys tem . The communications equipment has 
been developed under the Digital Rad io and 
Nul tiplexer Acquisi tion ( DRAMA) Program , and 
is planned to be u sed in the Digital European 
Backbone (DEB ) network throughout Europe . 

The test obj ectives for this proj ect were 
establ i shed in the DEB Test and Evaluation 
Master Plan (TEMP ) with r e spect to spec if ic 
radio propagation conditions . The se are : 

a .  Test Obj ective 1 .  Ascerta in the suscept
ibility of  the DRAMA radio to frequency 
selec tive f ad ing . 

b .  �e st Obj ec t ive 2 .  I f  the DRAMA radio i s  
unacceptably susceptible t o  frequency 
se lective fading , ascerta in if the 



conditions that cause thi s  propagation 
related problem are present on DEB links 
in Europe . 

To meet these obj ectives , ITS conducted two 
phases of a measurement program which are 
brief ly descr ibed below . 

Phase .:!:_. A " f irst article"  DRAMA radio was 
installed at the Pacific Missile Test Center 
( PMTC/U . S .  Navy ) at Point Mugu,  CA . The test 
link was selected because of the known meteor
ological conditions that develop along the 
southern California coast during the summer 
and early fall months . E levated ducting 
layer s develop frequently during this time o f  
year , creating multipath propagation ( and its  
correlary of frequency selective fading ) . This 
phenomenon will  seriously degrade the perform
ance of a microwave radio system unl e s s  it i s  
compensated for i n  some manner . 

The DRAMA equipment was installed to operate 
over an establ ished link between PMTC and S an 
Nicolas I sland ( 1 0 5  km) , at a frequency of 
8 . 0 7 GHz . Data transmission was from the 
island terminal ( elevation 2 7 4  m) to a 
receiver s i te at Laguna Peak ( elevation 
4 2 7  m) . The receive terminal was conf igured 
for space diver sity reception with vertical 
antenna separation of approximately 30 m. A 
psuedo random bit stream (PRBS ) c locked at a 
rate of 1 2 . 9  Mb/s was used a s  a performance 
test signal on both of the mis s ion bit streams 
(MBS ) in  the DRAMA equipment . One of the MBS 
signa ls was mon i tored at the receiver s ite , 
mea suring the bit error rate (BER) and the 
distr ibution of synchronous errored - seconds 
from the output of the divers i ty switch 
combiner . 

The propagation channel conditions were 
monitored with the ITS Channel Probe instru
ment , operating at 8 . 6  GHz over the same 
diversity paths and antenna s . This instru
ment measures the effective impulse response 
of each divers ity path s imultaneous ly ,  and 
thus shows the mul tipath structure of the 
received s ignal directly in the time domain 
[ Hubbard , R .  W.  ( 1 9 7 9 ) , I nvestigation of 
digital microwave communications in a strong 
meteorological ducting environment , NTIA 
Report 7 9 - 2 4 , August ) .  I n  addition , the 
received s igna l  spectra from each of the 
DRAMA receiver s was measured in the same time 
frame (one per second ) as the impulse response 
data . In thi s  manner , the data provided a 
second-by-second record of the propagation 
conditions and digital performance . These 
records were augmented with radiosonde data 
showing the refractive index pro f i le over the 
test l ink ( taken by PMTC twice daily ) . An 
example of the refractive index data is shown 
in F igure 2 - 1 .  The f igure i l lustrates that 
the refractlve layer changes elevation as a 
function of time , and can also be tilted with 
respect to the earth ' s surface . The relative 
elevations of the radio terminals are indi
cated on the ordinate of the figure . 

A digital data acquis ition system was used in 
thi s  phase of the testing , which is  shown in 
block diagram form of F igure 2- 2 .  The f igure 
indicates other s ignals that were recorde d ,  
including the received s ignal level s  ( RSL)  
and radio status and alarm s igna l s . 
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The performance tests were conducted during 
August 1 9 8 1 . The results showed conclus ively 
that the DRAMA system is susceptible to 
frequency sele ctive fading . An example of 
the recorded impulse response and received 
signal spectra is shown in F igure 2 - 3 , as 
read directly from a digital data tape into a 
digital signal analyzer . The f igure i llus
trates both the multipath in the impulse 
response functions , and the frequency selec
tive ( in band) fading of the received spectra . 
The analyses showed that in thi s  multipath 
environment , the D�ffi radio would fall short 
of performance expec tations , based on a 
measure of time ava ilability from errored
seconds with a BER Steater than an e stabli shed 
threshold of 1 x 1 0  . 

Phase 2 .  To answer Test Obj ective 2 ,  two 
future-DEB links in West Germany were selected 
for testing in Phase 2 .  DRAMA equipment was 
not ava ilable for this part of the program , 
so the radio measurements were l imited to 
propagation data only . The ITS Channel Probe 
[Linfield , R . F . ,  R . W .  Hubbard , and L . E .  Pratt 
( 1 9 7 6 ) , Transmis s ion channe l characterization 

by impulse response measurements , OT Report 
7 9 - 7 6 ,  August . )  was installed in duplex with 
operating communi cation systems . The testing 
was begun in October 1 9 8 1 , and continued 
unti l  mid-December 1 9 8 1 . Most of the data 
was recorded from the tests over a 9 0  km link 
that spanned the Rhein River Val ley . I t  was 
anticipated that refractive layering would 
develop during the month of October rather 
cons istently , based on previous meteorological 
data . However , unusual rainy weather pre
vailed during October and November 1 9 8 1 , and 
as a result only three refractive invers ion 
events were recorded during the test period . 
Two of these events were observed over the 
first l ink , and a later one over the second 
test link ( a  7 2 . 5  km path over fore sted , 
hil ly terrain)  . 

Meteoro logical data were measured during this 
phase by a team from the Air Force Geophysics 
Laboratory ( AFGL) . Both tethered and launched 
radiosonde equipment was used to measure the 
refractive index profiles , usually at two 
different locations along the radio path . An 
example of a sounding made at Landau , West 
Germany , at 1 0 3 0  LST on November 4 ,  1 9 8 1  is  
shown in F igure 2 - 4 . Note that the refractive 
layer i s  very similar to those measured at 
PMTC ( F igure 2 - 1 ) . The elevations of the 
test link terminals are indicated on the 
ordinate of the f igure . 

Results of this testing concluded that the 
same ducting-layer conditions that produced 
the degraded mult ipath performance of the 
DRAMA equipment at PMTC will exist at times 
on European DEB l inks . The impulse re sponse 
measurements showed the presence of atmo
spheric multipath in correlation with each 
ducting layer that was detected with the 
meteorological instruments . In  addition , 
multipath data were observed on several other 
occasions that were reasonably well corre
lated with the passage of strong weather 
fronts in the region . Analyses of these 
events indicate that the multipath was a 
result of ( normally sma l l )  surface reflections 
( seen consi stently in the impulse data ) that 

were enhanced by slow changes in the near 
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Al l data we re recorded on the d i g i tal magne t i c  tape , u s i n g  5 sec data bl o c ks . 
E a c h  data bl o c k  was fo rmatted as fol l ows ( t h e  sampl i n g rate for the ana l o g 
s i gna l s i s  s hown i n  p a re n t hes e s ) : 

1 .  Date and Time 
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Figure 2 - 2 . Block diagram of the digital data acqui sition system 
used in the Phase 1 tests at PMTC . 
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standard gradient of the refractivity . The s e  
results were derived from reflection path 
geometry applied to the link pro f i l e s , us ing 
the measured refractive gradients . 

A draft report was prepared and submitted to 
the sponsor in March 1 9 8 2 ,  in which the 
results of both tes t  phrases were presented . 
The results answered both tes t  obj ectives in 
the a f f irmative . The final report i s  in 
preparation , and will be i s sued prior to the 
end of FY 8 2 .  

Additional testing , which will include per
formance improvement techniques such as  
adaptive equa l i zation and diversity combining , 
are planned to be conducted in the early part 
of FY 8 3 .  

Technical Support to the MEECN System 
Engineer . Thi s  i s  a continuing program which 
supports the MEECN (Min imum E ssential Emer
gency Communications Network) Sys tem Engi
neer , at the Defense C ommunications Agency 
(DCA ) . Another phase of interoperab i lity 
testing of the U . S .  Navy and U . S .  Air Force 
components of the MEECN was performed at 
NOSC , San Diego , CA , and a " Quick-Look " 
report wr itten and sent to apprise the sponsor 
of emerging tes t  results . Because of complex 
test obj ectives and other equipment commit
ments , it is expected that additional tes ting 
will be conducted in FY 8 3 .  The data from 
both te st phas e s  (FY 82 and FY 8 3 )  will  then 
be analy zed , compared with each other and 
with that of earlier tests , and a final test 
report wi ll then be wr itten . 

U . S .  Army Tactical Communi cation Systems -
Digital Mes sage Device Group Tests . The 
purpose of this proj ect was to ( a )  determine 
the possible improvement of spec i f ic perfor
mance capabi lities of a Digital Message Device 
Group (DMDG ) HF modem using the ITS I ono
spheric Channel S imulator , and ( b )  prepare a 
final report on the results of the channel 
simulator measurements . 

The DMDG i s  a frequency- shift-keyed (FSK)  , 
burst-communication s , HF modem . After a 
first set of measurements was completed on 
the KY- 8 7 9/P modem , and a report written , 
manufacturing design modif ications were made , 
based on those result s , and the mod i f ied 
prototype sent to ITS for testing . A second 
set of measurements was then made and a f inal 
report wr itten on the results of that set of 
measurements . 

As a consequence of the des ign changes and , 
based on the data of the second set of mea
surements ,  the fol lowing list of abbreviated 
results may be drawn : 

1 .  The error- free range of the level of 
an ideal signa l ,  at the demodulator input , 
has been increased from 4 4  dB to more than 
75 dB . Consequently , demodulator additive 
and nonl inear distortions are now effectively 
absent . 

2 .  Toler ance to demodulator Doppler 
distortion ha s been increased approximately 
± 1 6 0  to ± 2 5 0  H z  under nonfading channel 
cond itions .  
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3 .  With respect to channel thermal
no ise di stortion , performance has been im
proved as much as 3 dB . 

4 .  The modem i s  now e s sentially immune 
to f ading di stortion for frequency spreads 
( approximate fading rate s )  of 2 a 1 2 2 5  H z ,  

and therefore , i s  e s s entially immune to 
fading distortion on nearly all HF iono
spheric channe l s . 

5 .  The modem design changes increa sed 
its tolerance to demodulator Doppler distor
tion from approximately + 1 6 0  to + 250  H z  
under typical channe l fading condit ions . 

6 .  With respect to channel thermal 
noi s e  distortion , under typical channel 
fading condi tions , the modem improved i ts 
performance a s  much a s  4 dB . 

7 .  The design changes in the modem 
significantly improved its performance with 
respect to channel d i f ferential-delay (multi
path ) distortion under typical channel fading 
conditions .  Howeve r , the mo6em still fa i l s  
to meet the U . S .  Army d i f ferential-delay 
specification , 

8 .  The modified modem i s  e s s ential ly 
immune to channe l dif ferential-Doppler d i s 
tortion f o r  d i f ferential frequency shifts o f  
� 2 - v 1 � 3 0  H z . I t  i s  there fore e s sentially 
1mmune to dif ferential-Doppler d i stortion on 
nearly a l l  HF ionospheric channel s .  

9 .  The performance of the mod ified 
modem with respect to channel fading cw 
interference at the space frequency i s  sub
stanti ally better than its per formance with 
respect to channel therma l noi se with the 
same power in the combined mark and space 
fi lter bandwidths for unknown reason s . 

1 0 . The 2 6 7 -baud keying rate o f  the 
modem is substantially higher than optimum , 
a s  shown by its excellent performance with 
respect to frequency-s catter distortions 
( conclusions 4 and 9 )  and by its very poor 

performance with respect to time- scatter 
distortion ( conclus ion 7 ) . 

1 1 .  The demodulator in the modif ied 
modem deliver s some me s s ag e s  with fewer than 
or more than the correct number of character s . 
The probabilities of short and long messages 
increase with increas ing condi tional char
acter error probabi l i ty and approach unity 
as the character error probability approaches 
unity . This defici ency is not necessary and 
should be corrected . 

2 . 1 . 2 .  C ommunicat ion Systems and 
S ervice s Engineering 

The Systems Technology proj ects described in 
thi s  section are e i ther e stablished or planned 
communication systems and service s .  The 
services are procured or leased by mis s ion 
agencies , and the engineering described here 
pertains to the evaluation , performance 
criteria ,  measurement method s ,  or new tech
nology required for the e fficient and cost
effective acqu i s i tion o f  those service s . The 
pro j ects described are : Boi se National F or e s t  



Telecommunication P lan , Reg ion 2 Telecommuni 
cation Mas ter P lan , and Defense Nuclear 
Agency Information Science s . 

Boise National Forest Telecommunication P lan . 
'l'he obj ective of the program i s  to perform a 
s tudy o f  the telecommunication needs o f  the 
Boise National Forest to be included in a 
fore s t  telecommunication plan . Thi s plan 
addresses the i s sues o f  resource sharing with 
other Federal and state agencies , management 
of co-used elec tronic site s ,  and management 
of the information re source within the forest 
management s tructure . The need s  o f  the 
forest are estab l ished through interviews o f  
per sonnel at the Forest S upervisor ' s  o f f ice 
and the District Ranger ' s  o f f ic e s . The needs 
are compared with available technology and 
a lternative concepts are der ived from these 
compari sons . With alternatives ,  many attri
butes may be evaluated for each and an opti
mum choice made for the system to be imple
mented . 

A telecommunication plan i s  being prepared 
for the forest and will be available by 
year ' s  end . An electronic s i te management 
document is currently in draft form and i t ,  
too , wil l  be available i n  the same time 
f rame . 

The pro j ect i s  sponsored by the U . S .  Dept . of 
Agriculture , u . s .  Forest Service . 

Region 2 Telecommunication Master P lan . The 
obj ective of the program i s  to s tudy current 
and future Reg ion 2 Forest S ervice information 
tran s fer needs and to extrapolate the se needs 
into a telecommunication master plan . T he 
plan i s  to include technical alternative 
solutions and the re lative trade- o f f s  between 
each alternative . The telecommuni cation plan 
will be described in a formal NTIA report . 
I nformation on the operational requirements 
of the 1 2  national forests in the region was 
obtained through interviews o f  personne l in 
each of the Forest Supervisor ' s  o f f ices . The 
basic elements of information trans fer are 
described in the report and ident i f ied and a 
matrix of alternative solutions for the se 
e lements was deve loped . This allows a synthe
s i s  of a system to be tailored for a variety 
of conditions and circumstances .  

An organ i zational structure i s  described in 
s ome deta i l  for effecting the integrated 
management of telecommunications and infor
mation resources within the Forest S ervice 

1 management structure . 

A NTIA report has been prepared and i s  going 
through the review proces s  in antic ipation o f  
publ ication . 

T he pro j ec t  i s  sponsored by the U . S .  Dept . of 
Agriculture , U . S .  Forest S ervice . 

Datacommunication System Architecture . The 
I n s t i tute is part1c1pat1ng 1n a network and 
computer architecture program with the Defense 
Nuclear Agency ( DNA) . DNA operates and main
tains both computational capabi l ity as wel l  
a s  network interconnect for themselves and 
their contractor base . DNA i s  in the proces s  
o f  upgrading both sy'stems and h a s  solic ited 
the support of ITS as  technical advisors .  
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2 . 1 . 3 .  S tandards 

The current ITS proj ect pertains to a techni
cal and economic assessment o f  the interface 
requirements and applications o f  an emerging 
technology . The s tandards will a f fect the 
Federal ,  international , and industrial communi
tie s . The pro j ect described i s :  Data Terminal 
Equipment (DTE ) /Data C ircuit Terminating 
Equipment (DCE ) S tandards .  

DTE/DCE S tandards . A new s tudy was under
taken for the National Communications System 
(NCS ) to provide technical and economic 
assess�ents for the appl ication o f  optical 
wavegu1de cables and technologies to the 
interface requirements for DTE/DCE . The 
standards for interconnection have tradition
ally been the EIA-RS - 2 3 2 -C and more recently 
the EIA-RS -4 4 9 .  Phys ical circuits have 
general ly been accomp l i s hed through a large 
number of paired-copper cables --as many as 2 4  
wires ( 2 4 AWG copper ) for the RS - 2 3 2 -C and 
even a greater number for the RS- 4 4 9 . A 
num�er o f  the electrical and phy s ical prop
ertles and data rate limits o f  the above 
standards are shown in Table 2 - 1 . 

One bas i s  for the examination o f  a lternative 
physica l  interfaces such as optical fiber 
cable has been the interface requirements for 
the I ntegrated Services D igital Network 
( I S�N )  . P hy s ical layer interface spec i f i 
catlons have been reques ted through the CCITT 
S tudy Groups XVI I  or XVI I I  to meet the require
ments for the ISDN and in particular for a 
Universal Phy s ical Interface (UPI ) . 

Obj ectives for a DTE/DCE phys ical interface 
include : 

1 .  Support o f  present and future digital 
data networks and data applications . 

2 .  Providing phys ical interconnection o f  
terminal equipment t o  modems and network 
termination of the Public Data Networks 
(PDN ) . 

3 .  Use o f  a minimum number o f  interchange 
circuits- -no more than two c ircuits in 
each direction . 

4 . Prov i sions for path length exceeding 
3 0 0  m (NCS has chosen 1 0 0 0  m to provide 
for long term universal ity and to meet 
other Federal obj ective s ) . 

Progress on a number o f  tasks for this program 
has included the fol lcwing : 

l .  A technology and economic data base has 
been developed both for copper cable 
( coaxial interchange c ircuit s )  and for 
optical f iber cable . Power budgets for 
optical f iber cable s have been calculated 
based on manufacturers ' avai lable optical 
cables matched to optical transmit/re
ceive modules .  Table 2 - 2  presents the 
re sults for a number of different 
optical f ibers with varying waveguide 
core d i ameters and for the attenuation 
coe f f ic ients for the specific cables . 
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Table 2 - 1 .  Data Rates and P ath Length Spec i f ications--Exi sting EIA and CCITT I nterface Standards 

II 

BACKGROUND 

L i m i ta t i o n s  of ex i s t i ng , operati onal  DTE/DCE standard s : 

Standard Max .  B i t  Rate At Max . Path Length I T rans . Med i um 

E I A  RS- 232-C G) 20 kb/s 1 5  m I W i re pa i rs ( Unba l anced ) 
! 

E IA-RS-423 
rZ) l 00 kb/s 1 3  m ' W i re pa i rs ( U nbal anced , bal an ced rece i ve r )  
* 3 kb/s 1 200 m i W i re pa i rs ( U nbal anced , bal an ced rece i ve r )  

E I A-RS-422 Q) 1 0  Mb/s 1 3  m Wi re pa i rs ( Fu l l y  bal anced ) 
* 1 00 kb/s 1 200 m W i re pa i rs ( Fu l l y  ba l anced ) 

CC ITT V . 35 48 kb/s Ltd . by trans . l i n e  Wi re pa i rs ( Hybri d )  
- ·--- -- - - -

* E I A  RS-42 3 and 422 def i n e  e l ectri cal spec i fi cat i on s  for the parent s tandard , E I A  RS-449 . 

Notes : 

CD E q u i v a l ents a re V . 28 ( RS - 232-C ) 

� E q u i v a l ents are V . l O  ( RS-423 or X . 26 )  

® Equ i va l ents are V . 1 1  ( RS-422 ) 

o Needs for next-generati on s ta ndards : 
i ncreased b i t- rate/ path - l ength product 
i mproved BER ( not quant i f i ed in  earl i er s ta ndards ) 
decreased n umber of i nterchange c i rc u i ts ( phys i ca l  tran s .  channe l s )  

more eff i c i en t  tran sm i s s i on medi um to meet functi onal  req u i rements of OS I Reference Model , 

CC I TT/AN S I  "mi n i - i nterface , "  and u n i versal phys i cal  i n terface ( I SDN ) 

reduced effects due to g round potenti a l  d i fference s , a l s o  m i n imi ze h i g h  l evel tra n s i ent 
vol tage i nterference . 
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Tab l e  2 - 2 . Optical Power Budgets for Commercial Digital XMTR/RCVR Pairs a s  Function o f  Commercial Optical Cable P ar ameters 
( Transmis sion Conditions :  de to Min . 1 0  Mb/s (NRZ ) Over 1 kilometer at BER < 1 0

- 9
) 

I Fi ber Core D i ameter U n i t 
jlm 50 1 00 200 

I I  Fi be r  Numeri cal  Aperture -- 0 . 20-0 . 22 0 . 30 0 . 2 1 0 . 30 0 . 33-0 . 36 -0 . 22 

I I I  Max . XI�TR Opti cal  Power dBm - 1 4  - 1 7  - 1 0 . 7  - 1 4  -8 - 1 3  - 1 6  -3 . 5  -2 - l l  -4 -6 . 5  -7 Coup l ed i nto F i be r  

I V  Cabl ed-Fi ber Attenuati on dB/ km 3 7 6 1 0  

v O p ti cal  Power O u t .  dBm - 1 7  -20 - 1 7 . 7  -21  - 1 5  -20 -23 -9 . 5  - 1 2  -21  - 1 4  - 1 6 . 5  - 1 7 ] - ki l ometer Ca b l e  

V I  Output Coup l i ng Losses  (2 d b )  dB 5 5 5 & Oeg radati o n  Budget ( 3 d B )  

V I I  Max . Opti cal  Power Avai l ab l e  dBm -22 -25 - 22 . 7  -26 -20 -25 -28 - 1 4 . 5  - 1 7  -26 - 1 9  -21 . 5  -22 a t  RCVR 

V I I I  RCVR Thresho l d  dBm -28 . 2  -35  - 40 -27 -24 -33 -33 -20 -31 -27 -27 -28 . 2  -23 

I X  

Note s : 

Exces s Power Marg i n  for dB 6 . 2  1 0  1 7 . 3  1 4 8 5 Above Confi gurati o n  
Matched XMTR/RCVR mfr. -- A , O  L , N M J c ,o F , N G 

A l l mod u l e s  a nd fi bers are commerci a l l y  ava i l ab l e  (Apri l 1 982 ) . 
F i be r  geometry s e l ected to match XMTR output coup l i ng s pecs . ,  per modu l e  mfrs , 
F i ber attenuati ons a re l owes t avai l ab l e  ( a t  modes t  cos t )  for s tated geometri es . 

5 . 5  1 4  1 8 6 . 7  1 

D B J p A H 

Power coup l ed i n to fi ber ( ROW I I I )  consi ders a l l source-to-fi ber l os se s  for g i ven s ource and fi ber geometri es . 
Mu l ti p l e  XMTR/RCVR l i s t i ng g i ven o n l y  where mfr . speci f i e s  mu l ti p l e  fi ber geometri es . 
Wi th one excepti o n  a l l  XMTR/RCVR pai rs are rated to max . BW range 1 6-50 Mb/ s , NRZ , and power v a l ues refl ect th i s  

300 

0 . 40 0 . 50 0 . 22 

-5 . 5  -20 -4 . 9  

6 1 5  8 

- l l  . 5  -35 - 1 2 . 9  

5 

-1 6 . 5  -40 - 1 7 . 9  
' 

-31  -48 1 -28 . 2  

1 4 . 5  8 1 0 . 3  

I K A 

max . BW . For max . 
1 0  Mb/ s , a l l above v a l ues wi l l  be h i ghe r .  8 ��fr . .  "A"  excepti on to 1 0-9 B E R  s pec . ; < 1 0- i s  q uoted at 50 Mb/s . 
quoted at BER = 1 0  - 1 5 .  

l o -9 shou l d  be achi eved eas i l y a t  1 0  Mb/ s ; mfrs . " N "  and " 0 "  
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Physical interchange circuit co sts have 
a l so been tabulated as shown graphically 
in F igure 2- 5 .  I t  i s  to be noted that 
these prices are for single circui ts . 
Costs for a multicircuit interface would 
be in multiples of the tabulated costs . 

" Draft spec ifications " for optical f iber 
DTE/DCE interchange circuits have been 
prepared by ITS and submitted to the 
E IA TR3 0 . 1  committee ( s ignal qual i ty ) . 
Such " draft specif ication s "  are modif ied 
as  a result of comment and di scus s ion at 
a succes s ion of such meetings . 

Further submis sions wi l l  include of ferings to 
the appropriate ANS I ,  ISO , and CCITT S tandards 
Groups . 

A follow-on program has been reques ted by NCS 
to continue the DTE/DCE inter face work towards 
a U . S .  input into the International S tandards 
Committees .  

SECTION 2 . 2 .  SYSTEM PERFORMANCE STANDARDS 
AND DEF INITION 

The three pro j ects described in thi s  section 
deal with the development and appl ication of 
nationa l and international te lecommunication 
standards .  The first proj ect addresses  a 
need within the U . S .  for uniform means of 
expres sing the performance of data communi
cation services as  seen by end users . The 
second proj ect supports u . s .  participation 
in the development of international standards , 
par ticularly those dealing with public data 
networks and the Integrated S ervices Digital 
Network ( ISDN ) . The third pro j ect supports 
the Interdepartment Radio Advisory Committee 
( I RAC ) in its development of radio emi s sion 
standards .  A common obj ective of the three 
pro j ects is to facilitate private sector 
development and Federal procurement of digital 
tel ecommunication sources .  

Data Communications . The overall goa l  of 
NTIA ' s  Data Communications pro j ect i s  to 
promote competition and innovation in the 
data communications industry by giving users 
a practical way of comparing the performance 
of competing services . This obj ective i s  
being pursued , i n  cooperation with other F ed
eral and industry organi zation s , through the 
development and application of user-oriented , 
system-independent data communication perfor
mance parameters and mea surement methods .  
Results are being promulgated in the F ederal 
Government form of Federal Telecommunication/ 
FederaJ Information Proces s ing S tandards ,  and 
in industry in the form of American Nation�l 
S tandards . 

Two related data communication per formance 
s tandards have been developed . The first  
specifies  a set of user-oriented per formance 
descriptor s or parameter s .  That standard was 
approved as Interim F ederal S tandard (FED STD) 
1 0 3 3  in 1 9 7 9 ,  and has since been adapted for 
proposal as an Amer ican National S tandard by 
a task group of the American National S tan
dards Institute (Task Group X 3 S 3 5 )  . The ANS I  
s tandard was approved by a formal bal lot of 
ANS I ' s  Data Communications Subcommittee , 
X 3S 3 ,  in March of 19 8 2 . I t  i s  expected that 
when that standard , X 3 . 10 2 , is officially 
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promulga ted by ANS I , it  w i l l  replace Interim 
F ederal S tandard 1 0 3 3  a s  a j o int Federal 
Telecommunication/Federa l  Information Proc e s s 
ing S tandard . Interim 1 0 3 3  has a lready been 
appl ied succes s fu l ly in several Federal 
procurements o f  publ ic p acket switching 
service s .  

The second s tandard , proposed Federal S tandard 
1 0 4 3 ,  speci f i e s  uni form methods of measuring 
the FS 1 0 3 3/X3 . 1 0 2  performance parameters . 
An initial 1 0 4 3  draft was completed in 1 9 8 0 . 
I t  i s  fol lowing a review path s imilar to that 
followed by F S  1 0 3 3 , with ANS I  approval tar
geted for early 1 9 8 4 . 

The standard performance descriptors and mea
surement methods being deve loped in NTIA ' s  
Data Communications pro j ect will promote com
peti tion and innovation in the data communi
cations industry in two ways : 

l .  By providing a " common l anguag e "  for re
lating user performance needs with the 
capabi lities  of o f fered systems and ser
vice s .  

2 .  By providing a practical method of 
determining actual del ivered perform
ance . 

In view o f  the strong procompetitive and 
deregulatory emphas i s  of recent Federal 
telecommunication pol icy initiative s , such 
capabilities are urgently needed now . 

The Institute ' s  FY 8 2  Data Communications 
proj ect had two ma j or obj ective s : 

1 .  To complete and document a series o f  ex
perimental measurements des igned to dem
onstrate actual use of the 1 0 3 3/ 1 0 4 3  
standards i n  character i z ing the end-to
end performance of a modern packet 
switching network-- the Defense Communi
cations Agency ' s  ARPANET . 

2 .  To plan and initiate a series o f  publ ic 
data network measurements u t i l i z ing 
portable , microproce s sor-based test sets 
conforming to the 1 0 3 3/1 0 4 3  s tandards . 

F igure 2 - 6  i llustrates the speci fic perfor 
mance parameters def ined in the ANS I  ver s ion 
of Federal S tandard 1 0 3 3 , proposed Ameri can 
National S tandard X 3 . 1 0 2 . A total of 2 1  
parameters are def ined : 1 7  "primary " param
eters and 4 " ancil lary" parameters . The 
primary parameters are spec i f ic mea sures of 
speed , accuracy , and re l iabi l i ty a s sociated 
with three primary data communication func 
tion s : acce s s , user information trans fer , 
and disengagement . The anc i l lary parameters 
expre s s  the influenc� o f  user delays on the 
primary " speed " parameter s , and provide a 
quantitative method of " factoring out " such 
influence s .  For further information , see 
Seit z , N . B . ,  K . P .  Spies , and E . L .  Crow ( 1 9 8 1 ) , 
Data communication performance measurement--A 
proposed F ederal s tandard , Proc . NTC ' 8 1 ,  
Nov . 2 9 -Dec . 3 .  

F igure 2 - 7  illustrates the basic hardware 
conf iguration te sted . The measurement s  were 
conducted between two hos t  computers attached 
to the ARPANET :  one located a t  NTIA/I'I'S in 
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Figure 2 - 6 . summary o f  ANS I  performance parameter s .  
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Boulder , CO , and one located at the N ational 
Bureau of S tandards ' Institute for Computer 
S c iences and Techno logy (NBS/I C ST ) in Gaithers
burg , MD . The two ho sts were s imilar general
purpos e  minicomputer s  with ·the usual attached 
per ipher al s . Spec i a l-purpose test equipment 
cons i s ted of two sate l l i te clock receiver s ,  
which provided a synchron i z ed time reference 
to the two ho s t  computers ,  and an anc i l lary 
data terminal which was used to remotely 
contro l  activities in the NBS/ICS T  ho st . 

F igure 2 - 8  s hows the logical f low of informa
t ion , and the a s sociated measurement events , 
within each ho s t . The end user in each case 
was a n  application program executing under 
the host computer ' s  Operating S y stem (OS ) . 
The OS wa s connected with the local Terminal 
Interface Proc e s sor (TI P ) via the standard 
ARPANET Network Control Program (NCP ) . The 
mea surement events con s i s ted of Open , C lo s e , 
Read , and Wr ite system cal l s , and the a ssoci
a t�d " function complete " sys tem re spons e s , 
whlch were monitored by the application 
program at its software interface with the 
OS . This choice of mea surement points d i s 
t ingui s hed the user-oriented performance 
measurements reported here from earlier 
ARPANET measurements ,  which focused on the 
subnetwork . 

F igure 2 - 9  i l lu strate s the general operation 
of the ARPANET measurement program s . Two 
types of measurement ( application ) programs 
were provided at each hos t  site : a Transmit 
program , which served as the " ca l l ing user " 
and the source of user information ; and a 

Receive program , which served a s  the " ca l l ed 
user " and the information destination . 
During each test , the active Transmit and 
Receive programs progres sed in synchronism 
through three consecutive phase s  o f  opera
tion : a pre-exchange phase , a s sociated with 
connection e s tablishment or acces s ; an ex
change pha s e , a s sociated with actual user 
information tran s fer ; and a pos t-exchange 
pha s e , a s sociated with connection release or 
d i sengagement . Two basic type s of tests were 
conducted : access/disengagement tests and 
user information transfer tests . During the 
acc e s s/disengagement tests , many successive 
connections were establ is hed and released , 
with only a s ingle block o f  user information 
transferred during each . During the user 
information transfer test s , only one con
nection was e s tabli shed , but many u s er in
formation blocks were trans ferred before its 
release . 

The measurement results reported here are 
based on a total o f  44 separate ARPA network 
te sts , conducted over a two month period in 
late 1 9 8 1 . Thes e  tests included over 3 , 0 0 0  
acces s  attempt s  and over 3 mil l ion trans
ferred bits , and involved systematic vari
ations in key measurement variables such as  
direction o f  trans fer and time of  day . The 
mea surement results are fully described in a 
pending NTIA Report [Wortendyke , D . R . , N . B .  
Seit z , K . P .  Spies , E . L .  Crow , and D . S .  Grubb 
( 1 9 8 2 ) , U s er-oriented performance mea s urements 

on the ARPANET : The te sting of a proposed 
Federal s tandard ] . 

Transmitting (Originating) Host ARPA Subnet Receiving Host 

End User I 
c 

I .Q E cu �  l:i g'  l -.. 
a. �  �c... I '---

System Call 
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DC System 
� 
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,.....- ,-----

c 

r--OS NCP I .Q E 
NCP � w � OS I g Cl - 0 a. �  � c... 

'--- '---- '--
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System Response System Call 
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• Close Complete • Close 

F igure 2 - 8 . Log ical data flow within the host computer s �  
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Table 2 - 3  summa r i z e s  the mea surement re sults 
in qualitat ive terms . As one would expect in 
measur ing a modern packet switching network 
l ike the ARPANET ,  the ma j or ity of the te s t s  
ran f aul t l e s s ly , w i t h  no deviat ion from the 
normal f low path of Figure 2 - 9 .  S hown in the 
table are the relatively f ew exceptions . The 
measured values for the 1 0 3 3/X 3 . 1 0 2  accuracy 
and rel iab i l ity parameters were largely 
determined by the s e  anomal ies . 

F igure 2 - 1 0  is a hi stogram o f  measured value s 
for the per formance parameter Acce s s  Time-
the time between user i s suance o f  an Open 
reque s t  and the start of actual user infor
mation trans fer . The measured value s for 
thi s parameter ranged between 6 0 2  ms and 
2 4 . 1  s ,  with a mean of 1 . 8  s and a standard 
deviation of 1 . 0 2 s .  (One a s tounding value 
o f  1 2 . 1  min wa s omitted from the se calcula
tions to avo id unduly biasing the results . )  
The one-way Block Tran s f er T ime s measured 
were one -tenth to one-ha l f  the average Acce s s  
T ime , depend ing on block s i z e ,  and were 
subs tant ially l e s s  var i able .  

F igure 2 - l l  shows the d i stribution o f  mea sured 
values for ARPANET D i s engagement T ime-- the 
t ime between user i s suance of a Close request 
and success ful d i sengagemen t .  The ARPANET 
mea surements quickly demons tr ated a distinct 
a s s ymme try in the value s for thi s  p arameter 
between the user originating d i sengagement 
( the source user in thi s  experiment ) and the 

other ( nono r iginating ) user . The average 
orig inat ing user D i s engagement T ime was 
12 ms ; the average nonorig inating user D i s
engagement T ime wa s 2 . 5  s .  

The rea son for the subs tantial d i f f e rence be
tween the orig ina ting and nonoriginating user 
D i sengagement T imes mea sured in the ARPANET 
experiment i s  evident f rom a con s iderat ion o f  
the nature o f  the d i sengagement function a t  
e a c h  inter f ace . D i s engagement o f  the origin
at ing user i s  a s imple loc a l  function which 
i s  accomp l i shed entirely within that user ' s  
ho s t  computer .  I n  contras t ,  d i s engagement o f  
the nonorigina ting user requires f i r s t  the 
transm i s s ion of a C l o s e  me s s age f rom the 
or iginating NCP through the network to the 
nonor ig inating user ; second , that user ' s  
i s suance of a C l o s e  reque s t ;  and f inally , 
i s suance o f  a C l o s e  Comp lete respons e  by the 
nonorig inating ho st operating system . 

F i gure 2 - 1 2  summa r i z e s  the ANS I  X 3 . 1 0 2  perfor
mance parameter values mea sured in the ARPA 
ne twork exper iment . A compar i son o f  these 
measured results with results previously re
ported reveals some signif icant d i f f erenc e s  
between the performance del ivered t o  a typ i c a l  
J,RPANET end u s e r  a n d  the performance of the 
subnetwork . Performance delays observed at 
the end user interfaces were two to four 
t imes greater than the corre sponding sub
network delays , and the observed throughput s 
wer e  proportionally lower . I t  appears that 
mo s t  of the add i tional delay i s introduced by 
communi c ation support software in the ho sts 
( e . g . , the NCP ' s  and the operating system s ) 

rather than by the user programs themselve s . 

The mea surement results obta ined in thi s  
experiment conf irmed that transm i s s ion erro r s  
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are extremely r are in the ARPANET .  However ,  
the loss o f  user data in tran s i t  between 
app l ication p rograms is relatively common . 
Such fai lures appear to be c aused by hardware 
and so ftware " crashe s "  and subnetwork delays 
in addition to the previously reported " tardi 
ne s s "  o f  ARPANET ho s t s  in accepting tran s
ferred me s s age s . Data loss was by far the 
mo s t  serious network imperfection observed 
during thes e  mea surements . That one phe
nomenon completely determined the measured 
service ava i lab i l i ty value s . 

Although the per formanc e values obta ined in 
thi s  experiment are o f  interest in themselve s ,  
the primary purpose o f  the exper iment was to 
ver i fy the propo sed stano<ards and demonstrate 
thei r  use in a realistic measurement si tu
ation . App l i cation of the 1 0 3 3/ 1 0 4 3  stan
dards to the ARPANET proved to be quite 
feas ible , and relatively few s ign i f icant 
changes to the propo sed s tandards were < 

required . In a lmos t  every case where d l f fer
ence s  between the I nterim Federal S tandard 
1 0 3 3  performance parameter definitions were 
examined ,  the measurement results demon strated 
that the latter definitions were pre ferable . 
Future imp lementations o f  the measurement 
standard wi l l  be fac i l i tated by the too l s  and 
techniques developed in thi s  experiment--in 
particular , a standard , machine-independent 
FORTRAN computer program for reduc ing ex
tracted mea surement data to corre sponding 
values for the FED STD 1 0 3 3  per formance 
paramete r s . That program is now ava i lable 
for use by other organ i z ations , and is being 
fully documented in an NTIA Report which will 
be ava i lab le early in FY 8 3 . 

The second maj or obj ect ive o f  NTIA ' s  FY 8 2  
Data Communications program was t o  plan and 
initiate a series of public data network 
mea surements ut i l i z ing portable , micro
proces sor-based test sets conforming to the 
1 0 3 3/ 1 0 4 3  s tandard s . F igure 2 - 1 3  i l lustrates 
the basic test conf i guration . The on-line 
extrac t ion of measurement data is accom
p l i shed by two similar microprocessors--one 
emulating a ho s t  computer and one emulat ing 
a remote data terminal which accesses the 
host via a pub l i c  data network . The hos t  
emulator i s  connected to e a c h  public data 
network via a commerc i a l l y  ava i l able X . 2 5 
front end and a 9 . 6  kbp s  lea sed telephone 
line . The terminal emulator is connected 
to each pub l i c  data network via conventional 
dial te lephone service . 

Test so f tware in the two micros is s imilar to 
that used in testing the ARPANET , with two 
exceptions . F ir s t , the end user ( application) 
programs are des igned to communicate data in
teractive ly , r ather than unidirectionally , 
during a test to mor e  c lo s e l y  approximate the 
user/server interactions during a typical 
remote-ac ces s data proc e s s ing s e s sion . Second , 
the terminal emulator software i s  des igned to 
support , and p a s s ively monitor , s e s s ions in 
whic h  the operator at the terminal end serves 
as the communications end user . 

A teletypewr iter , c o located with the ho s t ,  can 
be used to control and monitor the remote 
terminal via a conventional to l l  telephone 
connection in cases where the terminal user 
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Table 2-3 . Summary o f  Observed Anomal ie s  

NATURE OF ANOMALY 

DOCB TIP "crashed" during an AID 
test sequence . 

Systematic disappearance of first 
or 2 blocks transmitted during an 
AID test sequence . 

Systematic disappearance of all 
transmitted blocks beginning at 
the middle of an AID test sequence . 

Destination host refused connection 
( and source program received a 
denial response) after 67 trials in 
an AID test sequence .  

Random loss o f  blocks during an AID 
test sequence .  

1 2-minute access time observed on 
one trial in a 1 60-trial AID 
sequence. Access ultimately estab
lished . Remaining access times 
normal . 

Host down at initiation of tes t .  

TIP down a t  initiation of tes t .  

Host and TIP disconnected at 
initiation of tes t .  

First few blocks input b y  source 
are delivered to destination in 
two pieces ( 5 1 2  bytes 64 bytes 
+ 448 bytes ) . 

CAUSE ( IF KNOWN) 

Routine TIP maintenance 
procedures .  

REMEDIAL ACTION 
( IF ANY) PERFORMANCE EFFECT 

TIP restart . See next Access Denial ( timeout ) . 
item . 

NTIAIITS NCP altered by Host software restart. Block Loss . 
TIP "crash" during pre-
vious tes t .  

Probably a host software Host software restart . Block Loss ( all blocks 
transmitted between failure 
and test termination ) .  

failure - NBS system 
"crashed" soon after tes t .  

Destination NCP "crashed . "  Host software restart. Access Denial ( system 
blocking signal ) . 

Unknown . Destination 
host was under very heavy 
local use . 

Unknown . Destination 
host was under very heavy 
local use . 

Various ( e . g . , hardware 
failures , software 
"crashes " ) . 

TIP program failure . 

TIP operator error . 

Unknown . May be a char
acteristic of the host 
flow control protocol . 

Non e .  Problem did not Block Loss ( three random 
persist . blocks in a 1 60-block 

sequence) . 

Non e .  Problem did not Access Denial ( timeout) .  
persist . 

Host hardware mainten
ance or software re
start . 

TIP restart ( via 
remote action ) . 

Reconnect TIP/host 
cable . 

Non e .  Delivered bit 
sequence is correct; 
only block delimiters 
are changed . 

Access Outage . This was a 
very common occurrence .  

Access Outage . 

Access Outage . 

Longer Block Transfer Times 
for first few blocks trans
mitted during UIT tests . 
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S E RV I C E  P E R F O R M AN C E  S P EC I F I C AT I O N  

Part A - Pr i m ary Para meters 

1 .  Access T i m e  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  _1_. 8_ Seco n d s  
2 .  I n co rrect Access P ro b a b i l i ty. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  o * 

3 .Access D e n i a l  Pro b a b i l i ty . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  6 . 0xlo- 3 * 

4. Access O utage P ro ba b i l i ty . . . . . . . . . . . . . . . . . , . . . . . . . .. . . . . . . . .  2 . 6xl0- 3 * 

5 .  B it Erro r  Probab i l ity. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  o * 

6 .  B i t  M i sd e l i ve ry P ro ba b i l i ty . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  t * 

7 .  Extra B it P ro b ab i l ity . . .. . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . .  ';�� - o * 

8 .  B i t  Loss P ro b a b i l i t}' . .. . . . . . . . . . . . . . . . . . .  � . . . . . . . . . . . . . . . . . . . .  z . oxlo- 3 * 

( 5 12-b it block s )  709 M i l l i seconds 
9 .  B lock T ransfer T i m e  . . . . . . . . . . . . . . . . . . . . .  (4.Q�9:-PJ-.t • .  q�g�!<-.s). 2 6 2 M i  1 1  i seconds 

1 0. B l oc k  E rro r P ro ba b i l i ty .. . . . . .. .. . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . .  o * 

1 1 . B l oc k  M i sd e l i ve ry Probab i l i ty. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  t * 

1 2. B l oc k  Loss Probab i l i ty . . . . . . . . . . . . .. . . . . . . . . . . . . . . . $ • • • • • • • • •  2 . ox1o- 3 * 

1 3. Extra B l oc k  Probab i l i ty. . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . .  o * 
B i ts/ 

1 4 . U ser I nformat i o n  B i t  Transfer Rate. . . . . . . . . . . . . . . . . . . . . . .  4 8 7 2  Seco n d  
Originator 12 M i l l i s econds 

1 5 . D iseng ag e m e nt T i m e  . . . . . . . . . . . . . . . . . . . . . . .  r::<:r:?:f.��r;�F?!-". .  2 • 5 Seconds 
1 6. D isengag e m e n t  Denia l  P ro ba b i l i ty . . . . . . . . . . .  ?;f.g.�r;<;�?; • .  L 3xlo- 3 * 

Nonoriginator . p b b " l " t  4 7 10- 2 1 7 . T ransfer D e  m a l  ro a t t y. . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . .  . x * 

Part B - A n c i l l ary Parameters 

1 8 . U ser F ract i o n  of Access T i m e . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0 . 15 

1 9. U ser F ract i o n  of B l oc k  Transfer T i m e  . .  (�c;��:-�?:-.V:���! . . .  o . l 3 

20. User F ract ion of Sam p l e  I n p u t/O utput  T i m e . . . . . . . . . . . .  o . l3 

2 1  U F t . f D " t T' Originator 0 . ser rae t o n  o tsengagemen t m e  . . . . . . . . .. . ... . . . . . . .  ---,,.:;:...-,.-Nonorlglnator 0 . 1 3 

* N ote: The p ro ba b i l i t i es and user perfo rmance ti me fract i o n s are 
d i m e n s i o n l ess nu m b e rs b etween zero and o n e .  

tValue not measured . 

Figure 2 - 1 2 . Performance measurement summary . 
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Fig ure 2 - 1 3 ,  Hardware d e s ign fo r the measurement o f  pub l i c  data networks . 

functions are performed by the s o f tware oper
ator emu l ator . Alternatively , the roles o f  
the pub l i c  data network and the t o l l  telephone 
network can be reversed to permit tes t ing o f  
data transmi s s ion over the latter . A mini
computer connected to the host emul ator is 
used to speed up the o f f - line reduc t ion of 
mea surement data . 

Results o f  the public network mea surements 
initi ated in FY 82 will be pub l i shed in an 
NTIA Report which wi l l  be ava i lable about the 
middle o f  FY 8 3 .  The se results w i l l  promote 
the Data Commun ica tions proj e c t  obj ectives in 
three ways : 

1 .  By providing an initial c haracte r i z ation 
o f  pub l ic data network per formance as 
seen by typical end users . 

2 .  By encouraging d ata commun icat ion service 
suppl iers to measure and repor t tLe per
formanc e of their own o f fered s ervices 
in uniform , u ser-or iented term s . 

3 .  By providing Federal agenc ies and othe rs 
with a practical , relatively inexpens ive 
method o f  mea suring the u s er-or iented 
per formance parameters . 

Further in forma t ion on the pub l ic d a ta network 
mea surement methodology and resul t s  can be 
obta ined by contacting the I n s t i tute . 

International S tandards . E f fe c t ive U . S .  par
t i c ipation in the development of interna tional 
telecommun ication standards has bec ome in
creas ingly impor tant in recent year s . Amon-g 
the reasons are : 

1 0 1  

1 .  

2 .  

3 .  

Expand ing World r1arkets . The wor ldwide 
telecommun ic ation market for both ser
vices and equipment i s  growing explo
s ively . Obvious l y ,  thi s  imp l i e s  sub
stantial new market opportunities for 
u . s .  suppl ier s .  

u . s .  Trade Ba lance . Import o f  telecom
mun ications equ ipment by the U . S .  cont in
ue s to grow . Our growth rate of exports 
mus t  a t  l e a s t  equal tha t of imports if 
we are to maintain a favorable trade 
balance . Th i s  demands manu f ac turing to 
overseas spec if ications . 

Growing Standards Impac t .  The telecom
mun ication indus try , worldwide , has 
entered a period in which international 
s tandards are o f ten l eading and shaping 
new network d e s ign s ,  rather than s imply 
mand at ing existing practice s . This 
change re inforces the need for ac tive 
u . s. partic ipation in international 
s tandards deve lopmen t .  

The Insti tute ' s  I nternational Standards 
pro j ect is d e s igned to enhance opportunities 
for U . S .  f irms to compete in international 
telecommun ications markets by promoting the 
devel opment o f  broadly based , functionally 
or i ented , nonres trictive international tele
communication stand ards . 

The pro j ec t  involves three major func t ions . 
The f i r s t  i s  to l ead and support U . S .  partici
pat ion in key s tandardization e f forts o f  the 
International Telegraph and Te l ephone Con
su l ta tive Committee ( CCITT)  and its radio 



counterpart , the International Rad io Consul
tat ive Committee (CC I R ) . Thi s work is con
ducted under the au spices of the u . s .  Depart
ment of S tate . The proj ect currently provides 
ITS cha irmanship for two U . S .  CCITT prepara
tory groups and one internat ional CCIR I nter im 
Working Party ( IWP ) . The re spon sibil ities of 
a U . S .  CCITT Cha irman inc lude the review 
c oordination , and approval of proposed u : s .  
contributions to CCITT ; development of u . s .  
concensus pos itions on international standards 
i s sue s ; and leader ship of the U . S .  Delegations 
to international CCITT S tudy Group meeting s .  
CCIR IWP Cha irmen are respon s ible for the 
direction and coordination of international 
e f forts lead ing to proposed CCIR Recommenda
tions . 

F igure 2 - 1 4  i l lustrates the structure of the 
United States Organ i z ation for the CCITT 
( U . S .  CCITT ) . This organ i zatio n ,  which i s  

chartered by the U . S .  Department o f  S tate , 
provides the mechanism by which u . s .  contri
butions are coordinated and transmitted to 
the international CCITT . Each of the four 
trad itional U . S .  Study Group s , A to D ,  covers 
the work of several related internat ional 
CCITT group s . The recently estab l i shed Joint 
Working Party on the ISDN contains members 
from all four u . s .  S tudy Group s . 

Mr . Thi j s de Haas of NT IA/ITS currently 
serves a s  the Cha irman of both u . s .  S tudy 
Group D and the I SDN Working P arty . u . s . 
S tudy Group D coordinates U . S .  inputs to two 
international CCITT study group s : S tudy 
Group V I I , which develops recommendations for 
pub l i c  data networks ( e . g . , Recommendation 
X . 2 5 ) ; and Study Group XVI I ,  which develops 
recommendations for data transm i s s ion over 
the pub l i c  telephone network ( e . g . , modem 
Recommendations V . 2 2 ,  V . 2 4 ,  and V . 2 7 ) . The 
I S DN Working Party provides u . s . contributions 
primar ily to CCITT S tudy Group XVI I I , which 
i s  responsible for the overal l development of 
the I S DN [ Glen , D . V .  ( 1 9 8 2 ) , I ntegrated ser
vices digital networks , standards , and related 

techno logy , NTIA Report 8 2 - 1 0 3 ) . The 
ISDN Working P arty a l so p l ays an over a l l  u . s .  
�oordinat ing role in view o f  the probab le 
lmpact of I S DN on exis ting telephone , tele
graph , and data service s .  

Activities in S tudy Group D during FY 8 2  in
c l uded work on CCITT Recommendations in the 
fo l l ow�ng areas : 2 4 0 0  bps f u l l  duplex modems , 
the unlversal physical inter face , the Open 
Systems I nterconnection (OSI ) re ference 
mode l , me s sage handl ing , and subaddress ing in 
the numbering plan . S tudy Group D a l s o  
deve loped contr ibut ions on I S DN related 
sub j ects . Meetings were held in October of 
1 9 8 1  and in Apr i l  and August o f  1 9 8 2 . Inter
national meetings of SG VI I were held in 
Geneva , Swit z e r land , December 1 4 - 1 8  1 9 8 1  and 
in Melbourne , Austral ia , March 1 9 2 6

1 
1 9 8 2 : An 

international meeting of o f  SG XVI I
,
was held 

in Geneva , Switzerl and , on November 2 3 - 2 7  
1 9 8 1 , 

I 

Work in the I S DN Working P ar ty included the 
deve lopment of S tudy Group XVI I I  inputs which 
he lped shaped Draft Recommendations I . xxx 
( Reference Con f iguration for User/Network 
I nterfac e ) , I . xxy ( U ser/Network Interface 
Channel S tructures and Ac c e s s  Capabi l i t ie s )  
and I . xxw ( G eneral Principle s  and Character
istics of I S DN )  . Meetings were held in 
October of 1 9 8 1  and in Apr i l  and Augu st of 
1 9 8 2 . I nternational meetings of SG XVI I I  
were held in Munich , Germany , o n  February 1 7 -
2 5 , 1 9 8 2 , and in Geneva , Swi t z e r l and , o n  June 
1 6 - 2 3 ,  1 9 8 2 . 

�he I ns t�tute a l so provides chairmanship of 
l� ternatlonal CCI � IWP 8 / 1 1 , whic h  i s  respon
slble for deve l oplng a new Recommendation for 
direct printing equipment in the Mar i t ime 
Mobile S ervice . Thi s Recommendation w i l l  
incorpo rate improved radio c ircuit security 
and �n l arged address capab i l ity . An IWP 8/11 
meetlng was convened in Roches ter , NY , on May 
4- 1 2 , 1 9 8 2 . An initial draft of the new 
Recommendation was developed and agreed to at 
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-
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Figure 2 - 1 4 . The structure o f  the U o S .  CCITT and chairmen for 1 9 8 1 - 1 9 8 4 . 
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that meeting . One more meeting wi l l  be 
scheduled dur ing the Fall o f  1 9 8 2  or Spr ing 
o f  1 9 8 3  to f ina l i z e  thi s  work . An important 
task of the IWP is to provide po sitive ident i 
f i cation of radio circuit terminals ( as 
opposed to user termina l s )  to prevent the 
po s s ibi l i ty of cro s s- connections on circuit 
e s tab l i s hment or reestab l i shment after 
interrupt ion . 

A s econd maj or function of NTIA ' s  I nternation
a l  S tandards pro j ect i s  to in form intere s ted 
nonpart i c ipants of sign i f icant developments 
in the various international standards com
mittees for which NTIA has leader ship respon
sibi l ity . Over a per iod of time , thi s  func
tion a l so broadens and s trengthens u . s .  i nput 
to the CCI committees by adding new contr ibu
tors and expanding the " knowledge base " from 
whi ch u . s .  contr ibutions may be drawn . This 
function is being ac comp l i shed by severa l  
means , inc luding NTIA and open l iterature 
publications , tutorial workshop s , and presen
tations at profes s ional soc i ety and industry 
conference s .  Spec i f ic FY 82 results inc luded 
a comprehens ive NTIA Report de s c r ib ing the 
h i s tory , organ i z ation , and operation of the 
CCITT [ C ern i , D . M .  ( 1 9 8 2 ) , The CCITT : Orga
n i z ation , u . s .  par tic ipation , and studies 
toward the I SDN , NT IA Report 8 2 - 1 0 1 ] ; 
several open l i terature pub l ications on I SDN 
and related CCITT activities ( in pub l ication ) ;  
a two-day Workshop on I nternational S tandard s ;  
and the development of a computer i z e d  data 
base containing key informat ion from each of 
the over 9 0 0  white paper s submitted to the 1 5  
CCITT Study Groups during the current ( 1 9 8 1-
1 9 8 4 )  s tudy period . 

The basic purpo se of the Cerni report is to 
summa r i z e  the organi zation and activities of 
the CCITT and the U . S .  participation in i t . 
Attention is focused on the I S DN s tudies in 
particular . The report is directed to the 
telecommunication ( or compute r )  expert-
eng ineer , regulato r , manager , or user- -who is 
un f am i l i ar with the CCITT and with i t s  pro ce s s  
o f  Recommendation deve lopment .  Cop i e s  o f  
thi s report may b e  obtained from the National 
Technical Information S ervice (NT I S ) . 

The purpo se of the ITS- sponsored Workshop on 
I nternationa l S tandards was to provide a 
forum for a broad- ranging U . S .  d i scussion o f  
current international standards i s s ue s . 
There were approximately 1 5 0  partic ipants 
from Government and industry organ i z ation s , 
the latter representing common carriers , data 
proc e s s i ng equipment and service supplier s ,. 
telecommunications equipment suppliers , and 
communications users ( e . g . , the bank ing 
industry ) . The workshop focused on recent 
a c t ivities o f  the CCITT , particularly the 
I SDN , and inc luded presentations by each o f  
the four U . S .  CCITT chairmen . Work of the 
I nternational Organiz ation for S tandardiza
tion ( I S O )  and the U . S .  E lectronic I ndustries 
Association ( E I A )  and Amer ican National 
S tandards I n s ti tute (ANS I )  were a l so de scribed , 
with emphas i s  on the proces s of par ticipation 
and how to get involved . 

The workshop con s i sted o f  e ight s e s s ion s : 
( 1 )  Organi z ation and Working Methods of 
S tandards Organi z a t ions , ( 2 )  U . S .  CC ITT S tudy 
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Group s-Current Top ic s , ( 3 )  Impact o f  S tandards-
Why and How o f  Partic ipat ion , ( 4 )  Integrated 
Services D igital Network- I , ( 5 )  I ntegrated 
Services Digital Network- I I , ( 6 ) Open Sys tems 
Inte rconnection , ( 7 )  New Services and Fac s im
ile , and ( 8 l  S igna l l ing Sys tems . A summary 
record of the Workshop i s  in preparation . 
Attendee responses indic ated that the Workshop 
wa s very wel l  received . Many partic ipants 
sugges ted that a s imilar workshop be held 
next year . Emphas i s  by industry speakers on 
more participation by users underscored the 
need for broad-based input to the standard s 
making proces s . 

As part o f  the NTIA ' s  international s tandards 
information funct ion , the I n s t itute has deve - l 
oped a computer i z ed d a t a  b a s e  containing ab
stracts and ident i f ier in formation on numbered 
White C ontributions and Reports f rom all 1 5  
CCITT S tudy Groups f o r  the current ( 1 9 8 1 -
1 9 8 4 )  S tudy P er iod . The data base was deve l 
oped primarily t o  a s s i st I T S  personnel in pre
par ing for international meetings . Rapid 
acce s s  to the s e  documents a l s o  a s s i s t s  NTIA 
in responding to industry and other-agency 
queries on s tandards matter s . P l an s  to 
provide pub l i c  access to the data base are 
under way . 

Users can search the data base by using key 
words ,  study group name s , contribution number s , 
or que stions a s s i gned to the groups . I t  i s  
a l so po s s ib l e  t o  search documents and print 
l i s t s  o f  document titl e s , document sources ,  
or questions addr e s s ed i n  the doc uments . 
Future imp rovements to the sy s tem w i l l  increase 
its capac ity and the speed at which the 
abs trac ts can be searched . 

The third ma j or func tion of NTIA ' s  internation
al s tandards p ro j ect is to develop U . S .  
contributions to international s tandards 
organi z ation s . S uch contribution s are norma lly 
undertaken on a very selective bas i s , in 
situations where NTIA/ITS has special expe rtise 
or r e sources not readily ava i l able to other 
U . S .  partic ipants . Two such contributions 
were submitted to international s tandards 
organ i z ations dur ing FY 8 2 : one to CC ITT , 
def ining statistical methods o f  determin ing 
the precis ion o f  b i t  error probab i l ity and 
related performance parameter measurements ;  
and one to the I S O , propo sing a method o f  
expr e s s ing Qua l ity o f  Service a t  the boundary 
between the Transport and S e s s ion Layers of 
the OSI reference model . A CCITT Draft Recom
mendation on Qua l i ty of Service , reflecting 
the user-or iented approach of ANS I  X 3 . 1 0 2 , was 
a l so prepared . 

F igure 2 - 1 5  il lustrates the general approach 
propo sed in the CCITT contribution on measure
ment pre c i s ion . Each curve expr e s se s  the re
lationship between the prec i s ion o f  a fai lure 
probab i l i ty measurement ( expressed as a 
con f idence interval ) ,  and the number of 
f a i l ure o ccurrences ( e . g . , b i t  errors ) ,  for a 
given confidence level . The curves can be 
used e i ther a prio r i , to determine the number 
of f a i lure events which mus t  be observed 
dur ing a test to a s sure a given measurement 
prec i s ion , or ��sterior i ,  to determine the 
leve l of precis lon actually achieved by a 
comp leted measurement . The I nstitute has 
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F igure 2 - 1 5 . Re l ative precis ion in es timating P from l arge samples 
when number o f  failures is prescribed and success ive 
observations are independent .  Curve l abels are 
conf idence leve l s . 

developed sim i l ar statistical techniques for 
determining the prec i s ion of time and rate 
parameter mea surements ,  and wi l l  provide 
the se results to the CCITT in future contri
butions . 

Table 2 - 4  i s  a l i s t  of the user-or iented data 
commun ic ation performance parameters def ined 
in !SO ' s  propo sed OSI Transport S ervice Defi
n ition S tandard , DP 8 0 7 2 . The se parameters 
were recommended to !SO ' s  TC 97 sc 1 6  in a 
U . S .  contr ibution prepared by ITS . They are 
a subset of the user-oriented performance 
parameters spec i f ied in Inter im F ederal 
S tandard 1 0 3 3  and proposed Amer ican National 
S tandard X 3 . 1 0 2 , spec iali zed and simp l i fied 
to reflect two unique features of the OSI 
application : i t s  restric tion to connection
or iented services , and the need to s ignal 
values for the spec i f ied parameters acro s s  
the transport service interfac e s . The param
eter def initions in the ISO DP closely corre s 
pond t o  the ANS I  X 3 . 1 0 2  def initions . I t  i s  
anticipated that thes e  parameters wi l l  a l so 
provide a ba s i s  and framework for a CCITT 
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Recommendation o n  the spe c i f ication of qua l i ty 
of service f rom a customer point o f  view . 

Interdepartment Rad io Advi sory Commi ttee 
( I RAC ) , Techn i c a l  S ubcommittee (TSC ) 

Support . The IRAC provides spec trum man 
agement and frequency al l ocations for Federa l 
agenc i e s . This pro j ect provides support to 
cha ir the permanent S tandards Working Group 
of the Technical Subcommittee . Dur ing th i s  
year the S tandards Working Group comp l eted 
the "Undes ired Emi s s ions from the Space 
Service s "  standard which was approved by the 
IRAC for inclusion in the NTIA Manual of 
Regulations and P ro cedures for Federal Rad io 
Frequency Management .  The Working P arty on 
E lectromagnetic Noise Cre ated by Automot ive 
Igni tion S ys tems compl eted a review of experi
mental work sponsored by Army and submi tted a 
recommendation that no new Federal s tandards 
be required for the control of such interfer
ence a s  mea sured by the degradation of radio 
communications within the vehicle . A recom
mendation for change of l ow-power , man -port
able radio sys tems in the 1 6 2 - 1 7 4  MH z band 



Table 2- 4 .  C l a s s i f ication o f  Performance QOS P ar ameters 

P er formance Criterion 

Pha se S peed 

TC TC 
E stab l i sh- E stab l i shment 
ment Delay 

Data Throughput 
Transfer 

Tran s i t  Delay 

TC TC Release 
Re lease Delay 

wa s comp leted in order to conform more c lo s e ly 
with FCC r egulations and to make commerc i a l ly 
ava i l able equipments comply with the standard . 
Work on measurement criteria for both F ixed 
Service Microwave Sys tems and the Radar Spec
trum Eng i neer ing C r i teria has continued . 

SECTION 2 . 3 .  COMMUNICATIONS PROTEC TION 
PROGRAM 

The Communicat ions Pro tec t ion program wa s 
sponsored by NTIA and c oordina ted with NSA. 
Th i s  p rogram was init iated a s  a result of 
Pre s id ent i a l  Direc tive ( PD- 2 4 ) . Thi s  d irec 
tive d e s ignated the Secretary o f  Commerc e  a s  
one of two Executive Agents . The Department 
of Commerce was d e s ignated a s  having the r e 
sponsibil ity f or pro tec t ion of information in 
the f o l lowing c a tegor i e s : 

( a )  Unc l a s s i f ied information transmitted by 
a nd between governmenta l agenc ies and 
c on tractors that would be useful to an 
adver sary should it need to be protec ted . 

( b )  Non -Government information that would be 
u s eful to an adver sary should he be iden
t i f ied and the p r ivate sector in formed of 
the problem and encouraged to take ap
propr iate protec t ive measur e s . 

'.i'he Department of Commerce (NTIA) i s  addres s 
i n g  the protection of non-national s ecur i ty 
rel ated items that inc lude : 

o F inanc ial I n f ormat ion 

p lanned c hange s in prime inter est 
r a te 

Support o f  the do l lar in fore ign 
exchange market s  

o Commod i ty Market Forec asts 

o Supply of C r i t ical Mater ials 

o Strategies for I nternationa l Negotiations 

o Selected High Technology Information 

�'he main threat to telecommun ications is the 
relative ease with which i t  is po s s ibl e to 

Accuracy/Reliabi l i ty 

TC E stab l i s hment Failure 
Probabi l i ty 
(misconnection/TC refusal ) 

.. 

Residual Error Rate 
( corruption , dup l i cation/ 
los s )  

Transfer Fai lure P robab i l ity 

TC Release Fai lure 
P robab i l i ty 

eavesdrop on c ommon carr ier terrestr i a l  micro 
wave and sate l l ite communications . The tech
n iques and equ ipment are readily ava il able for 
industr i a l  and foreign adver sary eavesdropping . 

The d i scuss ion of the Communication Pro tec t ion 
rel ated ac t iv i ties will be l imi ted due to the 
c l a s s i f ied nature of some of the pro j ec t s . 
The fol lowing topic s w i l l  be addres sed to pro
vide an ins ight into the general nature of the 
work whj c h  has been conducted dur ing FY 82 . 

l .  Boundary S tud ies 

2 .  Boundary Measurements 

3 .  National Te l ecommunications Plans Support 

4 .  pFS 1 0 2 6  Standard Authentication 

5 .  Amateur Rad io 

Boundary S tudie s .  The ma j or thru st of the 
Boundary S tud i e s  program is to de termine the 
maximum d i s tanc e that common c arrier microwave 
systems can be rece ived . Thi s  problem pre
sents some un ique parame ters that need to be 
evalua ted . 

Fir s t , the eavesdropper/in terc eptor does no t 
need usable s ignal reception 1 0 0  percent of 
the time , and further , may accept rec eption 
for only one-hal f  of the conver sation . Thi s  
la tter s i tuation may be forced o n  the inter 
ceptor bec ause o �  the rela t ive interceptor 
loc ation and transmitter antenna or ientation , 
geographical ( d i s tanc e )  l imitation s , and/or 
topographical l imita tion again resul ting from 
the physical transmi tter loca tion . A second 
i tem that impac t s  the propagat ion pred ictions 
i s  the antenna or ientation of the des ired 
transmitter with respec t to the receiver lo
c a t ion . I t  should be noted that a f ixed 
location-interceptor wi l l  not gener a l l y  be in 
the ma in lobe of the transmitting anten na . 
Thi s  then requ ires an extensive knowledge and 
c a taloging of the antennas in use and the ir 
resulting antenna rad iating patterns over a 
3 6 0 °  a z imuthal r eg ion . Third , spec ial propa
gation mod e l s  are needed that will give ac 
curate measur e s  of propagation losses under 
adver se cond itions of path bloc kage s ,  again 
empha s i z ing that the interceptor will con-
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s ider reception of only a percentage of the 
transmission as acceptable for his  purposes .  
Fourth , all  s ignif icant terrain features must 
be available to assist in determining the 
particular propagation path loss . 

The net result of the Boundary Studies is de
termination of the geographical limitations 
of  an interceptor , given the interceptor ' s  
location and the transmitters of the common 
carrier transmitter locations under consid
eration . This  study must also take into con
sideration the interceptor ' s  receiving sys
tem in terms of interception antenna , front
end noise inputs ,  and the minimum required 
signal-to-noise ratio at  the output . 

The Institute has developed a Multiple Knife
Edge Diffraction model that will calculate 
microwave propagation attenuation for up to 
ten obstacles in any g iven path . 'L'he Multiple 
Knife-Edge Diffraction model utilizes  a gen
erali zed residue serie s formulation for the 
propagation of electromagnetic waves over a 
sequence of smooth and rounded obstacles , 
which can be treated a s  knife-edges at micro
wave frequencies . The resulting expression is  
in the form of a multiple integral .  This  
express ion i s  transformed into a series repre
sentation through the use of repeated inte
grals of the error function in the report by 
L . E .  Vogler , The Attenuation of Electromag
netic Waves by Multiple Kn ife-Edge Diffraction , 
NTIA Report 8 1 -8 6 ,  Oct .  1 9 8 1 . The solution 
and computer implementation constitutes a 
s ignif icant breakthrough in propagation analy
s i s  of mul tiple diffraction propagat ion prob
lems . The model has been u sed to compare 
predictions with propagation measurement and 
has resulted in good agreemen t .  Comparisons 
were made with previously written double and 
triple knife-edge programs again with very 
good agreement . This  model wil l  serve as  an 
excellent means of determining propagation 
los ses for microwave frequencies . 

During this year , a report on Analytical Ex
pressions for Gain Patterns of Microwave Com
mon Carr ier Antennas was publ i shed by ITS . 
'L'his report described the analytical expres
s ions of 9 2 4  transmit antenna s that are cur
rently in use  by common carriers .  The data 
are presented so the u ser can readily deter
mine power gain for any antenna in the report 
and at the desired off-axis angle . All anten
na gain patterns were reduced to a common for
mat .  Those antennas that exhibited common 
gain characteristic over the pattern and were 
within spec ified gain tolerances were grouped 
into sets . The group pattern then i s  repre
sented by no more than 10 straight line seg
ments that resulted in a smoothed radiation 
pattern envelope . Thi s  grouping then permits 
a more managable number of antennas that have 
been programmed for the software implementa
tion . 

A composite large scale computer program has 
been developed at  ITS that utilizes the Multi
ple Knife-Edge Diffraction model , the analyt
ical expressions for c ommon carr ier antenna 
patterns and computer data base that provides 
topographic information for selected areas in 
the United State s .  'l'hi s  information coupled 
with transmitter and receiver antenna heights 
and type s ,  transmitter power level s ,  and 
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receiver sensitivity di stance between trans
mitter and receiver provides a very versatile 
propagation analysis tool that meets all  the 
special requ irements of calcula-ting communi
cation boundaries . Thi s  computer program can 
be readily adapted to a wide variety of appli
cations , and , s ince it i s  automated , large 
number s  of propagation paths can be readily 
analyzed . 

Some earlier Boundary Studies  used only two 
antenna types--Western Electric KS-1 5 6 7 6  and 
the CCIR Standard parabolic antenna . This 
necessitated determining two separate bound
ar ies on the assumption all  transmitters used 
only one type of antenna at a time . The new 
Boundary studies only determine one boundary 
for a given frequency band . Thi s  resulting 
boundary is  based on the antennas that are 
actually in use . The two studies considered 
thi s  year are l imited to one metropolitan 
area and two frequency band s . 

Boundary Measurements . The classified Bound
ary Measurements  studies  conducted by ITS 
were  under the j oint sponsorship of NTIA and 
NSA . These measurements were a logical fol 
low-on to the previously  discussed Boundary 
Studies . 

The obj ective was to obtain experimental veri 
f ication o f  the computer propagation analyses 
program that was developed for the Boundary 
Studies . 

This  task made use of  the extens ive ITS back
ground in  development of  measurement systems 
and propagation analysi s .  The measurement 
system selected for thi s  measurement task i s  
the Transportable Automated Electromagnetic 
Measurement System ( TAEMS ) . TAEMS was dev
eloped for the Army Communication Command at 
Ft .  Huachuca , AZ . 

Spec ial ized mea surement approache s had to be 
considered because of the expected low signal 
levels that would be encountered in making 
boundary measurements .  Special software pro
grams were developed to control the measure
ments at spec ific times , at  specif ied d irec
tions , and to provide automatic calibration of 
measurement equipment when required . The 
software programs were developed , equipment 
operation verified , and mea surement approache s 
validated at the Boulder Labs . 

A physical site survey of the proposed area 
was conducted by I TS and NSA personnel . All 
necessary measurement support requirements 
were reviewed . Spec ial emphas i s  was placed 
on providing a means of transmitter tower 
identification . Thi s  was done by the common 
carrier providing a test-tone at  a pre
selected voice frequency channel and having 
the ability to turn the tone on or off on 
command . 'rhis  method o f  transmitter tower 
identification relies on having sufficient 
numbers  of tone c ircuits , an adequate number 
of voice frequency channel assignments , dif
ferent transmitter frequenc ies , and polariza
tions available to  provide unique transmitter 
tower identification . Special care must be 
taken in areas where only repeaters are oper
ating . In a repeater operation there are no 
drop or insert capabilitie s .  The tone tag 
rema ins on the same voice frequency channel 



a s  o n  the prev ious transm i s s ion link . When 
thi s cond ition exists , only two variabl es 
rema in for tower identi f icat ion- -the trans
mis sion f requency and polar i z ation . 

The mea surement van ( TAEMS ) was then trans
ported to the recommended s ite loca tion . The 
mea surement program wa s then s tarted . The 
resu l t ing measurement d i c ta ted that other 
rec e iver s ights a l so be mon i tored . At a l l  
three s i tes mea sured , equ ipment outages were 
min ima l and d a ta wa s obta ined under a wide 
range of wea ther c ond ition s . 

Upon return to Boulder , further mea surement s  
wer e  taken under more idea l i z ed cond itions 
(measurement van d irectly in the main tran s 

mitter lobe m idway between two common carrier 
transmitter s ) . Th i s  was done to provide ref
erenc e mea surement data . 

An ana l y s i s  of a l l  the data wa s accompli shed 
at the Boulder Labs . The results of the data 
showed good agreement (within me asurement 
toleranc e s )  with prev iou s l y  determined Bound
ary Stud i e s . The Boundary Me a surements we re 
highly succes sful and served to fur ther sub
stantiate I TS theoretical propagat ion stud ies . 

Nat iona l 'l'e lecommunicat ion P l an Suppor t .  The 
obj ective o f  this task i s  to provide support 
for National te lecommunication plans d irec ted 
toward f inal i z ing e f forts for common carrier 
protec t ion , publ ic key crypto logy and spec ial 
cryptographic anal y s i s  wh ich inc lud e s  the 
fol lowing ma j or topic s : 

1 .  I T S  protection s tandards efforts 

2 .  Contrac tor results 

3 .  Public key c ryptographic systems , imp l e 
mentat ion and analys i s .  

2 .  3 . 1 .  I T S  Protec tion S tandards Efforts 

Dur ing the past year the NTIA spon sored work 
r e l at iv e  to the DES ( Data Encrypt ion Stand
ard ) c ommunications protec tion s tandard s ha s 
pr imari ly c entered on inf ormation transfer . 
Severa l Government agenc ies r equested , and 
wer e  g iven , DES a ppl ication eng ineer ing guid
anc e for part icular networ k  scenario s . The 
gu idance inc luded an explanat ion of Fed eral 
Informat ion Proc e s s ing S tandard Publica tions 
( F I P S  PUB S )  46 and 8 1  ( which def ined the DES 
and its mode s  of operation ) , as we l l  a s  Fed 
eral S t andard 1 0 2 7 , which describe s the re
quired physical secur ity a tt r ibu t e s  of a DE.S 
device . The interoperabi l i ty requ irements of 
propo sed Federal S tandard 1 0 2 6 we re a l so 
addre s sed . 

Informat ion tran s f er a l so invo lved the re
l a t ing o f  I TS work accompli shmen t s  to tho se 
who might bene f i t . A presentation wa s made 
to the Department of De fense out l in ing ITS 
work , and r ecommending spec i f ic areas of pro
tection s tandards work for the Government to 
pur sue . As part o f  the Presidential Direc
t ive 2 4  mandate to inf orm the publ ic , a tech
n ical p aper entitled , " Federal Standards for 
Te lecommunication s Pr ivacy and Secur ity-Recent 
Progres s , "  was pre sented to the 1 9 8 2  Carnaha n  
Conference on Secu r i ty 'l'echnolog y .  
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The I n s t i tute ' s  e f forts i n  DES cryptovariable 
generation and d i str ibution , which had includ
ed the preparation of two dra f t  propo sed Fed
eral S tandard s ,  two comprehensive repor ts , and 
eng ineer ing prototype s wh ich valida ted the 
proposed s tandard s ,  were e s sent i a l ly halted 
a f ter the impo s i tion of a high secur i ty c la s 
s i f icat ion on t h e  generated in forma tion . Fur
ther work would have inc luded coord ination 
with the Federal Telecommunications Standards 
Committee and the American National S tandards 
I n s t i tute in ref ining the standards for ap
proval and publ ication . 

2 . 3 . 2 . Contractor Eva luations o f  Analog and 
Digital Common Carr i er Commun icat ion 

Sys tems Approaches 

The protec t ion of sensitive in forma tion over 
common carrier transm i s s ion l inks is a ma in 
area of inter e st « 'l'he mo s t  s-tra ightforward 
approach to prov iding protect ion is to combine 
modulo 2 ,  a d ig i ta l  encrypt ion s equence , with 
the d ig ital information . Thi s  approach can 
be applied to e i ther individual c hannels or 
the composite digita l da ta s tream . Bulk en 
cryption systems are usua l ly more e f f i c ient in 
terms o f  cost and operat iona l cons iderat ions . 
However , analog radio systems may a l s o  be pro
tec ted by spec i a l i z ed modu l at ion sys tems found 
in the c l a s s i f ied l iterature . 

In order to obtain a more quantitive method of 
eva lua tion of protec tion , i t  was neces sary to 
inve s t igate the theoretical and prac tical ap
pl ica tions of existing and proposed c o�uon 
carrier sy stem approache s . To achieve this 
obj ective it wa s dec ided to award two con
trac t s . The f i r s t  contrac t  inve stigated the 
theoretical compar isons of analog and digital 
modu lation system s .  Thi s  a l so inc luded taking 
into cons ideration e f fects due to mu l t ipath , 
c o -channel i nter ferenc e ,  f ad ing , and delay 
d i stortion . Special empha s i s  wa s placed on 
dig ital sy stems because of the ease of pro
vid ing privacy to the communication channel 
and the trend toward increased use of digital 
sy stems for new application s .  

The second contract wa s d irected toward docu
menting common carrier ana log re ference l inks , 
evaluat ion of cost and performance impac ts 
due to c onver s ion to digital l i nk s , and to 
d e s ign and ana lyze optimal analog and digital 
l inks to replace the current reference links . 

Vendor of fer ing s were reviewed for both ter
restrial and sate l l i te applications for ex i st
ing applications as we l l  a s  what equ ipment 
may be o f fered within the next three years . 
New area s o f  development for analog systems 
are pr imarily in the SSB/AM , increa sed com
pand ing to minimi ze transmitter bandwidth , 
and over -dev iation for modulation sys tem ga in 
( FM system s )  and better equa l i z ation approach

e s .  New areas for d igital systems inc luded 
hi gher order modulat ion sy stems to meet mini
mum FCC channel requ irements , TAS I to take 
advantages of the natural pau ses in voice 
c hannel s ,  and low bit rate vo ice such as 
Adaptive Pred ictive Cod ing ( APC ) and Linear 
Pred ictive Cod ing ( LPC ) . The se l atter two 
i tems wi l l  r equire further eva luations in 
terms of vo ice qua l ity and tandum switc hing 
e f fe c ts . 



Co-channe l operat ion effects , cost trade-off s , 
and fad ing e ffects have been reviewed . Co st 
advantages s t ill f avor analog systems , but 
ma intenance considerations favor d ig ital sys
tems . The trend toward digitaJ .  systems ap
pears to be going a t  a much s lower pace than 
originally anticipated . Each privacy require
ment for common c arrier communications wil l  
have to be eva luated o n  individual requ ire
ments . These study results wil l a s si st in 
expediting this evaluation . 

2 . 3 . 3 .  Public Key Cryptography and 
ITS Implementation 

A Publ ic Key Cryptographic System ( P KC S )  is a 
method by which two parties can derive a com
mon secret number quantity ( e . g . , a number or 
str ing of bits )  without prev iously agree ing 
on anything in secret ; i . e . , a 1 1 of the trans
act ions are publ icly d i sc lo sed . A PKCS de 
pend s upon a symmetric complex itie s in compu
tation of mutually inverting operations .  Thi s  
curious a spect has been dubbed a cryptographic 
' trapdoor . '  In e s s ence it means that , for 
some computation s ,  one may px·oceed forward on 
a one-to-one mapping with relative ea se and 
attendant sma l l  computationa l expense , but 
one is apparently f aced with an enormou s work 
factor to e f fect the inverse mapping in gen
eral , even though the unique inver se mapping 
ex i sts . 

It i s  bel ieved that the var ious PKCS ' s  de
serve study as candidate vehic l e s  for pro
tec ted Data Encrypt ion Standard ( D E S )  crypto
variable transmi s sion . Two PKCS ' s ,  the MITRE 
and the Rive st , Shamir and Adleman ( RSA) , have 
been studied . 

2 . 3 . 4 .  Mitre Publ ic Key 

The MITRE Public Key Cryptographic System 
(MPKCS ) i s  ideally su ited to the ever-expand
ing world of digital commun ication s . 

The MPKCS require s both parties to der ive se
cret number s ,  x and y, which serve as expo
nents of a publ icly d i sclosed element , a ,  of 

a f inite f ie ld of 2n e lements .  Exponentiation 
is performed modulo a GF ( 2 )  primitive poly
nomial ( also publ icly dis c lo sed ) of degree n .  

The f irst party c alculates a
x 

and send s it to 
the second party . It i s  a s sumed that publ ic 
d i s c losure a l so takes place . The second party 

compute s  aY and sends it to the first party . 
Here it i s  a l so a s sumed that publ ic d i sc lo 
sure takes place . The f ir s t  party then expo-

nentiates aY to the x power and the second 

party exponentiates a
x 

to the y power . Both 

parties then obtain axy . An eavesdropper can

not compute a
xy without having x or y and x 

or y c an only be obta ined by solving for x or 

y g iven o,x or aY . The asymmet.ric complexity 
is that g iven a and x one can easily compute 

a
x , but g iven ax and a one cannot , apparently , 

eas ily recover x .  

The Institute ' s  work in public cryptography 
during the last year continued with extens ive 
study of the MITRE Publ�c Key Cryptographic 
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Sys tem (MPKCS ) .  The MPKCS appear s to b e  an 
excel lent cryptographic vehicle for protect
ing the tran sm i s s ion of Data Enc ryption Stan
dard ( DES ) cryptovar iabl e s , i . e . , keying var i
ables and in itialization vector s . Pr imar ily , 
ITS has been carefully examining the strengths 
and weaknesses  of  the MPKCS under the threat 
a s s e s sment appropriate to NTIA ' s  role in PD- 2 4  
activities . W e  have implemented the MPKCS in 
microproce ssor software and suc c e s sfully ex
per imented with the system over uncond itioned 
telephone lines at a moderate s igna ling rate . 
The se experiments have provided va luable in 
sight into the time -critical aspec ts of us ing 
the t1PKC S . 

A report was wr itten on the results of this 
study and wa s c la s s i f ied . 

2 . 3 . 5 .  Rive st , Shamir , and Adleman 
( RSA) Pub l ic Key 

The Publ ication of "New Direc tions in Crypto
graphy " by D i f f ie and Hel lman has generated an 
increasing amount of rese arch on public key 
crypto systems . The system introduced by 
Rivest , S hamir , and Adleman is the subj ect of 
this pro j ec t .  

Briefly , the RSA scheme requires c hoo s ing two 
large pr ime s ,  p and q ,  each about 1 0 0  digits 
long , and an encryption exponent E .  Let n = 

pq . Then , to encrypt a me ssage P ,  raise P to 
the power E and f ind the rema inder upon divi
sion by n,  or in symbol ic form , the c ipher 
text C is g iven by 

C = PE 
mod n .  ( 1 )  

Decryption depend s  on f inding a number D such 
that 

C
D = P mod n ,  ( 2 )  

The numbers E and n are made publ ic , whi l e  
the member s p ,  q ,  and D are kept secret . 
Anyone knowing D can f ind p and q .  Thu s ,  the 
ba sic security of the algori thm relies  on the 
knowl edge that factoring a number n which is 
a produc t of two larger pr ime s i s  presently a 
very d i f f icult probl em . 

One of the obj ective s of this proj ect i s  to 
examine factoring methods to see if improve
ments are pos sible , and to look at other po
tential cryptographic weakne s s e s  in the RSA 
a lgor ithm . To date , no s erious shortcomings 
have been found . 

One report was publ i shed on the po ssibility 
of u s ing improved Monte Carlo fac tor ing tech
niques . 

A memorandum wa s prepared on a d i scus s ion of 
the feasibil ity of proving the va l idity o f  an 
a lgor ithm for d i stingui shing pr ime numbers 
from compos i te number s .  

Proposed Federal Standard 1 0 2 6  Authentication 
Pro j ec t .  I n  January of 1 9 7 7 , the Nat lona l 
Bureau of Standards (NBS ) i s sued Federal 
Information Proc essing Standard Publ ication 
( F I P S  PUB ) Number 4 6  specifying an algor ithm 
for encrypting d igital data . The a lgor ithm 
i s  known as the Data Encrypt ion Algorithm 
( DEA) ; the s tandard as the Data Encryption 



Standard (DE S )  . The promulgation o f  the DES 
was a s ignal event in U . S .  telecommunications 
a s  it  marked the f ir s t  time that the U . S .  
Goverment provided the public with substantial 
advice and guidance on a c ryptographic matter . 

But is suing the s tandard , it turned out , led 
to more ques tions than it answered . 

The NBS quickly identi f ied e ight areas o f  
primary concern : 

1 .  The standard ' s  architecture appear s to 
some to favor a particular manu facturer ' s  
equipment l ine . 

2 .  Encryption appear s to some to portend a 
degradation of throughput . 

3 .  The DEA appeared too complex to be effec
ed in so ftware . 

4 .  The DES appeared to provide inadequate 
security for some s ituations . 

5 .  There appeared to be a l ack of guidance 
for implementing inte r faces to the DEA . 

6 .  There appeared to be a lack o f  guidance 
concerning the ' where s and when s ' o f  us ing 
the DES . 

7 .  There appeared to be a l ac k  o f  administra
tive procedur e s  regarding the procurement , 
testing , and val idation o f  hardware which 
reali zed the DEA . 

8 .  The expor t  pol icy for DES hardware ap
peared und efined . 

The NBS succ e s s ful ly tackled the princ iple s  
o f  a l l  o f  the eight po ints above . It  i s  point 
number 5 that we are concerned with here . The 
DEA , as the acronym impl i e s , is s imply an a l 
gor ithm . It  conve rt s , under control o f  a key
ing variable , a 6 4 -bit plaintext word into a 
6 4 -bit c iphertext word in a reve r s ib l e  manner .  
This cryptographic technique i s  cal led an 
' el e ctronic codeboo k . ' What FIPS PUB 46 does , 
i s  to unambiguously and complete l y  spec i fy the 
algor ithm ' s rules , But it  is a long way from 
a c ryptographic algor ithm to a cryptographic 
system .  I n  recognition o f  this  the Federal 
Standards Telecommun ications Committee i s  
pursuing the evolution and promulgation o f  
Federal Standards which will  advi se and guide 
tho se re spons ible for integrating the DEA/DES 
into exi s ting and planned networks on the 
proper interface procedures .  

This e ffort has a lready resulted in the com
pletion of Federal S tandard 1 0 2 7 . Authored 
by the National Security Agency , this s tand
ard addresses the anc i l lary security require
meats for phy s ic a l  protection for DES-based 
devices and al so the e l ec tronic s ecurity mea
sures and emanations s ecurity mea sures .  Com
plementary to this standard is proposed Fed
eral S tandard 1 0 2 6  ( pF S  1 0 2 6 )  which addr e s s e s  
interoperabi l ity and security requirements 
for the DES when u sed for d ata communications 
at the physical and data l ink protocol laye r s . 
It i s  in s upport o f  this proposed Federal 
Standard that I TS i s  conducting this proj ec t  
which is j o intly sponsored b y  the National 

Communications System and the Nat ional Secu
r i ty Agency . 

The p ro j ec t ' s  e ssence i s  the melding o f  an 
established subset o f  the Advanced Data Com
munication Control P rocedur e s  ( ADCCP ) protocol 
and spe c i f ic e l ements o f  pFS 1 0 2 6 . To our 
knowledge ,  this is the first in-depth look at 
mes hing cryptography wi th an advanced data 
l ink layer protoco l . It i s  antic ipated that 
bes ides be ing a ' proo f-of-pr inciple ' �nvesti
gatio n ,  the e f fort will  help the approval o f  
pFS 1 0 2 6  regarding its logical cohe sion , com
pletene s s , and degree of amb iguity or lack 
thereof . 

The test bed that i s  being c reated wil l con
s i s t  o f  two Data Terminal Equipments ( DTEs )  
and two modules which wil l serve a s  Data 
Encryption Equipments ( DEE s )  configured in a 
sys tem architecture as shown in F igure 2 - 1 6 . 
The pFS 1 0 2 6  funct ions will be performed in 
the DEE ; error correction and other l ink level 
protoco l functions will  be per formed in the 
DTE . We are assuming error�. e s s  communication 
between the DTE and t.he DEE ; however , we plan 
to s tudy the e f fects o f  errors which occur 
between the DEE s . The testbed i s  built around 
a microprocessor programmed with a real time 
operating system so that moderate throughput 
rates can be attempted . 

Spread Spectrum and Amateur Radio . The Fed
eral Communications Commis sion ( FC C )  i s  con
s idering allowing the Amateur Radio Service 
( ARS ) to operate with spread spectrum techni
ques within three of the bands available to 
the ARS . Notification of the propo sal is con
tained within General Docket 8 1- 4 1 4 . Needless  
to say , the que stion has sparked a great deal 
of controversy and comment both from neighbor
ing band users who pro f e s s  to be frightened 
about potential interference problems and 
members of the ARS who are themselve s  divided 
on the i s sue . 

The i s sue i s  an extremely intere s ting one as 
no radio technique i s  surrounded by more 
mythology than is spread spectrum . This c l a s s  
o f  modulation techniques was swaddled i n  s e 
crecy at its inception over three decades ago 
and s t i l l  maintains its aura despite numerous 
open l i terature examinations and pr imers .  E s 
sentially , spread spectrum i s  any technique 
that demands a substantial ly greater spectral 
domain than that required by its information 
baseband . The tvro mos t  common techniques are 
frequency hopping ( FH )  and d irect sequence 
( DS ) . In an FH system members of a wide range 
of discrete frequenc ies are used for short 
' dwe l l ' times and thus the s ignal appears to 
hop about through an extended frequency do
mai n .  In a DS system , the relatively narrow 
spectral baseband is added to a wide spectral 
pseudorandom ( and there fore deterministic or 
predictab l e )  dig ital proc es s . The baseband 
energy is then ' sp re ad ' over a wide frequency 
range . 

The report i s  a s tudy o f  the use of DS tech
niques for the ARS . The report will charac
ter i z e  the problem and attempt to bring all of 
the relevant information regarding the i s sue s 
into one section . Another s ect ion will pro f
fer a DS architecture for ARS communications . 
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Figure 2 -1 6 . System archi·tecture . 

NOTE : SOL I D  L I NES I N D I CATE 
STAND -ALONE HARDWARE 
AND FLOvJ ASSOC IATED 
THAT HARD\�AR E .  DASH 
D ES I G NATE F U N C T I ONS 
ARE NOT STAND-ALO N E .  

The report w i l l  be a concept level treatment 
only and is intended to advance ideas and con
cept s . Time consuming analysis  is thus de
ferred for future work . The report wil l ,  
however ,  contain a s eries o f  primers on vari
ous DS ' tool s '  such as sequence generation 
and characteri stics and synchron i zation tech
niques fol lowing carrier and clock recovery . 

Other i s sue s to be cons idered are the monitor
ing and location problems . It  i s  incumbent on 
the FCC that they monitor or be able to moni
tor transmi s s ions that they permit and also be 
able to locate o f f ending transmitte r s . Spread 
spectrum techniques pose some unique problems 
to the FCC in ful f i l l ing their miss ions rela
tive to these cons iderations and therefore we 
will devote some e f fort to studying the cost 
effective ways and means o f  monitor ing and 
locating the proposed OS transmi s sions . 

SECTION 2 . 4 .  SWITCHED NETWORKS 

The Switched Network s Group o f  the Advanced 
Communication Networks Divi s ion i s  involved in 
a number o f  programs that , e ither d irectly or 
indirectly , relate to common carrier i s sue s .  
The se programs include work for other agenc ies 
such as the Department o f  the Army a s  well as 
the Dome stic Common Carrier Program within 
NTIA . The NT IA common carrier program i s  ori
ented toward the development ,  promotion , and 
support of Administration pol icies concerning 
deregulation of the common carrier industry , 
increas ing compe t ition in the telecommunica
tions industry , and s t imulating innovative 
telecommunication s e rvices and productivity . 
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A s  the telec ommunications industry moves in 
the se directions , there is an increas ing need 
in NTIA for the capabil ity to 1 )  address  those 
technical is sues who se understand ing i s  inte
gral to the formulation o f  sound pol icy , and 
2 )  re solve those techn ical i s s ue s  which impede 
the implementation of such pol icy . 

The obj ec t ive s o f  the Switched i\letwork Group 
activity regarding common carrier i s sues are 
twofold : first to obta in a technical under
s tanding o f  the interactions between competing 
networks , and s econd to f ac ilitate the inter
operabil ity o f  competing networks .  A key a s 
pect o f  these two obj ec tives i s  t o  develop a 
full understanding o f  underlying technologies 
and methodologies . This i s  accompli shed , in 
par t ,  through the pro j ects being undertaken 
for other agencies s uc h  as the Department o f  
the Army . The technical expertise obtained by 
performing proj ect-work for other government 
agenc ies is d irectly relatable to the Domestic 
Common Carrier Program o f  NTIA . S imilarly , 
the NTIA common carrier work can be related to 
other agency work such as the Defense Switched 
Network ( DS N )  pro j ect which i s  concerned , in 
par t ,  with the use of a mix o f  transmis s ion 
media and a mix o f  vendors of transmis s ion 
services in order to enhance the survivab i l ity 
o f  the DSN .  Thus , the NTIA common carrier 
pro j ect and the other agency proj ects are mu
tually supportive . 

The following paragraphs describe the NTIA 
common car r ier work and the other agency work 
be ing conducted by the Switched Networks Group . 



ENFIA Interconnection Technical S tudie s .  The 
ENF IA ( Exchange Network Fac il ities for Inter
s ta te Acce s s )  tar i f f s  are the ba s i s  for pre
sent interconnec t ions of the competing other 
common carriers ( OCC ' s ) to the A . 'r . &T .  switch
ed network . With the ENFIA inter connect ion , 
the OCC ' s  acc e s s  local switched telephone cir
cuits from thei r  interc ity microwave network 
to or iginate and complete cal l s  from thei r  
customers . The local switched c ircuits a r e  
provided b y  A . T . &T .  

The first ENFIA interconnection arrangement is  
known as  ENFIA A.  Through this c onnection , an 
OCC acce sses the local network on the l ine 
side o f  a serving central o f f ice ( o perating 
telephone company end o f f i c e ) . On April  2 7 , 
1 9 8 1 ,  A . T . &T .  del ivered a proposal to the Fed
eral Communications Commi ssion for two new 
interconnect ion arrangements . Both arrange
ments , re ferred ·to as  ENFIA B and c ,  provide 
somewhat d i f ferent accesses than ENFIA A. In 
al l cases , many technical and technology i s 
sue s arose . The Institute per formed studies 
of these technical i s sue s for NTI A .  

Requirements Analysis for the European De fense 
Communicat ions System . The ITS i s  conducting 
a study for the U . S .  Army Commun ic ations Sys
tems Agency to per form a requirements analysis 
and network concept development for the Euro
pean De fense Communications Sy stem (DCS ) . The 
ob j e ctive o f  this study is to identify new 
hardware and so ftware R&D initiatives that 
would l ead to the enhanced performance of the 
European DCS . An improved European DCS is  re
quired for the following reasons : 1 )  the need 
to make critical telecommunica ·t ions services 
survivable in a hostile environment ( nu c l ear 
or conventional war , sabotage , or  electronic 
warfare ) ;  2 )  the need for increased interop
erabil ity o f  the DCS with other networks in 
order to enhance survivabil ity and to extend 
geographical coverage ; 3 )  the need for better 
grade-of- service for administrative , logi stic s ,  
and command and control traf fic ; 4 )  the need 
to provide enhanced telecommun ication servic e s  
t o  mee t  new c l a s s-of- service r equirements suc h  
as increased u s e  o f  fac s imile , increased data 
requirements , and pos s ibly video ; and 5 )  the 
need for new or enhanced features ,  some of 
which are unique to mil itary telecommunication 
systems . 

Figure 2 - 1 7  depicts the proc e s s  for the map
ping of system l evel requirements into network 
e l ement spec i f ic ations . At the top l evel one 
identi f ie s  user ' s  requirements for service fea
ture s  such as  abbreviated dia l ing , conference 
call s ,  prior ity preemption , e tc . , user ' s  traf
fic requirements , and operator ' s  requirements 
for network administration , operation , and 
maintenance (AO&M) . Ideally , the s e  would all  
be de fined as  inputs to the network designer . 
In the real wor l d , however , some o f  these 
requirements are poorly def ined at be s t .  For 
example ,  traf fic requirements for the future 
are typically poorly d e fined . The designer 
must there fore treat traffic quantities para
metrically and d e s ign the network to have suf
f i c ient flexib i lity to grow as  tra f f ic r equire
ments change . The mapping pro c e s s  continues 
by analyz ing ex isting network technical c har 
acteristics and some nontechnical aspects such 
as economic ,  pol itic a l , or  regulatory factors . 
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Us ing these requirements , character istics o f  
ex isting networks ,  and nontechnical factors as  
inputs ,  the network analyst then can de fine 
different al ternatives for each o f  the i s sues 
or requirements that have been ident i f ied . 
Each o f  thes e  a lternative solutions may impact 
the maj o r  e l ements o f  a telecommunications 
network , namely switches , transmi ss ion facil
itie s ,  terminal s ,  system control , and po s s ibly 
system aspects such as numbering plans . The 
ob j ec t ive in this pro j ect is to use this type 
of mapping process to identi fy how sys tem l ev
el requirements ( such as interoperabi l ity o f  
the DCS with tactical systems ) impact network 
elements such as mul tiplexers , r ad io s , etc . 

A recent report to the pro j ect sponsor dis
cussed the  users ' and operators ' requirements 
and summarized the characteris ·tics  of 44 dif
ferent existing networks , both m i l itary and 
c ivil ian , with which the European DCS could be 
made to interoperate . This Phase I report 
a l so summar ized numerous issues rel ated to the 
survivab i lity and interoperabil ity problems . 
Out o f  this long l i s t  o f  issues those j udged 
to be most cr i tical are now be ing addressed 
dur ing Phase II ( near-term) and Phase I I I  
( far- term) . 

The near-term is sues are tho se i s sues whose 
solution will not require maj o r  new hardware 
or software development programs . The near
term issue s  be ing addressed are DCS inter
operabil ity with the TRI-TAC commun ications 
system , mu ltipath fading with emphasis on the 
appl ication of adaptive equalization or d iver
s ity technique s for radios used in the Euro
pean DCS , vulnerabil ity of high e f f ic iency 
modulation technique s to j amming , and recon
stitution i s s ue s . 

Phase I I I  is be ing conduc ted in parallel  with 
Pha se I I . The Phase I I I  study emphasizes the 
far-term i s sues ,  i . e . , those that would re
quire ma j o r  new equipment development or maj or 
changes to ex i s t ing networks . The issue s  
be ing addres sed i n  Phase I I I  are di ffering 
network archite c tural concepts including Inte
grated Services Digital Networks ( ISDN ' s ) , 
standards and protocols , and the development 
of mathematical mode l s  of survivabi l ity . The 
telecommunication networks of the 1 9 9 0 ' s  will 
be dr ive n ,  in par t ,  by technologies that are 
in the R&D stage during the 1 9 8 0 ' s . A recent 
report to the pro j ect sponso r d iscussed some 
of the current d evelopments and emphas i z ed the 
role of the ISDN ' s  as the direct ion in which 
the mil itary networks o f  the 1 9 9 0 ' s  might 
evolve . 

The focus o f  both the near- term and far-term 
phases of the pro j ect is  on developing re
quirements for new hardware R&D programs . 
Spec ial emphas i s  is in the area o f  rad io and 
multiplexer requirements s ince CSA has been 
ass igned maj o r  re sponsibil ities in this area 
by the Defense Communications Agency . 

DSN Acce s s  Area Program . The De fense Switched 
Network ( DS N )  Access  Area Program is a fol low
on to the Acc e s s  Area Digital Switching System 
(AADSS )  program which was reported in the 1 9 8 1  
ITS annual technical report . The current pro
gram is a l so being conducted for the U . S .  
Army ' s  Commun ication Systems Agency ( CSA) at 
Ft . Monmout h ,  NJ . 
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F igure 2 -1 7 .  Mapping of system requir ement s into network 
e l ement spec if ications . 

�he C SA i s  continuing the proc e s s  of evaluat
ing c oncepts and selecting preferred alterna
t ive s for the futur e  DSN and the contiguous 
mi l i tary base environments . The purpose of 
the current pro j ect is to beg in the next logi 
c a l  step i n  the program , namely t o  validate 
the DSN-AA (DSN-Ac c e s s  Area ) concept with 
"proof of performance "  hardware . The ITS i s  
to provide engineer ing support t o  C SA i n  the 
p lanning , development ,  and implementation of 
a demonstration network be tween Ft . Monmouth , 
NJ , and Ft . Huachuca ,  AZ , for evaluating cer
tain cr itical aspects of the DSN-AA such as 
management and c ontr o l  interface requirements , 
interoperabil ity with the Experimental Inte
grated Switched Network ( E I SN ) , cost , and risk 
factor s , Thi s  scaled demonstration network 
and test facil ity is an impor tant s tep leading 
to a l arge scale impl ementation of the DSN-AA . 

In support of the se obj ective s ,  ITS i s  to con
duc t three tasks for the pro j ec t .  The se are : 
1 )  f ormulate a concept val idation facility 
( CVF ) plan , 2 )  report on policies  and actions 
impacting the DSN-AA , and 3 )  provide engineer 
ing support relating to industry contrac ts . 

The f ir s t  task , formulation of a CVF plan , pro
vides for the planning and eng ineer ing support 
to CSA for formu lating the obj ec tives and 
de s igning exper imenta l procedur e s . The intent 
i s  to test certa in concepts and functional re
quirements of hardware and softwar e  in the 
DSN-AA program . Thi s  f ir s t  task consists  of 
four subta sks . These are to 1 )  def ine obj ec 
t ives that a CVF should achieve ; 2 )  develop 

network management and contr o l  technique s  
us ing c ommon channel signal ing , along with a 
number ing plan ; 3 )  prepare an impl ementation 
plan u s ing the EISN and pr ivate l ine fac i l i 
tie s ;  and 4 )  identify interface s ,  protocol s ,  
and equipment needed to impl ement a CVF . 

An interim report entitled " De f en se Switched 
Network Acc e s s  Area Concept Val idation Fac i l 
ity Tes t  Obj ective s "  by R . F .  Linfield and 
D . V .  Glen has been delivered to the CSA for 
the f i r s t  subta sk . The report d e f ines an a s 
sumed g o a l  architecture f o r  the DSN , then de
scribes an initial validation f a c i l ity so that 
l imitations are apparent and then outline s 
obj ectives for the private l ine portion of the 
a s sumed architecture . 

As expl ained in the repor t ,  the DSN i s  intend
ed to replace the ex i sting AUTOVON/AUTODIN 
network in the continental United States . The 
perceived threat at the t ime AUTOVON/AUTODIN 
wa s conceived in the 1 9 6 0 ' s  was that potential 
enemy resources were inadequate to attack 
telecommunications d irectly . Today , thi s i s  
n o  longer the c a s e  and placing swi tch nodes 
an� other fac i l itie s in r emote nontargetable 
areas no longer reso lves a l l  of the surviv
abi l i ty probl ems . Distr ibuting the switching 
func tions to many more nodes and locating them 
closer to the subscribe r s  reduces costs by 
reduc ins the backbone a c c e s s  costs . Thi s 
DSN architectural concept i s  shown in Figure 
2 - 1 8 . Thi s  hybrid c oncept c ombines the s trong
e s t  attributes of a c ircuit switched , software 
def ined network ( SDN ) , a c ircuit switched pri-
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Figur e 2 - 1 8 . Planned DSN architecture in the CONUS . 

vate l ine network ( PLN ) , and a packet switched 
common c hannel s ignal ing network . 

The SDN portion of the DSN i s  an arrangemen-t 
of hardware , software , and f irmware e l ement s  
imbedded within the Publ ic Switched Telephone 
Network ( PSTN ) . Thi s  SDN prov ide s  a spec ial 
set o f  t elecommunications servic e s  to the mil
itary u ser commun ity under the control of a 
shared network intel ligence acces s ed by com
mon c hannel s ignaling . 

The PLN portion provides telecommunication 
services  between mil itary acc e s s  areas us ing 
mil itary sate l l i tes , commerc ial satellite s , 
and terrestrial l ines leased f rom commercial 
carr ier s .  

The BISN , which u s e s  the WE STAR I I I  satell ite , 
will be u sed in the satell ite portion of a 
scaled conf iguration of the DSN . The E I SN 
cons i s t s  o f  the WESTAR I I I , and an earth sta
tion interface and inter face mes sage proc e 3-
sor to be located at F t .  Huachuca ,  Ft . Mon
mouth , and o ther locations intended to test 
components o f  a scaled DSN . Initially the CVF 
would exist only at F t .  Huachuca and F t .  Mon-

mouth whi le the E I SN involv e s  up to f ive 
location s . 

A potential CVF conf iguration o f  the DSN i s  
shown i n  F igure 2 -1 9 . In add ition to the EISN 
j u s t  d iscussed , terrestrial trunks and a pri
vate swi tc hed communications service are shown 
a s  part o f  a test conf iguration . 

Wor k  on the other subtasks i s  in progr e s s .  

The second tas k ,  concerning activities impact
ing the DSN-AA , con s i s t s  o f  the Institute 
enabling the CSA to keep a br ea s t  of c hanging 
policies and regulatory and s tandards activi
t ie s .  For example , technical brief s describ
ing s tandards activitie s  in the area of publ ic 
digital network accass  by the Amer ican National 
S tandards Institute have been sent to the CSA.  
The technical briefs descr ibe ongoing work in 
the area of Integrated Services Digital Net
work s  ( I SDN)  and addre s s  which i s  pertinent 
to a number ing plan . Among other areas to be 
covered are regu latory actions and tar iff re
v i s ions o f  the FCC and new legislation con
cerning telecommunication s . 
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Figure 2 -1 9 . Pot entia l CVF te st configuration . 

In Task 3 ,  I TS conducts spec ial studie s ,  
reviews and c r itiques contractor ' s  reports , 
evaluates industry propo sal s ,  and attends pro
gram statu s reviews to a s sist the C SA in moni
tor ing contrac tor s that are engaged in DSN-AA 
stud ie s .  

SECTION 2 . 5 .  SPECIAL I Z ED NETWORKS GROUP 

Federal Government commitment , demonstrated in 
Research and Development supported pr imar ily 
by the Department of De fense ( DoD ) and the 
National Aeronautics and Space Admin i stration 
(NASA) , to the development and growt h ,  to free 

market independence , of a vigorous commercial 
sate l l ite industry are c learly recognized . 
Today , there are we ll e stabl ished servic e s  for 
dome stic and international ,  large volume , geo
graphically c entral i z ed services in the Fixed 
Satell ite Services (FSS ) . The Broadca st ing 
Satel l i te Serv ice ( B S S )  has developed more 
s l owly . At the 1 9 7 7  World Broadcasting
Sate l l i te Administrative Radio Confer ence 
( 7 7  WARC-BS ) ,  a plan was drawn up for Interna
tional Telecommunication Un ion ( I TU ) Reg ions 1 
and 3 for a s s ignments of f requenc ies and or
bital pos itions for BS S in the 1 2 -GHz band . 
Further , it wa s resolved that a Reg iona l Ad
ministrative Rad io Con f erence ( RARC ) would be 
held by 1 9 8 3  to draw up a detailed plan for 
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BSS in Region 2 (North , Central , and South 
Amer ica and Greenland ) . The se plans and r e so
lutions were adopted by the 1 9 7 9  World Adminis
trative Rad io Conference (WARC ) . 

The 1 9 8 3  RARC for Reg ion 2 must resolve the 
i s sues of shar ing the Direct Broadcast Sate l 
lite ( DBS ) orbit and radio spectrum between 
1 2 . 1  and 1 2 . 7  GHz . This conferenc e will ad
dress the orbit and spectrum shar ing i s sues 
and requirements o f  the countr i e s  in Region 2 .  
The conference output can produce a very nega
tive environment for the Uni ted States ( U . S . )  
DBS industry unless favorable planning is  ac
compl i shed . This can only be done i f  a strong 
case for the u . s .  position is prepared in ad
vance . 'l'ec hn ic a l  studies have been conducted 
( and will continue ) to a s s i s t  in d etermining 
the orbit-spectrum capac ity and how it might 
be shared with the other countr ies in Region 2 .  

The 1 9 7 9  WARC a l so resolved to convene another 
IVARC in 1 9 8 5  to decide which frequency bands 
for space services should be planned and to 
draw up a detailed plan for each of the se fre
quency bands . The outcome from the 1 9 8 3  RARC 
and the 1 9 8 5  WARC wi ll  have maj or impacts on 
eff ic ient use o f  the frequency and orbit r e 
sources  b y  the United States . 



Nearly two years ago , U . S .  companies began 
submitt ing appl ications for l icense to con
struct and place in service d irect broadcast
ing satel lite s ervices .  By late summer 1 9 8 1 ,  
1 4  compani e s  had f il ed applications with the 
Federal Commun ications Comm i s s ion ( F C C )  for 
DBS servic e s  l ic en se s ;  n ine of the se app l ica
tions ultimately were acc epted by the FCC . 
Pr ivate enterpr ise and market competition , 
therefore , are " pushing " the development and 
implementat ion of DBS service . On June 2 3 , 
1 9 8 2 , the FCC a pproved inter im rules for l i 
cens ing and operation of d irect broadcast 
sate llite s .  Spectrum al located for DBS by the 
FCC-- 5 0 0  MHz in the 1 2 . 2  to 12 . 7  GHz band for 
down l ink broadca sting and 5 0 0  MHz in the 17 . 3  
to 1 7 . 8  GHz band for f eeder uplinks--is  condi
t ional , pend ing outcome of the 8 3  RARC-BS for 
Reg ion 2 .  However , this action will requ ire 
users of terre strial microwave systems ( in the 
Fixed Service s )  operating in the 1 2 . 2  to 1 2 . 7  
GHz band to move to other frequenc ies . Dur ing 
the past year , I TS supported the Interdepart
mental Rad io Advisory Committee ( IRAC ) Ad Hoc 
1 7 7  Computer User s ' Group and the FCC in 
development of c omputer -ba sed interference 
analys i s  mod e l s  to a s s ist in planning for 
the 83 RARC-BS and for use during the confer
enc e . The Institute conducted stud ies to 
understand the extent of potential interference 
between the developing d ir ec t  broadcast satel
lite service and the ex isting terrestrial 
mic rowave systems in the 1 2  GHz band . Support 
also was g iv en to o ther o f f ic e s  in NTIA in 
preparat ion of Comments to the FCC Notice of 
Inqu iry and Proposed Rulemaking , Docket No . 
8 1 - 7 0 4 , Re l eased November 1 8 , 1 9 8 1 ,  in the 
matter of L icens ing of Space Stations in the 
Dome stic Fixed-Sate l l i te Service and Re lated 
Revi sions of Part 2 5  of the Rul e s  and Regula
tions ( dea l ing with reduc ing requ ired orbit 
spac ing to 2 degree s for FSS sate l l ites in 
geosync hronous orbit . )  

Ut ilization of s atell ite technology by d i s 
per sed , low-volume u sers ( thin-route applica
t ions in rural area s )  can only be real i z ed 
when l ower-cost ground terminal s  are avai l 
able . A j o intly supported study with the 
Agency f or Internationa l Development (A . I . D . ) 
to define and encourage industry development 
of a low-co s t ,  ground terminal system suitable 
for rural areas and o ther thin-route sate l l ite 
commun ications appl ications wa s in itiated in 
1 9 8 0 .  The empha s i s  of thi s study ha s been to 
def ine earth s tation d e s igns and service 
capabi lities  which could al low reduced earth 
terminal costs . 

The earth s tation d e s ign and service requ ire
men t s  study has fol lowed a parametric approach 
by e stabli s hing a matrix o f  options for tech
nical c haracter istics  o f  c omponents of the 
earth station , such a s  the antenna s iz e ,  the 
low noi se ampl i f ier noise temperature , and 
the high power amp l i f ier output capabi l it ie s .  
Technologies that c ould be u s ed for telephony , 
such a s  s ingle c hanne l per carrier frequency 
modulation ( SCPC-FM ) , d igital vo ic e encod ing 
such a s  adaptive d elta modulation with quad
rature pha s e - s hi ft-keying ( QPSK)  , or voice 
synthes i s  such as l inear pred ictive coding 
( LPC ) with QPSK , a l so are u sed as parameter s 
of the s tudy . 

The I TS Satel l i te Communications System work 
wa s compr i sed of two , NTIA-sponsored proj ects 
and the complementary pro j ect sponsored by the 
Agency for Internationa l Deve lopment , Depart
ment of State . The se three pro j ects , estab
l i shed for management trac tabil ity were : 
1 )  Support to Preparation for the 8 3  RARC-BS , 
2 )  Broadcasting-Satell ite Service and Fixed 
Services Sharing , and 3 )  Support to the A . I . D .  
Rura l  Satellite Program . 

8 3  RARC Preparation Support . As noted ear
lier , the 1 9 7 9  WARC o f  the International 
Te lecommun ication Union r e solved that a Re
g ional Admin i s trative Rad io Conference for the 
plann ing of the broadcasting-satellite service 
( RARC-BS ) of the ITU Region 2 ( North , Centra l ,  
and South Amer ica and Greenland ) be convened 
in 1 9 8 3  and that a detailed frequency allot
ment and orbital pos i tions plan be drawn up 
for the Region . The outcome of the RARC-BS 
wi ll  have ma j or impac ts on e f f ic ient use of 
the frequency-orbit resources ava ilable for 
the Region 2 countr ie s  and on future develop
ment of the U . S .  direct broadca s t  satell ite 
indus try . In preparat j on e f forts for the u . s .  
position for the RARC-BS , various problems are 
being studied by the U . S .  National Committee 
for CCIR ( International Rad io Consultative 
Committee ) ,  I RAC Ad Hoc 17 7 ,  and the FCC 
Advi sory Committee on the 1 9 8 3  RARC-BS e stab
li s hed under the FCC Docket No . 8 0 - 3 9 8 . In 
this fiscal year , the ITS contr ibut ions have 
been made through partic ipat ion mainly in the 
Ad Hoc 1 7 7 . 

The SOUP ( S pec trum-Orbit Uti lization Program ) 
that calculates the C/I ( carr ier-to-inter fer
ence ratio ) margins at the test points on the 
surface of the earth for the purpose of ana
lyz ing BSS scenarios has been further improved 
by the ITS in this f i scal year . The data file  
s tructure has  been mod i f ied , and preparation 
of input data to run the program has been made 
s imple and easy . Aux i l iary programs that 
al low the user to append the data file easily 
have been added to SOUP . The data file for 
the polygon points ( that define polygons that 
close ly enc lose service area s )  have been im
proved by e l iminating exc e s s ive overlaps be
tween ad j acent service areas and by inc luding 
areas previou sly omitted from the service 
areas by some reason . A set of graphs showing 
the improved polygon po int s  data file ha s been 
presented to Ad Hoc 1 7 7 . As an example of 
data from this file , the po lygons for U . S .  
service areas are s hown in Figure 2 - 2 0  along 
with a Mercator pro j ect ion map of the same 
geographical areas with over layed polygons for 
compar i son . 

The computer program FOOTPRINTS which was de
ve loped several years ago by ITS wa s revised 
to execute on the laboratory computer at ITS . 
The program automatically computes and plots 
earth footpr ints of satel l i te power dens ity 
on a map pro j ection of the earth ' s  surface . 
An example i s  s hown in Figure 2 -2 1 .  Several 
improvements were added to the original pro 
gram including more detailed map data , addi
tional map pro j ections and satellite trans 
mitting antenna mode l s , more footpr ints per 
map , and the plotting of service area po lygons 
along with the earth footpr ints . 
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Figure 2 - 2 1 . Satel lite power d en s i ty contours 
for Ala ska , Mountain and Eastern 
service area s  over layed on North 
Amer ican map which inc lud e s  
polygons of U . S .  service area s . 

A spec ialized version of the program FOOT
PRINTS that executes in the batch mode wa s 
a l s o  d eveloped . Instead of manually entering 
the satell ite antenna information , the program 
use s the antenna parameter s  c omputed by pro
gram SOUP and s tored in a data f i le . Thi s 
save s t ime and r educes the c hance o f  error 
when enter ing the input data . 

The program ORBIT-PRINTS wa s once again made 
opera tional on the laboratory computer at ITS . 
The program c alculate s the contou r s  of terre s 
trial-emitter power dens ity measured a t  or 
near the geostationary orbi t .  

New capabilities a l so have been added t o  the 
SOUP . Now t he SOUP is capable of analyz ing 
scenar ios with a l l  the technical provis ions 
spec if ied by Append ix 3 0  to the I TU Radio 
Regulat ions (or the Final Act s  o f  the 1 9 7 7  
WARC -BS ) .  I n  add ition , i t  c an analyze sce
narios u s ing other antenna patterns such a s  
the f a s t  roll-off satel lite transmitting an
tenna pattern and the improved earth- station 
r ec e iv ing antenna pattern acc epted by the 
Internationa l Panel of Exper t s . It can ana
lyze e i ther d i screte-channel-allotment sce
nar ios , or  block-allotment scenari o s , or the 
combination of both . A r eport descr ibing the 
modif ied SOUP has been prepared . 

Var ious broadcasting- satell ite service  sce
narios ( i . e . , c and idates for the frequency 
a l lotments and orbital pos itions plan)  have 
been analyzed , and the results have been pre
sented to the meeting s of Ad Hoc 1 7 7 . The 
analyzed scenarios inc lude s c enarios for 
test ing the sensitivity to orbital position s , 
block-al lotment s c enar ios developed by a mem
ber of Ad Hoc 1 7 7  and their var iations , a 
scenar io for Centr a l  and South Amer ica devel 
oped b y  the International Panel of Experts on 
Computer Software , a test scenario deve loped 
by Canadian d elegates for test ing and veri 
fying the c omputer software system s . 

Final ly , I TS support to preparations for the 
83 RARC-BS included Comments to the FCC No
tice of Inquiry and Proposed Rulemaking , Dock
et 8 1 - 7 0 4 , on the que stion of r educ ing orbit 
separation for domestic satel l ite s in the 
Fixed Satell ite Service . The comments devel
oped at I TS wer e  submitted to the Office of 
Federal Systems and Spectrum Management for 
incorporation into other Comment s  prepared by 
NTIA . The I TS Comments presented a summary 
of CCIR Recommendations perta in ing to refer
ence antenna pattern s , g iving particular at
tention to s id e lobe c haracteristic s and appli
cabil i ty in  terms of the antenna diameter ( D )  
to wavelength ( A )  ratio . The Comments by the 
Institute a l so summar i z ed CCIR Recommendations 
pertaining to c ircuit noise obj ectives for 
satell ite telephone c ircuits . Thi s  summary 
sugge sted that r elaxat ion of the total noise 
obj ective might be feasible , and , in turn , 
pre sent al lowances f or total nontherrnal noise 
and noise due to inter ference ought to be re
examined a s  ways o f  increasing ( and max i 
miz ing)  orbit-spectrum utili zation . 

Fixed Service and Broadcasting Satell ite 
Sharing with Broadcasting Satel lite Service . 
We previously d i scus sed that a resolution was 
adopted at the 1 9 7 9  WARC calling for a Region
al Admini strative Rad io Conference for I TU 
Region 2 to be convened in 1 9 8 3 . Thi s  1 9 8 3  
RARC i s  t o  d ivide the band 1 2 . 1- 1 2 . 3  G H z  in 
two sub-bands and a l l_ocate the lower sub-band 
to the F S S  and the upper sub-band to the BSS , 
Broadcasting Service \ B S ) , Mobi l e , except 
Aeronautical Mobile , and Fixed Services ( FS ) . 
Thes e  a s signment s  are part of the overall  
respon s ibil ity to draw up detailed frequency 
a s signment s  and orbital pos ition plans for the 
BSS for Region 2 in the band 1 2 . 3 -1 2 . 7  GHz and 
in that portion of the band 1 2 . 1 -1 2 . 3  GH z  
which it shall al locate t o  the BSS . 

Under the prov i s ions of Part 9 4  of the FCC 
Rul e s  and Regulation s ,  the band 1 2 . 2 - 1 2 . 7  GHz 
ha s been al located to FS use and is to be po
tentially shared with both BSS and BS  or re
a s signed to a d i f f erent band . Part 9 4  of the 
FCC Rules and Regulations refers to the FS as 
a Private Operationa l Fixed Microwave Service . 
Therefore , one techn ical i ssue i s  the sharing 
and c ompatibil ity of these two service s  within 
thi s  frequency band , which i s  the c entra l  topic 
of this pro j ec t .  

Thi s  research shows that the 1 2 . 2 - 1 2 . 7  GHz FS 
appl ication primar ily supports local network 
distr ibut ion as oppo sed to long- haul FS . Fig
ure 2 - 2 2  shows the total U . S .  deployment or-Fs 
systems on a path-by-path bas i s .  Figure 2 -2 3  
expands the New York metropolitan area within 
Figure 2 - 2 2 .  It is unknown to what extent 
path enginee r ing and power budgeting is per 
formed o n  the d e s ign of the F S  in this band , 
particular ly for short paths l e s s  than several 
mile s . But there are large number s  of users 

who operate we l l  above -50 dBW/m2 F S  receiver 
power flux dens ity ( PD F )  at distance s  l e s s  
than 5 mi i n  which other u se r s  suc c e s sfully 

operate at - 7 0  dBW/m2 and be low . The a s sumed 
BSS PFD at the c enter of the service area in 

Reg ion 2 f a l l s  in a range between -1 0 0  dBW/m2 

and - 9 7  dBW/rn2 . Figure 2 -2 4  demonstrates 
the se operating level s  between the FS and BSS . 
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I t  plots a l l  of the FS E I RPs versu s station 
d i stanc e s  and then over lays the PFD curves for 

- 5 0  - 7 0 ,  and - 1 0 0  dBW/m2 . Th i s  c l early d e 
mon�trate s t h e  d i f f erenc es w h i c h  ex ist between 
these two sy stems operat ing wi thin the same 
frequency band , and quant i f i e s  these d i f fe r 
enc e s  for RARC planner s .  

A . I . D .  Rur a l  Satell ite Program . The Rural 
Sate l l ite Program , e s tabl i s hed by the Agency 
for Internat iona l Development , i s  a f ive -year , 
c ooperative e f fort between the Un i ted S tates 
and a number o f  d evelop ing nations to develop 
and demonstrate t he value o f  c ommun ications 
techno log y ,  particularly as r e a l i z ed through 
use of c ommunication sate l l i te s ,  upon deve lop
ment e f forts o f  d eveloping nation s . The es
tabl i shment of r e liable c ommunications systems 
into rural areas of the developing world pro 
vides an important and e s s en t i a l  c apabi l ity 
which can be u sed ( a )  to improve methods of 
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producing and d i stribut ing fo?d ,  ( b )  �o im
prove he a l th and family pl ann lng servlc e s , 
( c )  to s t imu late product ive work , and ( d )  to 

provide acc e s s  to educat ion . 

Th i s  wa s the third year of techn ical support 
by the Inst itute to the Rur a l  Satel l i te Pr? 
gram . Support during this year has been d l 
rec ted to development of an earth station de
s i gn suited to thin-route communica tion �e
qu irements and purchase of an earth statlon 
for experimental tests to verify performance . 

vJe took a un ique approach to the problem of 
d e f in ing service requ irements and system de
s i gn charac ter istics for a sma l l , l ow-co s t , 
earth termina l  for the Rur a l  Satell ite Pro
gram ( thin-route)  app l ic a t ion s .  On ly general 
de f in ition of serv ice requirements for typical 
proj ect app l ications could be pro� ided . �her e 
fore , we have f o l l owed a parametr lc , matrlx 



plan in e stabl i shing service that can be pro
vided by severa l candidate tec hnologies noted 
below . The fol lowing as sumptions and compo
nent parameter values have been u s ed in the 
analysis  of requ irements and design : 

a )  Typica l  application s may be e ither 
mesh or s tar networks of l ike
capab i l ity remote earth termina l s .  

b )  

c )  

d )  

A star network would operat e with a 
c entra l earth terminal a ssumed to be 
an INTELSAT Standard B or equiva lent 
t erminal in terms of G/T capabi l ity . 
The number of earth termin a l s  per 
network i s  a parameter of the analy
s i s .  

Space segment service for the net
work will be provided by leased 
transponder which may be on an 
INTELSAT satell ite (with e ither 
g l obal or hemispher ica l beam cover
age ) or a regional or domestic sat
e l l ite sy stem , such a s  PALAPA (which 
will have shaped beam coverage in
c luding the area where commun ication 
service is to be provided)  . 

Earth terminal antennas are a s sumed 
with aperture d iameters of 3 . 0  m ,  
4 . 5  m ,  6 . 0  m ,  8 . 0  m ,  and 1 0 . 0  m .  

Earth terminal receiving systems are 
a s sumed to incorporate a low no ise 
amp l i f ier with an operat ing tempera
ture o f  5 5K ,  9 0K ,  l 2 0 K ,  l5 0 K , or 
2 0 0K . 

e )  The cond itions o f  ( c )  and ( d )  above 
provide earth terminal s with G/T 
rang ing from 1 6 . 3  dB/K to 3 0 . 9 dB/K . 

f )  Te lephony service wil l  be provided 
u s ing companded FM , SCPC technology , 
digitally encoded voice ( i . e . , CVSD 
or ADM ) with QPSK modulation tec h
no log y ,  or synthe s i z ed voic e ( i . e . , 
LPC)  with QPSK modulation techno l 
ogy . 

g )  Service capac ity that can be sup
ported by a quarter transponder 
( 9  MHz )  with combinations of tech

nologies and earth terminal charac 
teristics identif ied above have 
been determined . 

Re sults of this analysis have been publ ished 
in NTIA Report 8 2 - 9 9 , dated March 1 9 8 2  and 
titl ed " Parametric Approach to Thin-Route 
Earth-Station Requirements . "  An appl ication 
example is shown below to i l lustrate use of 
the analysis  result s . 

The most c ha l l enging situation arises if one 
were to use an I NTELSAT satell ite with global 
beam coverage and s tandard transponder gain . 
In such an appl ication , receiver c haracter is
tics ( uplink)  for the sate l l ite are G/T = 

- 1 8 . 6  dB/K and maximum f lux dens i ty i s  

- 8 4 . 0  dBW/m
2 

( for u s e  o f  9 MHz o f  transponder 
bandwidth) .  The satellite EIRP , transmitted 
toward eart h ,  is 1 1 . 5  dBW . The values have 
been u s ed to d evelop the information shown in 
Table 2 -5 .  

Column by column , this table shows parametr i 
ca lly , the antenna diameter , low noise ampli
f ier (LNA) noise temperatur e ,  earth s tation 
G/T ,  high power ampl ifier ( HPA) power re
qu irements , me sh and star network options , 
the number of c ircuits that can be supported 
by 9 MHz of transponder bandwidth ( l/4 of a 
3 6 -MHz bandwidth transponde r )  and a s soc iated 
costs , when the vo ice service is s ingle c han
nel per carrier ( SCPC)  us ing cont inuously 
var iable slope delta modulation ( CVSD ) digital 
voice encod ing at 20 kbps and forward error 
correction ( FEC ) cod ing at rates R = l/2 and 
R = 3/4 to reduc e bit error rate to a correct-

ed rate not to exceed 1 0 -4 . 

The first two sets o f  rows in the table deal 
with the s tandard transponder gain . The sec
ond two sets of rows are based on the global 
beam , high transponder gain which i s  7 . 5  dB 
more gain tha n the standard ga in . The first 
four rows of information are for systems with 
forward error correction cod ing ( redundancy ) 
at rate R = 3/4 . The second four rows of in
format ion portray applications us ing FEC cod
ing at rate R = l/2 . A s imilar pattern is 
fol lowed for the appl ications u s ing high trans 
ponder gain . The high transponder gain does 
not increase the capac ity (number o f  duplex 
c ircu its provided by l/4 transponder ) , but it 
does reduce ,  substantiall y ,  the required power 
capacity of the HPA . In fac t ,  the communica
tions capac ity of l/4 transponder decreases 
s l ightly due to increase in the requ ired sat
e l l ite EIRP per carrier to provide a sl ightly 
higher down l ink C/N to achieve the required 
system C/N . 

0 
0 

Cons ider the third row of informa tion in the 
second s ection which is in formation pertaining 
to use of standard transponder gain and rate 
R = 1/2 f orward error correction ( 1 0 0 %  redun 
dancy ) . Note the required carrier-to-noise 
power den s i ty for dig itally encoded voice , 
using CVSD , i s  C/N0 = 4 7 . 5  dB-Hz . The first 

column shows use of a 4 . 5 -m antenna , the sec
ond co lumn shows use of a 9 0 ° K  LNA , and column 
three s hows G/T = 2 2 . 5  dB/K , a s suming receiv
ing system noise temperature i s  l 2 5 ° K  ( 9 0K + 
3 5 K ) . Columns four and f ive show the HPA out 
put power requirements are 2 9W and 3 . 6W for 
me sh and star network app l ications ,  re spec 
tively . Thirty-three duplex c ircuits could be 
supported by 9 MHz of transponder bandwidth in 
a me sh networ k ,  and 5 8  c ircu its could be sup
ported in a star network (with an INTELSAT 
Standard B or equivalent capabi l ity earth sta
tion used at the hub of the star network ) . 
Fina l l y ,  the last two columns portray e s t i 
mated costs f o r  the earth station component s 
( exc lud ing a shelter for the e l ectroni c s  

equipment ) .  The se e stimated c o s t s  o f  $ 5 6 . 2 K 
for a mesh network earth terminal and $ 5 0 . 0K 
for a star network remote earth terminal are 
the min imum estimated costs when cons idering 
antenna s i z e s  rang ing from 3 . 0  m to 6 . 0  m .  
Estimated costs for earth termin a l s  with 
sma l ler antennas are higher because larger 
capac ity power ampl i f iers , which are very 
expen sive , are required . The earth terminal 
with a 6 . 0 -m antenna a l so is mor e  expensive 
due to rapid ly increasing cost for the antenna 
as diameter increases above 5 . 0  to 5 . 5  m .  

1 2 0  



Table 2 -5 .  Tabulation o f  Antenna S i z e ,  LNA Noi se Temperature , HPA Output Power , the Number 
of Circuits (Us ing One Channe l per C0rrier ) , and the Estimated Cost of Earth 
S tation Components when the Satel lite Resource i s  l/4 Transponder on an INTELSAT 
Global Beam Coverage Satel lite and Voice Encoding is Per formed at 2 0  kbps 

Circuits per 1/4 Earth Station Cost 
Ant.  S i z e  LNA Temp . HPA Power (W )  Transponder ( $ X 1 0 0 0 )  

( m )  ( K )  G/T ( dB/K ) MESH STAR MESH 

- - -Standard Transponder Gain , FEC at R = 3/4 ( Required C/N0 

3 .  0 1 4 0  1 7 . 5  2 9 0  
4 .  5 1 9 0  2 0 . 0  7 3  
4 .  5 9 0  2 2 . 5  4 2  
6 . 0 9 0  2 5 . 0 14  

- - - S tandard Transponder Gain , FEC at R 

3 .  0 1 4 0  l 7 .  5 1 9 5  
4 .  5 1 9 0  2 0 . 0 4 9  
4 .  5 9 0  2 2 . 5  2 9  
6 .  0 9 0  2 5 . 0 9 

--- High Transponder Gain , FEC at R 

3 .  0 1 4 0  l 7 .  5 5 3  
4 .  5 1 9 0  2 0 . 0  14  
4 .  5 9 0  2 2 . 5  8 
6 .  0 9 0  2 5 . 0 2 . 5  

--- High Transponder Ga in , FEC at R 

3 .  0 1 4 0  17 . 5  3 6  
4 .  5 1 9 0  2 0 . 0 9 
4 .  5 9 0  2 2 . 5  5 
6 . 0 9 0  2 5 . 0 1 . 7 

The ana l y s i s  r eported in NTIA Report 8 2 - 9 9  was 
used to guide s elec tion of technical c haracter
i s t ic s  for an earth terminal to be purcha sed 
by ITS . Techn i c a l  spec if ications for purchase 
of the earth station c omponent s have been pre
pared , and c ompetitive procurements are in 
progre s s .  The s e  c omponents will be integrated 
by I TS staff into an earth terminal which will  
be  u sed f or exper imental testing dur ing next 
f i scal year to ver ify performance u s ing leased 
satel l ite transponder re sourc e s . 

1 2  7 
6 1 2  
6 2 2  
3 3 9  

l/2 ( Required C/N0 

8 1 0  
3 .  6 1 9  
3 .  6 3 3  
2 5 8  

3/4 ( Required C/N0 

2 . 6  7 
1 . 1  12 
1 . 1 2 1  
0 . 6  3 7  

l/2 ( Required C/N0 

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

1 2 1  

STAR MESH STAR 

= 4 9 . 2  dB-Hz ) ---

l 3  7 3 . 0  5 3 . 0  
2 3  6 5 . 4  4 9 . 8  
3 9  5 8 . 2  5 0 . 6  
6 4  8 3 . 7  7 7 . 3  

= 4 7 . 5  dB- Hz ) ---

20  7 2 . 0  4 8 . 0  
3 5  6 2 . 4 4 9 . 2 
5 8  5 6 . 2  5 0 . 0  
9 5  7 8 . 9  7 6 . 8  

4 9 . 2  dB-Hz ) - - -

1 3  5 9 . 0  4 6 . 4 
2 3  5 5 . 4  4 7 . 9  
3 7  5 1 . 2  4 8 . 7 
6 0  77 . 1  7 5 . 9  

4 7 . 5  dB-Hz ) - - -

1 9  5 3 . 0  4 6 . 0 
3 4  5 0 . 6  4 7 . 8 
5 6  51 . 0  4 8 . 6 
8 8  7 6 . 7  7 5 . 8 
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ANNEX IV 

GENERAL AND HISTORICAL INFORMATION OF ITS 

The Institute for Telecommunication Sciences 
( ITS ) , large st component o f  the National Tele

communications and Information Admini stration , 
i s  located at the Boulder Laboratories of the 
Department of Commerce and ha s ( a s  of Sept . 3 0 ,  
1 9 8 2 )  a full-time permanent staff o f  8 5  and 
other staff of 1 3 . In FY 1 9 8 2 ,  its support 
con s i sted of $ 3 . 7  m i l l ion of direct funding 
from Commerce and $ 5 . 2  mil l ion in work spon
sored by other Federal agencies .  

The Boulder Laboratories  include research and 
eng ineering components of the National Bureau 
of Standards , the National Oceanic and Atmo
spheric Administrat ion , and the National Tele
communications and Information Admini stration . 
Common admini strative servic e s  are the rule 
in the Boulder Laboratorie s . The Radio Bui ld
ing , which houses ITS , is on the U . S .  Depart
ment of Commerce campus at 3 2 5  Broadway . 

The fol lowing brief h i s tory s hows the Insti
tute ' s  beginnings . The Radio S ection o f  the 
National Bureau of S tandards was founded 
prior to World War I and played a maj or ro le 
in the evo lut ion of our understanding of 
radio propagation . Dr . J.  H .  Dell inger , its 
director for mo st of the period up unt i l  
World W a r  I I ,  w a s  strongly convinced of the 
importance of research and gave it practical 
appl ication a s  first chairman o f  the Study 
Group on Iono sphere P ropagation in the C C I R .  

Dur ing World War I I ,  the Interservic e  Radio 
Propagation Laboratory ( IRPL )  was organized 
at the National Bureau o f  S tandards , under 
the direction of Dr . D e l l inger . His  group 
provided a common focus for mi l itary needs 
in propagation dur ing the war . In 1 9 4 6 ,  the 
C entral Radio Propagation Laboratory ( CRPL ) 
wa s establ i shed , and in its early years had 
direct ties with the Defense Department ; for 
example , senior o f f icia l s  o f  DoD would 
appear before Congress to de fend the CRPL 
budget . In 1 9 4 9 ,  Congress ional concern for 
the vulnerability o f  Government laboratories 
located in Wa shingto n ,  DC , and the crowding 
of the NBS Connecticut Avenue campus made it 
adv i sable for the radio research work to be 
taken e l sewhere . 

Three site s ,  one in C a l i fo rnia , one in Color
ado , and one in I l linoi s ,  were considered , 
and Boulde r ,  Colorado , wa s selected . The 
first group f rom C RP L ,  which at that time 
included radio standard s work , moved to 
Colorado in 1 9 5 1 ,  and the move was completed 
in 1 9 5 4 , during which year Pres ident Ei sen
hower dedicated the NBS Radio Building . The 
Radio Standards program left CRPL at the time 
of the move to Boulde r ,  and has pursued a 
parallel  exi stence at Boulder in NBS since 
that time . 

In 1 9 54 , CRPL con s i sted o f  two research 
division s :  Radio Propagation Physics  and 
Radio Propagation Engineering . The Radio 
Systems Division was formed in 1 9 5 9 .  In 
1 9 6 0 ,  the Upper Atmo sphere and Space Physic s 

Divis ion and the I onosphere Re search and Prop
agation Divis ion were formed f rom the Radio 
Propagation Phys ics Div i s ion . I n  1 9 6 2 , CRPL 
received a full- time director , Dr . C .  Gordon 
Little . In 1 9 6 5 , Dr . H .  Herbert Hol loman , 
first A s s i s tant Secre tary for Sc ience and 
Technology in Commerc e , implemented a dec i 
s ion t o  unify geophy s i c s  in Commerce with the 
creation of the Environmental S c i ence Services 
Admini stration (ESSA)  , made up o f  the Weather 
Bureau , the Coast and Geodetic Survey , and 
the Central Radio Propagation Laboratory . At 
that t ime , the C RPL wa s renamed the Institute 
for Telecommunication Sc iences and Aeronomy 
( ITSA) . In 1 9 67 , the Institute for Telecom

munication Sciences came into b eing . It con-
tained the telecommunications-oriented 
activitie s  of ITSA . Dr . E .  K .  Smith served 
as an interim director for one year and was 
fol lowed by R .  c .  Kirby who was d i rector for 
the ensuing three year s . 

Meanwhi l e ,  in Wa shington , major attention wa s 
being g iven to the organ i z at ion o f  telecom
munications in the Federal e stab l i shment , and 
the Department of Commerce e stab l i shed an 
Office of Telecommunications in 1 9 6 7 . Reor
ganization Plan No . 1 of 1 9 7 0  and Execut ive 
Order 1 15 5 6  e stab l i shed the O f f ice o f  Tele
communications Pol icy ( OTP ) in the Executive 
O f f i c e  of the President , and a s s igned 
add itional r e sponsibi l i t i e s  to the S ecretary 
of Commerce in support o f  OTP . To meet the se 
respon s ibi lities , the Office  of Telecommuni
cations ( OT )  was g iven expanded respon s ib i l i
ties on September 2 0 ,  1 9 7 0 ,  and ITS , along 
with its programs , property , personnel , and 
fi scal resources , wa s tran s ferred to OT . 

In 1 9 7 1 ,  Dougl a s s  D .  C rombi e  became director 
of ITS . ITS  has  shifted from i t s  strong 
emphas i s  on radio wave propagation and anten
nas s ince 1 9 7 0  in the d i rection of applica
tions in spectrum management and in telecom
munication sys tems . 

In March 1 9 7 8 , Pres id ent Carter s igned Execu
tive Order 1 2 0 4 6  which e stabli shed the National 
Telecommunications and Info rmation Administra
tion and merged some o f  the functions o f  the 
Office  of Telecommunications Pol icy with tho s e  
o f  the Office o f  Telecommunications in the new 
agency . ITS wa s a s s igned the r espon s ib i lity 
of manag ing the telecommuni c ations technology 
research programs o f  NTIA and p roviding r e s earch 
suppor t  to other e l ements of NTIA a s  well a s  
other agenc ies on a reimbur s ab l e  basis . Among 
other a s s igned task s ,  the I n stitute wa s to 
remain " . . .  the c entra l  Federal Government 
laboratories for r e search on transm i s s ion o f  
radio waves . "  

In January 1 9 8 1 ,  Dr . Wil l iam F .  Utlaut a s sumed 
r e sponsibil ity for the direction of the Insti
tute . A maj or r e evaluation o f  programmatic 
and organiz ation structure wa s carr ied out 
under h i s  direction to r edef ine and a l ine the 
efforts of ITS to meet changing requirements 
and responsib i l itie s .  
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The Institute and its prede c e s sor organizat ions 
have always played a strong role in pertinent 
s c ient ific ( URS I ) ,  profe s s iona l ( IEEE ) , national 
( IRAC ) , and international ( C C I R ,  CCITT) tele
communications ac tivitie s .  The d irector o f  
CCIR from 1 9 6 6  t o  1 9 7 4  was Jack W .  Herbstreit , 
a former deputy d irector o f  C RPL and ITSA , and 
the current CCIR Director is Richard C .  Kirby , 
formerly di rector of ITS . At the pre sent time , 
the U . S .  preparatory work for two o f  the e l even 
Study Groups of CCIR is chaired by member s  of 
ITS ( U . S .  S tudy Groups 1 and 6 ) , and staff mem
bers o f  ITS l ead U . S .  delegations to three CCITT 
S tudy Groups (VI I ,  XVI I , and XVI I I )  and act
ively partic ipate in the International Organi
z ation for Standard i z ation ( I S O ) . The Institute 
a l so actively supports the Interdepartment Radio 
Advi sory Committee ( IRAC ) . 

The work which ITS doe s  for other agenc ies in 
the Government derive s its legal authorities 
from 1 5  u . s . c .  2 7 2 ( 3 )  "Advi sory S e rvices to 
Government Agenc ies on S c i enti f i c  and Techni
cal Problem s "  and 1 5  U . S . C .  2 7 2 ( f )  " Invention 
and Development of Devices to S e rve Special 
Needs o f  Government . "  As  a matter o f  Federal 
pol icy , NTIA doe s  not accept work more appro
priately done by other nongovernment c r  
government organi zation s . It  i s  a l so a matter 
of po licy that a l l  sponsored wor k  reinforce 
NTIA ' s overal l program and that it be clear 
that other agenc ies , indu s tr i e s , o r  univer
sities  could not serve equal l y  wel l  or better . 

Within these pol icy guides , I TS a spires to 
being the Federa l laboratory for r esearch in 
telecommunication s . It i s  c lear t hat the 
Government has a re spons ib i l ity t.o pur sue long
range s tudie s  in tel ecommuni c ations that are 
not e co nomically prof itable for indus t ry . It 
i s  a l so c lear that the Government must have its 
own , independent laborato r i e s  to a s s e s s  the 
s 1gnif icance o f  research conducted elsewhere . 
To�ard these end s , ITS strive s to maintain a 
knowledgeable staff that i s  working on the 
frontiers of techno logy and i s  in touch with 
the te lecommunications proble�s o f  the Federal 
Government . The Department o f  Def ense has long 
been the primary source of advanced technology . 
At the present t ime , the largest  part o f  the 
other agency sponsorship of ITS c omes from 
needs o f  the Department of Defen s e . The Insti
tute maintains , however , a s igni ficant portion 
of i t s  other agency work in support of c ivi lian 
Federal agenc i e s , where there is a l so clear 
need for Government exper t i s e  in high technology 
areas . 
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