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INT RODUC TION 

The $175 bil lion t e l e c ommunic a tions indu s t r y  
i s  a t  the h e a r t  o f  this c ou n t ry's mo ve towa r d  
t h e  in f o rma tion s o cie ty. S cien tific r e sea r ch 
a n d  enginee ring a r e  c ritic a l  to c o n tinued U.S. 
l ea d e r ship in this a r ea. Resea r ch ha s be e n ,  
a nd c o n tinu e s  t o  be , c o nduc t ed thr ough c o op­
e r a tive e f f o r t s  among U . S. indus t r y ,  a c ad emia , 
a nd G o ve r nme n t. This a n nu a l  t e chnic a l  
p r o g r e s s  r ep o r t  s umma rizes signific a n t  fis c a l 
y e a r  (FY) 1984 t e chnic a l c o n t ribu tio n s  ma d e  by 
the In s ti t u t e  f o r  T e l ec ommunic a tion S cie n c e s  
( IT S ) ,  t h e  prima ry G o ve r nm e n t  l a bo r a t o ry 

d e v o ted t o  this fie l d .  

T h e  Ins tit u t e is the chief r e s e a r ch a n d  
e n ginee ring a rm o f  the Natio n a l T e l e c om­
munic a tio n s  and In f o rma tion Adminis t r a tion 
( N TIA) , u.s. Depar tment o f  Comme r c e. Its 

mis sion is divided into two ma j o r e l eme n t s: 
1) to p r o vide dir e c t  supp o r t  to the NTIA 
Adminis t r a t o r  (who is the P r e sid e n t's 
princip a l  a d viser on t e l e c ommunic a tions a n d  
i n f o rma tion i s s ue s )  a nd t o  t he S e c r e t a ry o f  
C omme r c e  a n d  2 )  t o  s e r v e  a s  a c e n t r a l  Fede r a l  
r e s ou r ce t o  a s sis t other a g e n cies o f  the 
G o ve r nmen t in the p l a nning , d esig n ,  main ten­
a n ce , a nd imp r o v eme n t  of their t e l e c ommunica­
tions a c tivitie s. The imp o r t a nce of this 
r e spon s ibi li ty is il l u s t r a ted by the f a c t  tha t 
the Dep a r tment o f  D e f e n s e  a l o n e  wil l spend 
$1 . 1  bil lion for c ommo n c a r rier t e l e c ommunic a ­
tio ns equipme n t  and s e r vices in 198 5 . 

The te chnica l  w o r k  c a r ried ou t by the 
In s ti t u t e  f a l l s in two br oad c a t e g o ries: 
S p e c t rum R e s ea r ch a nd A n a l y sis , a nd S y s t em s  
a n d  Ne two r k s  Re s e a r ch a nd Ana lysis. 

The I n s tit u t e's w o r k  in S p e c t rum R e s e a r ch a nd 
Ana l y sis is dir e c t ed t ow a r d  imp r o ving o u r  
u nd e r s t a n ding o f  r adio-wa v e  t r a nsmi s sion t o  
enhance s p e c t rum u t i l iza tion a nd the 
p e r f o rm a n c e  of r adio c ommunica tion s y s t ems. 
Imp o r t a n t  r e s u l ts o f  this r e s e a r ch a r e  
s pe c t ru m  u s e  c o n ce p t s  a nd mode l s  tha t l ead t o  
m o r e  e f ficie n t  Fede r a l  a n d  p riva te s e c t o r  u s e  
o f  radio f r eq u e n cy spec t rum , and e l e c t r o­
magne tic w a ve and p r op a g a tion m od e l s  that l e a d  
t o  imp r o v em e n t  in r adio s y s t em pe r f o rma n ce. 

S y s tems and Ne two r k s  R e s e a r ch a n d  Ana lysis 
s t udi e s  a r e  di r e cted t owa r d  de v e l oping 
domes tic and in t e r n a ti o n a l t e l ec ommu nication 
s tanda r d s , a s s e s sing the pe r f o rm a n c e  o f  
G o v e r nme n t  and private s e c t o r  t e l e c ommunica­
tion n e two r k s ,  and eva lu a ting n ew t echn o l ogies 
for app lica tion t o  f u t u re needs. The s e  
a c tivities f acil i t a t e  c om p e t ition i n  the u.s. 
t e l e co mmunica tions indu s t r y ,  p r o m o t e  i n t e r ­
n a tiona l t r ad e  oppo r t unities f o r  u.s. firm s , 
a n d  imp r o ve the c o s t  e f f e c tiven e s s  o f  
G o v e r nme n t  t e l e c ommunic a tion s  u s e. 

In both c a t eg o rie s , the Ins titute p r o vid e s  
signific a n t  c o n t ribu tio ns to the a c tivitie s 
o f  the In t e r n a tion a l  T e l e c ommunic a tion Unio n 
( ITU) a n d  e spe cia l l y its ma j o r  s ubdivisio ns , 
the I n t e r n a ti o n a l  C o n s u l t a tive C ommi t t ees on 
Radio ( C CIR) a n d  T e l ephone a n d  T e l e g r aph 
( CCITT). Wo r k  in s uppo r t  of the s e  in t e r­
na tio na l c ommi t t ees is r ep o r ted within the 
s u c c e eding cha p t e r s. 

In s umma ry ,  the Ins titu te's science and 
r e s e a r ch e f f o r t s a r e  dir e c t ed t oward imp r o ving 
the United S t a t es' t e l e c ommunic a tions techno l ­
o g y  ba s e. Ma j o r t e chnica l p r o g r a ms a r e  under­
t ak e n  t o  f ind mo r e  e f f e c tive a nd e f ficient 
ways t o  u t i l ize o u r  n a tiona l s p e c t rum r e s o u r c e  
a nd t o  imp r ove t h e  p l a n ning , u s e ,  and eva l u a ­
t i o n  o f  G o v e r nment te l e communic tions sys tems. 
C o n comi t a n t  with the s e  e f f o r t s ,  the In s titute 
p r o vides a core t e l ec ommunic a tions r e s e a r ch 
c apcbi lity tha t c a n  be a c c e s s ed by a l l  s e c t o r s  
o f  o u r  s o ciety. Ins ti t u t e  r e s e a r ch p r o vid es a 
t e chnic a l  f o u nda tion f o r  Adminis t r a tion 
t e l e c ommunic a tions p o licy d e v e l opment in 
n a ti o n a l  a nd inter na tio n a l  a r e n a s. 





CHAPTER 1. EFFICIENT USE OF THE 
SPECTRUM AND EM WAVE TRANSMISSION 

The use of the electromagnetic spectrum, in 
telecommunications, has grown dramatically in 
the last four decades. This growth stems 
from population increase, new technologies, 
and new se rvices. To accommodate this 
growth, the limited usable spectrum must be 
expanded to higher frequencies, and existing 
spectrum must be managed more efficiently. 
To these ends, the National Telecommunica­
tions and Information Administration, Insti­
tute for Telecommunication Sciences 
(NTIA/ITS) continues a historic program to 
better understand and use higher frequencies 
and to optimally manage the use of the spec­
trum within the framework of national goals 
and priorities. This program draws heavily 
upon interrelated projects and expertise in 
spectrum measurements and in electromagnetic 
(EM) transmission and propagation modeling/ 

predictions. 

This chapter provides a brief overview of 
some specific projects conducted by ITS per­
sonnel. These projects are categorized topi­
cally into four sections. In Section 1.1 
spectrum engineering work is described; 
section 1.2 presents some spectrum resource 
assessments for the frequency bands from 
947 MHz to 40.5 GHz; advanced instrumentation 
and spectrum measurement operations are pre­
sented in section 1.3. Finally, in Section 
1.4, EM transmission with its three subtopics 
of medium properties, models and predictions 
and propagation predictions are discussed. 

SECTION 1.1 SPECTRUM ENGINEERING TECHNIQUES 

The concern in this portion of the program is 
the development of techniques that can be 
used by policy makers, frequency managers, 
system designers, and system planners in 
effecting decisions regarding use of the 
electromagnetic spectrum for telecommunica­
tion purposes. These are techniques that 
address problems in optimum choice of fre­
quencies and rational tradeoffs between 
limits on broad classes of equipment (limits 
on factors such as antenna height or power), 
the ability of a system to provide a required 
service, and the efficiency with which avail­
able spectrum is used. Techniques of this 
kind are extremely varied and must address a 
wide range of problems from the very specific 
(for the designer of a specific system at a 
particular location) to the very general (for 
the policy maker and regulator who must con­
sider national or regional consequences in a 
single action). 

The rapidly expanding global usage of the 
radio frequency spectrum resource has 
resulted in intensified competition among the 
40 radio communications services for spectrum 
space to meet their present and anticipated 
future needs. In the United States, many 
critical radio bands are already congested, 
and this situation may well be aggravated as 
increased private sector competition height­
ens the pressure on the �pectrum resource. 

In 1982, the Senate Appropriations Committee 
requested NTIA to study Federal spectrum 
usage; the goal is to use the spectrum 

3 

resource more efficiently. In response, NTIA 
prompted the Interdepartmental Radio Advisory 
Committee (IRAC) to direct its Technical Sub­
committee (TSC) to define quantitatively 
terms related to spectrum efficiency. Work­
ing Group 13 (WG-13) was formed by TSC to 
produce the desired definitions, and the 
tasks in projects TSC Support, Spectrum 
Efficiency Studies, and Spectrum Engineering 
Development support the TSC WG-13 effort. 
The project leader of these projects is the 
Convener of WG-13. 

The terms of reference of WG-13 are to: 
"Accomplish 

a) A quantitative definition of the terms 
relating to 'efficient spectrum use'; 

b) A method of application and general 
formulation for evaluating spectrum 
efficiency. This should initially be 
applied to the Fixed service in selected 
bands from 947 MHz to 40 GHz; 

c) The development of a computer model for 
evaluation of the specific application 
examined in b; 

d) An examination of typical outputs from 
the computer model for the specific 
application examined in c; 

e) Repeat b, c, and d for Mobile in selected 
bands from 947 MHz to 40 GHz." 

Working Group 13's initial response to this 
charge, "Defining Spectrum Efficiency: TSC 
Working Group 13 Progress Report," was 
approved by TSC and noted by IRAC in its 
February 14, 1984, meeting. The report 
distinguished between technical spectrum 
efficiency and spectrum utilization effec­
tiveness. This latter term relates to the 
degree to which particular communications 
requirements are fulfilled, including service 
quality, reliability, cost-effectiveness, 
access, and security. Some of these factors 
depend heavily on economic, social, and poli­
tical needs that are qualitatively, rather 
than quantitatively, related to important 
national goals. 

It should be emphasized that technical spec­
trum efficiency is not the only--not even the 
most important--cri terion for rating a com-=-­
munication system. Cost, response time, 
reliability, security, quality, and other 
characteristics are often more important, and 
they may be compromised by maximizing techni­
cal spectrum efficiency. 

For example, cost is one of the most impor­
tant reasons that telecommunications systems 
are designed with less than maximum spectrum 
efficiency. This is especially true for 
Government systems that are procured and 
operated with taxpayers' dollars, but it is 
also true for commercial systems. Point-to­
point communications, such as telephone calls 
and business data communications, could be 
carried by wires, cables, or waveguides. 
These transmission media use no spectrum 
space at all, so using spectrum space to 
transmit point-to-point messages could be 
called spectrum inefficient. Yet almost all 



such communica tions tha t travel be yond t he 
local area are c arri ed by microwave relays or 
s a t elli te trans ponders ( s pe c trum-using 
sys tems) be cause t h e se sys tems are generally 
c h e aper t han long-di s tance wire ne tworks. 

The t e c hnical regulations for UHF t elevision 
provide anot her example of economic s ( and 
other social or political f a c tors) overruling 
t ec hnic al spec trum e f ficiency. When t hose 
regulations were developed , Congress and the 
Fed eral Communic a tions Commis sion wanted to 
promote t he development of UHF TV to provide 
gre a ter diversity o f  programming. So t he 
regula tions ( " t he UHF t aboos") prote c t ed UHF 
TV rec eivers t h a t  are very spec trum-in e f fi­
cient. Th ese receivers have li t tle selec­
tivi ty or interference reje c t ion , because 
t h e se require filters and ot her component s 
t ha t would mak e t he receivers cos t more. 

In any appli c a tion of a quantit a tive index of 
technical s pe c trum e f ficiency ,  t he pos sible 
ben e fi t s  of incre asing s p e c trum e f ficiency 
mus t be measured agains t t he economic cos t s  
of doing so. 

Communica tions ac ce s sibili ty , or res pons e 
time , is another desirable characteri s t ic of 
communica tions sys tems t ha t  can be traded for 
te chnical s pe c trum e f ficiency. During many 
part s of t he 2 4-hour day,  a large frac t ion of 
the circui t s  in our nationwide telephone sys­
tem are idle. This could be said to be an 
ine f ficient use of communic a t ions re sources. 
The reason for t he idle capaci ty is t ha t t he 
s y s t em is d e signed to hold the "bloc king 
probabili ty" to an ac cep t able level. T h a t  
is , t here mus t be a good c hance t h a t  a person 
trying to make a call during a busy hour will 
not be blo c k ed by a "circuit busy" signal. 
This can be ac complis hed only by providing 
more circui ts t han are n e c e s s ary during mos t 
of t he day so tha t. t he "pe ak load" can be 
handled, 

In some Government sys tems , t he dif ference 
be tween t he pe a k  load and normal conditions 
may be much gre a ter , wi t h  an accompanying 
decre a se in t he apparent "spec trum e f fi­
ciency." For example , communica tion sys tems 
used during emergen ci es or dis as t ers may 
transmit hardly at all for long period s  of 
time. But when dis a s ter s trik es , they mus t 
be ins tantly acces sible and will carry he avy 
traf fic to save li ves and property. Many fre­
quenci es used by t he Department of De fens e  
are like this. An extreme example of acc es­
sibili ty overriding spec trum e f ficiency mig h t  
b e  the "hot line" t o  Moscow. I t's traf fic­
per-ye ar ra tio is probably very smal l ,  but 
ins tant acces sibili ty is f ar more import ant. 

In some Government sys tems , particularly de­
fense sys tems , t he mes sages mus t  be s ecure 
from intercep tion. Some technique s for engi­
neering securi ty ( particularly t hose tha t 
prevent d e t e c t ion) require more spec trum t han 
would be neces s ary for transmission "in the 
cle ar." 

A c h arac t eri s tic es pecially import ant for 
Government communica t ion sys tems is robus t­
nes s. The sys tems mu s t  work in advers e , even 
hos tile , condi tions. De fense sys tems mus t 
pa s s  ord ers and information even when delib-
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era tely jammed; radars and we apon guid anc e 
sys tems mus t continue to opera te during elec­
tronic countermeasures; air tra f fi c  control 
sys tems mus t not be interrupted by se vere 
we a ther. Robus tn es s is o f t en purch ased wi t h  
ad di tional s p e c trum: 

0 

0 

0 

delibera te red und ancy is buil t into 
critical sys tems , so t h a t  one line o f  
communica tions will always b e  open 

s pre ad-s pec trum sys tems are designed to 
comba t hos tile jamming 

frequenc y  diversi ty is u sed to ensure 
tha t t he mes sage ge t s  t hrough. All t he s e  
de sign s tra tegi e s  mig h t  b e  termed 
s pe c trum-in e f fici ent if the d e f ini tion is 
too simplis tic. Working Group 13 h a s  
a t tempted t o  avoid such a simpli s tic d e f ­
ini tion , b u t  for any de fini tion , some 
cri tic al communi c a tions sys tems may 
appear to be not s p e c trum e f f i cient. 
Maximizing te c hnical spec trum e f ficiency 
is not always t he way to optimi ze 
Government opera tions. 

One reason t h a t  t he s p e c trum re source is lim­
i ted , so tha t s pe c trum e f fi ci ency is nec e s­
s ary , is that ele c tromagnetic signals can 
interfere with e ac h  ot her ,  t hu s  de s troying 
part or all of the information in t he 
signals. Emis sions in terfere wi t h  a desired 
signal if: 

o t hey are a t  a frequency t ha t  t he rec eiver 
respond s to 

o they arriv e  at t he rec eiver loca tion wi t h  
su f ficient power 

o they arrive during t he time tha t the 
de sired signal is being received. 

These condi tions s how tha t t he import ant 
dimensions of the s p e c trum-s pace re source are 
frequency band wid t h ,  physical s pa c e , and time. 

working Group 13, t here fore , follows CCIR 
( Report 6 6 2 )  in de fining t he volume of 
spec trum-space u s ed to be t he product of 
( bandwid t h)x ( time)x ( physical space) t h a t  is 
denied to ot her potential users. 

The n ,  t he technical spe c trum e f fici ency f a c­
tor ( TS EF) is t he ra tio of t he s p e c trum 
resource used by a s t a te-of-t he-art radio 
sys tem t h a t  ac c omplis hes t he same mis s ion a s  
t he evalua ted sy s tem t o  t he spe c trum resource 
used by the evalua t ed sys t em. Here , "s t a t e­
of-the-art" me ans t he be s t  of the sys tems 
that either can be procured , or could be 
produced at a re asonable pri c e. M a t hema ti­
cally , t he t e c hnical s pe c trum e f f icienc y 
f ac tor is: 

TSEF 

where 

B is t he bandwid th the ref erence sys tem 
ctlni es to ot hers , 

T
r 

is t he time the ref erenc e sys tem denies to 
others , 



sr is the physical space ( e .  g . , area ) 
deni e d ,  

Bs i s  the bandwidth deni ed by the evaluated 
system, 

Ts is the t ime denied by the evaluated 
sys tem, and 

S s is the physical space deni ed by the 
evaluated sys tem. 

The r e  is c le arly mu ch work to be done to 
apply the definit ion to any specific sys t em 
or s e rvice . The neces sary da ta may not a l l  
be ava i lab l e ,  and some may be probabi listic . 
Good engine ering judgment wi l l  have to be 
app lied to produce a formu lat ion that is both 
comput ab le and credible . 

E ven more engineering judgment w i l l  be neces­
s ary to specify what ,  in fact , con s titutes "a  
pract ica l ,  state-of-the-a rt system that 
accomp l i shes the same mis s ion . " However ,  
making the r equired miss ion a part of th e 
definition avoids many potent ial pitfal ls in 
quantifying spectrum effi ci ency.  For 
example , if the mi s s ion r equi res that a 
chann e l  be instantly acces s ib le at al l times , 
then the r ef e rence sys tem mus t  have that 
reserved chann e l ,  and the appearance of 
spectrum ineffici ency in the real sys tem i s  
avoi ded.  

Working Group 1 3  i s  now applying the def ini ­
tion and calcu lating the t e chnical spe ctrum 
effici ency factor for the fixed s e rvic e ,  
beginning with the 7- 8 GHz ban d .  Document 
WG-1 3-8 ,  " C a l cu la t ion of the T SEF for F ixed 
Terrestrial  Services , "  gi ves calcu lat ion 
methods and formu las , a l ong with samp le 
calcu lations that show the sens itivity of th e 
T SEF to some of the neces sary simplifying 
as s umptions . The f i rs t  draft of th is docu­
ment was produced at IT S .  Document WG-13-11, 
" Specificat ion of Compute r Pr ogram to Calcu­
late TSEF in the Gove rnment T e rres trial Fixed 
Service , " was also  drafted as pa rt of the ITS 
proj ect s .  Several neces sary subroutin es have 
been developed, and the computation a l  s oft­
ware is now b e ing produced by NTIA pe rsonnel 
in Annapol i s . 

C a l cu lations of the T S EF from da ta in the 
Government Maste r F i le for the 7- 8 GHz band 
are sched u le d  for the fa l l  of 1984 . 

Efficient spectrum management r equires app li­
cation of technical expe rt ise as  exemp l if i ed 
by the Radio Fr equency As s i gnment s pro j e ct .  
In this proj ect the effect s of atmos pheric 
ducting,  transmitter emiss ion , and re ceiver 
bandpas s  charact eris tics on rada r fr equency 
a s s i gnments are evaluated for th e F ede ral 
Avi at ion Administration ( FAA ) . 

The FAA u s es a band of frequen cies for their 
Air Surve il lance Rada rs ( ASR ) that mu s t  be 
a s s i gned across  the country eff iciently and 
with a minimum amount of int e rference be tween 
a s s i gnments .  By u s ing the ASR transmitte r's 
emi s s ion and receiver's bandpas s  charact e ri s ­
tics , the required dis tan ce s eparation 
between as s ignment s for a gi ven freq uency 
s eparat ion can be est imated . Figur e 1-1 
shows a typical family of di s tance-separat ion 
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vers u s  fr equency- sepa ration curves between 
ASR- 8 rada rs . The midd le curve shows what 
s eparat ion is requir ed to ma intain a spe c i ­
fied int e rferen ce-to-receive r  n o i s e  ratio for 
50 percent of the time . 

The top curve shows the s eparation required 
s uch that the specif i ed interfe rence-to­
receive r  noise ratio is n ot exce eded for 90 
percent of the t ime wh ile the bottom curve 
shows the s eparat ion such that the rat io i s  
not exc eeded f o r  10 percent of the time . By 
using the s e  types of plots , FAA frequency 
manage rs can det e rmine what fr equency sepa ra­
t ion between carrier frequen ci es are r equired 
between nearby radars . 

S ECTION 1 . 2  SPECTRUM RESOURCE ASSESSMENT 

The National Te lecommun i cat ions and Informa­
t ion Admin i s trat ion ( NTIA ) i s  respons ible for 
managing the F ederal Government u se of the 
r adio spectrum. Part of NTIA ' s  res pons ibi l ­
i ty is t o :  " • • .  estab lish po l i ci es c oncerning 
spectrum as s ignment , a l loca t ion and u s e ,  and 
provide the various depa rtments and agencies 
with guidance to as sure that the ir conduct of 
te lecommun i cat ions activi t i es is cons istent 
with the s e  pol i c i es " .  In support of the s e  
r equirements ,  NTIA has unde rtaken a number of 
spectrum resou rce asses sment s .  The obj e c ­
ti ves of the s e  s tudi es a r e  to : as s es s  spec­
trum u t i l i z a t ion , ident ify existing and /or 
potent ial compatibi l i ty prob lems among the 
t elecommunication sys tems that be l ong to 
various depa rtments and agenci es , provide 
r ecommenda tions for resolving any compati­
bility conf l i cts that may e xist in the u s e  of 
freq uency spectrum, recommend changes to 
increase spe ctrum eff ici ency and improve 
spectrum management procedures , and help 
estab lish a long-range p lan for spectrum u s e . 

In orde r to ens ure effici ent and effect ive 
use of the spe ctrum, E xecut i ve Orde r 1 2046 
and Department of Commerce Order 10-10 di rect 
NTIA to deve lop , in coope rat ion with the 
Federal Communicat ions Commis s ion ( FCC ) ,  a 
long-range p lan for spe ctrum u s e .  As part of 
this p lanning effort , several task s have be en 
initiat e d :  

0 

0 

0 

0 

Spectrum Resource A s ses sments ( SRA ) 
covering the bands 947 MHz-17 . 7  GHz and 
17 . 7  GHz-4 0 . 5 GH z .  ( These SRA ' s  are 
proceeding concurrent to th e FCC Docket 
8 2- 3 34 wh ich addr es ses identif ication of 
s uitab le spectrum for licenses displaced 
unde r Do cket 80- 6 0 3  by the Broadcasting 
Sate l lite Se rvi ce ( BSS ) in the 1 2 . 2-1 2 . 7  
GHz band . ) 

Spectrum Resource A s ses sment covering the 
2 900-3100 MHz ban d .  

Spe ctrum Resource A s ses sment evaluating 
the use of narrow-band commun i cat ions 
techn iq ues . 

IRAC Techn ical Subcommitte e ( T SC )  deter­
minat ion of a method for evaluating 
spectrum effici ency--TSC Working Group 
( WG ) -1 3  has been tasked unde r IRAC 
document s 2 3191/1 , 2 319 9/ 2 ,  and 2 3 6 48 /1 
to c omp lete th is work . TSC WG-1 3 has 
defined a Technical Spectrum Effici ency 
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Example: Fr a frequency separation of 10 MHz between two ASR-8 radars and 
when ducting is present, interference is predicted to occur: 

for 90% of the ti.me at a distance of 150 n mi. 
for 50% of the time at a distance of 230 n mi. 
for 10% of the time at a distance of 320 n mi. 

F i gure 1-1. An example of stat i s tical f requency separation­
di stance separation curves. 
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Factor and is proceeding with development 
of a re lated computer mode l .  This effic­
iency factor concept wil l be appli ed 
where feasib le to fi xed and mobile sys­
tems in se lected ba nd s within the overal l  
947 MHz-40 . 5  GHz range . 

Pert inent port ions of the SRA' s  wil l  be 
incorporated into the Joint NTIA/FCC Long 
Range P l a n  ( LRP ) . 

The Spectrum Resource Asses sment of the F i xed 
and Mobi le Services in the 947 MHz 17 . 7  GHz 
Band s is part of the tasking as given above . 

On S eptember 3 0 ,  1 9 8 3 , the FCC r e leased the 
F ir s t  Report and Order ( FCC 8 3-39 3 ) in Gen­
eral Docket 82-3 3 4  to provide frequencies and 
revised rules for the reac commoda t ion of 
existing 12 GHz fi xed microwave u sers . Thi s  
was nec e s sary becau s e  the 1 2  GHz band ( 1 2 . 2  
to 1 2 . 7  GHz ) has bee n  al located to the Broad­
cas ting-Satel lite Service on a primary 
bas i s , and F i xed Servi ce and Broadcas ting­
Sate l l i te S ervice ca nnot use the same fre­
quencies in a geographic are a  due to poten­
tial interference . The F irs t Report and 
Order also al located spectrum in the 18 GHz 
band to F i xed Service . 

On January 1 3 ,  1 9 83 , the Commi s s ion adopted 
and rele ased a Not ice of Proposed Ru le Making 
( NP RM )  ( FCC 83 - 2 )  in General Docket 82- 3 34 
proposing spectrum al locations and standards 
for cert ain microwave bands . A ma jor purpose 
of the NPRM was to propose changes in the 
Commi s sions' s Rules to accommodate private 
fi xed users who migh t  be disp laced from the 
1 2  GHz freq uency band by the al loca tion of 
band to the Broadcast ing-Sate l lite Service . 
E ar l i er ,  the Commis s ion had released a Not ice 
of I ntent ( NO I ) ( FCC 8 2 - 28 6 ) in th is proceed ­
ing t o  examine spectrum a l locations and tech ­
n i c a l  standards for certain F i xed and Mobi le 
S ervices' ba nds between 1 7 . 7  and 40 GHz .  The 
scope of the proceeding was e xpanded by the 
NPRM to inc lude cons ideratio n  of cert ain 
additional bands between 947 MHz and 1 7 . 7  GHz 
in order to provide a means for de veloping 
provis ions to accommodate the disp laced 
1 2  GHz users . Th is concern prompted this 
special s tudy of Governme nt use of spectrum 
between 947 MHz and 40 GHz which wou l d  inf lu­
ence the continuing ef fort at long-range 
planni ng for e f fe ct ive and e f fici ent use of 
the spectrum adminis tered by NTIA . 

I n  the United States , the spectrum from 
947 MHz to 1 7 . 7  GHz h as been divi ded i nto 8 8  
s eparate band s . The ef fort here wil l  be 
focused on the F i xed and Mobi le Servic e s , and 
there are 50 bands al located to those serv­
ices . The s e  50 bands are represented by 
7 9 1 7  MHz o f  spectrum. The 7 9 1 7  MHz of 
spectrum is al located to Government/non­
Government shared , non-Government exc lus ive , 
and Government e xc l u s i ve u s e s . Even though 
the al loca t ion tab le may s e em to al locate a 
band to Government or non-Government e xc l u­
s ive use ,  the band may actual ly be shared by 
act ion of a footnote to the a l location t ab le .  
An e xamp le wou ld be the thr e e  bands be tween 
8 0 2 5- 84 0 0  MHz .  These bands appear to be 
Government exc lus ive ba nd s .  However , u.s. 
Footnote 2 5 8  states that , " In the band 80 2 5-
8 4 0 0  MHz , the non-Government Earth 
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E xploration-Sate l l i te Service ( space-to­
Earth ) is allocated on a primary bas is . 
Authorizations are subj ect to a ca s e-by-case 
e lectromagnet ic compatibi lity analys is . "  By 
virtue of the footnote ,  this port ion of the 
spe ctrum becomes a Governme nt/non-Government 
shared ba nd . 

The 7 9 1 7  MHz of spe ctrum cont aining Fixed and 
Mobi le Services in the frequency range from 
947 MHz to 1 7 . 7  GHz is al loca ted as fol lows: 

Governme nt/non-Government shared: 

Shared by direct al loca tio n ,  1 1  bands 
containing 744 MHz of spectrum 

Shared by footnot e ,  14 bands 
containing 140 3 . 5  MHz of spe ctrum 

Tot al shared , 25 ba nds 
containing 2 1 47 . 5  MHz of  
spectrum ( 2 7 percent ) 

Government/non-Government e xc lu sive : 

Non-Government exc lus ive , 
containing 3 , 5 7 8  MHz of 
spectrum 

14 bands 

( 4 5  percent ) 
1 1  bands Government exc lu s i ve , 

containing 2 , 1 9 1 . 5  MHz of 
spectrum ( 28 percent ) 

Major services in the remaining 38 bands that 
make up the al locat ions in the 947 MHz to 
1 7 . 7  GHz spectrum range inc lude Radiolocation,  
Aeronautical Radionavi gat ion , Aeronaut ical 
T e lemeteri ng , Fixed-Sate l li te ,  Mobi le-Satel­
l i t e ,  Meteoro logical-Satel lite , Broadcas ting­
Sate l li te ,  and Radio A s tronomy S ervices . 

The frequenci es between 947 MHz and 1 7 . 7  GHz 
represent a large port ion of the usab le radio 
frequency spectrum and represent a very 
import ant and valuab le as set as part of this 
r esource . There is a need at this time to 
review the Government use , ru les and regula­
t ions , and technical standards governing thi s  
port ion o f  the spectrum in ligh t  of the 
Commiss ion's NOI , NPRM , and Report and Order ; 
the changes in al loca tions and s tandards 
imp lemented as a resu lt of the 19 7 9  World 
Admini s trat ive Radio Conference ( WARC- 7 9 ) ; 
a nd changes in market demands a nd app l i ca­
t ions of new technologi es be ing addres sed . 
Continued e xaminat ion of Governme nt spectrum 
r eq uirement s is nec e s s ary to as sure that 
as s i gned mis s ion funct ions are s atis fi ed and 
that the spectrum is used ef fici ent l y .  

A mu lt iphase program t o  evaluate sharing 
potent ial in the 947 MHz- 1 7 . 7  GHz frequency 
bands was undertaken as fol lows: 

Phas e I: The first phas e invo lves the gath­
ering of a l l  i nformat ion presently in NTIA 
f i l e s  on as s ignment s ,  uses , ma jor sys tems , 
etc. , in the bands invo lved . Sour c es for 
this information are the Government Mas ter 
F i le (GMF ) ,  Non-Government Mas ter F i le 
( NGMF ) ,  pas t  S RA report s in this frequency 

range , other NTIA and Government agency 
r eport s ,  equipment manu facturers' sys tem 
descr iptions and r eports ,  a nd any other 
r eadi ly ac ce s s ib le source with pert inent 
i nformation to this s tudy .  This wil l lead to 
the ge neration of preliminary recommendations 
for the band's sharing potent i a l . 



Phase II: Thi s  phase w i l l  incorporate 
detai led information from each Federal agency 
represented in IRAC giving system/equipment 
count s ,  mission requirements ,  and project ions 
of future use in al l bands containing Fixed 
and Mobi le Services from 947 MHz to 17 . 7  GHz . 
Based on Phase I recommendat ions , certain 
bands w i l l  be explored in more detail to 
assess the impact of band sharing . The con­
cept of regional sharing as recommended in 
the Phase I report wil l  be more detailed in 
the Phase II report . 

Additional Phases: These phases wil l be 
conducted in part icu lar bands as required . 
These assessment s take into account new 
inputs such as new system design , other sys­
tem changes , al location changes , and Electro­
magneti c  Compatibil i ty ( EMC ) impact . They 
wi l l  continue unt il  satisfactory solutions to 
the prob lems of sharing are obtained , or 
until the poi nt when su fficient deci sions 
have been made, such that further assessment s 
are no longer necessary . 

OBJECTIVES 

To assi st in the development of long-range 
spectrum management p lans and pol icies, the 
fol lowing objectives were ident ified for this 
spectrum resour ce assessment: 

0 

0 

0 

Review and document the existing and pro­
posed u ses of the bands between 947 MHz 
and 17 . 7  GHz by the Government and non­
Government Fi xed and Mobi le Services , 
part iculary emphasiz ing those speci fi­
cal ly addressed in the FCC documents and 
i nc l uding those that coul d  be expected in 
response to the resu lts of the WARC-79 
and other international and national 
agreements .  

Assess the nature and scope o f  present 
and future potential compat ibi lity 
problems between Government and non­
Government p lanned u ses of the spectrum . 

Evaluate the feasibi l i ty of increased 
shari ng between Government and non­
Government services without af fect ing 
crit i cal Government need s .  

o Recommend specific changes to the exi st­
ing ru les , regu lations and frequency man­
agement pract ices that wou ld improve 
overal l management of the band . 

o Ident ify and outl i ne specific problem 
areas requiring additional analysi s .  

APPROACH 

In order to ac compl i sh the objectives of the 
947 MHz to 17 . 7  GHz Spectrum Resource Assess­
ment , the fol lowing approach was taken: 

o Review the variou s FCC documents concerned 
with this band to determine the likely 
ef fect to Government radio servi ces . 

o Review the Final Act s of the WARC-79 and 
the NTIA Manual to determine the al loca­
tions to Fixed and Mobi le Services and 
the regu lations pertaining to the 
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0 

0 

0 

0 

0 

frequency bands of concern between 
947 MHz and 17.7 GHz .  

Revi ew the systems that are current ly 
operating in the band, where they are 
dep loyed , and their technical 
characteristics by: 

a .  Using the Government Master F i l e  
( GMF ) ,  the non-Government Master 
F,ile ( NGNF ) ,  previous NTIA report s ,  
the System Review F i le ( SFR ) , and 
other Government report s to ident ify 
frequency assignments and u sage for 
Government and non-Government 
operations . 

b .  Contact ing the Government frequency 
managers through IRAC and using sur­
veys of major equipment manu fac­
turers and u sers. 

Ident ify future systems proposed for the 
band by using data in the IRAC/Spectrum 
P lanni ng Subcommitee's ( SPS ) system 
review process for Government systems and 
equipment . 

Revi ew the compatibi l i ty analysis of 
systems within the 9 47 �1z to 17 . 7  GHz 
concerned with the Fixed and Mobi le 
Services accomp l i shed by other Government 
agencies and those analyses made in sup­
port of the IRAC system review proces s .  

Recommend specific changes o r  further 
studies relati ve to the existing ru les,  
reg u latio ns , and frequency management 
pract ices that wou l d  improve overal l 
management of the Government F i xed and 
Mobi le Servic es in the bands invo l ved . 

Ident ify remaining key issues that af fect 
spectrum management of the F i xed and 
Mobi le Services in the band and recommend 
fol low-on act ivities to address these 
i ssues . 

The study produced a comprehens ive 36 4-page 
report that detai led spectrum u se in the 
bands between 947 MHz and 17 . 7  GHz and made 
the fol lowing conc lusions and recommendat ions . 

Conc lusions and recommendations are general 
in thi s  Phase I repo rt and are based on f i le 
data within NTIA and eas ily ac cessible f i le 
data from other-agency sources. The Phase II 
report wil l inc lude more expl i c i t  data on 
future Government need for services in these 
bands and actual present-day system/equipment 
count s .  It wil l  be noticed in a number of 
bands there are recommendations for regional 
sharing of frequency asignments between 
Government and non-Government ent ities . 
These recommendat ions are general in nature 
and wil l  be conside red in mo re detail in 
light of al l data avai lab le,  part icu larly 
planned future use by the various Government 
agen cies , in the Phase II repo rt . However , 
the concept of regional shari ng shou l d  be a 
serious considerat ion for the future since 
frequency assignment s to a service in some 
bands tend to concentrate in certain geo­
graphic areas leaving other areas with few or 
no assi gnment s .  



General Conc lusion 

The forces inf luencing the al location of 
spectrum resources by the FCC and the Federal 
Government are basical ly very dif ferent. 
Economic and po litical pressures by the 
private sector upon the FCC for increased 
spectrum resources estab lish a criterion for 
spectrum ef ficiency . The Government ' s  
requirements are dictated by p lanning 
requirement s for national exigencies , and 
Federal Government ' s  National Security and 
Emergency P reparedness programs ,  which 
comp licates the efficiency of Government 
spectrum u se .  It is this dif ference in 
national p lanning concepts that estab lishes 
the basis upon which Government needs are 
satisfied and why sharing with non-Government 
entities requires special management and 
rules . 

While there is a concept of geographical 
sharing between Government and non-Government 
entities presented in this report , if this 
concept shoul d  be pursued , the ramifications 
and implicatio ns upon existing and future 
Government and non-Government spectrum needs 
would require a detailed and vigorous examin­
ation . The National Table of Frequency Al lo­
cations is a representative document of the 
Government ' s  detailed long-range p lanning 
requirement s .  However, it wou ld facilitate 
p lanning if a regional concept were estab­
lished . By designating geographical areas , 
sharing and nonsharing and the terms under 
which they cou ld be accomplished could be 
more definitely specified . To accomp lish 
this , private sector, long-range p lans must 
be identified and addressed to make a compre­
hensive assessment of this important issue . 
The FCC liaison representatives to the IRAC 
and Frequency Assignment S ubcommittee ( FAS ) 
have provided a needed and satisfactory pro­
c ed ure for coordination of civil and Govern­
ment requirements in the past. This liaison 
must become even more ef fective in the future 
as pressure from both Government and non­
Government users of the frequency spectrum 
become more demanding on this important 
national resource . 

Specific Conc l u sions 

Government exc lusive bands--sharing not 
possib le 

o The 1710- 1850 MHz band : This band is one 
of the most heavily u sed bands for Gov­
ernment Fixed Services . There are 4 1  
systems presently in the systems review 
process ,  which is indicative of the anti­
cipated growth in the band . Based on 
present assignment s and the critical 
nature of the services in the band, it 
seems highly improbab le there cou l d  be 
sharing with the non-Government sector . 

0 The 2 20 0- 2 290 MHz band : This band is an 
important band for Government with many 
assignment s to the Mobile Service for 
telemetering .  There are also a consider­
able number of experimental assignment s 
along with growing space research and 
fixed assignment s .  The band is actual ly 
now a shared band by footnote . With pre­
sent nature of band u sage and expanding 

0 

0 

0 

0 

0 

0 

9 

space research use , this band does not 
lend itself wel l to increased sharing 
with non-Government users at this time . 
This band shoul d  be looked at in more 
detail in the Phase II report . 

The 440 0 -4500 MHZ and 480 0-4990 MHZ 
band s :  These bands are used by the mili­
tary services for tactical communications 
both line-of-sight microwave and tropo­
spheric scatter operations . There is 
some room for growth in these band s ,  but 
until future u se is determined in the 
Phase II study, these bands should be 
held for Government exc lusive u se . 

The 71 25- 8450 MHz band : These bands are 
u sed mainly for Government fixed systems 
( 87 percent ) .  Most of the 1 3  subbands 
contain some type of satel lite 
communications al locatio n ,  and this is a 
growth area in assignments for the 
future . Twenty Government department s 
and agencies have assignments in the 
bands ( over 770 0 ) . The three bands for 
80 2 5-84 0 0  MHz are shared with non­
Government users for the Earth 
Exploration-Satel lite Service by u.s. 
footnote 258 . Becau se of the importance 
of the Government systems operating in 
the bands and the congestion already 
present in many areas o f  CONUS , there is 
little possibility of increased sharing 
with non-Government u sers . 

The 14 . 5- 15 . 35 GHz band : Present assign­
ments in the band are primarily to the 
Fixed Service ( 75 percent ) .  The band has 
shown a 500 percent growth in assignments 
in the past 10 years . It is expected 
that this growth trend wil l continue in 
the near future . Although there is room 
for growth , until al l information is in 
on future Government needs for this band 
( to be given in Phase II report ) ,  sharing 
possibilities cannot be determined . 

Government exc lusive bands- - limited 
sharing may be possib le 

The 1350-1400 MHz band : This band is 
primarily a radiolocation band with Fixed 
and Mobile secondary . Becau se of the 
importance of this band to the national 
defense , general sharing with the private 
sector is not practical .  However, there 
are 25 states with no present assign­
ment s .  After future proposed u sage is 
known in the Phase II report , this band 
should be investigated for possib le shar­
ing opportunities in certain geographic 
areas with non-Government users . 

Government/non-Government shared bands 

The 14 27- 1535 MHz band : This band is 
heavily used by the Government and non­
Government for telemetering purposes . 
Provisions have been made for the Fixed 
Service on a secondary basis for the 
private sector . There doesn ' t  seem to be 
a need to change al locations in this band 
at this time . 

The 170 0- 1710 MHz band : This band is 
u sed mainly by Government for 



meteorological - satel lite data links . 
This band does have growth potential but 
the al locations are such that both 
Government and non-Government u sers can 
be ac commodated without changes at this 
time . 

o The 2 29 0 - 2 390 MHZ band: The 2 29 0 - 2 3 9 0  MHz 
po rtion of the band is used mainly for 
S pace Research ( deep space only ) assign­
ments and has the least potential for 
inc reased sharing . The 2 3 00- 2 39 0  MHz 
portion is basical ly a Government radio­
location band ; however , radiolocation use 
of frequencies between 2 3 10 and 2 3 90 MHz 
is very sparse . There are 26 states in 
CONUS that do not presently have Govern­
ment assignment s in the 2 290-2 390 MHz 
band with another 9 that have only one . 
The 2 300- 2 39 0  MHz portion of the band 
could support more fixed assignments and 
might be considered for a non-Government 
Fixed Service on a secondary basis as is 
presently al located to Government . How­
ever , the impact of new Mobile Services 
should be evaluated before any changes in 
allocation are recommended . 

o The 4500-48 0 0  MHz band : The major 
assignments in this band are to the 
Government Fixed Services ( 75 percent ) .  
Tropospheric scatter systems that operate 
in this band are very important to the 
military for tactical communication 
purposes . The new fixed-satellite 
allocation to non-Government may pose 
some interference potential to existing 
systems . This band at present tends to 
have many assignment s in a few geographic 
areas . There are 15 states with no 
assignment s and another 9 with only one 
assignment . Howeve r ,  because of the 
importance of the troposcatter systems, 
limited sharing is desirab le.  

o The 8450-8500 MHz band : This is not a 
heavily u sed band by either Government or 
non-Government services . There are only 
9 states with assignments in this band . 
There may be room for a non-Government 
Fixed Service on a secondary basis . 
There is some concern about adjacent 
channel interference for high power 
radars in the 850 0- 90 0 0  MHz band but 
distance c riteria can be developed to 
h elp in assignment placement s .  Further 
investigation is necessary before final 
decsion is made . 

o The 10 . 6- 10 . 68 GHz band : There are no 
Government assignments in this band . 
However ,  there are two Government assign-

___ ments and one non-Government assignment 
in the lower adjacent band that can range 
tune into this band . There is an alloca­
tion to the non-Government Fixed Service 
on a shared primary basis with other 
services . At present there are only 1 2  
states that have any assignments .  It 
would seem that this band could be u sed 
by some of the non-Government fixed sta­
tions to be displaced from the 12 GH z 
band by the Broadcasting-Satellite 
Service . However , the new Digital Ter­
mination System ( DT S ) services will be 
the new gr owth area for this band . 
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o The 14 . 4- 14 . 5  GH z band : The primary 
allocation in this band is to the non­
Government Fixed-Satellite Service.  Gov­
ernment fixed and mobile assignments are 
secondary . Though satellite systems are 
a growth area nationally, they have not 
significantly changed the number of 
assignments in the band over the past 5 
year s .  However ,  this is misleading since 
there are 112 satellite-related systems 
that require bandwidths that extend into 
this band from the lower adjacent band . 
These wide-band assignment s show about a 
10 percent growth per year over the past 
3 year s .  

Recommendations 

The following are NTIA staf f recommendations 
based on technical findings .  Any action to 
implement these recommendations wil l be 
accomplished under separate correspondence by 
modification of estab lished rules,  regula­
tions, or procedures . 

Government exc lusive band s 

o After future needs have been fully 
explored in the Phase II r epo rt , it is 
recommended that the 1350- 1400 MHz band 
be studied for possib le regional sharing 
of non-Government Fixed and Mobile 
Services on a secondary basis . 

o After future needs have been fully 
explored in the Phase II r eport , it is 
recommended that the 14 . 5- 15 . 35 GHz band 
be studied for possible regional sharing 
of non-Government Fixed and Mobile 
Services on a secondary basis . 

Government/non-Government shared bands 

o It is recommended that the 2 3 10- 2 39 0  MHz 
band be studied for the possibility of 
adding non-Government Fixed Services on a 
secondary basis if Phase II findings war­
rant for certain specified geographic areas 

o It is recommended that the 8450-8500 MHz 
band be considered for non-Government 
Fixed Services on a secondary basis if 
Phase II studies show possib le success . 

o It is recommended that the 10 . 6-10 . 68 GHz 
band be considered as a band to be u sed 
for some of the displaced fixed stations 
from the 1 2 . 2- 12.7 GHZ band . However ,  
the new DTS services will be expanding 
rapid ly in the near fut u re and the 1 2  GHz 
u sers would have to be well coordinated 
with these new systems . 

The concept of geographic sharing between 
Government and non-Government entities , while 
not completely new, is considered formally in 
this S RA .  The concept is based on geographic 
u se of assigned frequencies . As an example , 
in Figure 1- 2 for the 1 350- 1400 MHz band the 
placement of Government systems is shown . 
While the Government systems in the band are 
very important to the national defense, it is 
felt that the geographic area as shown in 
Figure 1-3 could be shared on a secondary 
( noninterference )  basis with the private 
sector . 



X - TRANSMITTER LOCATION 

0 - RECEIVER LOCATION 

F igure 1 - 2 . Transmitter and receiver locations for the 1 3 5 0 - 1 4 0 0  MHz band . 

Figure 1 - 3 . Geographi c  area ( shaded ) for po s s ible sharing in the 1 3 5 0 - 140 0 MHz band . 
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SEC T I ON l. 3 ADVANCED INSTRUMENTATI ON 
AND S PECTRUM MEASUREMENTS 

NTIA in its role as frequency manager fo r the 
Federal Government is r equired to ope rate and 
ma int ain an instrumentation capabi l i ty for 
performing spectrum mea surement s. The Radio 
Spectrum Measurement System ( RSMS ) is a com­
puter -driven radio frequency ( rf )  measurement 
system in a mobi le-home -sty le veh ic le ( Figure 
1 - 4 ) that has been used by the Insti tute 
since 19 7 3  in its spectrum measurement pro­
gram. The program, in past yea rs, inc luded 
extensive measurement s on ge neral frequency 
band signal occupancy and emission spectra 
for particula r  transmi tters. Th is year only 
a few mea surements have been made, inc luding : 

o Land Mobi le Radio ( LMR ) measur eme nt s  in 
the Washington, DC, area 

o ASR-8 radar emission spectra at Balt imo re 

o Measureme nts on Powe r Line Carrie rs ( PLC ) 
and Ground Wave Eme rge ncy Network (GWEN ) 

o Air Force radar system emission spe ctrum. 

The first two measurement s  were made using 
the RSMS for a me asurement system. The last 
two me asur ement s were made using port ab le 
systems assemb led for the pa rt icu lar measure­
me nt s neede d .  

Measur ement van ope rations were gr eatly 
de -emphasized th is year to al low mor e  effort 
to be commi tted to Measur ement Van Devel op­
ment. The present RSMS was placed into 
ope ration by ITS in 1 9 7 3  and h as been used 
extensively each year since the n .  More 
re cently, maintenan ce prob lems and an aware­
ness of  the advantages of newer systems led 
to an FY 82  de cision to upgrade the RSMS with 
more mode rn instrumentation and comput ers. 
In FY 82,  basic system desi gn was accom­
p l i shed for an upgraded RSMS . In FY 8 3 ,  most 
of the ma jor procurements were finished, 
equipme nt was rece ived, construct ion was 
begun on most of the spe cialized mea surement 
equipment, and the general out line of the 
software system was comp leted. 

Th is year, in FY 84, the ma jor emphasis has 
been in three are a s :  ( 1 )  the measurement 
system hardware has be en completed, ( 2 )  the 
system software is be ing desi gned and tested, 
and ( 3 )  work on the veh ic le systems has 
begu n .  The f i rst field measurements are now 
sch eduled for early in FY 85.  

The RSMS Upgrade inc ludes three main 
systems . A laborato ry compute r  system in 
Bou lder is being u sed for software de ve lop­
me nt and wi l l  be used for da ta analysis and 
storage . In addit ion, th is computer is be ing 
u sed to provide a general ele ctronic of fice 
capabi lity linking many terminals and shared 
resources. A second computer system w i l l  be 
used to ope rate the " radar " me asurement 
system, wh ile a third computer system w i l l  be 
used to ope rate the "LMR " re ceiver in the 
RSMS . Si nce independent systems are used for 
radar and LMR measurements, both systems ca n 
be ope rated simu ltaneou sly at high spe ed . In 
the eve nt that one of the compute rs fa i l s, 
the remaining computer ca n be connect ed to 
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the system of gr eatest priori ty o r  sha red 
between the two me asurement systems to oper ­
ate at lower spe ed. 

E ach of the thr ee computer systems is ide nt i ­
cal, e xcept that the labora tory system h a s  a 
larg e r  disc and many addi t ional termina l s .  
The compute rs have 51 2 K-byt es o f  memory, a 
graphics terminal with internal h a rdcopy cap­
abi liti es, a 10 M-byte or a 28 M-byte hard 
disc, and a 1600 bpi 0 . 5  in  magn etic tap e  
unit for data storage a nd tra nsport. Modems 
a l low data to be trans fe rred be tween Bou l de r, 
Annapo l i s, and the RSMS. In addit ion, these 
modems wi l l  al low the ope ration of the RSMS 
to be remotely monitored and control led, 
wh ich may substant ial ly af fect the amount of 
time pe rsonne l  spend in the fi e l d. IEEE-488 
int erface ca rds provide a di gital interface 
between the c ompute rs and the measurement 
systems, wh ile DAC and ADC ca rds provide an 
analog inter face to the measureme nt systems. 

The rada r rece ive r ( Figure 1 - 5 ) a l lows meas­
urement of si gnals in the 10 MHz - 18 GHz range 
with proce ssing bandwidth be tween 1 0  Hz and 
30 MH z. It incorporat es featu r es to automat­
i cal ly ensur e measur eme nt qua l i ty control,  
inc luding large -signal ove r load se nsing and 
i nput attenuation autoranging , automatic 
tracking r outines for the YIG prese lecto rs, 
sens ing contac t s  on many of the rf relays, 
a nd mu ltip le amplitu de c a l ibrat ion poi nts 
u sing broadba nd noi se diodes .  

A b lo ck diagram of the radar syst em is shown 
in Figure 1-6.  The system ope rates mostly as 
a standard mu lt iconve rsion supe rheterodyne 
microwave receiver. The funct ion of the 
spectrum analyzer is somewhat unconve nt ional. 
In one mode, the intermedi ate freque ncy ( IF )  
sect ion of the spe ctrum analyzer is u sed to 
provide r eso lution bandwidths of 1 0  Hz-
300 kH z .  In an othe r mode, the rf section of 
the spe ctrum analyzer i s  tuned ac ros s  the 
30 MHz wide, 478 MHz IF output. Th is pe rmits 
me asur eme nt s  to be rapidly made at 1 0 0 0  fre­
quenci es across the IF bandpass without 
r etuning the me asureme nt system front end, 
increasing the me asurement spe ed as much as 
20 t imes . 

The radar me asurement system contains special  
radar processing ha rdware, inc luding peak 
hold de tecto rs and pulse train sepa rato rs. 
Howeve r, it was designed with enough f le xi ­
b i l i ty to me asure almost any signal i n  i t s  
frequency range . I t  i s  sch eduled t o  be 
tested in the laborato ry in Janu a ry 1985 . 

The land mob i le radio ( LMR ) system ( Figure 
1 - 7 ) i s  a second rece iving system i n  the 
RSMS, whi ch has been desi gned espe ci a l ly to 
make me asureme nt s on LMR signals and othe r 
similar narrow-band, channe l iz ed commun i ca­
t ion se rvice s .  Th is system ope rates up to 
1000 MHz with ve ry h i gh dynamic range ( u p  to 
1 3 0  dB without switch ing attenuation ) a nd 
h igh re j ection of signals on ad j acent chan­
nels. Oth e r  LMR system des i gn features 
include recta ngu lar bandpass fi lte rs with 
bandwidth s of 3 kHz, 7 . 5  kHz, 1 5  kHz, and 
3 0  kHz and a measurement spe ed of 2 5 0  
ch annel s/second . Like the rada r measur ement 
system, it inc ludes special ha rdware to 



F igure 1 - 4 .  Exterior v i ew o f  RSM S  configured for s ite s urveys . 
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Figure 1 - 5 . Upgraded RSMS radar measurement sys tem ( conf igured a s  three rack s ) . 
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F i gure 1 -6 .  Block d i agram o f  upgraded RSMS r adar me asurement system .  
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Figure 1 - 7 . Upgraded LMR measurement system ( conf igured as one rack and terminal ) .  
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detect possib le overload cond i tions that 
might produce misleading i nformation . 

The left hand graph of F igure 1-8 shows the 
logarithmic amp l ifier r esponse over a 1 2 0  dB 
dynamic range . An addi t ional 10 dB range is 
avai lable at the upper end to give addit ional 
protect ion aga inst satu ration and intermodu­
lation , but is not c a l ibrated . The right­
hand graph shows an expa nded view of the log­
arithmic amp l if ier ripp l es, wh ich are c a l i ­
brated out i n  1 d B  step s .  

A block diagram o f  the a ntenna system for the 
r ada r measurement system i s  shown in F igure 
1-9 . The LMR antenna system is simpler , but 
fol lows the same design ph ilosophy . Th is 
configurat ion was select ed to al low easy mod ­
i fication as needed f o r  speci fic experiment s, 
as wel l  as permanent antennas for many types 
of rout ine measurement s .  Four sets o f  
cavity-backed spiral ( CBS ) antennas prov ide 
r ecept ion in the 1 - 1 2  GHz and 2 - 18 GHz 
ranges, using righ t -hand a nd left-hand c i r ­
cular pola rization . PIN-diode switches on 
two of these sets a l l ow rapid a lternat ion 
between antennas aimed 90 deg apart , provid­
ing the basis for an automat ic direct ion ­
f inding capabi l i ty .  

For maximum sensit ivity ,  a set of tower-top 
preamp l i fiers can be swi tched in for the 0 . 5-
18 GHz range. If strong loca l  sign a l s  do not 
permit the tower-top preamp l ifiers to be 
u sed , low-los s  coaxial li nes and a double­
ridged wavegui de bring the si gna ls from the 
antenna tower with a minimum of signal los s .  
Broadband noise diodes a r e  located at several 
locations throughout the antenna system, pro­
viding a known amp li tu de r eference sour ce for 
overal l  system ca l ibra t ion out to the antenna 
terminals . 

We bel i eve that the upgraded RSMS measurement 
systems w i l l  provide subst a ntial adva ntages 
in field measurement s ,  in da ta qua l i ty ,  and 
in the cost of field mea surements .  We are 
eagerly waiting to see how wel l these 
improvements work in actual operationa l 
dep loyment o f  the RSMS . 

Another,  more speci alized ,  measurement system 
developed by IT S is the AN/MS R-T4 Mu lt ip le 
Receiver System . The AN/MS R-T4 is a mobi le , 
fully automa t i c ,  mu ltip le receiver system 
that is to be employed by the Air Force for 
autonomous and/or integrated operat ion with 
ground -ba sed radar emi tters that simu late 
various threat signals to produce a rea list ic 
rf envir onment during the conduct of elec­
tronic wa rfare ( EW )  operat ional test , train­
ing ,  and evaluation ( OTT&E ) of eq uipment and 
air crews at EW ra nges . The primary function 
of the AN/MS R-T4 i s  to acquire, analyze, and 
output key operat ional parameters/character ­
i stics o f  the radar threat ( s )  radi ated emi s­
sion profi les during EW tests and exer ci ses . 
The output data are then used to ( 1 )  assess 
operational tests of new a nd improved E lec ­
t ronic Counter Measure ( ECM ) systems and 
techniques , ( 2 )  pr ovi de a mea sure of a ir crew 
proficiency in tact ics and the emp loyment of 
ava i lab le ECM asset s ,  and ( 3 )  evaluate func­
t ional operat ional readi nes s of SAC a nd TAC 
aircraft . 
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The design o f  the AN/MS R-T4 i s  based on a 
prototype model developed by the Inst i tute 
wh ich , after extens ive tests,  served as the 
basis for the produ ct ion decis ion by the Air 
Force Systems Command to eq uip a l l  of its 
wor l dwide EW ranges with simi lar models .  
Product ion was initiated i n  1980 , and ITS was 
ta sked by the Air For ce to provide technical 
support duri ng the procurement cyc le that 
extends over a 3 0-month period . The ef fort 
of ITS has been primarily technical guida nce 
to Air Force procurement of f i cers a nd engi ­
neers t o  ensure that hardware/software design 
approaches a nd operat ional strategies by the 
AN/MS R-T4 cont ractor are in compliance with 
specif ication requirements .  

The Institute was a l so tasked to provide a 
Factory Acceptance Test P la n ,  Method,  and 
Procedure that wil l be conducted by the Gov­
ernment to evaluate operat ional comp liance 
with product ion req ui rement s prior to fiel d  
operational ac ceptance tests.  This facto ry 
test was conducted on the first and second 
product ion uni t s  using the threat/ECM simu­
lator designed and fabricated by ITS . The 
resu lts of these t ests ,  wh ich were condu cted 
and analyzed by ITS personnel , indicated some 
sho rtcomings in the produ ct ion uni t .  One 
example was the discovery of the erroneous 
val ue o f  modu lation depth being calcu lated . 
Another example was the discovery of errors 
in the formatting of the output data . 
A lthough many of the def iciencies in the MS R­
T4 have been corrected since this test ing was 
conc luded , some sti l l  remain to be reso lved . 

Other technical suppo rt ef forts by ITS for 
the AN/MS R-T4 procurement have included: ( 1 )  
the analysis of the resu lts of fa ctory accep­
tance tests on units one and two, ( 2 )  the 
analysis of the resu lts of fa ctory system 
tests on uni ts one and two , ( 3 )  act ing as 
Government test director for the Computer 
P rogram Configura t ion Item tes t ,  and ( 4 )  the 
ana lysis of proposed changes to hardware and 
sof tware of the system. 

The Air Force a l so has tasked ITS to analyze 
the test resu lt s fr om La Junta and Nel l i s  
operat iona l fiel d  t ests a nd advi se the pro­
curing agency regarding comp liance with spec­
if icat ion requirements .  The Air For ce a l so 
req uested that ITS pa rt icipate in a series of 
Technical Interchange Meet ings ( TIM ) . The 
purpose of these meet ings wil l be to develop 
p la ns for system enhancements to meet the 
recent ly developed req uirement s of the Air 
For ce. 

S ECTION 1 . 4  EM WAVE TRANSMISSION 

The radio wave po rt ion of the electr omagnetic 
spectrum may be adversely af fected by propa ­
gat ion conditions in the medium const ituted 
by the Earth ' s  surface, the atmosphere, and 
the ionosphere. These condit ions may be per­
ma nent or t ime varying ( seasonal or sporadic ) ,  
and the severity of the adverse ef fects is 
freq uency dependent . The purpose of the EM 
Wave Transmission Program is to study con­
di t ions in the transmi ssion med ium and pro­
vide models and pred i ct ion methods for cost 
and spectrum efficient radio system des ign . 
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Some of the specific conditions or phenomena 
which are related to radio wave propagation 
and were s tudied in the program this year 
are : 

0 

0 

0 

s cattering by vegetatio n ,  t errain mu lti­
path , propagation over sea water,  ground 
waves , dif fraction 

absorption by atmospheric gas e s , attenu­
ation and depo larization by rain , refrac­
tivity and ducting in the atmosphere , 
e le c tromagnetic noise 

s cintil lation and pe netration los ses in 
the ionosphere , maximum usab le frequen­
cies and the effect s of s tructural irreg­
u larities in the ionosphere , so lar and 
geomagnetic fiel d  e f fects.  

1. 4. 1 Properties of the Radio Wave 
Trans mis sion Medium 

Properties of the radio wave transmiss ion 
medium determined empirical ly or by theoret­
ical analysis and its effects on t e lecommuni­
cation sys tems are report ed in this section. 

In the pro j ect de voted toward E xperimental 
Determination of Mil limeter Wave Sys tem 
E f fect s ,  a mobile mil limeter wave probe has 
been developed to be u sed as a diagnostic 
tool to evaluate the performance of links or 
networks in the 10 to 100 GHz band. This 
diagnos tic probe is unique in that a rapid 
s ucces s ion of channel impu l s e  response meas­
urement s ( up to 10 per min ) can be trans ­
formed into the channel trans fer function 
which ful ly describes the channel ( hardware 
and propagation medium ) .  One ob j e ctive is to 
provide a link designer or a user with hard­
ware performance criteria and sys t� fade 
margin information on an atmospheric channel 
to predict the average number of hours per 
year a specified minimum link performance 
wil l be exce eded. Another ob j e ctive is to 
perform measurements to characteriz e trans ­
mis sion paths with obs tructions such as ter­
rain , trees , man-made s tru ctures , etc. in 
terms of propagation modes resu lting from 
refraction,  dif fraction,  ref le ctio n ,  and/or 
absorption. The app lication for paths in 
this environment inc ludes es tab lishing non­
line-of-sight communication link s ,  remote 
s ensing probes ,  terminal camouflage tech­
niques , radiation level predictions , and 
covert operations. 

The des irab le feature of mil limet er waves is 
the inhere nt bandwidth capability o f  2000  MHz 
or more. Sys tems deve l oped in the United 
Stat es and Japan are already approaching 
these bandwidths. Problems encountered with 
very wide bandwidth mil limeter wave channels 
through the atmosphere are much more complex 
than channel s  with narrow bandwidths and 
require a more thorough inves tigation. 

The millimeter wave diagnostic probe ( NTIA 
Report 8 3 - 128 ) gives emphasis to the applica­
tion of high data rate digital links where 
the received signal characteris tics are 
comp licated by refraction , reflection , and/or 
dif fraction,  as wel l as attenuation enrout e 
from the transmitter. 
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The primary ins trumentation consis ts o f  a 
3 0. 3 GHz ,  100 0 Mb/s c oherent QPSK or 50 0 Mb/s 
coherent PSK trans mitter-modu lator, a 2 GHz 
bandwidth re ceiver-demodu lator with a 5 . 5  dB 
double sideband noise figure , and a bas eband 
proces sor bit-error-rat e ( BE R )  det e c tor. 
Built into this digital sys tem is the capa­
bility of s e lecting a chann e l  impu l s e  
respons e mode using cros s-correlation of 
pseudorandom binary words that permit a 
1/2 ns time res o lution in ide nt ifying time 
delay dispe rs ion. A third mode pro¥ided by 
the probe is a spe ctrum of 2. 5 x 10 c oherent 
frequency lines for a 1 GHz bandwidth amp li­
tude dispe rs ion monitor. The output of the 
diagnostic probe describes the trans fer f unc­
tion of the channel that can be trans lated in 
terms o f  BER for path lengths up to at leas t 
50 km. At 50 km, the exces s s ignal-to-noise 
ratio is 20 dB using . 91-m ( 3 -ft ) parabo lic 
ref lectors , for example , or 3 2  dB if 1. 8 2 -m 
( 6-ft ) ref l ectors are u sed. 

The diagnos tic probe was p laced on a 27. 2 km 
path along the Co lorado front range ( near 
Bou l de r )  where the c limate is charact eriz ed 
as not humid , but one where convective s torms 
produce loca l ly very high rain rates. Fig­
ures 1�10 and 1-11 dis p lay p l ot s  of bit­
error-rate ( BE�n the 3 0. 3 6  GHz ,  500  Mb/s 
channel with an as sociat ed re ceived s ignal 
level ( RSL ) channel , the RSL of a narrow 
bandwidth 28. 8 GHz channe l ,  the RSL of both a 
vertical ly and a horiz ontal ly polariz ed 
(antenna ) narrow bandwidth channel at 
1 1. 4  GHz ,  and a rain-rate channel. The data 
in Figure 1-10 show a typical 2 4-hour period 
in the late winter, and Figure 1- 1 1  show a 
similar period during the summer. Signifi­
cant in this comparison are the increas ed 
s cintil lation ( signal fluctuation ) levels 
and greater fade depths during the summer. 
Thes e  are cau s ed by atmospheric turbu lence 
due to convective heating and increas ed ray 
bending which result from nighttime atmo­
spheric layering. The BE R remains es s e n­
tial ly cons tant with only a few errors 
occurring , seen by occasional dot s  on the 
plot ,  mos t of which were cau s ed by power line 
trans ient s rathe r than by the atmospheric 
path . No rain occurred on these days as 
indicated by the rain-rate channel. In 
Figure 1-1 2 ,  a 96. 16 GHz channel is dis ­
p layed , in p lace of the 28. 8 GHz channel , 
over the same path and in this 2 -hour time 
s eries an example of atmospheric multipath 
fading is seen. Identifying these fades as 
primarily due to atmospheric mu ltipath is 
pos s ib le be cau se the fade rat es , through 
cons tru ctive and des truct ive phase interfer­
ence , are directly proportional to the rf 
s ignal ratios as a res u l t  of the f u l ly phase 
c oherent diagnostic sys tem. The atmospheric 
fade is mos t pronounced at around 0 2 0 0  h on 
the time series plot. Fades that occur 
simu ltaneou s ly in al l rf channels are a 
result of ray d efocusing from an atmospheric 
gradient that be nd s rays away from the 
receiving antenna. Some of the signal vari­
ations in Figure 1 - 1 2  are de focusing , but a 
better examp le of focusing and defocusing is 
s een in Figure 1-13 around 0545 h .  Not e that 
some increase in BER occurs from mu ltipath 
fading where channel dis tortion cons is ts due 
to res u lting intersymbol interference. How­
ever, mos t increas es are due to the 
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combination of reduced signal -to-noi se rat io 
a nd dis tort ion . It is ant icipated that fades 
c au s ed by refract ive ray be nding w i l l  be more 
severe in humid c limat es a nd in are as further 
removed from the mount ains be cau se the atmo­
sphere near the mounta i ns is mi xed by the 
downs lope air movement s .  

For the same 27 . 4  km path, the effects of 
s now , fog , a nd ra in were observed . A heavy , 
wet , snows torm ( tempera tures at or above 
freez ing ) produced s l i ghtly greater s i gnal 
attenuat ions than for a heavy , dry,  snow­
s torm ; a maximum of 5 dB in total los s was 
recorded at 3 0 . 3  GHz .  The 96 . 1  GHz channe l  
showed a s i z ab le increase in absorption due 
to the greater water vapor content , a nd to 
date the los s due to each event has not be en 
s eparated . Lower frequency channels expe­
rienced l e s s  los s witp a maximum los s ratio 
o f  about 2 to 1 for the highest  to the lowest 
frequency . No BER change was noted as a res ult 
of time de lay s cattering during snow . Fog 
a t te nuation was somewhat higher than expected 
being about 5 dB at 3 0 . 3  GHz for a ma ximum 
s uspe nde� water drop let conte nt es timated at 
0 . 5  gm/m , or about 1 0 0  m daytime vis ibi l i ty ,  
wh ich occurred over a t  le as t two-thirds o f  the 
path . Numerous rai ns permitted observat ions 
of rela tive drop - s i z e  di s tribut ion for a 
vari ety of s e a sons and s torm types .  An esti­
mate of ra indrop-size  di s tribut ion can be 
obtained by comparing the atte nuat ion ratios 
for the frequenci es spa nned ( approx imately 10  
to 1 0 0  GHz ) .  In  order to deve lop rain 
mode l s , drop-size  di s tribut ion s tatistic s  are 
needed , a nd the u s e  of 96 . 1  GHz has added an 
i ndica tor of smal ler drop-siz e ef fects that 
had not been previou s ly ava i l ab l e  to verify 
theoretical dis tribut ion curves . Figure 1 - 1 4  
shows results o f  a ma jor rain event that 
occurred August 2 1 ,  1 9 83 . The reason that 
s i gnal attenuation a nd rai n  rate are not 
c orrela ted is that the ra in-rate gauge i s  
located at the receiver terminal . It  was 
observed that the rai n  extended to both e nd s  
o f  the path , but the rate vari ed along the 
2 7 . 4  km path . It is obvious that the rat ios 
of attenuation vary between l i nk frequenci e s ,  
a nd this feature rela tes to drop - s i z e  di s tri­
bution during the s torms . A s catter p l ot 
c omparison of the rat io of received s i gnal 
levels betwe e n  the 1 1 . 4  a nd 28 . 8  GHz channels  
is  shown in F igure 1 - 1 5 . The same compari son 
i s  made betwe e n  28 . 8  a nd 96 . 1  GHz i n  F igure 
1 - 1 6 . Data in this form are used to ca l cu 
late drop-size  d i s tribut ion . The top curve 
i n  F igure 1 - 1 4  indicates the change in bi t 
error rate for the 3 0 . 3  GHz 50 0  Mb/ s  channel 
as a res u lt of rai n  attenuatio n .  

Recent s tudi es by ITS have i nd icated that i f  
c ert ain eas i ly ach ieved des i gn cri teri a are 
met ,  pract ica l  narrow-bandwidth transmi s s ion 
l i nks woul d  have few problems in c li mates 
s imi lar to the c limate of the Denver /Boul der , 
CO , area . Basical ly, this e nt ai l s  providing 
adequate fade margin for line-of-sight link s  
u p  to 5 0 k m  i n  le ngth a t  frequenc i es up to 
1 0 0  GHz ,  exc luding the mo l ecu lar oxygen 
absorption ba nd around 6 0  GHz .  At 6 0  GHz ,  
the absorption i s  about 1 5  dB /km a t  sea level 
a nd about 12 dB/km at 1 5 0 0  m ( Boul der ' s e l e ­
vation ) ,  wh ich res tricts path lengths t o  n o  
more than 3 t o  4 km . However , thi s  of fers 
advantages s u ch as operation of a system 
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wi thout the pos sibi l i ty of reception or 
dete ction at greater distances ( c overtness ) 
and freq ue ncy reu se wi thout mutual interfer­
ence . The oxygen absorpt ion band acts much 
like a ba nd r e j ect fi l t er ;  yet bandwidths of 
several hundred megahertz are ava i lable with­
out apprec i ab le di s tort ion in e i ther ampli­
tude or phase for th ese limited ranges . 

As the freque ncy of the channel through the 
atmosphere i ncreases , the l os s  due to water 
vapor also  increas es . The actual attenuation 
produced by water vapor has been an uncer­
tainty in mode l s  of the atmosphere at mi l li ­
meter wave lengths . With the on-line computer 
and the meteorolog ical data col le cted , it has 
been pos s ib l e  to precisely measure water 
vapor absorption,  wh ich should al low the 
model to be considerably improved up to 
1 00 GH z .  Water vapor absorpt ion a s  high as 
20 dB was seen on the 27 . 4  km path . A plot 
of measured water vapor pressure and total 
absorption is shown in Figure 1 - 1 7 . NTIA 
Report 84- 149 de s cribes and analyzes the mos t  
recent observations t aken using the mil li­
me ter wave di agnos tic probe . 

Specific ef forts were directed toward Water 
Vap or M i l li meter Wave Spectros copy . Mil l�­
meter wave water vapor atte nuat ion rat es in 
a tmospheri c a ir are expres sed by 

a = 0 . 1 82  f N " ( f ) dB/km 

where the freque ncy-depende nt absorption term 
N " ( f )  in ppm ari s es from the mo lecu lar spec­
tra of H20 a nd o2 and the frequency f is in 
units of GHz .  There has been a long-standing 
discrepancy between theoretical spectros copic 
predict ions a nd experimental a data obtained 
from both laboratory and f i e l d  meas urement s .  
Marked d i f ferences occur in the window ranges 
l ocated around 3 5 ,  90 , 1 4 0 ,  a nd 2 20 GHz .  
Since exces s factors betwe e n  2 a nd 5 are 
i nvo lved , i t  has be en specula ted that uniden­
t i fi ed absorbers re lat ed to H2o ( dimers , 
c lus ters , e tc . ) might be invo lved . Re sults  
for a from control led laboratory s tudies have 
been report ed [ L i ebe ( 1 9 84 ) ,  The atmospheric 
water vapor continuum below 3 0 0  GHz ,  I nt'l . 
J .  I R  & MM Waves 5 ( 2 ) , 2 0 7- 2 27 ] ,  which help 
to c lari fy the water vapor excess prob lem. 

The laboratory experiment was prepared to 
mea s ure atte nuation rates ( a )  under con­
di t ions reach ing water vapor saturatio n .  
Det a i l s  are give n  i n  the paper referenced 
above . Variou s anomalous absorption behav­
iors ( i . e . , h igh rat e s , extreme tempera ture 
dep e nde nce s , hys tereses in pres sur e ,  and 
temperature cyc les ) have bee n  encountered 
during the s tu di es . They cou l d  be ide nt ified 
as bei ng i ns trumental , and they disappeared 
whe n  conde ns a t io n  e f fe ct s  on the mil limeter­
wave active parts of the spectrometer were 
avoided . Several hydrophobic surface treat­
ments were inves t i gated to faci litate h i gh 
h umid i ty (rela t ive and absolut e ) experiment s 
with the spectrometer . Seventeen dif ferent 
cases were tes ted for absorption and desorp­
t ion behavior of a vacuum chamber , emp loying 
various combi natio ns of metal surfaces 
( stainless s te e l ,  alumi num ,  bras s ) ,  coating 
materi als ( e le ctropol i s h ,  go ld p late , Teflon,  
HMDS , s i l icone , lacquer ) , a nd s urface-to­
vo lume ratios ( 0 . 3  to 1 . 7  cm- 1 ) .  Tes t 
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procedure and data are described together 
with a bri e f  discuss ion of the findi ngs in a n  
art ic le t o  appear in the October 1 984 i s sue 
o f  Review of S cient ific  I ns trume nt s .  

Uncorrupted attenuatio n  res ults  obt ained at 
1 3 8  GHz disp lay in addition to air-broadening 
( � e� ) a s trong s e l f-broade ning component 
( � e ) .  Pr e s s ure s ca ns of the atte nuat ion 

rate a were taken under conditio ns of rela­
tive humidity, RH=80 to 100  percent at two 
temperatures , 300 ° and 28 2 °  K .  Nitrog e n  was 
u s ed to s i mu late dry air .  The data led to a 
moi s t  air cont inuum spectrum 

N " =  f ( l . 4 0 ep e2 · 5 + 54 . 1  e2 e5 · 5 ) 1 0-6 ppm ,  c 

where vapor ( e )  a nd air ( p )  pres sures are in 
kPa = 10 mb a nd El = 3 0 0 /T . Based upon thi s  
resu l t ,  a practical atmospheric mi l limeter 
wave £ropagat ion �odel ( MPM ) was-formu lated 
that predicts attenuatio n ,  de lay, and noi se 
properti es of mois t  air over a frequency 
range of 1 to 1 0 0 0  GHz and a he ight range of 
0 to 100  km.  The main spectroscopic data 
base cons i s ts of 48 o2 a nd 30 H 20 loca l 
absorption lines c omp lemented by cont inuum 
spectra for dry air a nd water vapor . A typi­
cal e xamp l e  of the predictive c apabi lity of 
the MPM is exhibited in F igure 1 - 1 8 . 

A theoret i cal as s es sme nt of water vapor 
attenuation be l ow l THz was accomp li shed on 
the bas is o f  the rotational H2o spectrum 
cons i s t ing of 2 28 0  li nes up to 30 THz . By 
s ubtracting a l l  line contribut ions below 
1 THz , the result ing d i f ference was defined 
to be the cont i nuum spectrum Nc " · S i x  line 
shapes propose d  for pres sure-broade ning were 
applied to the ful l  H2o spe ctrum ,  leading to 
four dif ferent spectra Nc " · However , none of 
these is capab le of describing the ava i lab l e  
experimenta l  evidence i n  a satis factory 
manner . 

Two shortc oming s of the MPM l i e  ( 1 )  i n  the 
mi s s i ng confirmation for a phys ical bas i s  of 
water vapor continuum absorption a nd ( 2 )  i n  
an overs imp l i fi ed treatment of atmospheric 
c onditions ent a i l i ng reduced opt ical v i s ib i l ­
i t i es a t  h i gh relative humidit i es d u e  to 
haze . The continuum Nc " ac counts for the so­
cal led " ex c e s s  absorpt 1on " and has been ten­
t atively ide nt i f i ed to be a far-wing respons e 
of the H2o spe c trum above 1 THz . Parametric 
s tudies are proposed to reap the be nef its 
obtainab l e  from the high humidity performance 
o f  the unique ITS spectrometer that has be e n  
deve loped , overcoming a great d e a l  of 
di f fi c u l t i es . Experimental variab les are 
frequency,  pre s s ure , temperatur e ,  humidi ty ,  
a eroso l  c ompos i tion , a nd concentration . I n  
preparation for the s e  s tudi es , a phas e -c oher­
e nt 2 20 GHz frequency source has be en deve l ­
oped with e x c e l lent performance characteris­
t i c s - -an e xamp l e  of which i s  d isplayed i n  
F igure 1 - 1 9 .  

I t  i s  wel l  known that vegetation such as 
leaves may s catter ,  absorb , or diffract radio 
waves . A V egetation Studi es pro j ect was 
conducted for the U . S .  Army with emphas is on 
determining s ignal propert i es as a funct ion 
of fol iage d epth in order to deve lop the bes t 
theoretica l mode l for predict ing l i nk per­
formance . I n  forested areas , the dens i ty of 
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fo li age was found t o  be nonuniform and di f­
ficult to describe in terms of depth . To 
remove the de ns ity variab le , an evenly 
p lanted orchard would best permi t a contro l­
led meas ureme nt . Becau se of  the tree s i z e ,  
fo liage density,  a nd humid c limate , a pecan 
orchard near W ich ita Fal ls , TX, was selected 
as best suited to the measureme nt require­
me nts . 

The firs t seri es of measureme nt s  was com­
p l eted i n  April 1 9 8 2  when the trees were in a 
defoli ated s tate . In Augu s t ,  a second meas ­
urement s eries was conducted that r epeated 
the Apri l meas urement s  to determine the added 
los s es and propagat ion dif ferences that 
occurred with le aves pres ent . The res u l t s  of 
these measurements are contained in U . S .  Army 
Report CECOM 8 3 - 2  e nti tled "Vegetation Los s 
Measurements at 9 . 6 ,  28 . 8 ,  a nd 5 7 . 6  GHz 
Through a Pecan Orchard in Texas . "  Figure 
l -2 0  shows the vegetation los s  per tree in 
decibel s  rela tive to the number of trees ( no 
leaves and with leaves ) on the path as a 
f unct ion of freq ue ncy at a 4-m he ight above 
ground . Note that the path le ngth increased 
i n  proport ion to the number of trees , but 
free-space los s es were norma lized so that 
only vegetatio n  los ses are p lotted . For 
these measureme nt s ,  al l paths were estab­
li shed by pos i t ioning the termina l s  ( trans ­
mitter a nd rece iver ) directly in line with 
the center of the trunk or trunks at the 1-m 
height . 

B ecau se of the unu sual propagation mode that 
occurred when diffraction s cattering appeared 
to be come dominant , direct ional propert ies of 
the arriving s i gnals are most i nteresting . A 
s eri es of rece iving a nt enna az imuthal scans 
( beamwidths 4 °  at 9 . 6  GHz and 1 °  at 28 . 8  and 
5 7 . 6  GHz )  are pres e nted for al l three fre­
quencies at 6-m terminal he ights ,  for d epths 
of l ,  3 ,  8 ,  a nd l l  trees with leaves present ,  
as shown i n  Figure l -2 1 .  An unobs tructed 
reference scan is superimposed on each data 
scan . These s cans show a rapid los s  of sig­
nal direct ivity ,  with increas ing tree depth . 
This suggests that after only three tre es the 
e nergy is scattered nearly equa l ly from a l l  
the tre es within the 3 0 °  s ca n .  

Future work i n  this area i s  expect ed to 
entai l  the use of the mil limeter wave 
di agnos tic probe in the pecan orchard to 
better u nderstand the diffract ion paths by 
me as uri ng t ime-delay spread component s .  
Simi lar measurements to those i n  the pecan 
orchard are ant icipated for conifer trees . 

In the Urban M i l li meter Wave Propagat ion 
proj ect , meas urement s of mi l limeter wave 
propagation in urban areas have bee n  mad e .  
The obj ect ive of the program i s  to study 
millimeter wave propagation characterist ics 
in a ci ty e nvironment with pri ncipa l emphas is 
on the evaluat ion of communicat ions l i nks . 

Measurement s di vided into two phas e s  are in 
progres s to s tudy propagation characteristics 
at mi l li meter wave l e ngths in an urban-subur­
ban environment: ( 1 )  s i gnal los s  on paths 
obs tructed by a vari ety of s tructures found 
in the urban - s uburban areas and ( 2 )  impulse 
respons e ( t ime -de lay spread ) s ignatures for 
both line-of-sight ( LOS ) a nd non-LOS paths in 
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an urba n are a .  Data obt ained in the firs t 
phas e  w i l l  provide i nformation pertaining to 
propagation modes and s ignal los s ,  through an 
obs tru ct ion , r e lative to free space as a 
function of the kind of materi al (wood , 
s tone , brick , g las s ,  etc . ) ,  depth , path 
geometry, and freque ncy . Th is information i s  
u s e f u l  i n  determining the probabi l i ty of a 
pair of terminals es tabli shing a non-LOS 
communications link given the performance 
parameters of the communica tions equipment . 
Also,  the data acquired can be u sed to 
estimate the detectabi l i ty of a signal i f  
obs tructions are u sed t o  screen unwant ed 
propagation paths . 

Information obtained in phas e  2 ( impulse  
response data ) w i l l  a s s i s t  in determi ning 
channel qua l i ty where time delay can be 
resolved to l e s s  than 1 ns ( 3 0  em in path 
delay ) . Amp l i tude dispers ion over a 1 . 0  GHz 
bandwidth w i l l  be recorded to measure fre ­
quency select ive fade depths and t o  determine 
the coherent propagation bandwidth by noting 
the maximum ba ndwidth for flat fading . With 
the digital ly modu lated probe , bit error 
rates at 5 0 0  Mb/s attribut ab le to intersymbol 
interference resulting from mu lt ipath s igna ls 
are meas ured and used to compute bi t error 
rates for a fami ly of data rat e s . 

Phase 1 was conducted u s i ng a three-freq ue ncy 
carrier wave ( cw )  probe operating at 9 . 6 
(pi lot channel ) ,  28 . 8 ,  and 5 7 . 6  GHz .  Each 
channe l  has a sens itivi ty of approximat e ly 
-1 3 2  dBm and an 80 dB dynamic range ac com­
p l ished by u s e  of speci a l ly designed f i lters 
and log amp l i f i ers along with qua l i ty rf 
circuitry . 

Measurement s for phase 2 wil l  employ the mil­
l imeter wave diagnostic probe which inc ludes 
cw probes at 1 1 . 4 ,  28 . 8 ,  and 96 . 1  GHz ,  a long 
with a 3 0 . 3  GHz wideband channel . Both tra ns­
mitting and rece iving terminals are van­
mounte d  with the rece iving antennas attached 
to a computer-control led , h igh torque pos i ­
tioner . Swi tchable linear antenna polariza­
t ion is used at each terminal to compare 
resu�ts for e ach po larized mode as wel l a s  
cros s -polariz ed s ignal level s . One-meter 
( 3 -ft ) dishes are u sed to measure energy 

reradi ated from reflect ing s urfac e s  and 
energy penetrat ing building wal l s  wh i l e  
recording d a t a  with the impulse probe to 
evaluate channel dis tort ion in terms of t ime­
delay spread . A 2 8  deg be amwidth trans mi t­
ting antenna a nd a 3 deg receiving antenna 
are used to determine channel qua l i ty in the 
presence of s treets and buildings s imu lat i ng 
a condi tion where an omnidirec t ional ant enna 
is u sed at one terminal . 

Two examples of data tak e n  on phas e 1 are 
contained in F igures 1-22  and 1 -2 3 .  F igure 
1 - 2 2  ( t es t  A )  shows path geometry and s ignal 
penetrat ion a nd d i f fraction levels for a 
bui l ding with exterior wal ls of pre s tres sed 
reinforced concrete with a th ickness of 2 0  em 
( each ) or greater .  Direct penetration was 
a lmos t  n i l  at the 9 . 6 ,  28 . 8 ,  and 5 7 . 6  GHz 
channel s .  ( Se e  the tab le in F igure 1 - 2 2 . )  
I n  test  ( B )  the �ntennas were pointed at the 
roof edge and a read i ly detect ab le s ignal 
occurred on the lower two frequenci e s  
pres umab ly v i a  a double edge di ffract ion 
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mode . In tes t ( C )  the trans mitter terminal 
was moved 100 m from the buil ding and the 
over-the-top and down-mode leve l s  increas ed . 
The common i l l umination of a cottonwood tre e  
in leaf ( t es t D )  at the s ide of the bui l ding 
increased the received levels by about 20 dB 
from the over and down mode . Figure 1 - 2 3  
( t est A )  shows resu lts from measureme nts of 
an of fice bui l ding with predominantly g la s s  
wal l s .  Al l wi ndows were a chromatic coated 
g las s wh ich exhibi ted a surpris ingly high 
s i gnal loss a lmost equal to the los s  measured 
through a commerci al ly manu factured rf 
absorber . The doors of the buil ding were 
s imilar in thicknes s ( both double glazed with 
no other obs truct ions ) ,  however , not coated , 
but heavi ly tinted . The res ults in Figure 
1 - 2 3  ( test B )  show a lmos t  no s i gnal los s  with 
a path thr ough the g l a s s  doors on each s ide 
of the buil ding and down the h a l lway ; i . e . , 
the measured values are approximately the 
same as a c lear 7 5-m path . 

At the somewhat longer wave l e ngths as soci ated 
with high frequenc y ,  condit ions of the upper 
or ionospheric port ion of the propagation 
medium become important . The I nsti tute is 
currently direct ing an experimental program 
to examine the feas ibi lity of employing HF 
beac ons to improve geoloca tion ac curaci es . 
The pro j ect , Beacon As s isted Technique to 
Locate Emi tters U s i n  Time of Arri val Dif­
ferences , BATTLETOAD , req uires the use of 
high frequency transmi tters , receivers , and 
i onosondes . The obj ect ive of the experimen­
tal program is to determine the degree to 
wh ich the uncert a int i es in the ionospheric 
s tructure impact the i nferred locat ion of 
unknown HF emitters . In FY 1 9 84 , preliminary 
t esting was undertaken with five re ceiver 
s ites in Cali fornia and Nevada , and three 
transmitter sites in C a l i fornia .  
F igure 1 - 2 4 ,  shows s ite loca tions invo lved in 
th is experiment . Ionospheric data were 
observed at Vande nberg Air Force Bas e . Pre­
liminary analys i s  of the results indicates 
that the use of beacons to infer ionospheric 
s tructure and therefore reduce ( or eliminate ) 
the t ime de lay as soci ated with the pas sage of 
HF s i gnal s  through the ionosphere can result 
i n  subs tant ial ly improved geolocation accu­
raci e s . 

A ma jor experimental meas urement program w i l l  
be conducted in October 1 984 u s ing the net 
c onfiguratio n  il lustrated in F igure 1 - 2 5 . 

E le ctromagnetic noi se can be a limiting fac­
tor in any tele communication sys tem . Noi s e  
is often generated b y  man-made devices . 
Accord i ng ly ,  Medium Frequency ( MF )  S ignal and 
Noi se Measureme nt s  were made of the ele ctro­
magnetic interference ( EMI ) environment in a 
typical modern of fice bui l ding to ascertain 
the resu ltant interference leve l s . 

An interes t  in noi se environment prompted the 
investigation into the types of noi se and 
freque ncy range of interference found in the 
modern o f f i ce building . These areas typical­
ly inc lude computer sys tems that range from 
microcomputers for local-office use , to mini­
computers for larger interof fice sys tems , to 
mai nframe computers in banking comp le xes and 
large data-hand li ng faci li ties . Some older 
systems may generate radio frequency 
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int erfe rence to a greater degree than the 
newer systems . One rea son for this might be 
the gr eater sophistication in de s ign of 
shi e l ded enc losures . Another would be the 
greater use of low-power circuitry and 
improved circuit design wh ich consume les s 
energy and thu s have the capabi lity of rad i ­
ating l e s s  energy. 

Noi se from out s ide the bui l ding ca n be antic­
ipated . The frequency range of the spe ctrum 
analys i s  inc ludes thos e  frequencies used by 
carrier-current/receive r  systems . A l s o ,  
int e rbu i l di ng digital communications have 
potential for introducing nois e .  Heating 
sys tems , e l e vators , and other contrivances 
using e lectric moto rs are a s i gnif icant 
source of EMI . 

Measurement T e chniques 

The measurement system cons ists of a low­
frequency spectrum analyze r ,  a control com­
put e r ,  and a mas s  s torage device . The syst em 
wi l l  be set up in at leas t two typical o f fice 
bui ldings . Measurements w i l l  be made us ing a 
r apid digitizer with a bandwidth of at le as t 
1 0 0  kHz . One burst of 40 , 00 0  samp les w i l l  be 
taken at intervals of approx i mately l h and 
s tored on magnetic tape . Tape capacity of at 
least 2 days wil l  al low unattended ope ration 
throughout the nighttime hours . 

Equipment 

A low-frequency spectrum analyzer was chos e n  
for the pro j ec t .  I t  is capab le of " f lash " 
digitiz ing the received energy in the low­
frequency s pectrum and pe r forming a fast 
Fouri er tr ans form ( FFT ) analys is on the col­
lected digital i nformation . The digit i z ed 
data ca n also  be furthe r analyzed u s i ng the 
" zoom "  capabi l i t i es of the analyzer to look 
at a part icular range of interes t .  I t  can 
output its raw data samp les or analyzed spec­
tra to the control compute r  for s torage on 
magnetic t ape , or al low the raw data to be 
reins e rt ed at a later date for further 
ana lys is . 

Measurement P la ns 

The project required a me as urement sys tem 
that could run unmanned for e xte nded periods 
of time . Thi s  meant having a data s torage 
device sufficient for at least 2 days of 
data . For this purpose a 1 . 3  ern magnetic 
tape drive was chosen that would al low nearly 
3 days' data to be s to red on one tape . The 
central proces sor was fast enough to inte r­
face be tween the spe ctrum analyzer and t ap e  
u n i t  and a desktop computer was s e l e ct ed tha t  
a l s o  had good graphics capabi l i ties . Figure 
l - 2 6  shows the comp leted measurement system . 

E xpected s ignal levels were de rived from ini­
tial  measurements of s i gnal levels in our own 
o f fice bui lding . An active antenna was 
des igned as a t emporary probe for these e s t i ­
mates . It acted as a capaci t ive probe and 
was sensitive to E-field ene rgy . Since 
i nteres t primarily l i es in H-field energy , 
searches are under way for a suitable loop 
device that wi l l  be rel i ab ly calibrated . 

The measureme nt s  wi l l  be made at several typ­
ical of fice s i t es and analy z ed to give infor­
ma tion on expected s ignal leve l s . Some ef­
fort wil l be made to ident i fy the sources of 
s ignals and noi se to aid in our unde rs tand i ng 
of factors a f f e cting thi s  EMI environment . 

1 . 4 . 2  Mode l s  and Pe rformance 
Prediction Methods 

New technolog i es and s e rvices have created 
growing use of the higher frequenci es in the 
radio spectrum. Digi tal sys tems , for example , 
require wider bandwidths that are ava i l ab l e  
at the h ighe r  freq ue nci es . A t  thes e  frequen­
cies , many factors such as hydrometeors , 
atmospheric gas es , terra in features , and 
noi se influence the reception of radio sig­
nal s . Th is section des c ribes the Institute's 
efforts toward modeling propagation in the 
pres ence of the s e  inf lue ncing factors . 

The VHF/UHF Propagat ion Studi es pro j ect is a 
cont inua tion of the Southern Cali fornia Prop­
agat ion Study that was begun several years 
ago . The purpose of this s tudy is to measure 
and model the effe cts of ducting . Atmospheric 
ducts that are found in the coa s tal regions 
are often present and e xtend over great dis­
tance s . I f  a trans mitting antenna l i es near 
or within the duct , its s i gnal can become 
trapped by the duct and wil l propagate with 
les s  than free -space los s es over long dis­
tances . The res ults cau sed by some duct s are 
interference from transmitters far away from 
the ir vict im rece ivers . 
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A meas ureme nt program i nitiated several years 
ago has three rece i ve r  sites  located in San 
Di ego , e ach moni to ring 10 frequencies from 3 0  
to 900 MHz . The r e ceive r  s ites were chosen 
so that one wou l d  be 20 km inland on an 
antenna farm pe ak 754 rn above mean sea leve l 
( arns l } ,  anothe r was on the coa s t  2 0 0  rn from 
the Paci fic Ocean shore and 1 5  rn arns l ,  and 
the third s ite was in an urban area 1 5 0  rn 
arns l and 1 5  krn in land from the shore . The 
sources are transmitters loca ted in the Los 
Angeles area at distances of 1 5 0  to 3 0 0  krn up 
the coa s t  from the San Di ego receiver sites . 

The s ignals were moni tored 2 4  hours each day 
with the raw data and hourly s tatistics 
recorded on magnet ic t ape for furthe r  proces­
s ing . Res u l t s  to date indicate that it is 
premature to define a model ba sed on the 
Southe rn Cali forni a data . A technical report 
is avai lab l e  wh ich descr ibes the measurement 
sys tem, the trans mitter charact eri s tics , the 
propagation path s ,  and the data redu ct ion . 
F igure l - 27 shows the rece ived s ignal s tatis­
t ics at the i n land peak site ( Cowl es Moun­
tain ) and the coa stal s ite ( Poi nt Lorna ) from 
the channel 3 transmitter ( KEYT ) located in 
Santa Barbara 3 30 krn from San Di ego ove r 
land-sea path s . The solid line curves are 
the meas ured da ta statis tics and the dashed 
curves are those predicted by the ITS 
i rregular te rra in model ( ITM ) . Note that the 
KEYT-to-Cow l es -Mountain path had measured 
s ignal leve l s  that exce eded free-space levels 
for about 5 percent of the time . Us ing the 
me as ured dat a ,  we are exploring the correct­
nes s and pertinence of e xisting models such 
a s  those report ed by the C C I R .  



Figure 1-26 . VF/LF no i s e  mea surement sys tem . 
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The Ins titute has de veloped extens ive propa ­
gation models for determining communication 
boundaries for mic rowave communication sys ­
tems . Thi s  work h a s  been bas ed o n  knowi ng 
the communication sys tem transmitter loca ­
t ions , power leve l s , antenna types and orien­
tations , detailed terrain parameters , 
receiver locat ion ,  and receiver system pe r­
fo rmance . Th is detailed analys i s  requi res 
large-scale computer u sage , computation time , 
and manpower to determine the extent of cov­
erage that can be obtained from fi xed loca­
tion reception.  However ,  when the ope ra­
tional s cenario of the s i gnal recept ion is 
ch anged to a land mobi le or maritime ope ra­
tion,  the solution to the prob lem of deter­
mining the coverage be comes intract ab le given 
the anal ys is requirement s . The purpos e  of 
the firs t phase of the Wide Area Propagation 
Mode l Development pro j ect has been to formu­
l ate a tractab le approach to speci fy the area 
of coverage that a determined mobi le receive r  
wou ld be able to monito r .  Th is new model 
changes from the previous approach of cumu la­
t ive indi vidua l links analys i s  to a cove rage 
mode represented by a gene ric individual link 
to reduce data complexity, comput e r ,  and man­
powe r requirements . 

Th is propa gation mode l de velopment is speci­
fically tailored to dete rmining the inte r ­
c eptor a r e a  coverage of the mic rowave band o f  
4 t o  6 GHz .  Thi s  model inc ludes only the 
presumed mos t  significant propagation e f fects 
so as to permit r e latively fac i le a s s es s ment 
of relatively large areas that wou ld be as so­
ciated with land or sea interceptor opera­
t ions . The mode l eliminates parameters that 
have very little impact on determining recep­
t ion dis tances or where funding limitations 
force omi s s ion . Thi s  was necessary to 
minimize the quant ity ,  complexity ,  and tot al 
computer time r equired for area coverage 
analys is . Paramet ers that wi l l  be eliminated 
in thi s  model include the fol lowing : 

o Ra in attenuation . Th is is not a s igni­
ficant factor in th is frequency band . 
Ra in attenuation does not increase the 
path attenuation appreciably unt il  the 
frequency exceeds 1 0  GHz .  The frequency 
of occurrence of rains dense enough to 
cau s e  s igni ficant increas e in attenuation 
occurs les s  than 1 percent of the time . 

o Ove r-the-horizon e f fect s . In this mode l ,  
the recept ion is cons i dered es s enti ally 
opaque to the ef fect s of dif fra.ction and 
forward scatter ef fects becau s e  of the 
i nfrequency of the ir reception occur­
renc e .  Our earlier s tudi es i ndicated 
that special topographic prof i l e s  wou l d  
have t o  occur to increase the expected 
r ecept ion dis tance s ignificant l y .  Th is 
is coup led with the fact that an inte r­
c eptor is mos t likely to select a high 
terrain poi nt for intercepting radio com­
muni cations . The previous studies at the 
I nsti tute have indicated the frequency of 
occurrence of appreci ab le changes in 
recept ion distances are very i nfrequent . 

o Seasonal and diur nal e f fect s . Data 
r e f lect ing seasonal or diurnal effect s  
exh ibi t a significant degree o f  variabil­
i ty .  Thi s  model w i l l  u s e  annual values 
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for de termining receptio n .  Howeve r ,  the 
model will  acc ept changes in i nput param­
eters and would permit inve s tigating the 
effects of variat ion from the annual term 
med i an val ues . 

o Duct ing and layering e f fe ct s .  The s e  ef­
fects can have a ve ry s i gnificant impact 
on radio ho riz on di s tance . Geographical 
location ( latitude ) ,  land/ sea interfaces , 
tempe ra tu r e ,  pres sur e ,  s e asonal and 
diurnal e f fects could s i gnificantly a lter 
pr e s e ntly modeled propagation pa rameters . 
These special atmosphe ric effects are 
schedu led for eve ntual furthe r inves tiga­
tion . This work could then be an adden­
dum to this mode l . 

o Polarizatio n .  Th is factor lik ely has a 
very miniscule impact on dete rmining 
r ecep t ion dis tance and is not inc luded . 

Propagat ion effects that are inc lu ded in the 
model are l i s ted be low :  

o Line-of-s ight ( LOS ) . Th is is the prin­
ciple mode of propagation for this model 
development . 

o Mul t ipath . Mu ltipath is a fundamental 
limitation to the pe rformance of micro­
wave radio sys tems . Th is pa rameter 
directly influences the s i gnal time 
availabi l i ty .  

o Te rrain cons ide rations . The rad i o  hori­
zon distance is as sumed principal ly lim­
i ted by E arth bulge , wh ich is espe c i al ly 
reasonable in the maritime i ns tance . I t  
i s  as sumed that the interceptor wi l l  
choose locat ions that w i l l  optimize 
c ove rage capabi l i ty .  

o Surface r efractivity . The r e fract i ve 
index gradient is a key determining fac­
tor in predicting reception dis tances . 
The surface gradi ent by and la rge de t e r­
mines the amount the radio wave i s  
refracted . Mathematic a l ly the ef fect ive 
Ea rth radius is changed so that the radio 
r ay can be cons idered to be a s tr aight 
line . Th is is a good approximation i f  
the radio ray does not exceed 1 km i n  
altitu de . For the p lanned interc eptor or 
h eights under cons ide ra t ion this is an 
acceptab le limitation. 

Al l of the ma j o r  obj ect ives of formu lating 
the s i gnal avai labi lity and as sociated 
r ecep t ion di s tr ibut ions have be en completed 
for pha s e  one . The model inc lu des the sta­
tistical approach for mul t ipath ,  surface 
r e fractivity, and antenna orientation impacts 
of the hypothetica l or typical transmitte r .  
Special emphas i s  has been p la ced o n  e liminat­
ing parameters that have minimal impact on 
determining rec eption distances . The 
approach tak e n  for the W ide Area Propagation 
Model provi des a r e lati vely fast methodol ogy 
for as se s s ing cove rage ove r la rge areas . 
Computat ional r equirements have been greatly 
r educed by the approach . Th i s  mode l  i s  
expected t o  provide a very ef fective too l  for 
a ve ry diverse problem .  



The obj ect ive of the EHF Telecommunication 
Performance Predict ion Mode l proj ect was the 
development of a computer model to predict 
the outage time , due to adve rs e  propagation 
conditions , of analog and digital te lecommun­
i cation sys tems operat ing in the freque ncy 
range of 1 0 - 1 0 0  GHz . The deve loped model i s  
cal led the EHF Telecommunication Sys tem 
Engineering Mode l ( ETSEM ) and runs on a desk­
top computer . ETSEM is compos ed of thre e  
bas i c  groups of mode l s . 

The firs t group of mode l s  serves as a ids  in 
the s e lect ion and des i gn of the propagation 
path . Antenna he ights and Fresnel zone 
c l earance as wel l as antenna a zimuths and 
e l e vation ang l e s  can be determined . The s e  
modu les of the computer pr ogram a r e  s imilar 
to the corre spondi ng mod u le s of ADSEM , a 
computer model for lower frequenci es devel­
oped previou s ly by ITS . 

The second group of mod u le s combi nes the l i nk 
equipment gain with the predicted cumu lat ive 
d i s tribut ion of propagation los ses to produce 
a predicted cumu lative distribution of the 
r ece ived s ignal le vel from wh ich the sys tem 
performance can be determined . 

The third gr oup of mod u le s is composed of 
models  that predict the s i gnal -to-noise ratio 
for analog sys tems and the bi t error rate for 
digital systems as a funct ion of received 
s ignal level and equipment speci fications . 
From the output of the s econd and thi rd group 
of module s , the time that a de s ired pe rfor­
mance leve l w i l l  be achieved i s  pred i ct ed .  

Thr e e  types of propagation los s are mode l e d  
in the s econd group o f  modu les . Monthly 
cumu lative dis tribut ions of attenuation due 
to rain,  mu lt ipath , and c lear a ir absorption 
are combi ned into one dis tr ibut ion for the 
months s e le cted . 

The ra in attenuation mode l  u s e s  the Rice­
Holmberg model for the cumu lative distri­
but ion of poi nt rain rate . It was modi f i ed 
so that the thunde rs torm ratio is computed 
from the ratio of the numbe r of days with 
thunders torms to the number of days with 
me as u rable precipitatio n .  Th is altera t ion 
enables the computat ion o f  monthly distri­
but ions and has be en u s ed previous ly as  seen 
in NTIA Report 84- 1 48 , "Microwave Terrestrial 
Link Rain Attenuation Prediction Parameter 
Anal ys is . "  The point-to-path conve rs ion was 
done us ing the formula of the Crane globa l 
rain attenuat ion mode l .  The Jos s rai ndrop­
s iz e  dis tribut ion is u s ed be cau se it was 
found to agree best with EHF attenuation 
measurement s as shown in NTIA Report 84- 1 49 ,  
" Atmospheric Channel Performance Measur ement s 
a t  1 0  to 1 0 0  GHz . " The ra indrop-s i z e  distri­
bution i s  critical to the attenuation predic­
t ions and more work i s  needed to ens u r e  that 
the drop - s i z e  dis tribution is adequately 
mode l e d . 

The Crombi e  mu lt ipath mode l was u s ed to pre­
dict the cumu lative distribution of attenu­
a tion due to mu lt ipath fad i ng . Becau se i t  is 
a worst-month model ,  it presumably over pre ­
d i c t s  the amount of fad i ng f o r  the average 
month . E ven so , rain dominates the predicted 
cumu lative dis tribution of attenuation for 
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mos t  EHF paths so that mu ltipath fading s til l 
only accounts for a fract ion of the total 
amount of fad i ng t ime predicted . 

The cumu lative distr ibution of c lear air 
abs orption is predicted by as suming that the 
oxygen absorption is nearly constant and that 
the amount of water vapor absorption varies . 
The pressure a nd temperature are as sumed 
c ons tant and equal to the mean for each 
month . The abso lute humidity, p ,  in g/m3 i s  
mode led with a Gau s s i an di s tr ibut io n .  The 
variance , a ,  ( good for probabi lities of 
exceedance le s s  than 50 pe rcent ) i s  de ter­
mined by the mean absol ute humidity, p ,  
for e ach month ac cord i ng to 

a = 0 . 0 0 94 p + 2 . 0 5  

The probabi l i ty o f  exc eedance for absolute 
humidity is then given by 

P ( p ) = 
l 
2 

The specific oxyge n absorption is found from 

where P i s  pressure and 8 is the r e lative 
i nverse tempe ratu r e  given by 

8 = 3 0 0/T 

with T in Kel vi n .  The a,  1\ , 62 , 63 , and 64 
are parameters interpo lated from a table . 
Thes e  paramete rs were found by fitting the 
oxygen absorpt ion predi ctions found in NTIA 
Report 8 3 - 1 37 , "An Atmospheric Mil limeter 
Wave Propagation Mode l , "  by H .  J.  Liebe for 
frequenci es from 1 0  to 1 0 0  GHz .  The result­
ing oxygen abso rption predictions agree with­
in 6 . 5  pe rce nt with tho s e  of Liebe . The 
specific water vapor abso rption predict ions 
a re also bas ed on Li ebe ' s  mode l and use his 
water vapor continuum and 2 2  GHz line . 

Data bas e s  of the met eorological pa rameters 
ne eded by the propagat ion los s  models for the 
United States and Europe are included with 
the model .  The neces sary parameters may be 
i nt e rpola ted from the s e  da ta ba ses or hand 
ente r e d .  

An Atmospheric Mil limeter Wave Propagation 
Mode l .  Atmospheric propagation limitations 
dominate mos t  cons i derat ions in the advance­
ment of mil limeter wave applications . 
Adve rse weather cau s es radio s i gnal degrada­
t ions due to rain, wet snow,  s uspended parti­
c les , and water vapor . A practical atmo­
s pheric Mil limeter Wave Propagation Mode l 
( MPM ) has been developed to solve this 
c omplex prob lem in an ef fici ent manner-­
comp l i cated microphys ical methodology i s  
r educed to s imple radio eng ineering terms . 
Such propagat-ion mode ling provides a cos t­
e f fe ct ive me ans of predict ing the pe rformance 
of a system for its intended u s e .  A propaga­
t ion model ca n tak e  into ac count a l l  pe rform­
ance-influencing factors of the atmosphere 



which in the actual ope rating environment 
woul d  be difficu l t ,  if not imposs ib l e , to 
ident ify . 

The neutral atmosphere was characteriz ed for 
the frequency range from 1 to 300 GHz as a 
nontu rbulent propagation medium [Li ebe 
( 1 9 8 3 ) ,  "An Atmospheric M i l limeter Wave 
Propagation Mode l , " NTIA Report 83- 1 3 7 ] .  
Thi s  report presents a discu s s ion of the MPM 
computer rout ine and gives representative 
results in nume rical and graph ical form . 
Attenuation and propagation de lay e f fe ct s  are 
predicted from meteorological data s e t s  
inc luding pres s u r e ,  t empe ratu r e ,  humidi ty ,  
suspended pa rt ic le concentration , and rain 
rat e .  Bas ica l ly ,  the propagation model 
cons ists of four terms : 

1 .  resonance informat ion for 3 0  wate r  vapor 
and 48 oxygen absorption lines in the 
fo rm of intens ity coef fici ents and center 
frequency for each line 

2 .  continuum spe ctrum with water vapor ,  
oxyge n ,  and nitrogen terms 

3 .  hydrosol attenuation term for haz e ,  fog , 
and c loud conditions 

4 .  two-coe f fici ent rain attenuation mode l .  

Oxygen lines extend into the mesosphere where 
they behave in a complicated manner due to 
the Zeeman ef fect . The geomagnetic fi eld 
s trength H i s  requi r ed as an addi tional input 
paramete r .  Each o2 line splits proportion­
a l ly with H into nume rous sublines , wh ich are 
j u xtaposed to form a Zeeman pattern spread 
ove r a megah e rtz scale . More than 2 0 0  pat­
terns for three main po larization cas es were 
calcu la ted . Detailed examp les for model 
atmospher es provide bas i c  mil limeter wave 
propagation information ove r  the he ight range 
0 to 100 km of the n eutral atmosphere . 

Laborato ry expe riment s and analytical ef fo rt s  
conducted at ITS have p layed a ma jor role in 
developing the MPM routine that relates 
easily obtained meteorological data ( pres­
sure,  tempe rature , humidi ty ) to difficu lt-to­
measure propagat ion factors ( attenuation , 
de lay, medium noi s e )  in a mos t  direct manner .  

Model App l i cat ions 

Since the introduction of the first MPM ver­
s ion in 1981 , the model has proven us eful for 
a vari ety of applications in mil limeter wave 
communications , remote sensing ,  and radio 
a stronomy . Tape copies of the mode l toge the r 
with program lis tings have been request ed by 
ove r 6 0  users from industry ( 2 7 ) ,  Gove rnment 
( 1 6 ) ,  universities ( 1 0 ) ,  and foreign countries 
( 1 1 ) .  The I ns titute has worked with the MPM 
to lend support to the fol lowing app l i cat ions : 

o to ge nerate examples about unique trans ­
fer characteristics of moist air in the 5 
to 3 5 0  GHz freque ncy range ( s ee  example , 
Figure l - 2 8 )  

o to develop simple mode l s  fo r predict ing 
transparency in the four atmospheric 
mi l limeter wave ranges and water vapor 

4 0  

0 

0 

0 

0 

attenuation at the two H20 l i ne cent e rs 
( Figure 1 - 2 9 )  

to eva l ua te water vap or-dependent 
attenuation data from laboratory and 
f i e l d  experiment s  cond u cted at 2 0 . 6 ,  
3 1 . 6 , 96 . 1  GHz ( F igure l - 3 0 ) ,  1 1 0 ,  and 
3 3 7  GHz ( Figure 1 - 3 1 )  with res ult ing good 
agreement between predict ions and 
me as ured da ta 

to es timate loca tion-dependent attenu ­
ation between 1 0  and 1 0 0  GHz for ma jor 
u.s.  population cent e rs ( NTIA Report 
83-1 1 9 )  

to plan the devel opment of a sys tem 
performance model for terrestrial mil li­
me ter wave communications [Li ebe et al . 
( 19 83 ) ,  NTIA Technical Memorandum 8 3 - 93 , 
l imi ted dis tr ibut ion] 

to provide numerical data on the effec­
t ive he ight concept [ that is , ( zeni th/ 
horizontal ) radio path behavior ]  up to 
400  GHz us ing thre e  model atmospheres 
( U . S .  Standa r d ,  Arct i c  Winte r , and 
Tropical Summe r ) for C C I R  Study Group 5 ,  
I nternational Working Party 3 ,  1 9 83 

o to compare the propagation characteri s ­
t ics over the range 3 0  t o  1 5 0  GHz for two 
s ites s e l e ct ed at h=l km i n  Japan and at 
h=3 km in Spain for mil l imeter wave radio 
a s tronomy 

o to int e rpret mesospheric temperatu r e  pro­
fi les from radiometric observations of 
the 2 5 - 0� l i ne pe rformed ove r  Europe 
from an a�rcraft f lying at a height of 
1 0  km . 

The need for a Mode l of MM Wave Propagation 
in Rain stems from the fr eque ncy of ra in and 
the severity of its e f fect s . Mil limeter wave 
propagation thr ough rain is likely to e ncoun­
ter different amounts of atte nuation depend­
i ng upon the tr ans mitted-r eceived po lariza­
t ion . If dual o rthogonal po larizations are 
u sed to increase ch annel capacity ,  los s of 
i so lat ion at both po larizations can be caused 
by rain as wel l .  

The forward scatter funct ion , fv H ' can be 
u sed to obtain corr esponding propagat ion 
c ons tant s ( wave numbe rs ) ,  a s  

( A )  

where k i s  the fr ee-space wave numbe r ,  and 
n ( r  ) is number o f  drops per unit volume of 0 . h atmosphere be tween r0 and r0 + dr0 , w�t r0 
the radius of a spherical rai ndrop equivalent 
i n  vo lume to a given obla te sphe roidal ra in­
drop ( i . e . , " equivolumet r i c "  radiu s ) .  The 
va lues r01  and r0 2  r ep r es e nt the minimum and 
ma ximum radi i of drops in the unit volume of 
atmospher e .  In tu r n ,  the n ,  the attenua tions 
AI I I ( shorthand for AI and AI I ) '  in decib e l s  
p e r  k i l omet er are given by 
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AI , I I  = 1 0  log 10  exp [ 2 I m ( kV , H J ( B ) 

At this poi nt i t  should be noted that theory 
[ Oguch i , T .  ( 1 9 8 3 ) ,  E lectromagnet i c  wave 
propagation and sca tteri ng in rain and other 
hydrometeors , Proc . IEEE 7 1 , No . 9 ,  pp . 1 0 29 -
1 0 7 8 ,  September] obt ains fv , H ' and t�ence 
kV , H ' for an e nsemble of uncanted ra�ndrops ;  
thu s , V and H coincide with the I and I I  
axes , allowing the express ion ( B ) .  The axes 
I and II are orthogonal axes paral le l to the 
minor and ma jor a xes of an oblate spheroidal 
raindrop . The V and H s tand for vert ical and 
horizontal direct ions , respect i ve l y .  

Much o f  our present attenuat ion prediction 
material u s es spherical drop theory (Mie 
theory, Rayle igh approxi mations ) a s  i t s  
bas i s . I t  wou l d , therefore , b e  desirable to 
deve l op a direct connect ion with this theory , 
in a relati vely simp l e , s traightforward man­
ner ,  so as not to have to reprogram exten­
sive ly to incorporate the results of theoret­
ical electromagnetic analys is , which is 
inherently rather cumbersome . Using this as 
our rationale , we can pos tu late a heuri s tic 
model of the form 

( C )  

where 

( D ) 

wh ich separates the nons pherical variables 
from the spheri cal and e lectromagnetic vari­
able s . In other words ,  01 1 1 ( a , b , A )  in  
( C ) ,  which r epresents the ' droplet attenua­
t ion cros s sect ion as a function of the 
semiminor axis , a, s emima jor axis , b ,  and the 
wave l e ngth ,  A ,  in both the I and I I  direc­
tions , is assumed expres s ible as the product 
of a weigh t ,  w1 1 1 ( a , b ,r0 ) , which is a 
function of a ,  b ,  and the equi volumetri c 
radiu s ,  r0

, and the spheri cal attenua t ion 
cros s  sect ion Q (r0 , A ) ,  Since a sphere doe s 
not depolarize in the forward propa ga tion 
direct ion , Q (r0 , A ) is independent of the 
direct ions I or I I .  

Tab le l - 1  shows the comparison be tween 
mode led and speci fic attenuations , des ir ed , 
using ( C ) ,  at 3 0  GHz ( "FREQ " ) for various 
values of " RAIN RATE " ,  with those results 
obtained from the Oguch i  theory . The 
specific attenuat ions were computed for 
angles of incidence , "ALPHA " ,  on a given 
composite of ob late spheroidal raindrops ,  of 
90,  7 0 , 5 0 ,  and 3 0  deg .  An exponent ial form 
of n (r0 ) ,  

-Br 
n (r0 ) = Ae 0 ( E ) 

whe re A = 1 6 , 0 00 mm-l m-3 and B = 8 . 2  R-0 · 2 1  
mm- , with r in mil limeters and R the sur­
face ra in ral?e in mi l limeters per hour , was 
used in ( A )  to obtain Table l - 1 . 

The occurrence of rain attenuat ion is often 
observed but difficult to predict . The pur­
pose of the Ra in Ra te Mode l pro j ect i s  to 
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examine e x i s t ing rain da ta and cons ider the 
pos s ibi l i t i es of treat i ng rain atte nuation 
probabili s tica l ly.  

Ten mode l s  that predict rain attenua t ion 
distribution on point-to-poi nt terres tria l  
microwave telecommunications l i nks have be en 
compared with one another . Such compari sons 
can tak e  many forms , but the res ult ant com­
pari son should be performed in a manner that 
has some phys ical meaning . An appr oa ch that 
has very little meaning is the compari son of 
a predict ed medi an or average annu a l  di s tri­
bution of rain atte nua t ion with a given 
yearly da ta di s tribut ion . Unl e s s one knows 
where the observed annual distribution l i e s  
with res pect t o  a l l  other pos s ib le annual 
distribut ions in the h i s tori cal samp l e  space , 
one has no bus ines s comparing with the med­
ian , or any other s u ch individual predicted 
d i s tribut ion .  Th is kind o f  compari son has 
been common in the pas t ,  but the conc lus ions 
to be drawn from s uch comparisons are 
generally nugatory. 

Hence , another more meaning ful compari son 
approach mus t  be sought . This approach 
undoubted ly mus t  use the concept of pred i ct ed 
year-to-year vari abi l i ty in rain atte nuation 
d i s tr ibut ions , s ince this variabi l i ty is 
usually s i gnif icantly large for percent ages 
below 0 . 1  percent of a year .  The appr oach 
tha t  s eems best for the moment , although i t  
i s  not as qua nt i tative a s  might be de s irab le , 
determines whether a given yearly data dis­
tribut ion li es ins ide or out side a de s ired 
conf idence i nterval about the median pre­
dicted ra in atte nua tion di s tr ibut ion . Th is 
conf idence interval is determined from the 
predicted year-to-year vari abi l i ty of the 
distribution . 

We now mu s t  cons ider an appropriate conf i­
dence interval to u s e  in th is test . At first 
g la nce , a 90 percent conf idence interval 
might seem s u f f i ci e nt , but then there is  
s til l a predict ion of l chance to 1 0  that the 
ins i de / outs ide compari son test has no s i gni­
f icance . I f  we extend to a 99 percent con­
fidence interval ,  there is now a pred ict ion 
of l chance to 1 0 0  that the tes t has no sig­
nificance , and we sh al l deem that an appro­
priate ri sk to run . Of the 10 mode l s  com­
pared , l model was developed at ITS , wh i l e  
the remaining 9 mode l s  were developed i n  
other t e l ecommunicat ions labora tori es 
throughout the worl d .  

Tab le l - 2  summarizes 5 6  indi vidua l attenu ­
ation comparisons made at the 0 . 01 percent 
exceedance level of an attenuation di s tri­
but ion . Each of the 10  prediction models are 
compared with at leas t 1 year' s worth of d a ta 
distribution at several worldwide locat ions . 
There are not nearly as many l oca tions as 
compari sons be cause each distribut ion repre­
s ent s res u l t s  fr om a speci fic link ,  having a 
given path length and operat i ng fr equency . 
There are often several links at one geo­
graph ic locat ion . Table l -2 shows the aver­
age and maximum departures of the da ta above 
the 99 . 5  percent confidence limi t at the 0 . 0 1 
percent exceedance level for the s e  5 6  compar­
isons . In addition, Table l -2 shows the 
" overal l predict ion ef fici ency , " s ,  i n  
percent , where 
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Table l - 2 . Summary o f  Departure s  o f  Yearly Microwave Attenuation Data Distributions 
Above the Modeled 9 9 . 5  Percent Conf idence Limit at the 0 . 0 1 Percentile 
Exceedance Level for 10 Prediction Mode l s  

T ab l e  1 - 2 . S ummary of Dep a rtures of Ye arly M i c r owave At tenu a t io n  Data D i s tr ibutions 
Above the Mode l ed 9 9 . 5  P e r c e n t  Confidence Limit at the 0 . 0 1 P e r c e nt i le 
E x c e eda nce Leve l for 1 0  P r ed i c t io n  Mode l s  

Ove ra l l 
P r e d i ct ion 
E f f i c i ency, 
s ( pe r c e nt ) 

I T S  
Mode l 

1 0 0 . 0  

l .  

94 . 6  

2 .  3 .  

1 0 0 . 0  9 8 . 2  

Oth e r  Mode l s  
4 .  5 .  6 .  

9 8 . 2  92 . 9  82 . 1  

7 .  8 .  

92 . 9  8 9 . 3  

9 .  

7 8 . 6  

"' Average 
O u t s i de 
D eparture 

( dB )  

Maximum 
Out s ide 
D eparture 

( dB )  

Predi ction 
E f f i c i e ncy 
i n  Kopp e n  

zone 
A 
c 
D 

0 

0 

1 0 0 . 0  
1 0 0 . 0  
10 0 . 0  

0 . 2 47 

1 2 . 5  

1 0 0 . 0  
94 . 0  

10 0 . 0  

0 

0 

10 0 . 0  
1 0 0 . 0  
10 0 . 0  

0 . 1 3 1  

7 . 3 6 

1 0 0 . 0  
9 8 . 0  

1 0 0 . 0  

0 . 1 6 

8 . 94 

10 0 . 0  
9 8 . 0  

1 0 0 . 0  

0 . 1 18 

3 . 3 4 

1 0 0 . 0  
9 2 . 0  

1 0 0 . 0  

0 . 6 74 

7 . 3 3 

1 0 0  . o  
80 . 0  

1 0 0 . 0  

0 . 1 28 

5 . 8 9  

10 0 . 0  
9 2 . 0  

1 0 0 . 0  

0 . 5 9 7  

9 . 2 6 

1 0 0 . 0  
8 8 . 0  

10 0 . 0  

0 . 6 3 9  

9 . 48 

10 0 . 0  
7 6 . 0  

10 0 . 0  



E.: 
N - n0 

X 1 0 0  ( A )  N 

In ( A ) ,  n0 i s  the numbe r of compari sons with 
depa rtures and N ( =5 6 )  is the total number of 
compari sons . An E.: i s  also shown by c limatic 
zone . The c limatologist Koppen subdivided 
the world into five ma j o r  c li matic zones 
spe c i f i ed as zones A, B, C ,  D, E .  Witho�t 
goin� into furthe r de tail , zone A i s  a wet , 
troplcal zone ; zone B is a dry , arid zone · 
zone C i s  a warm, t empe rate zone ; zone D ls a 
col? , temperate zone ; and zone E is a po lar­
reglon zone . Mos t ma jor industr ial nations 
are located in zone C ;  henc e ,  therein occur­
red mos t  of the data ( 5 0 out of 56 di s tr ibu­
tions ) u s ed in Table l - 2 . Zones A and D 
account ed for the thr ee dis tr ibut ions apiece 
in Tab l e  l - 2 , and zones B and E are not 
repres ent ed . 

HF Propagation Study/Tactical  Ope ra tion Chart 
P:ocedures . For seve ral years , ITS has pro­
Vlded support to the U . S .  Army Communications 
Command-Electronics Eng ineering Ins tal lation 
Ag�n�y ( USA/CE EIA ) in t e chni cal areas pe r­
talnlng to HF propagation and numerical s imu­
lat ion of HF propagation sys tem pe rformance . 
In addi tion to providing technical a s s i s t­
ance , ITS has ac cepted spe c i a l i z ed s tudi es in 
s upport of USA/CE EIA obj ect ives and ope ra­
tional r equirements . In particu lar , ITS has 
developed and/or impleme nt ed specific  
analyt ic techn iques to assist  USA/ CEEIA in 
the de velopment of ope rational and analyt ical 
procedures . 

The s tu dy unde rtak e n  was di r ect ed toward the 
development and imp lementation of proc es sors 
that generate tac t ical ope ration charts from 
the I ONospheric Communication Analys is and 
�r edict ion program ( IONCAP ) . The proj ect 
supports the operational requirements of the 
U . S  .

. 
A:my Communications Command by providing 

spe c l f lc methodology to the Communications 
Engineering Directorate ( CE O ) ,  Propagation 
Engineering Divis ion ( PED ) . Thi s  methodo l ogy 
a l l ows CED/PED to s upply the 5th Signal Com­
mand with deta i led tact i cal cha rts of propa­
�a tion predict ions for HF c ommunication paths 
ln Europe a nd specific tact i cal charts of 
propagation predict ions for the Spe c i al 
For ces Burs t Commun ications Sys t em .  

One task of this proj ect was to develop and 
imp leme nt proces sors that generate tactical 
op� rat ion charts from the I ONCAP program as a 
unlque representation o f  max imum u s ab l e  fre­
quency ( MUF ) and freque ncy o f  opt imum traf fic 
( FOT ) dependent on path length a nd the lowes t 
u sable fr equency ( LUF ) dep e nd e nt on path 
length , emiss ion type , and transmitter power .  
The s e  predict ions wil l  be ge nerated every 2 
hours . Thi s  task r equires the deve l opment of 
a spe c i a l i z ed input proce s so r ,  output proce s ­
sor , a nd interface to the I ONCAP program . 
The methodology deve l oped in this task pro­
vides the abi l i ty to generate deta i led t acti­
cal charts of propagation predictions for the 
u. s. Army 5th S i gnal Command . 

Anot�e r  task of this proj ect was to develop 
and lmp leme nt proces sors that generate tacti­
cal ope rat ion charts fr om I ONCAP as a unique 
r epresentation of r e l i abi l i ty a nd mu lt ipath 
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probabi l i ty depe nde nt on time and frequency.  
These predictions are generated for each hour 
( UT ) and at disc rete freque nci es from 2 MHz 
to 30 MHz .  This task r equires the develop­
ment of a spe c i al i z ed output proces sor and 
interface to the IONCAP program. The method­
o �ogy de�eloped in this task provided speci­
f �c tact l cal cha rts of propagat ion predic­
t lons fo r the U . S .  Army Spe c i al Forces Burs t 
Communications System. 

Army AG and ISO Books . The U . S .  Army , in its 
tact i cal operations , makes e xtens i ve use of 
h igh-fr eque ncy communica tion . To as sure this 
communication , it is des irab le to be ab le to 
s �l e c� the prope r ope :ating frequency at any 
t lme ln many geograph lc locat ions for the 
speci fic equipment invo lved . Th is select ion 
process has been assured by " I ntermediate and 
Short Dis tance Sky-Wave Propagation Chart s . "  
Improvements in the pe rformance of sky-wave 
sys tems as a res u lt of recent ope rational ex­
pe rience with ove r-the -horizon radars permits 
a revis ion of the s e  propagation ch arts to re­
f lect these propagat ion pr edict ion improve­
me nt s .  A revis ion of the " Intermedi ate and 
Short Dis tance Sky-Wave Propagation Charts " 
has be en unde rt ak e n  fo r the u . s .  Army . The 
r ev i s ed charts invol ve 3 5  d i f ferent geo­
graphic areas cov e ri ng mos t  land mas se s .  The 
predictions are provided in 3 5  vo lumes , l 
volume for each of the areas shown in Figure 
l -3 2 .  

The Maximum Usab le Freq ue ncy ( MUF ) ,  the Opti­
mum Traffic Frequency ( FOT ) ,  and the Lowes t 
U s ab le High Freque ncy ( LUF ) are pres ented for 
s i x  seasonal interva l s , for each hour of 
l oca l t ime , s ix di s tance interval s ,  and for 
solar activity e xtremes of a normal solar 
cycle . Figures l - 3 3  and l - 3 4  are example s of 
the I SO sky-wave propagation charts . 

I n  addi tion to the tac t ic a l  ope rations , sky­
wave propagat ion i nformation is required to 
a s su r e  the prope r freq ue ncy se lect ion for 
communications between aircraft and the bas e 
s tations . Th is sky-wave propagation informa­
tion has been provided as "Air/Ground Sky­
Wave Propagation Chart s for S e l e ct ed Worl d­
wide Stat ions . "  These cha rts have been 
prepa red for 58  air-ba se s tations to es sen­
t i a l ly provide worldwide c overage . 

The maximum frequen�y expected to be ava il­
ab le for sky-wave propagat ion on at least 5 0  
percent of the days ( the MUF ) i s  predicted 
for each ground stat ion in a seri es of e i ght 
pages of chart s .  The chart s are divided into 
tab l es that correspond to the 3 2  sectors as 
shown on the example map in F igure l- 3 5 .  
E ach tab le shows the MUF for var ious incre­
me nt s of dis tance at each even hour of Green­
wich Mean Time ( GMT ) a nd at the solar activ­
i ty extr emes of a normal solar cyc le ,  i . e . , 
at solar activity i ndices of s unspot numbers 
1 0  and 1 10 .  The seasonal variation of the 
MUF is shown in a s e r i es of chart s , each for 
a 2-month interval . Figure l-36 is an 
examp le of an A/G sky wave propagation chart . 

Anothe r rela ted proj ect , the Army HF Propaga­
t ion S tudy, was dire cted towa rd the develop­
ment and implement ation of an interact ive 
proces sor to generate i nput to the IONCAP 
prog r am .  The proj ect support s ope rational 
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7 .  1 5 . 8  

6 . 5  5 . 3  

7 .  1 6 .  2 

8 . 6  7 . 5  

9 . 9  8 . 6  

6 . 6  5 . 4  1 0 . 8 9 . 4  

7 . 2  5 . 6  1 1 . 5  1 0 . 0  

8 . 1  6 . 3  1 2 . 4  1 0 . 8 

9 . 0  7 . 1 1 3 . 3  1 1 . 6 

400 KM . 
SSN= 1 0  

MUF FOT 

( 250 M I . )  
SSN= 1 1 0 
MUF FOT 

5 . 1 4 . 0  1 0 . 7 8 . 7  

5 . 0  4 . 0  

4 . 5  3 . 6  

3 . 8  3 . 0  

3 . 8  3 . 0  

4 . 8  3 . 9  

9 . 7  7 . 9  

8 . 6  7 . 1  

7 . 5  6 . 2  

7 . o  5 . 8  

7 . 7  6 . 7  

6 . 1  5 . 0  9 . 4  8 . 1 

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

7 . 4  6 . 0  1 1 . 5  1 0 . 0  

A F R I C A  

MAXIMUM U S A B L E  FREQUENC I ES ( MU F ) 

O P T I MUM TRAF F I C  FREQUENC I E S ( FOT ) 

MARCH A P R I L  

800 KM . ( 500 MI . )  
SSN= 1 0  SSN= 1 1 0 

MUF FOT MUF FOT 

6 . 6  5 . 1 1 3 . 2  1 0 . 7  

6 . 5  5 . 2  1 1 . 9  9 . 8  

5 . 8  4 . 6  1 0 . 6  8 . 7  

5 . 0  4 . 0  

5 . 0  4 . 0  

9 . 4  7 . 7  

8 . 8  7 . 2  

1 200 KM . ( 750 M l . )  
SSN= 1 0  SSN= 1 1 0 

MUF FOT MUF FOT 

8 . 3  6 . 4  1 6 . 3  1 3 . 2  

8 . 2  6 . 5  1 4 . 8 1 2 . 1 

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

6 . 3  5 . 0  1 1 . 6 9 . 5  

6 . 4  5 . 1 1 1 . 0  9 . 0  

1 600 KM . ( 1 000 M I . )  
SSN= 1 0  SSN= 1 1 0 

MUF FOT MUF FOT 

2400 K M .  ( 1 500 M I . )  
SSN= 1 0  SSN= 1 1 0 

MUF FOT MUF FOT 

9 . 9  7 . 7  1 9 . 4  1 5 . 7  1 2 . 6  9 . 8  2 4 . 7  20 . 0  

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

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

7 . 6  6 . 1  1 3 . 8  1 1 . 3 

7 . 7  6 . 2  1 3 . 2  1 0 . 8  

9 . 7  7 . 7  1 7 . 6  1 4 . 4  

9 . 9  7 . 9  1 6 . 8  1 3 . 8  

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

8 . 4  6 . 9  1 2 . 1 1 0 . 5  1 0 . 8 8 . 9  1 5 . 3 1 3 . 3  1 3 . 1 1 0 . 7  1 8 . 4  1 6 . 0  1 6 . 7  1 3 . 7  2 3 . 5  20 . 5  

9 . 4  7 . 7  1 3 . 8  1 2 . 0  1 2 . 1 9 . 9  1 7 . 5  1 5 . 2  1 4 . 6  1 2 . 0  2 1 . 0  1 8 . 2  1 8 . 7  1 5 . 3  26 . 9  2 3 . 4  

9 . 8  8 . 1 1 4 . 5  1 2 . 7  1 2 . 6  10 . 3  1 8 . 2  1 5 . 8  1 5 . 2  1 2 . 5  2 1 . 8  1 9 . 0  1 9 . 5  1 6 . 0  2 8 . 0  2 4 . 3  

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

8 . 8  6 . 8  1 3 . 0  1 1 . 3  1 1 . 2  9 . 1  1 5 . 9  1 3 . 9  1 4 . 1 1 2 . 3  1 9 . 7  1 7 . 1 1 6 . 8  1 4 . 5  2 3 . 5  20 . 4  2 1 . 6  1 6 . 9  30. 2 2 6 . 2  

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

1 3  9 . 8  7 . 6  1 3 . 8  1 2 . 0  1 0 . 6 8 . 3  1 4 . 6  1 2 . 7  1 3 . 6  1 0 . 6  1 7 . 8  1 5 . 5  1 7 . 2  1 3 . 4  2 1 . 9  1 9 . 1 20 . 7  1 6 . 1 2 6 . 1 2 2 . 7  2 6 . 6  20 . 7  3 3 . 4  2 9 . 1  

1 4  1 0 . 2 8 . 2  1 4 . 0 1 2 . 2  1 1 . 1  9 . 0  1 4 . 8  1 2 . 9  1 4 . 4 1 1 . 7 1 8 . 1 1 5 . 8  1 8 . 2  1 4 . 8  22 . 3  1 9 . 4  2 1 . 9  1 7 . 8  26 . 6  2 3 . 1  2 8 . 2  22 . 8  34 . 0  29 . 6  

1 5  1 0 . 3 8 . 4  1 4 . 0  1 2 . 2  1 1 . 3  9 . 2  1 4 . 8  1 2 . 9  1 4 . 8  1 2 . 0  1 8 . 1 1 5 . 7  1 8 . 7  1 5 . 2  22 . 3  1 9 . 4  2 2 . 6  1 8 . 3  26 . 5  2 3 . 0  2 8 . 9  2 3 . 4  33 . 8  2 9 . 4  

1 6  1 0 . 2  8 . 2  1 3 . 7  1 1 . 9 1 1 . 2  9 . 1 1 4 . 5  1 2 . 6  1 4 . 6  1 1 . 8 1 7 . 8  1 5 . 5  1 8 . 6  1 5 . 0  2 1 . 9  1 9 . 1 2 2 . 3  1 8 . 1 26 . 0  2 2 . 6  2 8 . 6  2 3 . 1  33 . 3  2 9 . 0  

1 7  9 . 8  7 . 9  1 3 . 2  1 1 . 5  1 0 . 8 8 . 8  1 4 . 1 1 2 . 2  1 4 . 2  1 1 . 5  1 7 . 3  1 5 . 1 1 8 . 1 1 4 . 7  2 1 . 4  1 8 . 6  2 1 . 8  1 7 . 7  25 . 5  22 . 2  2 7 . 9  2 2 . 6  3 2 . 6  2 8 . 4  

1 8  9 . 1 6 . 7  1 2 . 8  1 1 . 0 1 0 . 1 7 . 5  1 3 . 6  1 1 . 7 1 3 . 4  9 . 9  1 6 . 9  1 4 . 5  1 7 . 1 1 2 . 7  20 . 9  1 8 . 0  20 . 7  1 5 . 3  24 . 9  2 1 . 4  26 . 4  1 9 . 5  3 1 . 9  2 7 . 4  

1 9  8 . 0  5 . 9  1 2 . 2  1 0 . 5 8 . 9  6 . 6  1 3 . 1 1 1 . 3  1 1 . 9 8 . 8  1 6 . 3  1 4 . 0  1 5 . 1 1 1 . 2 2 0 . 1 1 7 . 3  1 8 . 2  1 3 . 5  2 4 . 0  20 . 6  2 3 . 2  1 7 . 2  30 . 7  26 . 4  

20 

2 1  

22 

2 3  

24 

6 . 7  4 . 9  1 1 . 7  1 0 . 1 

5 . 5  4 . 1  1 1 . 5  9 . 9  

4 . 9  3 . 8  1 1 . 5 9 . 3  

4 . 7  3 . 7  1 1 . 5  9 . 3  

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

7 . 4  5 . 5  1 2 . 5  1 0 . 8 

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

5 . 3  4 . 1 1 2 . 2  9 . 9  

5 . 1 4 . 0  1 2 . 2  9 . 9  

5 . 1 4 . 0  1 1 . 7  9 . 4  

9 . 7  7 . 2  1 5 . 5  1 3 . 3  1 2 . 3  9 . 1  1 9 . 1 1 6 . 4  1 4 . 8  1 0 . 9  22 . 7  1 9 . 5  1 8 . 8  1 3 . 9  2 8 . 9  2 4 . 9  

7 . 8  5 . 7  1 4 . 9  1 2 . 8  

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

6 . 4  5 . 0  1 4 . 8  1 2 . 0  

6 . 5  5 . 0  1 4 . 3  1 1 . 6 

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

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

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

8 . 1 6 . 3  1 7 . 6  1 4 . 3  9 . 6  7 . 5  20 . 9  1 7 . 0  1 2 . 3  9 . 6  26 . 6  2 1 . 6  

Figure 1- 3 3 . I S D  book propagation c hart example o f  HUF/FOT . 



A F R I CA I 

LOW E S T  U S E F U L  H I GH F R E QU E NC I E S  ( LU F ) 

MARCH A P R I L  

1 / 2  WAVE HO R I ZONTAL D I P O L E  1 0  M E T E R S  ( 3 3 F E E T ) H I GH fRANSM I T T I NG A ND R E C E I V I NG 

B , C , D , E , F  I ND I CA T E  R E L I AB I L I T Y OF F R EQU E NC Y  I S  ONLY 80 - 9 0 , 6 0 - 8 0 ,  40 - 6 0 ,  2 0 - 40 , O R  0 - 20 P C T . 

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

1 0  1 1 0 1 0  1 1 0 1 0  1 1 0 1 0  1 1 0 1 0  1 1 0 1 0  1 1 0 1 0  1 1 0 

L T  1 60 K I L OM E T E R S  ( 1 00 M I L E S ) 
02 2 . 9  3 . 8  2 . 9  3 . 8  2 . 8  3 . 8  2 . 8  3 . 8  2 . 7  3 . 8  2 . 0  3 . 8  2 . 0  2 . 0  
04 2 . 6  3 . 6  2 . 6  3 . 6  2 . 6  3 . 6  2 . 6  3 . 6  2 . 0  3 . 6  2 . 0  2 . 6  2 . 0  2 . 6  
06 4 . 2  c 2 . 6  4 . 2  B 2 . 6  4 . 1 2 . 0  4 .  1 2 . 0  4 . 0  2 . 0  4 . 0  2 . 0  4 . 0  2 . 0  
08 2 . 0  3 . 8  2 . 0  2 . 5  2 . 0  2 . 0  2 . 0  2 . 0  2 . 0  2 . 0  2 . 0  2 . 0  2 . 0  2 . 0  
1 0  4 . 0  4 . 9  2 . 8  4 . 9  2 . 3  4 . 9  2 . 0  4 . 9. 2 . 0  3 .  1 2 . 0  3 . 0  2 . 0  2 . 8  
1 2  4 . 7  7 . 3  4 . 7  7 . 3  3 . 7  7 . 3  2 . 8  7 . 3  2 . 6  7 . 3  2 . 0  4 . 6  2 . 0 3 . 3  
1 4  5 . 8  9 .  1 5 . 8  9 .  1 2 . 9  9 .  1 2 . 3  9 .  1 2 . 0  3 . 4  2 . 0  3 . 3  2 . 0  3 . 2  
1 6  6 . 2  8 . 8  6 . 2  8 . 8  2 . 0  8 . 8  2 . 0  2 . 0  2 . 0  2 . 0  2 . 0  2 . 0  2 . 0  2 . 0  
1 8  5 . 2  7 . 2  5 . 2  7 . 2  5 . 2  7 . 2 5 . 2  2 . 0 5 .  1 2 . 0 5 . 0  2 . 0  4 . 8  2 . 0  
2 0  3 . 7  5 . 4  3 . 6  5 . 4  3 . 4  5 . 4  2 . 0  5 . 4  2 . 0  5 . 4  2 . 0  3 . 0  2 . 0  3 . 0  
2 2  2 . 6  3 . 2  2 . 5  3 .  1 2 . 3  3 . 0  2 . 0  2 . 8  2 . 0  2 .  1 2 . 0 2 . 0  2 . 0  2 . 0  
2 4  2 . 9  4 . 7  2 . 9  4 . 7  2 . 9  4 . 7  2 . 9  4 . 7  2 . 0  4 . 7  2 . 0  2 . 0  2 . 0  2 . 0  

lJl L T  4 0 0  K I LOME T E R S  ( 2 50 M I L E S ) 
C> 02 5 . 0  D 9 . 7  c 5 . 0  c 6 . 5  2 . 0  3 . 2  2 . 0  2 . 0  2 . 0  2 . 0  2 . 0  2 . 0  2 . 0  2 . 0  

04 3 . 5 c 7 . 0  c 2 . 0 4 . 7  2 . 0 2 . 0 2 . 0 2 . 0 2 . 0  2 . 0 2 . 0  2 . 0  2 . 0  2 . 0  
06 4 . 0  B 7 . 7  c 2 . 0  4 . 2  2 . 0  2 . 5  2 . 0  2 . 2  2 . 0  2 . 0  2 . 0  2 . 0  2 . 0  2 . 0  
08 3 . 4  4 . 9  3 . 3  4 .  1 3 .  1 4 . 0  2 . 7  3 . 7  2 . 3  3 .  1 2 . 0  3 . 0  2 . 0  2 . 8  

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

1 8  1 0 .  1 0 1 3 . 6  E 6 . 4  9 . 2  3 . 7  4 . 5  2 . 3  3 . 3  2 . 0 2 . 9  2 . 0 2 . 2  2 . 0  2 . 0  
20 7 . 4  c 1 2 . 5  D 3 . 9  5 . 5  2 . 6  3 .  1 2 . 0  2 . 5  2 . 0  2 . 0  2 . 0  2 . 0  2 . 0  2 . 0  

2 2  5 . 3  D 1 2 . 2  D 3 . 5  7 . 0  2 . 0  3 . 3  2 . 0  2 . 0  2 . 0  2 . 0  2 . 0  2 . 0  2 . 0  2 . 0  

2 4  5 .  1 D 1 1 . 7 c 3 . 5  6 . 5  2 . 0  3 . 2  2 . 0  2 . 0  2 . 0  2 . 0  2 . 0  2 . 0  2 . 0  2 . 0  

L T  800 K I LOME T E R S  ( 500 M I L E S )  
02 6 . 5  E 1 1 . 9 c 6 . 5  c 8 . 4  5 .  1 6 . 4  3 . 0  4 . 3  2 . 0  2 . 6  2 . 0  2 . 0  2 . 0  2 . 0  

04 5 . 0  D 9 . 4  D 5 . 0 c 9 . 4  c 5 . 0  c 5 . 8  2 . 0 2 . 9  2 . 0  2 . 0  2 . 0 2 . 0  2 . 0  2 . 0 

06 6 . 5  c 9 . 9  D 6 . 5  c 9 . 9  c 6 . 5  B 6 . 8  3 . 2  4 . 2  2 . 7  3 . 0  2 . 2  2 . 8  2 . 0  2 . 7  

08 9 . 4  c 1 1 . 0 6 . 3  8 . 0  4 . 9  6 .  1 4 . 7  4 . 9  4 . 3  4 . 8  3 . 9  4 . 7  3 . 7  4 . 7  

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

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

1 6  1 4 . 6  0 1 7 . 8  D 1 0 . 0  1 1 . 3 6 . 5  7 . 7  5 . 2  5 . 9  5 .  1 5 . 8  4 . 8  5 . 7  4 . 2  5 . 6  
1 8  1 3 . 4  c 1 6 . 9  D 1 3 . 4  B 1 2 . 3  8 . 7  8 . 8  5 . 8  6 . 2  4 . 3  5 . 0  3 . 5  3 . 9  3 . 3  3 . 7  

20 9 . 7  D 1 5 . 5  c 9 . 7  c 9 . 3  5 . 8  6 . 7  4 . 0  4 . 5  2 . 9  3 . 2  2 . 3  2 . 6  2 . 0  2 .  1 

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

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

F igure 1 - 3 4  I S O  book propagation chart example o f  LUF . 
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STAT I ON - ADAK , ALASKA 

UT 
02 
04 
06 
08 
1 0  
1 2  
1 4  
1 6  
1 8  
20 
22 
24 

UT 
02 
04 
06 
08 
1 0  
1 2  
1 4  
1 6  
1 8  
20 
2 2  
2 4  

UT 
02 
04 
06 
08 
1 0  
1 2  
1 4  
1 6  
1 8  
20 
22 
24 

UT 
02 
04 
06 
08 
1 0  
1 2  
1 4  
1 6  
1 8  
20 
2 2  
24 

( 2 70 - 285DEGR E E S ) 
2000 NM 2500 NM 

1 0 - S S N - 1 1 0 1 0 - S S N - 1 1 0  
1 9 . 9  3 0 . 1 1 6 . 4  
1 9 . 2  30 . 8  1 5 . 6  
1 9 . 5  30 . 2  1 6 . 0  
1 9 . 1 2 7 . 3  1 5 . 8  
1 7 . 7  2 2 . 1 1 4 . 6  
1 5 . 0  1 8 . 0  1 2 . 3  
1 2 . 3  1 7 . 6  1 0 . 1 
1 1 .  1 1 7 . 0  9 . 1 
1 2 . 2  1 6 . 6  1 0 . 0  
" '  '2" 
1 9 . 0  2 1 5 . 6  
1 9 . 8  3 . 1 6 . 2  

3500 NM 400 
1 0 - S S N - 1 1 0 - S S  

1 9 . 0  2 1 9 . 9  
1 8 . 4  2 9 . 2  
1 8 . 8  28 . 8  1 9 . 5  
1 8 . 4  2 6 . 1 1 9 . 1 
1 7 . 0  2 1 . 0 1 7 . 7  
1 4 . 4 1 7 .  1 1 5 . 0  
1 1 . 8 1 6 . 7  1 2 . 3  
1 0 . 6  1 6 . 1 1 1 . 1  
1 1 . 7  1 5 . 8  1 2 . 2  
1 2 . 9  1 9 . 2  1 3 . 4  
1 7 . 7  26 . 8  1 8 . 3  
1 9 . 1 28 . 7  1 9 . 8  

23 . 7  
2 4 . 4  
24 . 2  
2 2 . 0  
1 7 . 8  
1 8 . 9  
1 8 . 5  
1 7 . 8  
1 7 . 5  

1 8 . 0  
1 7 . 6  
1 7 . 0 
1 6 . 6  
20 . 2  
28 . 0  
30 . 3  

( 3 1 5  - 330DEGR E E S )  
2000 NM 2500 NM 

1 0 - S S N - 1 1 0 1 0 - S S N - 1 1 0 
1 6 . 7  2 2 . 4  1 3 . 2  1 7 . 9  
1 7 . 2  23 . 1 1 4 . 0  1 8 . 9  
1 6 . 8  24 . 8  1 3 . 8  1 9 . 9  
1 6 . 9  2 3 . 6  1 4 . 0  1 9 . 0  
1 4 . 7  20 . 8  1 2 . 1  1 6 . 7  
1 3 .  1 1 7 . 5  1 0 . 8  1 8 . 4  
1 1 . 1 1 5 . 8  9 .  1 1 6 . 6  
1 0 . 3  1 5 . 1 8 . 4  1 5 . 9  
1 0 . 5  1 4 . 8  8 . 8  1 5 . 6  
1 1 . 5 1 5 . 8  8 . 7  1 2 . 7  

, ,  'B' 'fl 1 5 . 8  2 1 1 . 2  7 

3500 NM 4 
1 0 - S SN - 1 1  1 0 - - 0 

1 5 . 6  2 1 6 . 4  2 2 
1 6 . 5  2 1 7 . 2  9 
1 6 . 2  2 3 . 1 6 . 8  . 8  
1 6 . 3  2 2 . 5  1 6 . 9  23 . 6  
1 4 . 2  1 9 . 8  1 4 . 7  20 . 8  
1 2 . 6  1 6 . 7  1 3 . 1 1 7 . 5  
1 0 . 7  1 5 . 1 1 1 .  1 1 5 . 8  

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

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

3000 NM 
1 0 - SSN- 1 1 0 

1 7 . 7  2 6 . 3  
1 7 . 2  2 7 . 1 
1 7 . 6  2 6 . 7  
1 7 . 3  24 . 3  
1 6 . 0  1 9 . 6  
1 3 . 5  1 5 . 9  
1 1 .  1 1 5 . 6  
1 0 . 0  1 5 . 0  
1 1 . 0 1 4 . 7  
1 2 . 6  1 7 .  1 
1 7 . 2  24 . 6  
1 7 . 8  2 6 . 6  

4500 NM 
1 0 - SSN- 1 1 0 

1 7 . 7  3 1 . 2  
1 7 . 2  3 1 . 9  
1 7 . 6  3 1 . 1  
1 7 . 3  2 8 . 1  
1 6 . 0  2 2 . 7  
1 5 . 3  1 8 . 6  
1 2 . 5  1 8 . 2  
1 1 . 3 1 7 . 5  
1 2 . 5 1 7 . 2  
1 3 . 6  20 . 9  
1 6 . 6  28 . 7  
1 7 . 8  3 1 . 4  

3000 NM 
1 0 - SSN- 1 1 0 

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

9 . 3  1 3 . 3  
9 . 6  1 3 . 0  
9 . 6  1 4 . 1 

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

4500 NM 
1 0 - S S N - 1 1 0 

1 4 . 6  2 4 . 0  
1 5 . 4  2 4 . 8  
1 5 . 2  2 5 . 6  
1 5 . 3  24 . 2  
1 3 . 3  2 1 . 4  
1 3 . 4  1 8 . 1 
1 1 . 3 1 6 . 4  
1 0 . 5 1 5 . 6  
1 1 . 2 1 5 . 3  
1 0 . 4 1 7 . 0  
1 0 . 8 1 6 . 6  
1 3 . 2  1 9 . 3  

Figure 1 - 3 6 . 

MAX I MUM USABLE F R EQUENC I E S  ( MU F S  I N  MHZ )  

E A S T  SOUTHEAST ( 2 8 5  - 300 D E GR E E S ) 
2000 NM 

1 0 - SSN- 1 1 0 
1 8 . 8  27 . 5  
1 8 . 3  28 . 5  
1 8 . 4  28 . 7  
1 8 . 5  26 . 4  
1 6 . 9  2 2 . 1  
1 4 . 7  1 7 . 9  
1 1 . 9 1 6 . 8  
1 0 . 6  1 6 . 1 
1 1 . 2 1 5 . 5  
1 3 . 2  1 7 . 3  
1 7 . 0  24 . 9  
1 8 . 9  2 7 . 4  

3 500 NM 
1 0 - S S N - 1 1 0 

1 7 . 9  26 . 0  
1 7 . 6  2 7 . 0  
1 7 . 7  2 7 . 3  
1 7 . 9  2 �5 . 2  
1 6 . 3  2 1 . 1  
1 4 .  1 1 7 . 0  
1 1 . 4 1 6 . 0  
1 0 . 2 1 5 . 3 
1 1 .  1 1 4 . 8  
1 2 . 5  1 6 . 7  
1 4 . 9  22 . 1 
1 8 . 2  25 . 9  

2500 NM 3000 NM 
1 0 - S S N - 1 1 0 1 0 - SSN- 1 1 0 

1 5 . 7  2 1 . 7  1 6 . 7  24 . 1 
1 4 . 9  2 2 . 6  1 6 . 5  25 . 0  
1 5 . 1 2 3 . 0  1 6 . 6  25 . 4  
1 5 . 4  2 1 . 3  1 6 . 8  2 3 . 5  
1 4 . 0  1 7 . 8  1 5 . 4  1 9 . 6  
1 2 .  1 1 8 . 7  1 3 . 3  1 5 . 8  

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

2"8 '  " '  1 9 . . 9  2 1 . 6  
. 4  2 1 . . 0  24 . 0  

00 NM 4500 NM 
S S N - 1 1  O- S S N - 1 1 0 

2 7 . . 7  28 . 5  
28 . . 5  29 . 5  

1 8 . 4  28 . 7  1 6 . 6  2 9 . 5  
1 8 . 5  26 . 4  1 6 . 8  2 7 . 2  
1 6 . 9  2 2 . 1 1 5 . 4  2 2 . 7  
1 4 . 7  1 7 . 9  1 5 . 0  1 8 . 4  
1 1 . 9 1 6 . 8  1 2 .  1 1 7 . 4  
1 0 . 6  1 6 . 1 1 0 . 8  1 6 . 6  
1 1 . 6  1 5 . 5  1 1 . 9 1 6 . 1 
1 3 . 0  1 7 . 6  1 3 . 3  1 8 . 2  
1 5 . 5  23 . 2  1 4 . 0  2 3 . 8  
1 8 . 9  2 7 . 4  1 7 . 0  28 . 4  

SOUTH SOUTHEAST ( 330 - 345 D E G R E E S )  
2000 NM 

1 0- SSN- 1 1 0 
1 5 . 5  1 9 . 6  
1 6 . 8  20 . 0  
1 5 . 8  2 1 . 2  
1 5 . 4  2 1 . 5  
1 3 . 3  1 9 . 1 
1 2 . 2  1 6 . 8  
1 1 . 0 1 5 . 4  
1 0 . 6  1 5 . 0  
1 1 . 0 1 4 . 9  
1 1 . 8 1 6 . 2 
1 2 . 9  1 6 . 7  
1 4 . 3  1 8 . 3  

3 500 NM 
1 0 - SSN- 1 1 0 

1 2 . 5  1 7 . 5  
1 4 . 4  20 . 0  
1 5 . 2  2 1 . 6  
1 4 . 9  20 . 5  
1 2 . 8  1 8 . 2  
1 1 . 7  1 6 . 0  
1 0 . 6  1 4 . 6  
1 0 . 1 1 4 . 2  
1 0 . 6  1 4 .  1 
1 0 . 4  1 5 . 4  
1 0 . 2 1 4 . 5  
1 1 . 0 1 5 . 1 

2500 NM 3000 NM 
1 0 - S S N - 1 1 0 1 0- SS N - 1 1 0 

1 1 . 8 20 . 5  1 3 . 0  1 6 . 8  
1 3 . 6  2 1 . 3  1 5 . 0  1 7 . 4  
1 3 . 0  1 6 . 8  1 4 . 3  1 8 . 6  
1 2 . 7  1 7 . 3  1 4 . 0  1 9 . 1 
1 1 . 0 1 5 . 4  1 2 . 0  1 6 . 9  
1 0 . 0  1 3 . 5  1 1 . 0 1 4 . 9  

9 . 0  1 6 . 1 9 . 9  1 3 . 6  
8 . 6  1 5 . 7  9 . 5  1 3 . 2  
9 . 0  1 5 . 7  9 . 9  1 3 .  1 
9 . 5  1 7 . 2  1 0 . 4  1 4 . 3  ::!!llf ' ' ·:-1110 . ,  ' ' · '  

1 7 .  1 . 7 1 4 . 8  

NM 4500 NM 
- 1 1 0 1 0 - S S N - 1 1 0 
1 8 . 5  3 . 5  1 9 . 2  
2 1 . 2  5 . 6  2 2 . 0  
2 2 . 7  4 . 3  23 . 4  

1 5 . 4  2 1 . 5  1 4 . 0  2 2 . 1  
1 3 . 3  1 9 . 1 1 3 . 6  1 9 . 7  
1 2 . 2  1 6 . 8  1 2 . 4  1 7 . 4  
1 1 . 0 1 5 . 4  1 1 . 2 1 5 . 9  
1 0 . 6 1 5 . 0  10 . 8  1 5 . 5  
1 1 .  1 1 4 . 9  1 1 . 4  1 5 . 4  
1 0 . 8  1 6 . 3  1 1 .  1 1 6 . 8  
1 0 . 7  1 5 . 2  1 0 . 9  1 5 . 8  
1 1 . 6 1 5 . 9  1 1 . 9 1 6 . 5  

MARCH APR I L  

( 300 - 3 1 5  D E GR E E S ) 
2000 NM 

1 0 - S SN - 1 1 0 
1 7 . 8  2 5 . 0  
1 7 . 7  26 . 1 
1 7 . 6  26 . 9  
1 7 . 9  2 5 . 3  
1 5 . 9  2 1 . 8  
1 4 . 0  1 7 . 8  
1 1 . 4 1 6 . 3  
1 0 . 3 1 5 . 5  
1 0 . 6  1 4 . 9  
1 2 . 0  1 6 . 1 
1 4 . 8  2 1 . 0 
1 7 . 7  24 . 7  

3500 NM 
1 0 - S SN - 1 1 0 

1 7 . 0  2 3 . 6  
1 7 . 0  24 . 7  
1 7 . 0  25 . 6  
1 7 . 3  24 . 1  
1 5 . 4  20 . 8  
1 3 . 5  1 6 . 9  
1 1 . 0 1 5 . 5 

9 . 9  1 4 . 7  
1 0 . 7  1 4 . 2  
1 0 . 8  1 5 . 5  
1 1 . 9 1 7 . 8  
1 5 . 7  23 . 5  

2500 NM 3000 NM 
1 0 - S S N - 1 1 0 1 0 - S S N - 1 1 0 

1 5 . 0  1 9 . 7  1 5 . 8  2 1 . 8  
1 4 . 4  20 . 7  1 5 . 9  2 2 . 9  
1 4 . 5  2 1 . 5  1 5 . 9  2 3 . 8  
1 4 . 8  20 . 4  1 6 . 3  2 2 . 5  
1 3 . 2  1 7 . 5  1 4 . 5  1 9 . 3  
1 1 . 5  1 8 . 7  1 2 . 7  1 5 . 8  

9 . 4  1 7 . 1 1 0 . 3  1 4 . 4  
8 . 4  1 6 . 3  9 . 3  1 3 . 7 
8 . 9  1 5 . 7  9 . 8  1 3 . 2  � "90 '  " ' 

1 5  2 . 2  1 7 . 5  
1 9  5 . 0  2 1 . 9  

00 N 4500 NM 
S N - 1 1 0 - S S N - 1 1 0 

2 5  5 . 8  2 5 . 9  
2 6 . 5 . 9  2 7 . 1 

1 7 . 6  26 . 9  1 5 . 9  2 7 . 7  
1 7 . 9  2 5 . 3  1 6 . 3  2 6 . 0  
1 5 . 9  2 1 . 8  1 4 . 5  2 2 . 4  
1 4 . 0  1 7 . 8  1 4 . 3  1 8 . 4  
1 1 . 4 1 6 . 3  1 1 . 6 1 6 . 8  
1 0 . 3  1 5 . 5  1 0 . 5  1 6 . 0  
1 1 . 2 1 4 . 9  1 1 . 4 1 5 . 4  
1 1 . 2  1 6 . 3  1 1 . 5 1 6 . 9  
1 2 . 4  1 8 . 7  1 2 . 7  1 9 . 3  
1 6 . 4  24 . 6  1 4 . 7  2 5 . 3  

( 345 - 360 D E GR E E S ) 
2000 NM 

1 0 - S S N - 1 1 0 
1 4 . 8  1 7 . 9  
1 5 . 5  1 8 . 1  
1 4 . 2  1 8 . 2  
1 3 . 4  1 8 . 4  
1 2 . 0  1 7 . 3  
1 1 . 3 1 5 . 9  
1 1 . 0 1 4 . 9  
1 1 . 0 1 4 . 9  
1 1 . 4  1 5 . 2  
1 2 . 4  1 6 . 4  
1 3 .  1 1 6 . 6  
1 3 . 7  1 7 . 2  

3500 NM 
1 0 - S S N - 1 1 0 

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

2500 NM 3000 NM 
1 0 - SSN- 1 1 0 1 0 - S S N - 1 1 0 

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

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

1 0 . 5 1 7 . 4  1 1 . 1 1 4 . 4  

3 "Z ' " 0  
1 7  

. 
1 . 8 1 4 . 3  

00 NM 4500 NM 
N - 1 1 0 1 0 - S S N - 1 1 0 

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

. 1 8  . .  ,_.s . 9 1 9 . 5 
1 3 . 9  1 9 . 4  1 2 . 5  20 . 0  
1 2 . 0  1 7 . 3  1 2 . 2  1 7 . 8  
1 1 . 3  1 5 . 9  1 1 . 5  1 6 . 4  
1 1 . 0 1 4 . 9  1 1 . 2  1 5 . 4  
1 1 . 0 1 4 . 9  1 1 . 3  1 5 . 4  
1 1 . 4 1 5 . 2  1 1 . 7 1 5 . 7  
1 2 . 5  1 6 . 2  1 2 . 8  1 6 . 8  
1 2 .  1 1 5 . 4  1 2 . 4  1 6 . 0  
1 2 .  1 1 5 . 3 1 2 . 4  1 5 . 9  

A/G book propagation chart example o f  MUF . 



requir ement s of the sponso r  by prov iding 
methodo logy for i ndividuals who may have a 
limited background in HF propagation to 
inte r face with the complex  HF propagation 
program developed by ITS . Specifical ly,  the 
user wil l r espond to a s equence of det a i led 
ques tions presented by the interact ive pro­
ces sor . The i nteractive proces sor w i l l  have 
the capabi l i ty o f  evaluat ing the u s e r ' s  
respons es by checking for pos s ib l e  incons i s ­
tenci es and reques ting the u s e r  t o  s ubmi t  a 
new response to a question i f  an incons i s ­
t ency i s  detected . The proce s sor wi l l  also  
have the capabi l i ty o f  providing a s s i s tance 
to the u s e r  should the user have di f fi c u lt ies 
responding to the questions present ed .  The 
i nteract ive proces so r  wil l  convert the u s e r  
responses i nto the appropriate I ONCAP card 
image inp ut . 

The Ins titute has cont inued work on the 
development of a new MF sky-wave propagation 
model in FY 84 under the MF Propagation 
S tudi es pro j ect . The higher powe r AM sta­
t ions south of the United States have cau sed 
interference in s ome United States AM 
broadca s t  s e rvice areas . Current l y  ac cepted 
sky-wave prediction models tend to unde resti­
mate fi e l d  s tr engths in the Western Hemi­
sphe r e . The I nstitute moni tored s i gnals  from 
s ele cted Central and South Ame rican s tations . 
The data are being analy z e d ,  and to date no 
modifications to the pred i c t ion mod e l s  have 
been made . 

Automated Performance Analys is of Ground Wave 
C ircui t s . There has recently been renewed 
interest by the U . S .  mi litary in c ommunicat ions 
a t HF ( 3- 3 0  MHz ) a nd lower freq ue nc i es . 
Communi cations u s i ng UHF and microwave 
s atel l i te s  are quite vu ln erab le during a 
military conf lict . A sat e l lite can be j ammed 
o r  des troyed eas i l y ,  and cannot s i ng ly be 
r e l i ed upon to provi de uninterrupted communi­
c ations . High freque nci es and lower communi­
cations frequenci es could provide a backup to 
UHF and mic rowave sate l l i tes . In the eve nt 
of widespread nuc lear exp l os ions , communica­
t ions via the ionosphere at HF and lower 
frequencies may not be pos s ib l e . However ,  
the gr ound wave a t  HF and lower fr eque nci es 
wi l l  provide r e l i ab le commun ications capabil­
i ty unde r the s e  cond i t ions . 

A need exists  for an automated sys tems pe r­
fo rmance prediction techniq ue to a id in the 
estimat ion of pe r formance of communicat ions 
c ircui t s  us ing the gr ound wave as the primary 
mode of propagation . A computer program i s  
pres e nt ly being deve l oped a t  I T S  f o r  the U . S .  
Army Communi cations Command-Communications 
Ele ctronics Engineering I ns tal lation Age ncy 
( USACC-CEEIA } ,  Fort Huachuca , AZ , that wil l 
provide an automated sys tems pe rformance 
technique to aid in the estimation of pe r­
formance of communications circuits  that u s e  
the ground wave as the primary mode of propa­
gation . 

The comput er program Automated Perfo rmance 
Ana lys is of Ground Wave C ir cuits ( GWAPA } w i l l  
be a s tructured s e t  of a numbe r of comput e r  
programs that predict propagat ion l os s ,  
noi s e ,  sys tem cal cula tions , antenna factors 
and intermodu lation dis tortion . The program 
contains thr ee sepa rate propagation mode l s : 

a Smooth Earth mode l ( SE } ,  a Smooth Earth 
Mi xed Path model ( S EMP } ,  and an irregu lar 
t errain mod e l  that includes fores ted and 
built-up terrain ( WAGSLAB ) .  

The comput e r  pr og r am i s  be ing de s igned with a 
ma jor emphas i s  on u s e r  friend lines s and con­
ve ni ence . The program wi l l  firs t ask for the 
r equired i nput data to a s s es s  communication 
circuit pe rformance and de termine the run 
time and accuracy for al l three model s . The 
u s e r  wil l  be present ed with a tab le display­
ing thi s  i nformat ion . The u s e r  will then 
s el e ct the appropri ate model based on run 
time and accuracy . In many cas es where the 
t errain is relatively smooth , the two fas ter 
programs , SE  a nd S EMP , will provide an a nswer 
of su ffici e nt ac curacy, but in the rema ining 
cases the u s e r  may want the better accuracy 
of WAGSLAB . The WAGSLAB program is be l i eved 
to be the mos t  accu rate l os s  predict ion 
technique ava ilab le ove r irregular terrain 
based on mea s ur ed data , but this program 
r equires a much long e r  computation time at 
high frequenc i es and rough terra i n .  Over 
r ela tively smooth pa ths and for mos t  fre­
q uenci es , the smooth earth models give s imi­
lar ac curaci es with a much short er run t ime . 

The entire program GWAPA is expected to be 
de l i vered to the sponsor by January 8 5 .  

A knowledge o f  se rvice and inte rferenc e  
range s  as soci ated with ex isting and future 
air navigat ion a ids is an important pa rt of 
the FAA ' s  spe ctrum p la nning ef fort . Cove r­
age , int e r fe rence , and propagat ion prediction 
capabi l i t ies developed by NTIA as pa rt of the 
Air Navigat ion Aids pro j e ct are ut i li zed to 
provide much of thi s  information . 

I n  recent years much of this ef fort has be en 
involved in deve loping a nd running programs 
containing the I F- 7 7  propagation model to aid 
in updating various FAA handbooks . A c oher­
ent mathematical de s c ription of  the pres ent 
I F - 7 7  was pub li shed as a s i ng le report , " The 
IF-77  Electromagn etic Wave Propagation 
Model , "  by G . D .  Gierhart and M . E .  Johnson , 
FAA Report No . DOT/FAA/E S- 83 / 3 ,  Septemb e r  
1 9 8 3 . 

An ef fort is be ing made to ef fe ct ively run 
the model on a smal ler computer .  Th is effort 
i s  stil l goi ng on . Als o ,  smal l report s are 
being made describing the input and output of 
e ach of the 15 pr ograms that used the mode l .  

Two further tasks are currently under way : 

( 1 )  product ion of comput er-ge nerated 
propagation a nd inte r ference 
predict ions as reques ted by the FAA 

( 2 )  ongoing compari sons of predictions with 
expe riment al data and with other mode l s . 

In the DOD Noi s e  Model pro j ect , radio noise 
data have be en prepa red for sys tem perform­
ance prediction . The predi ction of radio 
c ommunica tion pe rformance in the pr esence of 
noise is a matter of statistical ly comparing 
the computed s ignal -to-noi se ratio ( SNR ) for 
a given grade of s e rvice . System pe rformance 
i s  also highly dependent on the detailed s ta­
t- i_ s t ical characterist ics of both the s i gnal 
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and the noi se ( and interference ) as wel l as 
the SNR . Proper des ign of commun ications 
sys tems also requires detailed knowledge of 
the interfering noi se proc es s . The abi lity 
of a des ign engineer to make a correct 
computat ion of SNR and its variation often 
determines the succe s s  of a given radio 
circuit . General l y ,  the computation of the 
s ignal level over a given pa th can be made 
accuratel y .  This i s  not the case when it  
c omes to es timating the noi se level  or othe r 
noi s e  characte ristics . 

E x i s ting noi se mode l s  cons i s t  primarily of 
the worldwide atmospheric noi se maps con­
tained in CCIR Report 3 2 2 and estimated man­
made noi se levels given in CCIR Report 2 5 8 . 
In addi tion to thes e  two ba s ic model s ,  the re 
are numerous other special-purpose models for 
estimating noi se at aircraft alt itudes ( and 
beyond ) ,  from power line s ,  from automobiles , 
from electrified railroad s ,  from nu c lear 
gene rating p lants , etc . The problems with 
a l l  of the above mode l s  are that they are 
based on limited meas urements ,  di sregard 
s igni ficant sources of EMI , are limited in 
frequency range , are not ava i lable in the 
form of source mode l ,  and are not neces sarily 
app l i cable to new modu lation modes employed 
in newer radio sys tems . Al s o ,  there is a 
large data base o f  measurements that , 
h eretofore , have not be en incorporated into 
the existing mode l s . 

With the u lt imate goal of developing an ove r­
al l ,  comprehens i ve ,  u s ab l e  noi se model for 
application to telecommunication problems , 
the I nstitute has comp leted the necessary 
s tep of developing an updated and improved 
atmospheric radio noi s e  model .  The e xisti ng 
worl dwide atmospheric-noi se model ( CCIR 
Report 3 2 2 ) was developed from approximately 
4 years of measurements from a worldwide 
network of 16 mea s urement stations . Since 
the publication of CCIR Report 3 2 2  in 1 9 63 , 
much additional data have become ava i lab l e . 
The ori ginal network of measurement s tations 
has made an additional 5 years ( longer in a 
few cases ) of meas urement s ,  and many years of 
data are ava i l able from other locations , pri­
marily from 10  meas urement locations within 
the USS R .  All this additional data have been 
analyzed and an updated mode l  has be en pre­
par e d .  The locations for the measurement 
data are : 

Worl dwide Network Loca t ions ( CCIR 3 2 2 )  

B alboa , Canal Zone 
B i l l ,  Wyoming 
Boul de r ,  Colorado 
Byrd , Antarct i ca 
Cook ,  Aus tralia 
Enkoping,  Sweden 
Front Royal , Virginia 
Ibada n ,  Nige ria 
Kekah a ,  Hawaii 
New Delhi , I ndia 
Oh ira ,  Japan 
Pretori a ,  S .  Afr ica 
Raba t ,  Morocco 
San Jose , Brazil 
S ingapore 
Thu l e , Greenland 

7 9 . 5W ,  
1 0 5 . 2W ,  
1 0 5 . 1W ,  
1 2o . ow ,  
1 3 0 . 4E ,  

1 7 . 3E ,  
78 . 2W ,  

3 . 9E ,  
1 5 9 .  7W , 

7 7 . 3E ,  
140 . 5E ,  

28 . 3E ,  
6 . 8W ,  

4 5 . 8W ,  
10 3 . 8E , 

6 8 . 7W ,  

9 . 0N 
4 3 . 2N 
40 . 1N 
80 . 0 S  
3 0 . 6S 
5 9 . 5N 
38 . 8N 

7 . 4N 
2 2 . 0N 
28 . 8N 
3 5 . 6N 
2 5 . 8S 
3 3 . 9N 
2 3 . 3 S 

l . 3N 
7 6 . 6N 

New Loca tions 

Laem Chaba ng , Thailand 
Alma Ata , USSR 
Ashkhabad , USSR 
I rkutsk,  USSR 
Khaba rov sk ,  US SR 
Ki e v ,  USSR 
Mosc ow, US SR 
Murmansk , USSR 
S imfe ropol ,  USSR 
Sverdlovsk , USSR 
Tbi l i s i ,  USSR 

1 0 0 . 9E ,  
7 6 . 92E , 
58 . 3 E ,  

104 . 5E ,  
1 35 . 0E ,  

3 0 . 3E ,  
37 . 3 2E ,  
3 5 . 0E ,  
3 4 . 0 3 E ,  
6 1 . 0 7E , 
40 . 0E ,  

1 3 .  0 5N 
43 . 25N 
3 7 . 92N 
5 2 . 0N 
S O .  ON 
5 0 . 7 2N 
5 5 . 4 7N 
69 . 0N 
4 5 . 0 2N 
5 6 . 73N 
4 1 . 7 2 N  

F igure 1 - 3 7  shows the correct ions ( decibel s )  
to the current CCIR Report 3 2 2  es timates 
{ Fam ' dB above KT b at 1 MHz ) for the 3 -month 
perlod Decembe r ,  Sanuary, and February and 
the 4-hour time b lock 0 0 0 0-000 4 .  Figure 1 - 3 8  
gi ves the new atmospheric radio noi se es ti­
mat es for thi s  3 -month , 4-hour time block . 
The re are 2 4  ( four 3-month pe riods and s i x  4-
hour time blocks ) sets of estimates as in the 
current CCIR Report 3 2 2 .  The s e  map s of 
expected noise levels were obtained from 
nume ri cal mapping techniq ue s  so nume ri cal 
al gorithms for obtaining the new noise 
e stimates are also ava ilab le . 

1 . 4 . 3  App l i cat ions of Propagat ion 
Predictions 

Many theoreti cal and expe rime ntal s tudies 
h ave be en pe rformed by NTIA / ITS in its 
e ndeavors to cons truct propagation models and 
prediction methods . The ult imate goal 
remains the app l ication of these predict ion 
methods or problems rela ted to telecommuni­
cat ions i s s ues . 

An example of the application of predict ions 
is the HF Broadcasting Conference Studies 
proj e�t .  The Ins titu t e  i s  p laying a ma jor 
role ln developing the u . s .  posit ions for the 
S econd Ses s ion of the HF Broadcas ting Confe r­
ence ( HFBC ) that wil l be held in Geneva in 
January/Februa ry 1 987 . The Institute had 
developed a computer -based method to deter­
m�ne the impact on U . S .  broadca s t ing obj ec­
tlve of changes in technical criteria prior 
to the First Ses sion of HFBC held in Geneva 
in January/February 1 9 8 4 .  This computer­
based method aided policy make rs and 
frequency managers in determining the U . S .  
pos itions at the F irs t S e s s ion . 
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The First Ses s ion of the HFBC decided the 
c ri teri a that are to be used in planning the 
HF spectrum for broadcasting purpos es . Thes e 
c ri te ri a  rel a te to the methods to be used to 
estimate sky-wave fi e l d  s trength , radio 
noi s e , and antennas , a s  wel l  as the proce­
dures to be u s ed to begin to satis fy the 
r equi r ement s fo r broadcast ing s ubmitted by 
the various adminis trat ions of the Inter­
national Telecommunication Union . The Insti­
tute i s  in the proces s  of imp lementing the 
methods de cided at the Firs t S e s s ion of the 
HFBC onto the Bou l de r  Laboratories Computer 
F ac i l i ty .  The program i s  cons tructed to 
perform the fol lowing f unct ions in sequence : 

1 .  ac ce s ses req ui rement s for HF broad­
casting submitted by adminis trat ions 
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F igure 1 - 3 7 . Corrections to expected values o f  a tmo spher ic radio no i s e  ( Fam • dB above 
KT0b at 1 MHz )  given by the curr ent CCIR Report 3 2 2  for December , January , 
February , 0 0 0 0 - 0 4 0 0  hour s . 
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2 .  

3 .  

4 .  

5 .  

6 .  

7 .  

8 .  

9 .  

pe rforms propagation analys i s  and det e r­
mines appropriate bands to sat i s fy 
req ui r ements 

app l i es rules for requirement s appli­
cable for a specific season 

selects technical characte ri stics in 
accord with requirements 

ca l culates broadcast rel i abili ties in 
the presence of noi s e  only to determine 
the level of prot ection given to s e rvice 

as s i gns s pe cific frequenci es to r equire­
ment s and as sesses  the capabi l i ty of 
frequency ass i gnments 

pe rforms broadcas t  reliabi l i ties in the 
presence of noi s e  and inter ference 

determines if al l requi rement s are met 

produc es p lans for broadcasting on a 
s easonal ba s i s . 

Once comple ted , the program w i l l  be u s ed by 
personnel in the United States to determine 
the form in which the Uni ted States wil l sub­
mit the i r  broadcas ting requirements and the 
pos itions that wi l l  be tak e n  at the Second 
Sess ion of the HFBC .  

The Ins titute has unde rtak e n  a s tu dy to 
determine the link margin required for a 
di rect broadcas t ing satel li te service ope r­
ating in the HF and VHF bands . The spe cific 
aspect s of HF/VHF direct broadcast sate l l i te 
s ervice ( DBS ) c ons ide red were : 

o determining the percentage of t ime that 
a given frequency a s signed to the HF 
broadcasting service wil l penetrate the 
ionosphere to a given target area 

o estimating the ground coverage provided 
by signal s trans mitted from a sate l li te 

o estimating the ionospheric los s es for 
those s ignals transmitted from a 
satel lite that reach the ground 

0 

0 

0 

0 

0 

de termining the pe rcentage of time that 
frequenci es between f 1 and about 1 0 0  MHz 
wi l l  be impacted by sporadic E ,  iono­
spheric gradient s , and other anomalou s  
ionospheric s tructures 

ident i fying potential interference 
problems to the HF broadcasting s e rvice 
resu lting from a DBS system 

de termining the range of Faraday r otation 
e xpected for s ignals  in the range from 
the lowes t penetration fr equency , f1 , to 
about 1 0 0  MHz that propagate through the 
ionosphere 

as ses s ing the lik elihood that fadi ng or 
s cintil lat ion exce eding a given level 
wi l l  occur for the freque nci es in the 
range f 1 to 26 MHz and 6 0  MHz to 1 0 0  MHz 

determining ove ral l link margins . 

5 6  

Satel l i tes i n  geos tationary orbi t s  with high 
a nd low e levation ang l es a nd in hovering type 
orbi ts were cons ide red . 

Procedures were developed to dete rmine the 
percent age of time a s i gnal penetrates the 
ionosphere , and the area on the sur face of 
the Earth covered by the signal was 
describe d .  Also,  the methods u s ed to deter­
mine the ionospheric los ses as soci ated with 
the penetration frequenci es were s tudi ed . 
Interfe rence and duct ing ef fects  were con­
s i dered as was Faraday r otation of the p lane 
of polarization of a trans ionospheric s ig­
nal . The impact of ionospheric s ci nt i l lation 
on HF/VHF trans ionospheric propagation was 
also s tu di ed .  

The high freq ue ncy pa rt of the ele ctromag­
netic spectrum can be u s ed to provide broad­
cas ting s e rvices from s atel li tes with ce rtain 
limitations . These limitations arise primar­
ily fr om the impact of the ionosphere upon 
radio waves that ;;>re propagated through i t .  

The highe s t  penetration fr eque nci es needed to 
provide coverage to a part icu lar area occur 
during solar maximum. This i s  exactly as 
expected on the bas i s  of the known solar 
cycle variatio n  of foF 2 ,  the F2 region 
c ritical frequenc y .  The lowes t penetra t ion 
freq ue nci es are needed dur i ng loca l  winter 
eveni ngs . The highest penetrat ion frequen­
c i es are ge neral ly needed duri ng the equi noc­
t i al periods . The location of the satel lite 
used in DBS ope rations relative to the 
intended reception zone e xe rt s  a large influ­
ence upon the value of the penetration fre­
quency . The lowest values of penetration 
freq uency o ccur when the sate l l i te is 
directly above the inte nded ta rget are a . For 
l ow-latitude broadcast zones , satel lites in 
geostationary orbit r equire penetration 
freque nci es that can be greater than tho s e  
al located t o  the HF broadcasting service s . 
U s e  of orbi ting s atel li tes ( such as an 8 -hour 
orbit ) or satel lites that hover above a given 
region wil l lead to much sma l le r  requi red 
penetration fr equenci es to cove r an e ntire  
broadcast zone . 

Tab le 1 - 3 . gives typical 90 pe rce nt pe netra­
t ion frequencies needed to ensure DBS service 
ove r the e nt ir e  year to low-latitu de and 
midd le-latitude locations for solar-minimum 
and sola r-maximum condi tions and for various 
orbital configurations . Al so given in the 
tab le is the ionospheric los s as soci ated w i th 
the 9 0-per cent penetration fr equenc y .  It i s  
s afe to conc lude that a n  uppe r limit o f  3 dB 
will account for the ionospheric loss at a l l  
freq ue nci es in the H F  ba nd that penetrate the 
ionosphere 90 percent of the time . An addi­
t ional margin is required to ove rcome the 
prob lems as sociated with Faraday r otat ion of 
the plane of polariz ation of a li nearly pol­
arized s i gnal that i s  transmitted through the 
ionosphere . The cos t ,  in terms of decibe l s , 
needed to ope rate a DBS with circu larly pol­
arized s ignal s is es timated to be 3 dB . 
This , too , is listed in Table 1 - 3 . 

I f  freque nci es in the HF broadcast ing s e rvice 
can be u s ed in DBS operations , frequencies in 
the VHF broadcast bands cou ld be u s ed . The 
use of VHF s i gnals will reduce the 
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Table 1 - 3 . S ummary o f  Results for DBS Sate l l ite Calculations 

Tab le 1 - 3 . Summary of Re s u l t s  fo r DBS Sa te l li te C a l cu la t ions 

90 Pe rcent 90 P e rcent 
Sat e l l i t e  Type , Orbi t ,  So lar Pene trat ion I onosphe r ic Po larizat ion 
Cond i t io n ,  Rec ept ion Z one FreqUE! l1.<:�y ( MHz ) Los s  J<'i!=!l ___ ___ Ma_rogin ( dB ) 

KEY : 

HF /DBS ; GSHE ; 16 
S S  M i n ;  Low 

HF /DBS ; GSH E ; 26 
SS Max ; Low 

HF /DBS ; GSH E ; 2 0  
S S  M i n ! M i d  

HF /DBS ; GSHE ; 3 2  
S S  Max ; M i d  

HF /DBS ; GSLE ;  4 0  
SS Max ; Low 

HF /DBS ; GSLE ;  4 0  
S S  Max ; M id 

HF /DBS ; MOL ; 10 
SS Max ; M id 

HF /DBS ; 
S S  Max ; 

VHF /DBS 

HF /DBS : 
VHF /DBS : 
GSHE : 
GSLE : 
MOL : 
8HR : 
S S  Min : 
S S  Max : 
Low : 
M i d : 

8Hr ; 18 
Low 

Any > 6 0  

HF Di rect B roadca s t  S a t e l l i te 
VHF Direct Broadcas t S a t e l lite 
Geos tationary O rbi t H i gh E vevation Ang le 
Geos tat ionary Orbit Low E le vat io n  Ang le 
Mo lniy a  orbi t 
8 -hour orbi t 
S o l a r  M i nimum Cond i t ions 
S o l a r  Maximum Condi t ions 
Low-Latitu de Recep t ion Z one 
Midd le-Lat i tude Re c ept ion Z one 

3 3 

3 3 

3 3 

3 3 

2 3 

2 3 

3 3 

2 3 

1 3 



ionospheric los s to les s  than l dB , and the 
VHF s ignals wi l l  provide the required 
coverage to any reception zone assuming 
realistic orbital configurations . The need 
to transmit circularly pola r i z ed signals even 
at VHF , howeve r ,  s t i l l  requires the 3 dB 
po lariz ation margi n .  

A ma jor limitation to the ope ration o f  an 
ef fective direct broadcasting satel lite se rv­
ice is the occurrence of ionospheric scintil­
lation . The expected magni tude of the s ci n­
t i l lation and its  occurrence in t ime and 
space reveal that the operat ion of a DBS 
service during the evening broadcas ting hours 
at low- lati tude target areas is  expe cted to 
be adve rsely impacted ove r  much of the solar 
cyc l e .  The u s e  o f  mu l t ip l e  frequenci es and 
mul t iple sate l l i tes wil l  not amel iorate this 
s i tuation tot a l l y .  There e x i s t s  little or no 
data that ca n be directly rela ted to trans ­
ionospheric HF s i gnals obse rved at low 
lat itudes . 

Ground Wave Measurement s in the HF Band . The 
pro j ect supports a requirement by the D e fe ns e  
Nuclear Agency ( DNA ) . I t  incorporates the 
results of HF ground-wave predict ion work 
unde rtaken by ITS to form an important part 
of current DNA ef fo rt to improve and upgrade 
communication sys tems fo r the mi l i tary in 
Europe . 

Ground-wave predict ion methods ba sed on a 
smooth-ea rth assumption are adequate for mos t 
needs at medium and low frequenci es . How­
eve r ,  at HF , terrain features and path e lec­
trical charact e ri s tic inhomoge neity are ve ry 
important . A c l osed form analyt ical solut ion 
of HF ground-wave propagation ove r  ir regula r 
and inhomogeneous terrain i s  impos s ible 
because the Earth ' s  surface cannot be 
described by a conti nuous function . The sol­
ution to this problem mu s t  rely on nume rical  
techniques , and program WAGNER,  based on an  
i nt egral equa t ion , r epres ent s  one such solu­
tion . As long as the e levat ion change in the 
path is not too abrupt , nor the frequency too 
high ,  WAGNER can predict the transmis s ion 
los s ove r  i r regu la r  and i nhomogeneou s ter­
rain . The primary purpose of thi s  pro j e ct i s  
the val i dation o f  this  technique for predic­
t ion of received HF ground wave along a path 
of irregular terrain w i th fores ts , bui l di ng s ,  
and with o r  without snow cove r .  

Implement ation o f  WAGNER requires a program 
input estimate descr ibing the effect i ve 
thicknes s and natu r e  of the s lab of inte r­
vening ground cover and ,  a l s o ,  the ground 
conduct ivity and dielectric cons ta�t s al ong 
the path from trans'mitter to receive r .  I n  
addi tion t o  providing some checks f o r  the 
newest improvements to WAGNER ,  th is  pro ject 
wi l l  attempt to s e t  guide l i nes des c ribing how 
these estimates can best be made . Reliab l e  
u se of the model wil l  req ui re meas ur ement s o f  
actual H F  radiations for compari son to model 
predict ions . 

A van-type truck with a receiver sys tem has 
been instrumented to make mobile measure­
ment s . Data are col lected , r ecorded , and 
evaluated as the veh i c l e  i s  driven along 
radials  emanating from a fixed trans mitte r .  
Meas urements are made of recei ved field 
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s trength ve rs us geographic loca tion of the 
receiver van . S ince data analys is for mode l 
comparison req ui res as surance of homogeneity 
of measured/pred icted d i f ferences that are 
s tratif i ed for select ed compa risons , a sub­
stantial amount of data mus t  be taken . I n  
the receiver van ,  the u s e  of comput er control 
of i nstrumentat ion , data acqui sit ion,  and 
record i ng sys tems fac i l i tates the col l e ct ion 
of large amounts of data . 

Meas ureme nt s of radio propagation path los s 
have been made over four paths in the 3 to 
3 0  MHz band . The pa ths are of lengths up to 
45 km in the Bou l de r ,  CO , area . They range 
from smooth to mount ainous terrain,  from ope n  
areas with few o r  n o  man-made s tructures to 
s uburban areas with bui l ding heights up to 
three stori es , and from open spaces wi th 
l i ttle vegetation to heavil y  fores ted 
regions . On one path , measurements have been 
made with and wi thout snow c ove r .  The me as ­
urements are made in the daytime and be cau s e  
o f  the sho rt pa ths , the primary mode of prop ­
agat ion was ground wave . Measurement s  o f  the 
ground cons tant s  at each of the four meas ure­
ment frequenci es are made at the transmitter 
s ite us ing the wave-tilt measurement 
technique . 

F igure l - 3 9  shows the terrain profi le for one 
of the measurement paths . The path is ove r 
relatively flat terra i n  w i th few man-made 
s tructures tal ler than two s tori es and with 
no fores ted areas . Figures l-40 and l-41  
show a compa rison of me as ured and predi ct ed 
median los s es along the path for two d i f fe r ­
ent freq ue nc i es . The rou gh curve in e ach 
figure is the measured l os s .  The dashed 
curve is  the pr edi ct ed smooth-earth pr e­
d i ction with the e l e ct r i cal ground cons tant s  
given in the legend . The other solid- l i ne 
curves on each p l ot are the WAGNER predic­
t ions . The top curve i s  C urve l and has the 
ground constants character i s t ics given in the 
l egend .  The second curve from the top is  
Curve 2 ,  etc . Several sets  of ground 
c ons tant s  are u s ed for each path in an 
attempt to bracket or bound the measured 
l os ses . 

A complete des c ription of the paths , me as ure­
ment technique , and predict ion procedure is  
prov ided in NTIA Report 84- 1 5 1 ,  "Measurement s 
and Predict ions o f  HF Ground Wave Radio Prop ­
agation ove r Ir regula r ,  I nhomoge neou s 
Terrai n . "  

VOA HF Propagation Studi es . The Ins ti tute 
has cont i nuou s ly provided support to the 
Voice of Ame rica ( VOA ) Freq ue ncy Divi s ion for 
over 1 0  years . Thi s  support takes the form 
of providing VOA with HF predict ions that are 
u s ed to p lan the ir seasonal broadcast 
s chedules as wel l as providing a means for 
VOA engineering pe rsonnel to dire ctly acces s 
the comput e r  fac i l i ty hou sed in the Boul de r  
Laboratories . At times , the I nstitute has 
also unde rtaken spe c i f i c  tasks for the VOA to 
as s is t  them in mor e  ef fecti vely providing 
the ir broadcas t s e rvi c e . In 1 9 84 ,  I TS 
provided to VOA HF predictions on a bimonth ly 
bas i s  for approxi mately 1 0 5 circui ts . The 
pred i ctions are u s ed as guide lines in the 
s election of the final frequenci es that are 
decided at Freq uency Coordination meet ings 
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between the Voice of Americ a ,  Radio Free 
Europe/Radio Libe rty , the BBC , Deut s che 
Wel le , Radio Nede rland ,  and Radio Canada 
I nternational . 

u . s .  Coas t  Guard Cons ultatio n .  The u.s. 
Coast Guard is now participat ing with other 
countries in a Digi tal Sele ct ive Cal ling 
( DSC ) network of shore stations moni toring 
four maritime frequencies . The DSC s ignal 
cons i s t s  of a 7 . 5  s burst of Non-coherent 
F r eque ncy Shift Keying ( NCFS K )  digital 
information . 

The proj ect purpos e  i s  to analyze the use of 
the DSC network for eme r gency distres s mes ­
s age s . The study determines the probabi l i ty 
of successful  communications for circuits 
from ship s  in the North Atlant ic ocean areas 
to the network of 26 shore stat ions . 

The s tudy has developed ch art s of the North 
At lantic showing 1 0 °  s ectors that r epresents 
a S imula ted Sh ip Pos ition ( S SP ) , and then 
shows the probability of success ful communi­
c ation from SSP ' s  to the network of 2 6  shore 
stations . It calculates r e li abi liti es for 
four frequenci es , four times of the day , 
three seasons of the yea r ,  and two s unspot 
numbe rs . 

Each ship at a particu la r  S SP i s  as s umed to 
transmit l kW of power into a quarter-wave 
omnidirect ional , vert ical monopole antenna , 
and the shore s tation receives with a 
quarter-wave omnidi rect ional discone 
antenna . A s i gnal-to-noi se ratio ( SNR ) of 
30 dB was required at each receivin� s ite for 
a maximum bit error rate of l in 10 , When 
the communication paths fr om each S S P  to al l 
shore stat ions can be cons idered to be sta­
t i s tical ly independent , the fol lowing algor­
ithm calcu lates a combined commun ications 
probabi l i ty for that S SP : 

where R1 through R26 are the indi vidual ship 
to shore circuit r e l i abi lities . 

In the ca ses  where two sho re s tations are 
s eparated by less than 1 5 0 0  km, the i ndepend­
e nt s tatistical as sumption is not val id ,  and 
then the program u s es the circuit of highest 
r el i abi l i ty ,  and ignores the other s t ation.  

Tab l e  l -4 depicts the format of  the output 
data , and Figure l - 4 2  shows an example of the 
area coverage charts that will  be supp li ed . 
The output from this proj ect wi l l  be u s ed by 
the u.s. Coas t Guard at the next Interna­
t ional Maritime Organization Radiocommuni­
cation Sub-Committee meeting s chedu l ed for 
Septembe r  1 2 ,  1 9 84 ,  in London ,  U . K . , in order 
to es timate the u s efulness o f  HF DSC for 
worl dwide di s tres s alerting . 

Wide-band Consu ltat ion . The Army is wel l 
along in the de velopment of a number of new 
tact ical communica tions sys tems , some of 
which employ wide-band ( spread spectrum ) 
modula tions . These sys tems are unu sual in 
that " system" emphas i s  is much s tronger than 
with tradi tional rece ive rs . Sys tem perform­
ance , for e xamp l e ,  is highly dependent on 
networking . Sys tem de s ign was initial ly done 
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u s i ng s impl i s tic methods for evaluating the 
pe rforman ce of the rf l i nks and hardware .  
Software de s ign proce eded ba s ed on tho s e  
analys i s  r es u lt s . I n i t i a l  testing of the 
prototype hardware for both the Pos ition 
Locating and Repo rting System ( PLRS ) and 
Joi nt Tact ical I nformation and Data Sys tem 
( JT I DS ) and mor e  r i gorous system analyses 
have ide nt if i ed requi rements for a s ubs tan­
t i a l ly better unde rstandi ng of transmis s ion 
e ffe cts on wide -band s ignals and for greater 
confidence in ava i lab le propagation method­
o logy for the narrow-band ca s e .  

The I ns t i tute has provi ded the Army with an 
expe riment al des ign that des c ribes the func­
tional requirements for wide -band propagation 
me as urement sys tems ,  and for the des ign of 
e xperiments to col lect wide -ba nd data . Thes e 
data wil l  be used for the ve ri fication and/or 
development of propagation model s  of defin­
able s tatis tical conf ide nce . The Ins titu t e  
h as also provided expe rt i s e  t o  the A rmy for 
guida nce in Army contrac t s  with indus try,  
both in deve l oping wide-band mea s ur i ng 
s ys tems and dep loyment of the s e  sys tems . 

NSA HF/VHF Propagation S tudi es . For several 
years , ITS has provided support to the 
National Securi ty Age ncy ( NS A )  i n  technical 
areas pe rtaining to HF/VHF propagation and 
nume rical s imu lation of l ong-di s tance HF 
propagation system pe rformance . I n  addition 
to providing technical as s i s tance , I TS has 
accepted specialized s tudies in support of 
NSA object ives and operation requirement s . 
I n  part ic u lar , ITS has developed and/or 
implement ed specific analytic techniques to 
as s i s t  NSA in the development of operation 
a nd analyt ical procedures . 

Thi s  pro j ect was directed toward the develop­
me nt and/or implementation of simp l i f i ed 
ground-wave cons iderations into a computer 
module that uses the same inp ut as the I ONCAP 
sky-wave model .  Thi s  is intended to pe rmi t 
a s se s sment of rece ived s ignal s trengths by 
ground-wave propagation compared to rece i ved 
s ignal s tr e ngths by sky-wave propagation . 

Also inc l u ded in this pro j e ct is a s tudy to 
ext end the area cove rage mode l QUILT to al low 
for az imuth-distance r epresentat ion a nd to 
a l low for u s e r  select ion of the pa rameters to 
be presented . 

A l i nk pe rformance anal ys i s  tool has be en de ­
veloped as a result of the Ground Network 
Communicat ions Mode l ( GNCM ) project that 
allows a sys tem designer or network analyzer 
to examine , i n  both a broad and de tailed 
sens e ,  the ope ration of a ground -bas ed com­
munication net . The mode l is valid ove r a 
5 0  km by 5 0  km are a ,  and wi th up to 3 0 0  nodes 
in the network . In the maximum s iz e ,  the net 
would cons ist of 44 , 4 5 0  links . Using thi s  
tool , the ove ral l pa rameters of the net are 
given in numbe rs of conne cted nodes and thei r  
connect ions . The des ign er i s  g i ve n  the 
opt ion of eas ily changing the network param­
e ters ( node loca tion ,  antenna types ,  equip­
ment types , etc . ) to determine the ef fects of 
the s e  changes to the network pe rformance . 
The model is based on the I ntegrated Terrain 
Mode l ( ITM ) that cal culates path los s fr om 
digit i z ed topograph ic data . The model has 
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Tabl e  1 - 4 . Format o f  Rel iabi l i ty Data 

SHORE STATIONS 

J J J J 

• 

• 

1 .85 .98 .88 .86 . 72 .65 .42 • • • . 77 .43 .03 . 1 1 .1 7 .20 .99 

2 .83 .95 .82 . 7(J .44 .32 .30 • • • . 71 .03 .25 .55 .53 .33 .98 

3 .42 .41 . 1 1 . 1 2  .22 .25 .36 • • • .44 .55 . 1 2  .60 .65 .71 .85 

4 .03 .04 .00 .00 .61 .51 .35 • • • .60 .62 .51 .31 .33 .38 .71 

5 .00 .00 . 1 2  . 1 5 . 1 6  .23 .00 • • • .22 .1 7 . 1 6 .23 .51 .46 .60 

6 .1 1 . 1 5  . 1 6  . 1 0  . 1 2  .80 .05 • • • .03 .00 .00 .07 .22 .25 .85 

7 .01 .01 . 1 6  . 1 5  . 1 3  .33 .31 • • • .00 .01 .01 .05 .07 .09 .27 
-- . . . . . . . . • • • . . . . . . . � 

• • • • • • • • • • • • • • • • • • 

c • • • • • • • • • • • • • • • • • • 
w !=:( ::1.. • • • • • • • • • • • . . . . . . .  :� 
...J � 45 .80 .70 .61 .54 .50 .70 .65 • • • .33 .40 .40 .44 .60 .1 2 .90 
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choi c e s  in output of e i the r plotting the 
connected l inks or l isting the deta i l s  of the 
l i nk c a l culations . Us ing thes e  output s ,  the 
u s e r  can decide to rede s i gn the net by any of 
the seve ral opt ions that are mos t  cos t ef fec­
t i ve . The opt ions may be to move one or more 
nodes to be tter locat ions , add one or mo re 
relay nodes , ad j u s t  antenna patterns and 
ga i n ,  i ncrease power ,  e tc . The model can 
also  be u sed to l imit the parameters to thos e 
needed to s a t i s fy the net requi rement s .  Th is 
has the advantage of limiting the net 

interfe rence to othe r users and cons e rving 
spectrum for other uses . 

The GNCM has be en enh anced w i th the capabil­
i ty to  include contours of cons tant s i gnal 
s trength from one or more trans mi tters in the 
net . Thi s  is very us eful for dete rmi ning 
reg ions that are not in the cove rage area of 
any node i n  the network . A s imp le foli age 
los s mode l and foli age data ba s e  comple ted 
the improvement s to the mode l .  An e xamp le of 
the cove rage of a pa ir of tr ans mitte rs in a 
Colorado area i s  shown in Figure l - 4 3 .  

39 48 53 N 

38 40 0 N 

F igure l-4 3 . Coverage c ontours of 20 and 50 dBu i n  Colorado calculated from two 
identical t ransmitters located at the circled cro s s e s . 
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CHAPTER 2 .  SYSTEHS AND NETWORKS 

The Systems and Networks Division conducts 
research and analysis programs directed toward 
( 1 )  deve l oping domestic and international 
tel ecommunication standard s ,  with a focus o n  
system intercon nection and quality of service ; 
( 2 ) assessing the performance and cost effec­
tiveness of Government and pub lic te lecommuni­
cation networks ; and ( 3 )  evaluating advanced 
tel ecommunication techn o logies for application 
to future needs . Activities of the Division 
are undertake n  throug h a combi nation of Com­
merce-sponsored and other- agency-sponsored 
programs . The Commerce-sponsored programs 
provide technical support to the Admi nistra­
tion and the Department in achieving Federal 
po licy obj ectives such as enhancing domestic 
competition and international trade opportuni­
ties in the u . s .  te l ecommunications 
industry . The other-agency-sponsored programs 
app ly I TS expertise in so lving specific tele­
communication probl ems of other Federal age n­
cies and , in some cases , state and l ocal g ov­
ernments . The two categories of programs are 
compl ementary and often synergistic . 

I n  typical recent proj ects , the I nstitute has 
contributed to Federal , American National , and 
international standards defining user-oriented 
data communication performance parameters and 
measurement methods ; app lied these standards 
in pil ot measurements of competin g  u . s .  public 
data networks ; organized and headed u . s .  par­
ticipation in  international standards negoti­
ations of C C I TT Study Groups V I I (Pub lic Data 
Networks ) ,  XVI I  (Data Transmission over Tele­
phone Networks ) ,  and XVI I I  ( I S DN ) ; deve l oped a 
minicomputer-based system to remote ly monitor 
and control microwave radio sites in the 
Defense Communications Agency's Digital E uro­
pean Backbone (DEB ) ;  conducted fie ld measure­
ments and deve l oped channel simulation facili­
ties to assess microwave radio performance for 
the u . s .  Army's C ommunications Systems Agency 
(CSA ) ; deve l oped user-oriented design tools 
for line- of-sight (LOS ) microwave and tropo­
scatter radio transmission systems ; assisted 
the U . S .  Forest Service and other civilian 
Federal agencies in deve l oping cost effective 
te lecommunications acquisition pl ans for the 
post-divesture environment ; deve l oped measure­
ment plans and specified test equipment for an 
Experimental I ntegrated S witched Network being 
eval uated as a prototype future Defense 
Switched Network by the U . S .  Army CSA ; deve l­
oped numberi ng , addressing and fiber optic 
interface concepts for future I ntegrated Ser­
vices Digital Networks ( I S DN's ) ; and deve l oped 
satel lite mutual interference and performance 
prediction programs to assist U . S .  negotiators 
at upcoming I TU World Administrative Radio 
Conferences for Space Services (Space 
WARCs ) .  Division work is continuing in each 
of these areas . 

The Systems and Networks Division comprises 
four groups: ( 1 )  Switched Networks Analysis , 
( 2 )  Sate l lite Networks Analysis , ( 3 ) System 
Performance Standards and Definition , and ( 4 }  
System Performance E ngineering Anal ysis . 
Specific FY 8 4  programs and accomp lishments of 
each group are summarized in the fo l lowing 
paragraphs . More detai led information is 
provided in the referenced pub lications . 
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SECT ION 2 . 1  SWITCHED NETWORKS ANALYS I S  

The Switched Networks Analysis Group of the 
Systems and Networks Division conducts a broad 
program of app lied research , exp loratory 
deve lopment studies , concept studies , 
analysis , and experimentation directed toward 
support of I TS program elements and programs 
of other Government agencies (e . g . ,  the u . s . 
Army and the National Communications 
System ) . The Group's programs focus on advan­
ced switched networks for telephone , data , 
message ,  facsimil e ,  and te levision services . 
The Group performs state-of-the-art studies to 
guide the technical deve lopment and app li­
cation of new circuit-switching and store-and­
forward switching techniques , as wel l  as other 
i n novative network concepts and architec­
tures . The end obj ective of all  programs is 
to obtai n  improved services for the user com­
munity through better resource utilization and 
performance at l ower costs in competitive 
markets . 

I nformation Technology Po licy . The ob j ectives 
of the I nformation Technology Policy proj ect 
are to identify technical and economic issues 
in information policy that require national 
attention , to c larify these issues through 
research , and to assist in preparing necessary 
action by the Department of Commerce . A sum­
mary of some current issues is contained in a 
recent report " Po licy Implications of I nfor­
mation Technology" (NT IA 8 4 - 1 4 4 ) . Two areas 
are being evaluated in more detail : the pro­
tection of inte l l ectual property rights , and 
the impact of competitive common carrier po li­
cies . A profile of the te l ecommunications and 
information industries is also being deve l­
oped . 

The computer ind ustry is one of the fastest 
growing sectors of the economy . Although the 
software required to operate the computers is 
generally protected under the Copyright Act , 
there is sig nificant loss in revenue to this 
industry due to software piracy . The ind ustry 
has thus pursued arrangements for license 
agreements to reduce this prob lem , but with 
little effect . An eval uation is continuing of 
what action Commerce can take to help reso lve 
this issue . 

Th ere has been a concerted effort in the past 
2 5  years to enhance the nation ' s  communica­
tions capability consistent with new demands 
and emerging techno logy advances . The I nsti­
tute began a study in FY 8 4  to assess the 
impact of the imp lementation of recent common 
carrier policies , for examp le by the FCC .  An 
eval uation of residential tel ephone service 
has shown that the price of te lephone service 
is decreasing an average of 5 percent per year 
relative to the averag e of all  items in the 
economy (as measured by the Consumer Price 
I ndex ) . 

The information industries , consisting of the 
communications and information processi ng 
sectors , now constitute 1 0  percent of the 
Gross National Prod uct (GNP ) ,  with half con­
tributed by the electronic communications 
ind ustry and the other half by the hard copy 



comm�nica�ions a�d information equipment and 
serv1ces 1ndu s tr1es . The primary bene ficia­
ries of the information indu stries are the 
knowl edge indus tries which use in formation in­
du s try produc t s  to enhance the knowl edge of 
the u ser . Examples of these indus tries are : 
education, consul ting, brokerage, finance, 
real e s ta�e, research and development, govern­
ment serv1ces, and advertising . They contrib­
u te about hal f of the GNP . The characteris­
tics

.
of thes� ind�s tries wi l l  be aggregated as 

requ 1red to 1dent 1 fy and evaluate in formation 
indus try is sue s . 

Co�cept Validation Facility for the De fense 
Sw1 tched Network . The Institute continued to 
f urnish engineering support services to the 
U . S .  Army ' s  Communications Sys tems Agency at 
Ft . Monmou th, NJ during FY 8 4 .  The primary 
task under t h � s project involved the deve l op­
ment of  exper1ment p lans for a concep t  vali­
dation facility for the De fense Switched Ne t­
work . A maj �r part of this faci lity consis ted 
of the Exper1mental Integrated swi tched Ne t­
wo:k (E I SN) . The E I SN integrates packetized 
vo 1ce and data for transmi ssion over satel lite 
links via a b urst modem . The wide-band satel­
lite portion is  being u sed by the Massachu­
setts  Institute of Technology (MI T) to evalu­
ate advanced communications concepts for the 
f u t ure Defense Swi tched Network (DSN) in 
CONUS . When cou pled wit h  other terres trial 
links, the E I SN nodes can be u s ed as a scaled­
down version of the private line portion of a 
DSN, 

NOTES: ( 1 )  P lur ibus  Satel l i te Interface 
Message Processor 

( 2 )  Rout i ng  Control  Processor  

( 3 )  M i l i t a r y  Function Control ler 

( 4 )  T1 I n terface ava i l a b l e  
from PA BX m a n ufacturer 
when phas ing  -aut TOE 

4 - W I R E  
P H O N E S  

( S P E C I A L ) 

2 - W I R E  
S U B SC R I B E R  
LO O P  

Five sites have been selected for E I SN experi­
ments, and equipment was ins tal led for opera­
tion in FY 8 4 . The sites are at MIT Linco ln 
Laboratory in Mas sachuset t s ; RADC near Rome, 
NY ; CSA at Ft . Monmou th, NJ ; DCEC in Res ton, 
VA ; and ACC at Ft . Huachuca, AZ . Al l sites 
have wide- band satel lite network (WB SATENET) 
earth s tation facilities that provide Demand 
As signment Mu l tiple acce ss (DAMA) for connec­
tivity . 

The five sites wi l l  ul timately have f u l l  con­
nectivi ty via terrestrial land lines and 
broadcast connectivity via the satel lite . 
This configuration serves as the scaled DSN 
test facility . Figure 2 - 1  shows a b l ock dia­
gram of the maj or componen ts at each site . 
The interim set of components includes the 
DAMA equipment known as P l uribus Sate l li t e  
Me ssage Proces sor (PSAT), t h e  Earth S tation 
�nterface

. 
(ES I ), and the antenna sys tem . A l s o  

1ncluded 1 s  a Telephone O f fice Emu lator (TOE) 
and a Packet/Circuit Interface (PCI ) .  The TOE 
provides a Tl carrier for the PCI and also 
serves as  the central o f fice for four tele­
phones . The PCI interface s via the PSAT and 
the ESI  wi th the Earth S tation Antenna . The 
TOE and PCI are also used to dial-and-hold 
terres trial lines to serve as trunks in cer­
tain routing and contro l experiments . Addi­
tiona� �omponents wi l l  be added to expand the 
capab 1 l 1 ty of the tes t  faci li ty . These in­
clude a digital circuit switch (which wou ld 
serve as an acces s  area switching hub) · a 
mili tary f unction proce s sor or contro l ler 

1 . 544 M b/s 
E ARTH 

STAT I O N  

W B  
SATE LL I T E  
NETW O R K  

3 .088 M b/s 84 MHz I F  

E A R T H  
STAT I O N  

lcl------t 
I NT E R FACE 

( E S I ) 

STA N DA R D  
S U B S C R I B E R  
P H O N E S  

R C P ( 2 l  
or 

M FC ( 3 l  

C C S  TO 
RCP/ M FC ' s  

NOTEs : @ A n a log  Test Points 

@ D i g i t a l  Test Poi n t s  

© Loopback  Poi n t  

Figure 2 - 1 .  E xp erimen t  con f i g urat ion a t  each node . 
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( M FC ) , wh i c h  i n  con j u n c t ion w i th t h e  s w i tch 
p r ov i d e s  c e r t a i n  m i l i t a ry u n i que f u n c t i o n s  
s u c h  a s  mul t i l eve l precedence a n d  pre-emp t ion 
( M LPP ) ;  a common channel s i g n a l i ng ( C C S ) sys­
tem for remo t e l y  c o n t ro l l i ng the sw i t c h e s  or 
the MFC ; a nd a s im u l a t ed t e r r e s t r i a l  n e twork 
t o  g e n e r a t e  re a l i s t i c tr a f f i c load s on the 
ne two r k . ( One " o f f - t he- s h e l f "  d i g i t al s w i tch 
w a s  i n s t a l led a t  F t .  Monmou th dur i ng 1 9 8 3  a nd 
a n o t h e r  was i n s t a l l ed a t  F t .  H u a c h u c a  d ur i ng 
1 9 8 4  f o r  the Army ' s  po r t i o n  of the ne twork . 
O t h e r  s i t es have , or w i l l  h ave , s im i l a r  
s w i t c h e s . )  

The I n s t i tu t e  h a s  prepa red a se r i e s  of i n f o r­
m a l  reports to the C S A  l e a d i ng toward t h e  
d e s ig n  o f  spe c i f i c expr ime n t s . The se repo r t s  
are : 

o De f e n s e  S w i t c h e d  N e tw o r k  Ac c e s s  A r e a  
C o n c e p t  Va l i d a t ion F ac i l i ty T e s t  
O b j e c t i v e s  

o Aspe c t s  of Ne twork C o n t r o l  for t h e  DSN 
o Recomme nd a t i o n s  for CVF I m p l eme n t a t i o n  

a nd T e s t i n g  
o Expe r im e n t  G u i d e  for t h e  E I S N  Concept 

Va l i d a t i on F a c i l i t y .  

A m a j o r  sub t a s k  u n d e r  th i s  prog ram h a s  been to 
e v a l u a te a nd recomme nd t e s t  equ i pm e n t  for u s e  
o n  t h e  expe r ime n t s . Va r i o u s  me a s u r eme n t s  c a n  
be u s ed t o  c h a r a c t e r i ze the ne twork a n d  to 
mon i tor pe r f o rma n c e . Some are s t a nd a r d i ze d  
a nd some a re n o t . T h e  r e c omme nded me a s ure­
me n t s  are b a s e d  on cu r re n t  s t a nd a r d s  o r  

I TEST POINTS 

I EQUIPMENT 

• I NTERFACES 

4 PROCEDURES 

I ANS X3. 102 

STANDARDS 

accep ted p r a c t i c e s  wh enever po s s i b l e . These 
equ i pme n t s  were procured for u s e  on the t e s t  
b e d  i n  FY 8 4 . The s t r u c t u r e  of t h e  k i nd s  of 
meas u r em e n t s  c o n s ide red i s  shown i n  
F i g u r e  2 - 2 . T h e  I n s t i t u t e  h a s  d e s i g ned a 
number of s pec i f i c exper ime n t s f o l l ow i ng th i s  
s t r u c t u r e . I n  mo s t  c a s e s  we have re commended 
th a t  me a s u r eme n t s  o f  u s e r- o r i e n ted p a r ame t e r s  
and of the e ng i n e e r i ng parame t e r s  be made 
c o n c u r re n t l y  s o  they may be c o r re l a t ed . 

H ig h - Speed Modem Fed e r a l  S t a nd a rd s . The r a p i d  
g r o w t h  o f  d i s t r i bu ted proce s s i ng h a s  r e s u l t ed 
in d a t a  t e rm i n a l  ope r a t ion a t  i n c re a s i ng l y 
h i g h e r  d i g i t a l  b i t  r a te s . U n t i l  r e c e n t l y ,  
f u l l - d u p l e x  i n t e r f a c i l i ty t r a n sm i s s i on ove r 
the t e l phone ne twork at r a t e s  h i g h e r  t h a n  
1 , 2 0 0  b/ s h a s  typ i c a l l y requ i r e d  u s e  o f  con­
d i t i o ned , 4 - w i re d e d i c a ted c i r cu i t s . Re c e n t  
advance s i n  modem t e c h nology now pe rm i t  fu l l­
d u p l ex t r a n sm i s s i on at r a t e s  to 9 , 6 0 0  b / s  
u s i ng d i a l- u p  2 - w i re c i r cu i t s ove r the 
s w i tched p u b l i c t e l ephone n e two r k . 

The C C I TT h a s  moved rap i d ly i n  prepa r i ng Rec­
ommen d a t i o n s  to e n s ure c ompa t i b i l i ty among 
modems t h a t  w i l l  u t i l i z e  th i s  new t e ch no­
log y .  The l a t e s t  of t h e se Recomme n d a t i o n s  i s  
V . 3 2 ,  expec ted to b e  adopted i n  the for th­
c om i ng P l e n a ry in the f a l l  o f  1 9 8 4 .  The 
N a t i o n a l  C ommu n i c a t ions Sys tem ( NC S ) , w i th 
t e c h n i c a l  support by I T S , h a s  moved equ a l ly 
r ap id l y i n  t r a c k i ng evo l u t i o n  of the CC I TT 
d o c ume n ts a nd d r a f t i ng proposed Fed e r a l  S t an­
d a rd s  con s i s te n t  w i t h  requ i reme n t s  o f  the 
Recomme n d a t i o n . 

t TEST POINTS 

! EQUIPMENT 

t !NTERFACES 

I PROCEDURES 

t iEEE, CCITT 

STRUCTURE SIMILAR TO 
THAT FOR ANALOG MEASUREMENTS 

Figure 2 - 2 . S tructure o f  mea surement s  development . 
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The N C S  a s ked I T S  to d r a f t  proposed Fede r a l  
S t a nd a rd s ,  f o r  subm i s s i o n  to t h e  Fed e r a l  T e l e ­
c ommu n i c a t i o n s  S t andards Comm i t t e e , cove r i ng 
the new- t e c h n o l ogy appl i c a t i o n s  for f u l l ­
d u p l e x  modems opera t i ng at 2 , 4 0 0  b/s and 
4 , 8 0 0  b/s ove r 2 -w i re d i a l - up c i r cu i t s . ( C on­
t i nu a t ion of th i s  wo rk is expected in e a r l y  
FY 8 5  t o  add r e s s  9 , 6 0 0  b / s  t r a n sm i s s i o n . )  
P r epa r a t ion of these propo s e d  F e d e r a l  S t a n­
d a r d s  h a s  requ i red the i n t eg r a t ion of the 
requ i reme n t s  of ex i s t i ng Fed e r a l  S t a nd a r d s  
( wh i ch w i l l  b e  supe rceded ) for 4 - w i re f u l l ­
d u p l e x  a n d  2 -w i re hal f-d u p l e x  ope r a t i o n . I n  
d o i ng th i s ,  cons i d e r a t i on h a s  been g i ven to 
t h e  some t imes sub t l e  tec h n i c a l  d i f f e r e n c e s  
b e tween the u . s .  a nd European s w i tched te le­
phone ne two r k s  ( e . g . , echo suppre s sor d i s­
a b l i ng ,  a u to c a l l/au to a n swer s e quence s ,  a nd 
g u ard tone freque n c i e s  for frequency- d iv i s i on 
t e ch n i qu e s . )  

Work on th i s  pro j e c t  h a s  produced two proposed 
Fed e r a l S ta nd a r d s  ( pFS ) .  The f i r s t ,  
pFS- l 0 0 5A ,  " C od i ng and Modu l a t ion Requ i reme n t s  
f o r  2 , 4 0 0  B i t/Sec ond Mod ems , "  t o  supercede 
F S- 1 0 0 5 , i s  based on tech n i que s d e s c r ibed in  
C C I TT Re c ommend a t i o n s  V . 2 2  b i s ,  V . 2 6 ,  a n d  V . 2 6 
b i s .  The s t and a rd d e s c r i be s  two a l t e r n a t ive 
modem type s : ( l )  a " conve n t i o na l "  4 - w i r e  
f u l l - d u p l e x  and/or 2 - w i re h a l f - d u p l e x  modem 
f o r  2 , 4 0 0  b/s ope r a t i o n , w i th ope r a t i o n a l  
f al l ba c k  t o  1 , 2 0 0  b / s  and ( 2 )  a 2 -w i re fu l l­
d u p l e x  modem for 2 , 4 0 0  b/s oper a t i o n ,  w i t h 
ope r a t i o n a l  f a l l ba c k  to 1 , 2 0 0  b/ s .  The l a t t e r  
d e s i g n  u t i l i zes a n  e n h a n c eme n t  o f  t h e  we l l­
e s t ab l i s hed freque ncy- d i v i s i o n  t e c h n ique for 
2 - w i re f u l l-duplex oper a t i o n . 

The se cond of the propo s e d  Fed e r a l  S t a nd a r d s  
i s  pFS - l 0 0 6 A ,  " Cod i ng and Mod u l a t i o n  Requ i re­
me n t s  for 4 , 8 0 0  B i t/S econd Modems , "  wh i c h  wi l l  
supercede F S  1 0 0 6 .  L i ke p F S - l 0 0 5 A ,  t h i s  d r a f t  
p r e s e n t s  req u i reme n t s  f o r  a l l  three t r a ns­
m i s s i o n  mod e s . Th e 2 -w i re f u l l -d u p l ex mode i s  
b a sed o n  techn i qu e s  d e s c r ibed i n  C C I TT Recom­
m e nd a t i o n  V . 3 2 .  Un l i ke prev i ous mod em tech n i ­
q u e s  t h a t  u s e  frequency d i v i s ion o f  the 2 -w i re 
c i r cu i t  to d e r i ve two d i s t i n c t  c h a nne l s  for 
f u l l- d u p l e x  ope r a t ion , V . 3 2  r e comme nd s 
emp loyme n t  of e c ho c a n c e l l a t i o n  t e c h n i q ue s .  
The Recomme nd a t i o n  f u r t h e r  c a l l s  for the u s e  
o f  ad apt ive equa l i za t i on and , f o r  4 , 8 0 0  
b i t/ s e cond modems , a mod u l a t i o n  techn ique 
k nown a s  D i f f ere n t i a l Quad r a n t  e n c od i n g . 

An t i c i pa t ed FY 8 5  f o l l ow- o n  to th i s  pro j e c t  
w i l l  r e s u l t  i n  d r a f t i ng proposed Fed e r a l  S t an­
d ard l 0 0 7 A ,  wh i ch w i l l  i n co rpo r a t e  the V . 3 2  
t e c h n i ques for e s t a b l i s h i ng requ i r eme n t s  for 
2 -w i re f u l l - d u p l e x  ope r a t i o n  at 9 , 6 0 0  b/s . 

E v a l u a t i on of Tac t i c a l  A rmy S w i t c he s .  As p a r t  
o f  the T R I - TAC prog r am ,  the pro j e c t  manager o f  
the M u l t i-Serv i c e  Commu n i c a t i o n s  S y s t ems ( PM ,  
MSCS ) a t  F t .  Monmou th , NJ , i s  eva l u a t i ng 
a d a p t ive sea rch i ng , s ig na l i ng , and rou t i ng 
a l t e r n a t i ves for the AN/TCC- 3 9  t a c t i c a l  c i r­
c u i t  sw i t c h e s . At the s ame t ime , m a j o r  d e s i g n  
c h a ng e s  a re be i ng p l a n ned f o r  t h e  s ame s w i tch , 
r e s u l t i ng i n  wh a t  i s  c a l l ed the AN/TTC- 3 9 A .  

I n term i t te n t l y , d u r i ng F Y  8 4 , I TS p e r f o rmed 
t h e  f o l l ow i ng two t a s k s : 
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Prov i d e d  rev i ews , c r i t i q u e s ,  a n d  ( a s 
n e ed ed ) a n a l ys i s  of t h e  ada p t i ve s i g n a l ­
i ng a n d  rou t i ng a l t e r n a t i v e s  s u bm i t t ed by 
the eng i ne e r i ng c o n t r a c to r , GTE . Prev i­
ous emph a s i s  has been on u n r e s o l ved 
t ra f f i c i s s ue s ,  a nd t h i s  i s  l i k e l y  to 
c o n t i nue in the f u t u r e . 

When the spec i f i c a t i o n s  b e c ame ava i l ab l e ,  
I TS add res sed and a s s e s s e d  the tec h n i c a l  
c apab i l i t i es o f  t h e  AN/TTC - 3 9 A  d e s i g n . 
Emph a s i s  ag a i n  wa s on t r a f f i c  ana l y s i s ,  
adap t i ve rou t i ng ,  ne two r k  m a n a g eme n t , and 
c o n t r o l  fu n c t i on s . 

The pro j e c t  was comp l e ted i n  S e p temb e r  1 9 8 4 . 

DES- Re l a ted S t a n d a rd s . The I n s t i t u t e  i s  
e ng aged i n  t h e  d e ve l opm e n t  of i n t e r op e r a b i l i t y 
r e l a ted s t a n d a rd s for d i g i t i z e d  vo i c e , for the 
e n c ryp t i on o f  d i g i t i z ed vo i c e , a nd for the u s e  
o f  encryp t i on w i t h  C C I TT G r o u p  3 f a c s i m i l e  
equ i pme n t . Th i s  work i s  b e i ng pe r f o rmed under 
t h e  spo n so r s h i p  of the N a t i o n a l  Commun i ca t i ons 
Sys tem . 

The I n s t i t u t e  i s  prov i d i ng tec h n i c a l  support 
and exper t i se to NCS in the d e v e lopm e n t  of 
three proposed F e d e r a l  s t a n d a rd s . T h e s e  
a r e : pFS- l 0 1 5 ,  e n t i t l ed " Te l e c omm u n i ­
c a t i on s :  A n a l og to D i g i t a l  C o nve r s i o n  of 
Vo i c e  by 2 , 4 0 0  B i t/Second L i ne a r  P r e d i c t i ve 
Cod i ng ; "  pFS- 1 0 2 9 e n t i t l ed " Te l ecomm u n i ­
c a t i on s :  I n te rope r a b i l i ty and S e c u r i ty 
Requ i reme n t s  for E n c ryp t i o n  of N a r rowband 
D i g i t i z ed Vo i c e  Us i ng the Data E n c r yp t i o n  
S t a nd a rd ; "  a n d  pFS- 1 0 2 8 e n t i t l ed " T e l e c om­
m u n i c a t i on s : I n t e rope r a b i l i ty a nd S e c u r i ty 
Req u i r eme n t s  for Use of the D a t a  E n c ry p t i o n  
S t a nd a rd w i th C C I TT Group 3 F a c s im i l e  E qu i p­
m e n t . 11 

T h e  l a s t  two s t a n d a rd s me n t i o n e d  above re l a te 
to the e n c r yp t ion of v o i ce t r a f f i c . P r oposed 
F S- 1 0 1 5  spe c i f i e s  a s t and a rd me thod o f  d i g i ­
t i z i ng the speech w ave f orm u s i ng L i ne a r  Pre­
d i c t iv e  Cod i ng ( LPC ) t e c h n i q ue s . Th i s  s t an­
d a rd w i l l  e n s u r e  comp a t i b i l i ty among Govern­
m e n t-owned n a r row- b and speech c o d e r s . P ro­
posed F S- 1 0 2 9  spec i f i e s  the me t hod to be used 
t o  encrypt the ou t p u t  of s u c h  spe e c h  cod e r s . 
Th i s  s t and ard h a s  b e e n  approved by t he Fede r a l  
T e l e commu n i c a t i o n s  S t a n d a r d s  Comm i t te e  
( FTSC ) . T h e  t h i rd s t a nd a r d  l i s t ed ( pF S - 1 0 2 8 ) 
s pe c i f i e s  the me thod of e n c r yp t i o n  to be em­
p l oyed when u s i n g  C C I TT Group 3 c omp a t i b l e  
f a c s im i l e equ i pme n t .  

The I TS t e c h n i c a l  r o l e  i n  deve l op i ng t h e s e  
s t a nd a r d s  typ i c a l ly i nv o l v e s  e i th e r  w r i t i ng a n  
i n i t i a l  d r a f t  of s ig n i f i c a n t  po r t i o n s  of t h e  
s t an d a rd o r  prov i d i ng recomme n d a t i on s  o n  t h e  
i n i t i a l  t e ch n i c a l  con t e n t  o f  the s t a nd a r d . 
The I n s t i t u te a l so e xam i n e s  i nd u s t r y  a n d  Gov­
e rnme n t  comme n t s  on the propos e d  s t a nd a r d s  and 
r e c omme nds rev i s i o n s  b a sed on t h e s e  
c omme n t s . T h e  I n s t i t u t e  h a s  a l s o  a s s i s t ed t h e  
FTSC i n  a s s e s s i ng the t e ch n i c a l  a n d  e c o n om i c  
imp a c t  o f  e a c h  s ta nd a r d . 

Acce s s  Area C h a r c t e r i z a t i o n  a n d  LAN A s s e s s ­
m e n t . Th i s  pro j e c t  c o n t 1 nues t h e  I T S  e n g 1 
n ee r i ng s e rv i c es f o r  the u . s .  Army Commu n i­
c a t i o n s  S y s tems Ag ency . I n  add i t i on to 
d ev e lop i n g  expe r ime n t s  for t h e  E I S N , i t  
i n c l u d e s  a s tudy to c h a r a c t e r i z e m i l i t a ry 



a c c e s s  a r e a s  f o r  conne c t i ng to long - h a u l  
f a c i l i t i e s  w i th emph a s i s  on adm i n i s t r a t i o n , 
ope ra t i on ,  ma i n t e na n c e  ( AO & M ) ,  and au tom a ted 
ne twork manageme nt a nd control f ac i l i t ie s . I n  
a d d i t i o n , I T S  i s  a s s e s s i ng the imp a c t  of c e r­
t a i n  s t a nd a r d s  d eve l opment a c t i v i t i es s u c h  a s  
t h e  I n t e g r a t ed S e rv i ce s  D i g i ta l  N e twork ( I SDN ) 
s t a nd a r d s  u n d e r  d ev e l opmen t  by the C C I TT a n d  
e v a l u a t i ng L o c a l  A r e a  N e two r k s ( LAN ' s )  t h a t  
h ave a pp l i c a t i o n s  on m i l i t a ry b a se s .  

The Ac c e s s  Area C h a r a c t e r i z a t i o n  S tudy i s  the 
ma j or e f fo r t  that began in Apr i l  1 9 8 4 . The 
I n s t i t u t e  wa s reque s ted to reev a l u a t e  the 
Access Area concept i n  t he l ig h t  of t h e  
f o l low i ng re c e n t  l e g i s l a t ive and reg u l a tory 
d e c i s i o n s  a nd t e c h no l og y  a d v a n ce s :  

o t h e  Mod i f i ed F i na l  J u d gm e n t  approved by 
J u d g e  Gree n ,  wh i ch res u l ted i n  the d i ves­
t i t u r e  o f  AT& T  f r om the Be l l  O p e ra t i ng 
C ompan i e s  o n  J a n u a r y  1 ,  1 9 8 4  

o t h e  F i n a l  De c i s i o n  of the Comp u t e r  I I  
I nq u i ry ,  r e s u l t i ng i n  the d e r eg u l a t i o n  o f  
e nh a nced s e rv i c e s  and cu s tome r prem i s e s  
equ i pme n t  

o r e c e n t  d e c i s i o n s  by t he FCC p l a c i ng 
c h a nne l t e rm i n a t i o n  e q u i pme n t  on t h e  
c u s tome r ' s  p r em i se s  s id e  of the ne two r k  
( FCC Doc ke t 8 0 - 2 1 6 ) 

o deve l opme n t  of ad va nced l a rg e- s c a l e  
i n t e g r a t ed c i r c u i t ry l e a d i ng toward 
d ig i t i z a t i o n  o f  n e two rk s ,  i n c lud i ng 
c ompu ter con t r o l led s w i t c he s ,  d i g i t a l  
t ra n sm i s s i o n  l i nk s ,  and common channe l 
s i g n a l i ng 

o dev e l opme n t  of h ig h- c apac i ty d ig i t a l  
t r a n sm i s s i o n  f a c i l i t i e s  u s i ng f i be r 
o p t i c s , m i c rowave r ad i o ,  a nd s a t e l l i te s  

o i n teg r a t i o n  of vo i ce ,  d a t a ,  a nd imagery 
i n to deve l opme n t  o f  d i g i t a l  n e two r k s  

o d e ve l opme nt of au t om a t ed ne twork 
ma n ag eme n t  and c o n t r o l  s y s tems . 

T h e s e  e x amp l e s  i l l u s t r a te the c h a ng i ng e nv i­
ronme n t  f a c ed by u s e rs , of te l e commun i­
c a t i on s . As one of the l a r ge s t  u s e r s  the 

m i l i t ary depar tme n t s  are f aced w i th a 
d i l emma-- how to meet m i s s i on r e q u i reme n t s  cos t 
e f f e c t i v e l y  i n  th i s  new compe t i t ive env i ron­
me n t . 

T h e  I n s t i t u te ' s  Acc e s s  Area C h ar ac t e r i z a t i o n  
S t udy h a s  two ob j e c t i ve s : ( 1 )  to d evelop 
me thodology for ch a r a c te r i z i ng an acce s s  area 
by d e f i n i ng i ts ma i n  p a r ame t e r s , and ( 2 ) to 
d ev e lop a ma nagem e n t  plan for the acce s s  area 
( or c omb i n a t i ons of a c c e s s  a re a s ) th a t  
i nc l u d e s  adm i n i s t r a t i o n , ope r a t i o n , ma i n t e­
n a n c e , a nd control of m a j or t e l e commu n i c a t i o n  
f ac i l i t i e s .  

I n  the p a s t , a c c e s s  a r e a s  have been a s sumed to 
be a c o l l e c t ion o f  m i l i t ary pos t s , c amps , and 
s ta t i o n s  t h a t  s hare loc a l  sw i tc h i ng and trans­
m i s s ion f a c i l i t i e s . T h e s e  f a c i l i t i es m ay a l s o  
conne c t  a t  a common hub w i th l o ng- h a u l  net­
wor k s  to prov ide a c c e s s ·  to o th e r  areas or to 
s e rve a s  t andem i n te r conne c t i o n  f ac i l i t i e s .  

I n  the f u t ure , i t  may b e  a d v a n t ageous to v i ew 
the a c c e s s  area f rom an e n t i re l y  d i f f e r e n t  
p e r s pe c t i ve ,  re f l e c t i ng t h e  c h a ng i ng 
e nv i ronm e n t  i n  wh i c h  m i l i t ary commu n i c a t i o n s  
s y s t ems m u s t  oper a te . For e xamp l e , beg i n n i ng 
i n  1 9 8 4 ,  l ong- h a u l  f a c i l i t i e s  w i l l  term i na te 
i n  L o c a l  A c c e s s  T r an s po r t  Area ( LATA ) P o i n t s  
o f  P re s e nce ( POP ' s )  a n d  m a y  be prov ided by 
c ompe t i ng comme r c i a l c a r r i e r s . 

T h e  o r i g i na l  concep t  of an acce s s  area i s  
c h a ng i ng i n  o t h e r  ways a s  we l l .  T h e  DSN i n  
C ONUS , i n  t h e  near t e rm ,  i s  expected t o  evo lve 
f r om a n  AUTOVON/AUTODI N  s t ru c t u re i n to a 
s tored prog r am con t r o l l e d  n e twork that i n co r­
por a t e s  the m i l i t a ry u n i que f e a t ures of the 
pub l i c  sw i t ched t e l ephone n e twork ( PSTN ) . At 
t h e  s ame t ime a pr i v a t e  l i ne network ( PLN ) 
wou l d  be deve loped to prov i d e  add i t i o n a l  sur­
v i v ab i l i ty ,  conne c t i v i ty ,  a nd spec i a l  s e r­
v i ce s .  Th i s  PSTN/PLN hyb r i d  ne twor k  may sub­
s e q u e n t ly d e ve l op i n to the Wor l d w i d e  D i g i t a l  
S y s t em Arch i t e c tu r e  ( WWDSA ) a n d  u l t ima t e l y ,  a t  
l e a s t  i n  pa r t ,  i nto an I n teg r a t ed S e rv i ce s  
D i g i ta l  N e twork ( I S DN ) . F ig u r e  2 - 3  dep i c t s  

oc c �  

F i gure 2 -3. Pos s i b l e  a c c e s s  a r e a  i n t erconnec t i on s . 
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th i s  hyb r i d  concep t i n  the c u r re n t  e n v i ron­
men t .  

T h e s e  d y n am i c  ch ange s ,  both r e a l  a nd contem­
p l a ted , r a i se a n umber of q u e s t i ons about the 
a c c e s s  a r e a  concep t .  Do we need acce s s  
a r e a s ?  H ow many? H ow a re they c o n f i g u r e d ?  
H ow are t h e y  m a n a g e d ?  Wh a t  impa c t s  the i r  
s i ze ?  What are the s t a f f i ng requ i reme n t s ?  
T h e  I TS s tudy i s  cu r re n t ly ad d re s s i ng t h e s e  
a n d  o t h e r  q u e s t i o n s  i n  a two-phase program . 

P h a s e  A of the s tudy i s  d e s i g n ed to t ake a new 
l ook a t  how a c c e s s  a r e a s  s h ou ld be d e f i ned . 
Some of the pa r ame t e r s  be i ng con s i d e r ed 
i nc lude s u b s c r i be r  l o c a t io n s , number of s u b ­
s c r i b e r s , subs c r i b e r  d e n s i ty ,  cove r a g e  a re a ,  
LATA a n d  DMATS s t r u c t u re s ,  commun i t i e s  o f  
i n te r e s t ,  t ra f f i c  f l ows , s e rv i ce type s ,  mod­
e r n i z a t i o n  prog r ams , other ne two rk i n t e r f a c e s , 
OCONUS g a teway s ,  and f i na l l y , the imp a c t  of 
these p a r ame t e r s  on c os t .  

The I TS approach t o  a c ce s s  a re a  ch a r a c t e r i z a­
t i on i s  i l l u s t r a ted i n  F i g u r e  2 - 4 . W e  s ta r te d  
w i th c e r t a i n  ba s i c  a s sump t i on s . F o r  examp l e ,  
i t  was a s sumed t h a t  the DSN w i l l  cons i s t  o f  a 
hyb r i d  n e two r k  a s  d i s c u s sed above . A numbe r 
of " g i ve n s "  c a n  a l so be spe c i f i ed ,  s u c h  as t h e  

G I VENS 

o TOTAL SUBSC R I BERS 

o SUBSCR I BER LOCATIONS 

o QUAL I TY OF SERV I C E  DESI RED 

number and loca t i on of s u b s c r i b e r s , the i r  ser­
v i ce need s ,  t r a f f i c  p r o f i l e s , l e a s ed l i ne 
c os t s , and f i ve leve l s  o f  s t r e s s  s c e n a r i o s . 

S ome work h a s  a l r e a d y  b e e n  a c c omp l i s hed i n  
c h a r a c te r i z i ng a c c e s s  a r e a s . M i l i t a r y  
depar tment c o n t r a c t s  w i th i n d u s try we re 
d i re c t e d  tow a rd v a r i o u s  a s pe c t s  of d e f i n i ng 
a c c e s s  a r e a s  and t h e i r  adm i n i s t r a t i o n , 
ope r a t i o n , a nd ma i n t e na n c e . The re su l t s  
ob t a i ned f r om t h e s e  p a s t  s t u d i e s  w i l l  be 
impo r t a n t  i np u t s  to t h e  I TS s t ud y . 

An impo r t a n t  " g i ve n "  t h a t  m u s t  be o b t a i ned a nd 
u sed e x t e n s i v e ly i s  the t r a f f i c  f l ow be twe e n  
s u b s c r i b e r s , b o t h  c u r re n t ly a nd a s  p re d i c t e d  
f o r  the f u t ur e . Th i s  i n c l u d e s  al l form s  o f  
t ra f f i c  ( vo i c e , d a t a ,  v id e o ) , i n te r n a l  a n d  
e x t e r n a l  to a b a s e . U l t im a t e l y  th i s  k i nd of 
t ra f f i c  f l ow e n g i nee r i ng must e x t e nd to the 
e n t i re acce s s  are a .  The requ i reme n t s  f o r  each 
component o f  t ra f f i c  d e pend on a number o f  
f actors i n c l ud i ng numb er o f  sub s c r ib e r s , the i r  
o f fe red l o ad , m i s s i o n  need s ,  s e rv i ce c a tegory 
( i . e . , vo i c e , d a t a , e t c . ) ,  commun i t i e s  of 
i n t e re s t , a nd d e s i red g r ade o r  s e rv i ce . T hu s , 
not only mu s t  the t r a f f i c  d e n s i ty be con s i d­
e red i n  c h a r a c te r i z i ng the area b u t  o t h e r  
e s se n t i a l  f a c t o r s  mu s t  be con s i d e red a s  we l l .  

EVALUATE 
CHARi\CTERIZATI ON 

CONCEPTS 

o TRAFF !C PROJECTIONS 

o SERV I C E  REQU I RE�lENTS 
I N I T IAL 

ACCESS AREA 
CHARACTER! ZATION 
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o TECH N I CAL R I S K  

o DNATS STRUCTURE 

o LATA STRUCTURE 

o OCONUS GATEHAYS 

o TAR I FF OFFER I NGS 

o PR I VATE L I NE COSTS 

o DSN, HWDSA, AND ISDN 
PLANN I NG DOCUtlErJTS 

o LEG I S LATIVE ACT IONS 

o JUDIC IAL RULINGS 

o ADtmi!STRATI V E  D IRECT IVES 

o COt·lNERC I AL OFFE R I NGS 

o PREVIOUS STUDY RESULTS 

o AT&T o esc 
o GTE o N I TRE 
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o COVERAGE AREA 

o TRAFFIC  CONCENTRATION 

o NUt·lBER OF SUBSCR I BERS 

o D ISTRI BUTED VERSUS CENTRALI ZE 
CONTROL AND NAI NTENANCE 

o ROUTING CONCEPTS 

o Sf/ I TCHING/CONCENTRATOR 
LOCATIONS 

o ALTERNATIVE TRANSt� ISS !ON 
FAC I L I TI ES 

o STRESS LEVEL 

o PERFORt·lANCE 

o TRAN S I T I ON ABI L I TY 

o AOHl 

RECOt�t�ENDED 
ALTERNATIVE ( S }  FOR 

DEF I N I NG ACCESS AREAS 

F ig u r e  2 - 4 . I T S  approach f o r  developing a me thod f o r  chara c t e r i z in g  a c c e s s  a re a s . 
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The ba s i c  a s sump t i o n s  and qu a n t i t a t i ve " g i v­
e n s "  form a s e t  of f i xed i np u t s  u pon wh i c h  a ny 
a c c e s s  a r e a  c h a r a c t e r i z a t ion mu s t  be based . 
At the s ame t ime , another s e t  of v a r i ab l e  
i np u t s  c a n  b e  deve loped . The i r  op t imum va l u e s  
a re t h e  d e f i n i ng p a r ame t e r s . E x amp l e s  a r e  
s hown i n  F ig u r e  2 - 4 . The va r i ab l e  p a r ame ters 
mu s t  be ad j u s t ed to op t im i ze the a c c e s s  
a re a . T h e re a r e  a numb e r  o f  c r i t e r i a  t h a t  
m u s t  be u sed t o  j udge th i s  op t im i z a t i o n  
p r oce s s .  T h e s e  eva l u a t i o n  c r i t e r i a  i n c l ude 
c o s t ,  p e r fo rma n c e , t r a n s i t ion ab i l i ty ,  
ma i n t a i n ab i l i ty ,  and pos s i b l y  othe rs . 

As e a c h  a l te r n a t i ve i s  e v a l u a t ed , eve ry v a r i ­
a b l e  c a n  b e  ad j u s ted ( w i th o t h e r s  h e l d  f i xed ) 
to d e t e rm i ne i t s s e n s i t i v i ty to the eva l u a t ion 
c r i te r i a .  Al though the proce s s  is  a s imp l e  
i t e r a t i ve one , t h e re a re too ma ny va r i a b l e s  
a nd ev a l u a t i o n  c r i t e r i a  t o  ma k e  i t  comp l e t e l y  
ob j e c t i ve . S ome s ub j e c t i ve a n a l y s i s  and d e­
c i s i o n s , b a sed on expe r i e n c e  i n  t h e  swi t c h ed 
ne twork a r e a , mu s t  a l so e n t e r  the proc e s s  to 
make the approach p r a c t i c a l . 

P h a se B of t h i s  s t udy , wh i ch i s  c u r r e n t l y  
u n d e rway , i s  a L o c a l  A r e a  Ne twork As se s sme n t . 

Loc a l  Area Ne two rk s ,  or LAN ' s ,  a re e f f i c i e n t  
a r r ang eme n t s  for h ig h  volume a nd ma ny low 
v o l ume u s e r s  i n  c o n ce n t r a t ed a r e a s  s u c h  a s  
i nd u s t r i a l  p a rk s ,  of f i c e comp l e xe s ,  a nd o t h e r  
c l u s te r s  h av i ng c ommon i n t e re s t s  for i n for­
m a t i o n  i n t e rchange . In s u c h  c l u s t e r s  the 
ma j or i ty o f  the data c ommu n i c a t i o n  t r a f f i c  i s  
b e twe e n  t e rm i n a l s  sep a r a ted by s h o r t  d i s t a n c e s  
o f  no m o r e  t h a n  a few k i l ome t e r s . 

L AN ' s  may or may not be c o n n e c t e d  to e a c h  
o t h e r . S ome t imes i n t e rc o n ne c t i o n s  e x i s t  
b e tw e e n  LAN ' s  i n  a g i v e n  a c ce s s  a re a  v i a  a 
c e n t r a l  o f f i c e . O t h e r  t imes the c omm u n i ty o f  
i n t e r e s t  may b e  be twe e n  LAN ' s  i n  s e p a r a ted 
a c c e s s  a re a s . 

LAN ' s  pe rm i t  i nd e pe n d e n t  dev i c e s  to commu n i­
c a t e  w i th e a c h  o t he r ,  s u c h  as hos t c ompu te r s , 
d a t a t e rm i n a l s , word proc e s s o r s  and pr i n t e r s , 
a s  we l l  as t e l e phones a nd v id eo d i s p l ay 
d ev i c e s . F o r  econom i c  re a so n s , cove r ag e  i s  
co n f i n e d  t o  f a i r l y  l im i ted g e o g r ap h i c  a r e a s  
( 1 0 km sep a r a t i o n s  of t e rm i na l s ) .  S im u l t a n­
eous t r a n sm i s s i on s  of vo i c e , v id e o , a nd d a t a  
a r e  pos s i b l e  o n  some s y s t ems . S ig n a l  spe e d s  
r a ng e  f r om a mod e r a t e  1 0 0  k b/ s  to a h ig h  r a t e  
o f  1 0  M b/ s . T r a n sm i s s i o n  me d i a  i n c l u d e s  
c o a x i a l  c a b l e ,  CATV c ab l e , tw i s ted w i re pa i r s ,  
a nd op t i c a l  f ib e r . 

The o b j e c t ive of th i s  LAN a s s e s sme n t  t a s k  i s  
t o  d e t em i ne how LAN ' s  may be i n t e rc o n n e c te d  
a nd i n t e rope r a ted . T h i s  i n c lu d e s  both i n t ra­
a nd i n t e r - a c c e s s  a rea conne c t i on s .  I n  o rd e r  
t o  a s s e s s  t h e  LAN i n t erop e r a b i l i ty ,  I T S  i s  
conduc t i ng a s t udy o f  the m a j o r  s y s t ems c u r ­
r e n t l y  ava i l a b l e  and w i l l  c l a s s i f y t h em 
a ccord i ng to the i r  b a s i c  a r c h i t e c t u re s .  Th i s  
c l a s s i f i c a t i o n  i n c lu d e s  s u c h  a l t e r n a t i v e s  a s  
topolog i e s  ( bu s ,  s t a r , r i ng ) ,  t r a n sm i s s i o n  
( b a se ba nd o r  b road b a nd ) ,  c o n t r o l  p r o toco l 
( co n te n t i o n , token p a s s i ng ,  p o l l i ng ) . s t a t i o n  
l i n k i ng ( b r o ad c a s t  or po i n t- t o-po i n t ) , t r a ns­
m i s s i o n  med i a  ( co ax , f i ber op t i c ,  w i r e  p a i r ) , 
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t r a n sm i s s i o n  r a t e , capac i ty ,  and form a t  ( t ime 
or freque n cy d i v i s i on ) . 

G i ven the LAN a r c h i te c t ure s , ITS i s  a s s e s s i ng 
the l e ve l s  of i n te rope rab i l i ty .  Ob v i ou s l y ,  
two LAN ' s  w i th id e n t i c a l  a r ch i t e c t u r e s  may 
i n te rope r a t e  as l o ng as capac i ty l im i t a t i o n s  
a r e  not exceeded . At the othe r e x t reme a r e  
LAN ' s  w h o s e  a r c h i t e c tures a r e  d i f f e r e n t  i n  
n e a r l y  every r e s pe c t .  I n  between are s im i l a r  
LAN ' s  wh ere r e l a t i ve l y s imple g a t ew ays c a n  
p rov i d e  i n t e rope r a t ion . 

The I n s t i t u t e  i s  a l so a s s e s s i ng the c u r re n t  
s t a t u s  o f  LAN s t a nd a rd s . Comm i t te e  8 0 2  o f  the 
I E EE was formed i n  1 9 8 0  to s t a nd a r d i z e  
LAN ' s .  �h i s  comm i t t e e  i s  work i ng pr imar i l y  o n  
t h e  two l owe s t  l ayers o f  t h e  s e ven- l aye r 
I n ter n a t i o n a l  S t an d a rd s  Org a n i z a t i o n  ( I SO ) 
Open S y s t ems I n t e r conne c t i on ( OS I ) re f e r e n c e  
mode l ,  i . e . , the phys i c a l  layer ( l eve l l )  and 
the d a t a  l i nk l ayer ( l eve l 2 ) . The LAN s tudy 
w i l l  i nd i c a t e  wh ere s t andards are ava i l a b l e , 
wh a t  the i r  s t a tu s  i s ,  a nd how var i o u s  LAN ' s  
r e l a te to the O S I  r e f e rence mod e l .  I n  th i s  
way i t  s h o u l d  b e  e a s i e r  to a s s e s s  wh e re new 
i n t e r f a c e s  are needed a nd where f u r t h e r  devel­
opment o f  s t a nd a r d s  is requ i red . 

The end r e su l t  of th i s  t a s k  wi l l  be a Type A 
Spec i f i c a t i on f o r  LAN g a teways . The spec i f i­
c a t i o n  shou l d  su f f i ce for ma j o r  sys tems . The 
b a s i c  g a t eway concept w i l l  be so s t ru c t u red to 
p e rm i t  d e ta i l e d  LAN g a t eway spe c i f i c a t i o n  i n  
the f u t u r e . B o t h  the A c c e s s  Area C h a r a c t e r i ­
z a t i o n  ( P h a s e  A )  a nd the LAN a s s e s sme n t  are 
schedu led for comp l e t io n  by the m id d le of f i s­
cal ye a r  1 9 8 5 .  

DES Appl i c a t i o n s  S t udy for Wh i te S a n d s  M i s s i l e  
R a nge . Th i s  s tudy wa s pe r f ormed f o r  the u . s .  
A rmy C ommu n i c a t i o n s  Command ( USACC ) a t  Wh i t e  
S a nd s  M i s s i l e  Range ( WS MR ) . 

The USACC-WSMR i s  r e s po n s i b l e  for much of the 
p l a n n i ng , and t h e  i n s t a l l a t i on and ope r a t ion , 
of a l a rg e  a nd var i ed commu n i c a t i ons sys tem . 
The sys tem i s  u s ed to support al l p h a s e s  of 
r a nge ope r a t i on s . WSMR u t i l i z es a lmost e ve ry 
f o rm of e l e c t ro n i c  commun i c a t i o n s  i n  ex i s­
t e n c e- - t e l e p h on e , ne t t ed vo i ce i n ter coms , 
mob i l e  rad i o ,  te l eme t ry , t e l e type , d i g i ta l  
d a t a  ne two r k s  i n c l ud i ng c omp u t e r  n e two r k s ,  and 
m i s s i l e t r a c k i ng d a ta ne two rk s .  T r a n sm i s s i on 
med i a  i n c l ude w i re l i n e ,  a n a l og a nd d i g i t a l  
m i c rowave rad i o ,  VH F ,  UHF , a n d  o t h e r  rad i o s , 
a nd f i ber opt i c s .  Vo i c e  and d a ta c ommun i ­
c a t i o n s  u s e  b o t h  po i n t- to-po i n t  a n d  va r i ous 
n e t ted types o f  ope r a t i o n . A l so , t h e re are a 
n umber of ne twork s t h a t  emp l oy a b road c a s t  
type o f  ope r a t i o n .  

I n  add i t i o n  t o  i n t r ar a nge commu n i c a t i o n s  a t  
WSM R ,  c ommu n i c at i o n s  c i r cu i t s  b e tween WSMR and 
o th e r  ranges and l o c a t i ons ex i s t .  The U S AC C­
WSMR h a s  d e t e rm i n ed t h a t  much of the c ommun i ­
c a t i o n s  i n  s u p po r t  of r a n g e  ope r a t i o n s  at 
Wh i te S a n d s  is o f  a s e n s i t i ve b u t  unc l a s s i f ie d  
n a ture . I t  i s  a l s o  r e cog n i z ed t h a t  these com­
mun i c a t i on s  are vu l ne r a b l e  to pos s i b le ex p l o i ­
t a t io n , pa r t i cu l a r l y  through i n te r c ep t ion . 

For these s e c u r i ty r e a s on s , WSMR h a s  emb a r k ed 
u po n  a ma j or prog r am to conv e r t  c e r t a i n  non-



s e c u r e  commun i c a t i o n s  c i rcu i t s  and n e two r k s  to 
protec ted or se cure opera t i on . Th i s  mul t i ­
y e a r  commun i c a t i o n s  s e cur i ty impr oveme n t  pro­
g ram ( CS I P )  repre s e n t s  the l e ad e r s h i p  r o l e  
ch a r a c t e r i s t i c s  of WS MR i n  adva n c i ng range 
t e l em e t ry a nd commu n i c a t i on s . The WSMR C S I P  
beg i n s  wi th req u i reme n t s  de f i n i t i o n  and 
e x te n d s  th rough hardware d e v e l opme n t , i n s t a l ­
l a t i o n , te s t ,  a nd ope r a t i o n s . T h e  D E S  appl i­
c a t i on s t udy conducted by I TS was an i n i t i a l  
a t temp t to exam i n e the ma j o r type s o f  commu n i­
c a t i o ns a t  WSMR for wh i c h DES prot e c t ion i s  
app l i c ab l e . The focus o f  the s t udy wa s to 
d e ve l op concep t s ,  p l a n s ,  a nd pre l im i na r y  
d e s i g n  al t e r n a t ives for u s e  of the DES i n  
these WSMR commun i c a t i o n s  ne twork s .  T h e  
a t te n d a n t  problem o f  cryptova r i a b l e  ma nag eme n t  
was a l so add r e s sed . 

The prov i s i on of com p l e t e  pr ot e c t i on i n  a l l  
WSMR ne two r k s  w i l l  requ i re advances i n  seve r a l  
r e l a ted tech n i c a l  a re a s  a s  we l l  a s  i n  the 
s t a te- o f - t he - a r t  of s e c u r i ty t e chnol ogy . 
M u l t i y e a r  ha rdwa re deve lopme n t s  wi l l  be 
requ i red i n  some c a s e s  to a t t a i n  f u l l  protec­
t io n . The s tudy de f i n e s  those tech n i c a l  r i s k  
a r e a s  where f ur ther t e c h n i c a l  d e v e l opme n t s  are 
requ i red or wh e re eva l u a t i o n  by WS MR o f  r e l e­
v a n t  compe t i ng t e c h n o l og i e s  i s  requ i r e d  pr i o r  
to h a rdwa re imp l eme n t a t i o n .  Spe c i f i c recom­
mend a t i o n s  regard i ng t h e  DES mode o f  
ope r a t i o n , DE S equ i pme n t , and k e y  ma n ageme n t  
ph i l o sophy were g i ven for the v a r i ou s  WSMR 
commu n i c a t i o n s  netwo rk s ,  wh ere po s s i b l e . 

Eme rge n cy Da t a  Ne two r k . The N a t i o n a l  Commun i­
c a t i o n s  S y s t em req u e s ted t h a t  I T S  e x am i n e  t h e  
f o l l ow i ng que s t i ons : Cou l d  t h e  thou s a nds o f  
t e l ev i s i on s t a t i o n s  l o c a ted throughout t h e  
U n i ted S t a te s  prov i d e  the nu c l e u s  f o r  a n  eme r­
g e n cy o r d e r- w i re n e twork u s i ng T e l e te x t  d a t a  
t ra n sm i s s i o n ?  W i t h  l im i ted a l t e r a t i o n  t o  
e x i s t i ng c ommerc i al f ac i l i t i e s ,  a n d  w i t h 
m i n im a l  d i s ru p t i on to pr e s e n t  t e l ev i s i on prac­
t i ce s ,  could t h e  Gove r nme n t  c ap i t a l i ze on the 
p rospe c t ive Te l e t e x t  ma rke t a nd e f f e c t  an 
i nh e r e n t  recon s t i tu t ion c a p ab i l i ty? And i f  
n o t  TV , wh a t  are the o t h e r  pub l i c  broad c a s t  
re source s pre s e n t ly be i ng empl oyed t h a t  could 
be u s ed i n  a s im i l a r  type data ne two r k  ( e . g . , 
FM r ad i o ) ?  

The s e  que s t io n s  arose b e c a u s e  of two requ i re­
me n t s :  t h a t  the cove r age be n a t i o n w i d e  a nd 
t h a t  the eme rg e ncy u s e  of f ac i l i t i e s  not 
i n t e r f e re w i th n o rmal broad c a s t  f u n c t i on s . A 
repo r t , " Fe a s i b i l i ty of U s i ng T e l e t e x t  and FM 
SCA C h a n n e l s  i n  a n  Eme r g e n cy D a t a  Ne twork , "  by 
W . J .  H a r tm a n  a nd V . J . P i e tr a s i ew i c z wa s sub­
m i t t ed to the sponsor . T h i s  report d i s c u s s e s  
t h e  conce p t  of Te l e t ex t , o u t l i ne s  t h e  s a l i e n t  
c h a r a c te r i s t i cs of Te l e t e xt t r a n sm i s s i o n  
l oo k s a t  the s t a t u s  o f  dome s t i c  T e l e t e x t  
impl eme n t a t i o n , a nd o f f e rs a f ore c a s t  o f  
f u t u r e  Te l e te x t  u s e . N a t i o n a l  TV coverage i s  
e x am i ned to d e t e rm i ne wh e t h e r  c oa s t- t o- coa s t  
conne c t iv i ty i s  eve n a pos s i b i l i ty u s i ng com­
p u t e r - d e r i ved maps to i l l u s t r a t e  TV t ra n s­
m i t t er l o c a t i o n s  a nd r e s p e c t ive a r e a s  of 
cove r age . The report c on c l ud e s  that the 
c u r r e n t  conne c t i v i ty is i n s u f f i c i e n t  to 
j u s t i fy s u ch a s y s t em .  

A l though the conc l u s i o n  i s  re a c h ed t h a t  the FM 
rad i o  exh i b i ts e s s e n t i a l ly the s ame r e g i on s  o f  
n on-cov e r ag e  a s  TV , t h e  u s e  of the S C A  c h a n n e l  
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i s  much more exte n s i ve and i s  g row i ng 
rap id l y .  There fore , the FM-SCA c h a n ne l s  o f f e r  
a be t t e r  pro s pe c t ive tech n o l ogy f o r  the 
eme rgency ne twor k .  

A f u r t h e r  exam i na t i o n  of the me thods for u t i ­
l i z i ng the SCA c h a n ne l s  for an eme rgency 
o rd e r- w i re n e two r k  is in prog r e s s .  

sys t ems E ng i ne e r i ng Suppo r t  to the N a v a l  o c e a n  
Sys tems C e n t e r  in M e t e o r - R u r s t  Commu n i c a t i on s . 
The N a v a l  Ocean Sys t ems C e n ter ( NOSC ) i s  the 
focal po i n t  for the deve l opme n t  of a number of 
N a vy , DCA ,  and other DoD me teo r- b u r s t  c ommun i ­
c a t i o n s  systems . The de ta i l s  o f  t h e s e  sys tems 
a re c l a s s i f i ed . The I n s t i t u t e  has been pro­
v id i ng tec h n i c a l  expe r t i s e  and a s s i s t an c e  to 
NOSC in the a n a l y s i s ,  d e s i g n ,  and deve l opme n t  
o f  t h e s e  sys tems . we have bee n prov i d i ng sys­
tems e n g i ne e r i ng support in s e v e r a l  a r e a s  
r e l a ted to me teor-bu r s t  commu n i c a t i on s . Th i s  
support i n c l ud e s  the d eve l opme n t  o f  f u n c t i on a l  
r eq u i reme n t s  f o r  t h e  s y s t ems , a s s i s t an c e  i n  
ove r a l l  sys tems d e s i g n  i n c l ud i ng h a rdware d e f ­
i n i t i o n ,  sof tware d e s i g n ,  i n t e r f a c e s  t o  o t h e r  
s y s t ems , e s t a b l i s hme n t  o f  l i nk protoco l s ,  and 
n e twor k i ng .  Another ma j or I T S  e f fo r t  u n d e r  
t h i s  pro j e ct i s  the d e v e l opme n t  o f  c rypto­
g raph i c  approa che s to mee t i ng the secu r i ty 
requ i reme n t s  of t h e se s y s t ems . The pro j e c t  
a l s o  req u i r e s  t h e  deve l opme n t  of t e s t  
m e t hodo logy to eva l u a t e  s y s t em a nd compo ne n t  
p e r f o rma n ce . T h e  I n s t i tu t e  h a s  b e e n  
p a r t i c i pa t i ng i n  t e ch n i c a l  a nd adm i n i s tr a t ive 
wo r k i ng g roups in  the me t e o r- b u r s t  
c ommun i c a t ions a re a .  T h e s e  g roups i n c l u d e  
both Governme n t  and i n d u s t ry personne l w h o  a r e  
e ng ag ed i n  t h e  d eve l opme n t  of the sys tems , o r  
who a r e  t h e  eve n t u a l  u s e r s  of t h e s e  s y s tems . 

B a ckup Ne twork Concepts f o r  H F I P  App l i c a t i o n s . 
At t h e i r  own l abora tor i e s  a nd w i th the a i d  o f  
i nd u s t r i a l  c o n t r a c t or s , t h e  u . s .  Navy h a s  been 
e ng aged in the H igh F reque n cy Improveme n t  P ro­
g ram ( H F I P ) . I n  the l a s t  d e c a d e  a numb er of 
a d v a n c ed s y s t ems compon e n t s  h a ve been d e v e l ­
ope d , s u c h  a s  the H F  Powe r Amp l i f i e r  ( by 
Wes t i nghouse ) ,  the H F I P  Re ce i ver/E x c i t er ( by 
Roc k we l l/ C o l l i n s ) , the W i d e - b a n d  Modem ( f i r s t  
b y  G e n e r a l  Atron i cs , l a ter b y  GTE ) , and 
o t h e r s . L i t t l e  a t te n t i on ,  howeve r ,  appe a r s  to 
h a ve b e e n  g i ven to s y s t ems i n t e g r a t i on a nd 
s ys tems a rch i t e c t u r e  a s  they wou l d  per t a i n  to 
t a c t i c a l  b a c kup n e twor k s .  

I n  May of 1 9 8 4 , ITS was t a s ke d  to s t a r t  a 
r e v i ew of the current s t a t u s  of H F I P  equ i pme n t  
s pe c i f i c a t i o n s  and t o  cons u l t  w i t h key HF I P  
p e r s o n n e l  i nvo l ved i n  n e twork d e ve l opme n t  a nd 
a pp l i c a t i o n s . Ano t h e r  goa l w a s  to de t e rm i ne 
t a c t i ca l  t e l e c ommun i c a t i on req u i reme n t s  f o r  
O v e r- t h e- Ho r i zo n  T a rg e t i n g  ( OTH-T ) H F  b a c k u p  
i n  c a s e  o f  s a t e l l i te u n ava i l ab i l i ty .  T h e  
l i nk s i n  que s t i o n  emph a s i z e i n fo rma t i o n  
e x c h a n g e s  s h i p- to- s h i p  w i t h i n  a b a t t l e  g roup 
as we l l  as betwe e n  b a t t l e  grou p s . F i n a l ly , 
I T S  a l so ou t l i ned a p l a n  for d e v e l opme n t  o f  
c o ncep t s  a n d  a r ch i t e c t u r e  to fu l f i l l  the 
H F/OTH-T ne twork requ i r em e n t s  i ncorpo r a t i ng to 
the e x t e n t  po s s i b l e  ex i s t i ng and p l a n n e d  H F I P  
a s s e t s . 

The proj e c t  wa s com p l e ted i n  S e p t ember 1 9 8 4 . 

DTE/DCE S t a n d a rd s . A f i g ure of me r i t  for 
m e t a l l i c  t r a n sm i s s i o n  med i a  ( e . g . , tw i s ted 



w i r e  pa i r s , coax i a l cab l e , o r  tw i n- a x i a l 
cab l e ) was d e sc r i bed i n  the FY 8 3  a n n u a l  
report Th i s  f ig u r e  o f  me r i t ,  F m  = 

1 0 9 f / a
�

( w ) , may be c a l c u l a t e d  f r og ma n u f a c ­
tur e r ' s  me a sured a t t e nu a t i o n  coe f f i c i e n t , 
a ( w } , a t  a known f reque n cy ,  f .  The con s t a n t  
1 0 9  i s  b a s e d  on t h e  a s s ump t i on t h a t  f i s  i n  
meg a h e r t z  a n d  a ( w ) i s  e x p r e s s ed i n  dB/un i t  
l e ng t h . The s ig n i f i c a n c e  of t h i s  f ig u r e  o f  
mer i t  i s  t h a t  the F m  i s  a l so e q u a l  to t h e  
prod u c t  o f  max imum b�t r a t e  ( P ) , a n d  l e ng t h  
s q u ared ( t 2 ) .  The P i s i n  M e g a b i t s / s e cond and 
t is  in  the s ame un i t s a s  that of the a t t e nu­
a t i on coe f f i c i e n t  l e n g t h  ( e . g . , k i l ome te r ,  
m i l e , 1 0 0 f t ,  e tc . ) .  

T hu s , for a g i ve n imp l eme n t a t i on ,  the req u i red 
P t2 prod u c t  m u s t  be l e s s  t h a n  the f i gure of 
m e r i t  for the t r a n sm i s s i o n  med i a  to be used . 
Th i s  f i r s t- o r d e r  appro x ima t i on may be u s e d  t o  
s e l e c t  a n  appr opr i a t e  t r a n sm i s s i o n  c a b l e  f r om 
a c a t a l og o f  o f f e r ed p r o d u c t s  when baseband 
NRZ s ig n a l i ng i s  to be u sed . A l s o , a s imp l e  
a t te n u a t i on me a s u r eme n t  on i n s t a l l ed t r a n sm i s­
s i on med i a  ( fo r  exam p l e ,  i n  a bu i l d i ng or i n  
a n  u n d e r g r o u nd d uc t )  m ay b e  s u f f i c i e n t  to 
d e t e rm i ne i t s  max imum d i g i ta l  rate pe r f o r­
m a n c e . 

S im i l a r l y , f i b e r  op t i c  t r a n sm i s s i o n  med i a  c a n  
b e  c h a r a c t e r i zed by a f i g ure o f  me r i t ,  Fm0 = 

P t  = 1 / 4 0 ,  w h e re 0 i s  t h e  rms imp u l s e  response 
w i d t h , per u n i t  l e n g t h ,  o f  the m u l t imode op t i ­
c a l  f i be r .  Th i s  pe r fo rm a nce me a s u r e  o f  
op t i c a l  f i be r s  i s  not a l ways p ub l i s h ed by t h e  
manu f a c t u r e r .  The mo s t  o f t e n  pub l i shed 
c h a r a c te r i s t i c is t h e  3-dB bandw i d t h ,  wh i ch i s  
d e f i ned a s  the lowe s t  f reque ncy a t  wh i c h  the 
mag n i tude o f  the f i be r  t ra n s f e r  f u n c t i o n  
d e c re a s e s  to one- h a l f  o f  i t s va l u e  a t  zero 
f re q u e n cy . For a ny g i ven imp u l s e  re sponse 
s h ape , t h e r e  is a re l a t i o n s h i p be twe en th i s  
f- 3 d B  b a nd w i d t h  a nd the imp u l s e  r e s po n s e  
w i d t h . U s i ng t h e  re l a t i o n s h i p  ob t a i ned emp i r­
i c a l ly f r om me a s ur eme n t s  on s e v e r a l  g r aded­
i nd e x , m u l t imode f i b e r s ,  the above f ig u re o f  
m e r i t ,  Fm0 = 1 . 5  f- 3 d B . 

A b r i e f  d e r i va t i o n  of t h e  above f ig u r e - o f­
me r i t  r e l a t i on s h i p  was p ub l i s h e d  i n  an a r t i c l e  
e n t i t l e d , " Ch a r a c t e r i z a t i o n  o f  T r a n sm i s s i on 
M e d i a "  by J o s e ph A.  H u l l  in  T e l e commu n i c a t i o n s  
mag a z i ne ,  F e b ru a ry 1 9 8 4 . 

I n s t i t u te s t a f f  r e v i ewed M I L- STD- 1 8 8 - 1 1 1 , 
" S u b s y s t em De s ig n  and E n g i ne e r i ng S t a ndards 
for Common Long Haul a n d  T a c t i c a l  F i be r  O p t i c  
Commun i c a t i o n s . "  A s t a f f  mem b e r  p a r t i c i pa ted 
i n  the f i n a l  s ta n d a rd c oo rd i n a t ion meet i ng . 
T h e  s ta nd a r d  wa s approved and subm i t t ed f o r  
p u b l i c a t i o n  on J a n u a r y  2 4 ,  1 9 8 4 . T h i s  i s  t h e  
f i r s t  Gove r nme n t  s t a n d a r d  i n  f i be r op t i c  
s y s t em s . T h i s  s tand ard was u s ed a s  a mod e l  i n  
t h e  deve l opme n t  o f  N T I A  Re po r t  8 4 - 1 5 4 , 
" Op t i c a l  F i ber C ommu n i c a t i o n s  L i nk De s i gn i n  
C omp l i a nce w i t h Sys tems P e r f o rm a n c e  
S t a nd a rd s . "  Th i s  report d e v e lops a n  
e ng i neer i ng approach to the d e s i g n  of op t i c a l  
f i ber commu n i c at i o n  l i n k s  to meet mand a t ed 
s pe c i f i c a t i o n s  for pe r f o rm a n c e  and 
i n t e r op e r a b i l i ty .  It f o l l ows a nd expands on 
t e ch n i c a l  g u i d a n ce o r i g i n a l l y deve loped f o r  
t h e  above M I L-STD . Th i s  e n g i nee r i ng approach 
s h o u l d  be u s e f u l  i n  the imp l eme nta t i on of 
o t h e r  Gove rnme n t  and vo l u n t a ry s t a n d a r d s  und e r  
d ev e l opme n t . 
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The d e s ig n  approach i s  i n t e nd e d  to g u ide the 
s e l e c t i o n  o f  s u b s y s t em c ompon e n t s  f r om c om­
m e r c i a l ly ava i l a b l e  prod u c t s  to as s u re compl i ­
a n c e  w i th a s t andard . A g raph i c a l  repre s e n t a­
t i on was deve l oped to as s i s t  i n  the prepara­
t i on of the op t i c a l  power l o s s  budge t .  The 
f ig u r e- o f-me r i t  for op t i ca l  f i be r s , d e s c r ibed 
above , was re c ommended for the s e l e c t i on o f  a n  
approp r i a te bandw i d t h  c h a r ac te r i s t i c  f o r  the 
f i be r .  S ampl e  c a l cu l a t i o ns are prese.n ted to 
d em o n s t r a t e  the ove r a l l appro a c h . 

Opt i c a l  F i b e r  G u i d e l i ne s . T h,e F e d e r a l  Govern­
ment is the l a r g e s t  s i ng le u s e r  of t e l e c om­
mu n i c a t i o n s  equ i pme n t  and s e rv i c e s  in the 
U n i te d  S t a te s . A g row i ng e l ement {n t h e s e  
e q u i pme n t s  and serv i c e s  i s  t h a t  of Au toma ted 
Da t a  P r o ce s s i ng ( ADP ) . F ig u r e  2 - 5  s hows a n  
e s t im a t ed t o t a l  F e d e r a l  A D P  b u d g e t progre s s ion 
f o r  f i s c a l  years 1 9 8 2  t h ro u g h  1 9 8 4 .  The $ 1 2 . 2  
b i l l i o n  FY 8 4  b ud g e t  i s  brok e n  down i n  F igure 
2 - 6 . These f i g ures i l l u s t r a te the i nve s tment 

�cap i t a l  equ i pme n t , equ i pme n t  r e n t a l ,  and 
c omme r c i a l s ev i ce s  by the F e d e r a l  Government 
i n  a po r t i o n  of the ove r a l l t e l e commu n i c a ions 
arena that is und e r g o i ng a d r am a t i c  change i n  
t e ch no l ogy . The rap i d  move from c e nt ra l pro­
c e s s i ng to d i s t r i bu ted proce s s i ng of d a t a  
c re a t e s  s trong i n t e re s t  i n  both the i n t ra­
f a c i l i ty and l o ng- d i s t ance t r a n sm i s s ion o f  
d a ta . S ome 8 0  p e r c e n t  or mor e  of the d a t a  
t r a n s a c t i ons t a ke p l a c e  w i th i n t h e  corporate 
f a c i l i t i e s  of mo s t  org a n i z a t i o n s . Th i s  should 
a l so apply to Federal f a c i l i t i e s . 

T h e r e  i s  a s t rong n a t i o n a l  and i n t e r n a t ional 
i n te r e s t  in d e v e l op i ng appropr i a te i n te r face 
s t a n d a r d s  f o r  an I n te g r a ted S e rv i ce s  D ig i t a l  
n e two r k  ( I S DN ) . The I n s t i t u te i s  a c t i ve l y  
p a r t i c i pa t i ng i n  t h e  deve l opme n t  of these 
s t a n d a rd s .  O p t im i s t i c a l l y ,  I S DN s e rv i ce s  w i l l  
be come ava i l a b l e  i n  me t ropo l i t an areas l i ke 
Was h i ng ton , DC , w i th i n  the next 5 ye ars . I t  
i s  there fore urge n t  t h a t  Fed e r a l  commu n i ca­
t i ons and i n fo rma t ion s y s tems p l a nners con­
s id e r  not only new t e c h n o l og i e s  bu t a l s o  the 
n ew op portun i t i e s  a f forded by an I S DN o f f e r­
i ng .  

I n tr a f a c i l i ty commu n i c a t i o n s  w i l l  be upg rad ed , 
a s  a m i n imum , by the i n t ro d u ct i o n  of advanced 
d ig i t a l  P r i v a t e  Au toma t i c B r anch Exchang e s  
( PABX ) f o r  vo i c e  a n d  d a t a .  L o c a l  Area N e t­
w o r k s  ( LAN ' s )  w i l l  be used where h ig h e r  d a t a  
r a t e s  a re requ i red . The Fed e r a l  T e l e comm u n i ­
c a t i o n s  S t andards Comm i t t e e , cha i red b y  t h e  
N a t i o n a l  Commu n i c a t i ons Sys t em , has e s tab­
l i shed a F i be r  Op t i c s  T a s k  Group ( FTSC/ FOTG ) 
to : 

1 .  exch ange i n fo rma t i o n  on eme rg i ng f i ber 
opt i c  technolog i e s , i n c l ud i ng cost vs 
p e r f o rmance capab i l i t i e s ; 

2 .  c o l l e c t  a nd d i s c u s s  requ i reme nts from 
F e d e r a l  o f f i c e s  on s y s t ems t h a t  m i g h t  u s e  
f i ber op t i c s ;  

3 .  deve lop g u id e l i ne s  for u s e  by Fed e r a l  
agenc i e s  t h a t  w i s h to c o n s i d e r  f i ber 
o p t i c  i n t r a f a c i l i ty sys tems , keep i ng in 
m i nd c o s t  t r ade - o f f s  and the I S DN 
imp l eme n t a t ion ; and 

4 .  c re a te a me ch a n i sm by wh i ch the Gove rn­
me nt req u i reme n t s  can be conveyed to 
vendors and to vo l un t a ry s t andard s 
d eve lop i ng org a n i z a t i o n s . 
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Figure 2 - 5 .  Total Federal ADP budget 1 9 8 2 - 1 9 8 4 . 
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A paper e n t i t l ed " H ig h  D a t a  Rate Op t i c a l  F i b e r  
L o c a l  Area Ne twork s , "  by Joseph A .  H u l l , w a s  
w r i t t e n  to prov i d e  a n  i n t roduc t i on to f i b e r  
opt i c  LAN ' s  f o r  t h e  above FOTG . I t  appe a r s  i n  
t h e  P ro c e ed i ng s  o f  FOC/LAN- 8 4 ,  t h e  E ig h th 
I n t e r n a t i on a l  F i ber Op t i c  C ommu n i c a t i on s  a n d  
L o c a l  A r e a  N e twork s Expo s i t i on , Sep tember 
1 9 8 4 .  

A n  I TS s t a f f  memb er propo s ed and now l e a d s  the 
FTSC/ FOTG . He a l so r e p r e s e n t s  the Task Group 
i n  seve r a l  re l a ted vo l u n t a ry s t a nd a r d s  c omm i t­
te e s ,  i n c l ud i ng E IA TR 3 0 . 1  ( S i g n a l  Q u a l i t y ) , 
E I A  TR 4 4 . 5  ( I nd u s try-Gove r nme n t  L i a i so n  for 
F i ber Opt i c  S y s tem S t a nd a rd ) ,  ANS I  X 3T9 . 5  
( H i g h  B a ndw i d t h  Compu t e r  Commun i c a t i o n s ) ,  and 
I E E E  8 0 2  ( Lo c a l  Area Ne two rk S t a nd a r d ) .  

I n s t i t u t e  s t a f f  mem b e r s  are wo r k i ng w i t h  
s e n ior s t a f f  i n  o t h e r  Fed e r a l  d e p a r tme n t s  a n d  
age n c i e s  wh e r e  cu r re n t  i n t r a f ac i l i ty commu n i­
c a t i on sys tems upg r ade i s  i n  prog r e s s .  The 
g u i d e l i n e s  to be deve l oped by t h e  FOTG w i l l  
r e f l e c t  exper i e n ce g a i n ed i n  t h e se c u r r e n t  
a c t i v i t i e s . 

I n t eg r a ted S e rv i c e s  D i g i t a l  Ne twork ( I SDN ) 
Numb e r i ng P l a n  De s ig n  Cons i d e r a t i o n s . I n  
r e c e n t  d e c ad e s ,  commun i c a t ion ne two r k s  h ave 
e vo l ved a t  a t reme ndou s p a c e .  Around the 
g l obe , u s e r s  h ave s e e n  new techno log i e s  
d eve l op i n  seve r a l  a r e n a s , have used t h e  s e r­
v i ces t h a t  we re s p awned f r om t h em ,  a nd h a v e  
d ema nded mo re s e rv i c e s . 

T h e r e  wa s a t ime wh e n  a na l og te lephone s y s tems 
were adequ a te to s e rve mos t u s e r  c ommun i t i e s . 
Those " p l a i n  o l d  t e l ephone sys t em s "  ( POTS ) 
u sed b o th a n a l og t r a n sm i s s i o n  a nd s w i t c h i ng t o  
move a me s s age from one po i n t  to a n o t he r . 
s i nce vo i ce was the pr imary mod e  of c omm u n i c a­
t i o n  f o r  the va s t  ma j o r i ty of p ub l i c  u s e r s , 
p ub l i c s w i t c h ed t e l ephone ne two k s  ( PSTN ' s )  
w e r e  bu i l t  on a l a r g e  s c a l e .  A t  t h e  s ame t ime 
pr i va t e  ne two r k s  we re c o n s t r u c t e d  t o  m e e t  spe­
c i a l bu s i ne s s  and m i l i t a ry need s . 

I nc l u d ed i n  the d e s i g n  of e a c h  of t h e  PSTN ' s 
a nd pr i v a t e  n e two r k s we re the s ame b a s i c  
a r c h i te c t u r a l  c ompon e n t s  n e ce s s a ry f o r  t h e  
n e two r k s  to ope r a t e . U s e r  term i na l s  ( te l e­
phone s ,  e t c . ) ,  a c c e s s  loop s ,  l o c a l  ( e n d  
o f f i ce )  sw i tc h e s ,  t a ndem sw i tch e s ,  t r a n s­
m i s s i o n  f a c i l i t i e s ,  a nd t r a n sm i s s i o n  med i a  
( p l a n t ) a r e  examp l e s  of t h e s e  c ompo ne n t s .  
A r c h i t e c t u r a l  f u n c t i on s  were a p p l i e d  t o  e a c h  
o f  t h e  con f i g u red ne two r k s  t o  a l low t h e  n e t­
w o r k s  to p e f o rm i n  a c e r t a i n  w a y . S ig n a l i ng , 
r ou t i ng , t e ch n i c a l  c o n t r o l , connec t iv i ty 
( i n c l ud i ng hom i ng ) , p e r f o rmance c r i te r i a  
( e . g . ,  g r ad e  o f  s e r v i ce ) ,  e tc . , we r e  e s t ab­
l i s hed to p e rm i t  e nd - t o- e nd requ i r eme n t s  to be 
me t .  

E v e n  thou g h  one n e tw o r k  ( pub l i c  or pr i v a t e )  
c o n t a i ned the s ame f un d ame nt a l  e l eme n ts a s  
a no t he r ,  t h e  spe c i a l i z e d  f e a t u r e s  o f  a p a r t i ­
c u l a r  ne twork ( su p p l i ed th rough i t s  e q u i pme n t  
a nd c o n t r o l  f u n c t i on s )  made i t  un i que wh e n  
c ompa red t o  o t h e r  " s im i l a r "  ne twork s .  I f  a 
u se r  d e s i red the s e rv i ce f e a t u r e s  prov i d e d  by 
o ne ne two r k , he s ub s c r ibed to t h a t  s e r v i c e  
( n e tw o r k ) .  I f  he a l s o  needed a s e c o n d  s e rv i ce 
f e a tu r e  p a c k ag e , he m i g h t  a cqu i re t h e  use o f  a 
s e cond n e two r k . 
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I n  rece n t  ye a r s , the e x t r a ord i n a ry adva n c e s  
ach i e ved i n  sem i cond u c tor t e c h n o l ogy have 
c omp l e te l y  revo l u t i on i z ed seve r a l  i n d u s t r i e s , 
par t i c u l a r ly those a s soc i a t ed w i th c ompu te r s  
a nd te l e commu n i c a t i o n s . Large- s c a l e  i n t e g r a­
t i on ( LS I ) prov i d ed the mecha n i sm for c re a t i ng 
m i c rocomp u t e r s  and more powe r f u l  large com­
p u te r s . The i n t e l l i g ence ( proc e s s i ng ) a nd 
s torage ( memory ) a t t r i b u t e s  of LS I ch i p s  
a l l owed a c ommu n i c a t i o n s  s w i tch technology t o  
f o rm swi t c h e s  w i t h a d i g i t a l  format a nd s tored 
prog r am con t ro l . More impor t a n t l y , however , 
i n te g r a ted c i rcu i t ry brou g h t  the compu t e r  and 
t e l e c ommun i c a t i on s  i nd u s t r i e s  tog e t h e r . For 
several ye a r s  d a t a  proce s s i ng had bee n devel­
op i ng a lmos t  comp l e t e ly i ndependent f r om com­
mun i c a t i o n s  t e c h n o l og y .  Large- s c a l e  i n teg r a­
t i on prompted the d e v e l opme n t  of comp u t e r  
( d a t a  proce s s i ng ) equ i pm e n t  w i t h commu n i ca­
t i o n s  f e a t u r e s  a nd commun i c a t i o n s  h a rdware 
c o n t a i n i ng comp u t e r- p roce s s i ng a s s i s t a n c e . 
U s e r s  c l amo red for both types of equ i pme n t . 

New t e c h no l ogy w a s  ( a nd i s )  expens ive , how­
e ve r .  Dev e l opme n t  c o s t s  are pas sed on to t h e  
u s e r . As i n  t h e  ea r l i e r a n a l og ( vo i ce ) era , 
u s e r  commun i t i e s  d e s i r i ng d i g i ta l  d a t a  s e r­
v i c e s  used pub l i c  d a t a  netwo r k s  wh i c h  had been 
e s t ab l i s hed , b u t  h ad to deve l op , or s u b s c r i be 
t o ,  pr i v a t e  d a t a  n e two r k s  to s a t i s f y abnorm a l  
d a t a  need s .  H uge c omp u t e r s  were ava i l a b l e , 
b u t  we re v e ry cos t l y  to own a nd ope r a t e . I n  
a l l  c a s e s ,  u s e r s  p a i d  for u s i n g , or own i ng , 
d a t a- s e rv i ce n e twor k s  and compute rs . 

For seve r a l  ye a r s  the n ,  commun i c a t io n s  
p l a nn i n g  and s u bseque n t  imp leme n ta t io n  o f  
ne two r k s  h ad b e e n ,  for the mos t  p a r t , i n d i v i­
d u a l ly or i e n ted a round spec i f i c u s e r  requ i r e ­
m e n t s .  M a j or vo i c e  and d a t a  ne two r k s  were 
d eve loped for g e n e r a l  c a tegor i e s  of u s e r s , 
wh i l e  sma l l e r ,  s p e c i a l i zed ne two r k s  w e r e  
c r e a ted f o r  t h o s e  w i th mo re pe r s o n a l i z ed 
requ i reme n t s .  There were many ne two r k s  to 
s a t i s f y  the many d i f f e r e n t  s e rv i ce reque s t s . 
The ne two r k s  were i nd e p e nd e n t . They were 
cos t l y  to ru n .  

The ch a ng e ov e r  to d ig i t a l  t r a n sm i s s i o n  by many 
( ne twor k )  s e r v i c e - pr ov i d e r s  i n  t he l a s t  1 0  
y e a r s  s e t  the s t age for a d rama t i c  c h a ng e  i n  
concept re l a t i ve t o  the manner i n  wh i c h  cus­
tome r s e rv i ce s  shou l d  be prov i ded . W i t h  the 
i n c r e a s e d  user demand for more a nd more ser­
v i ce s ,  and the e s c a l a t i ng cos t s  a s so c i a ted 
w i th s o l e - p urpose ne two rk s ,  i n te r na t i on a l  
p l a n n i ng bod i e s  a n d  s ta nd a rd s org a n i z a t i o n s  
d e te rm i ned t h a t  the a l l- d i g i t a l  ( sw i t ch i ng a n d  
t r a n sm i s s i o n ) n e two r k s  form i ng a l l  ove r the 
wor l d  p r e s e n ted an i d e a l  oppo r t u n i ty to reduce 
cost and a c c ommo d a t e  marke t demand- - i f  they 
were un i te d . I f  m a ny sma l l ,  spec i a l i zed ne t­
wo r k s  we re comb i ned to y i e l d  a re l a t i v e l y  few , 
a l l- se r v i c e - e n c omp a s s i ng l a rg e r  ne twor k s ,  more 
u s e r s  cou l d  be se rved and cos t s  cou l d  be 
reduced . An " I n t e g r a t e d  S e r v i c e s  D ig i t a l  N e t ­
wo r k  ( I S DN ) " p h i l osophy was proposed . 

R u t  how i s  t h e  I SDN p h i l osophy ac comp l i shed ? 
How c a n  the many r e l a t ive ly sma l l  s u b n e twork s  
( PSTN ' s , P DN ' s , pr i va t e  ne twor k s ,  e tc . ) ope r ­
a te toge t h e r ?  How do u s e r s  " t a l k "  i n to a n d  
thr ough s u b n e twork s ,  a nd a c c e s s  t o t a l - country 
I SDN ' s ? H ow d o e s  one I SDN u s e r  w i t h  one type 
o f  t e rm i n a l  r e a ch a n o t h e r  u s e r  w i th a s im i l a r  
t e rm i na l ?  W i t h  t h e  nume rou s acce s s  a n d  



numbe r i ng requ i r eme n t s  for the va r i ous 
e x i s t i ng ne two r k s , ( i . e . ,  e a c h  network 
requ i r es a d i f f e r e n t  set of d i g i t s  to be 
d i a l ed [ t r a n s f erred ] in s ome s equence to 
i n i t i a t e  commun i c a t i o n ) , how can a l l  u s e r s  be 
o f fe red equal a c c e s s  to a l l  ne twor k s ?  I S DN 
numbe r i ng s t ra teg i e s  prov i d e  seve r a l  answe r s . 

A numbe r i ng p l a n  i s  the e s s e n t i a l  i ng red i e n t  
i n  t h e  e f fo r t  t o  conne c t  u s e r s , and ne two rk s ,  
togethe r .  The numbe r i ng ( ad d r e s s i ng )  s c heme 
i s  u s ed to ac comp l i s h  two ta s k s . F i r s t ,  the 
numbe r i ng p l a n a l l ows a u s er to ( id e al l y )  
choose and use a num b e r  o f  s e rv i ce s  ove r var­
i ous ne two r k s  eas i l y .  Term i n a l s ,  t r a n sm i s s i o n  
c a r r i ers , spe c i a l  f e a tu r e s  ( e . g . , pr i v a cy ) , 
e t c . ,  can be s e l e c t ed , as requ i red , to mee t 
d e s i red pe rformance and econom i c  goa l s . Th i s  
g e n e r a l  t a s k  o f  the numbe r i ng p l a n  could be 
r e f e rred to a s  " u s e r  i n t e r f a c i ng . "  

The o t h e r  pu rpose of a numbe r i ng p l a n i s  " ne t ­
w o r k  i n te r f a c i ng . "  The numbe r i ng p l a n  de ter­
m i ne s  how the ne twork s and s u b ne two r k s  i n te r ­
f a ce . T h a t  i s ,  b a s e d  on u s e r  requ i reme n t s ,  
the qua n t i ty and s t r u c t ure o f  ne two r k s ,  geo­
g raph i c a l  and po l i t i c a l  con s t r a i n ts , and hard­
ware l im i t a t i on s , wh a t  has to happen to m a k e  
" u s e r  i n t e r f a c i ng "  po s s i b l e ?  Netwo r k  manage­
ment func t i on s  s u ch a s  s i g n a l i ng ,  rou t i ng , 
s w i tch i ng , and b i l l i ng are corre l a ted to p a r t s  
o f  t h e  numbe r i ng scheme . 

An NTIA Rep o r t  e n t i t l e d , " I n te g r a ted S e rv i ce s  
D i g i t a l  Ne twork ( I S DN ) Numbe r i ng P l a n  De s i g n  
C o n s i d e r a t i o n s , "  h a s  b e e n  wr i t ten b y  V a l  J ,  
P i e t r a s i ew i cz and J ,  J ay Au s t i n ,  to i l l um i n a t e  
t h e  many f a c e t s  o f  t h e  I S DN n umbe r i ng p l a n  
d e s i g n , a nd t o  focus on those tech n i c al a r e a s  
t h a t  requ i r e  f u r t h e r  a t t e n t i o n  t o  succ e s s f u l l y  
ach i eve a c ompre h e n s i ve wor l d w i d e  I S DN imp l e ­
m e n ta t i on . Th i s  repo r t  d i s c u s s e s  d e s i r a b l e  
numbe r i ng p l a n  a t t r i b u t e s , d e s c r i b e s  t h e  var i ­
ou s C C I TT ( I n te r n a t i o n a l  T e l eg raph and Te le­
p ho ne Con s u l t a t i ve C omm i t tee ) Recommend a t i on s  
t h a t  apply t o  I SDN n umbe r i ng ( e . g . , E . l 6 4 , 
E . l 6 3 , X . l 2 1 ,  I . 3 3 0 , e t c . ) ,  s umma r i ze s  I S DN 
n umbe r i ng p l a n  s t ud i e s  be i ng pursued by the 
CC ITT , p r e s e n t s  d e s c r i p t ions o f  number i ng 
p l a n s  for sev e r a l  ma j o r n e two r k s  ( e . g . , the 
North Ame r i c a n  numbe r i ng p l an ) , compares the s e  
ag a i n s t  t h e  a t t r i bu t e s  a nd s t a n d a rd s ,  a nd 
o u t l i ne s  a r e a s  for add i t i o n a l  s t ud y .  

I SDN Qu a l i ty of S e rv i ce ( QOS ) S t a n d a r d s  
S uppo r t . Dur i ng f i s c a l  ye a r  1 9 8 4 ,  I n s t i t u t e  
p e r s o n n e l  con t i nued to prov i d e  l e ader sh i p  i n  
s e v e r a l  n a t i o n a l  and i n te r n a t i on a l  s t a nd a rd s  
bod i e s .  Two prom i ne n t  examp l e s  are 
Dr . W i l l i am U t l au t ,  D i r e c t o r  o f  ITS , wh o i s  
C h a i rman o f  the E x c h a ng e  C a r r i e rs S t a n d a r d s  
A s so c i a t ion/Amer i c a n  N a t i o n a l  S t a n d a r d s  
I n s t i t u t e  T l Dl Comm i t t e e , and Th i j s  d e  H a a s  
who i s  Cha i rman o f  C C I TT S t udy G r o u p  XVI I I .  
S t udy Group XVI I I  prov i d e s  coord i n a t i on for 
a l l  I S DN m a t t e r s  w i t h i n  C C I TT , and deve l op s  
I S DN Re comme nd a t i on s . T h e  T l Dl comm i t t e e  
d ev e l ops i n p u t s  to s uppo r t  u . s .  po s i t ions i n  
i n t e r n a t i o n a l  I S DN s t a n d a r d s  a c t i v i t i es . 

Wh i l e a number of I TS peop l e  d i re c t l y  
supported I S DN s t a n d a r d s  work th rough c om­
m i t t ee p a r t i c i p a t ion , others prov i d ed suppo r t  
by s t u d y i ng I S DN ( i t s  c o n ce p t s , i t s  
imp l eme n t a t i o n , s t ra teg i e s , e tc . ) ,  and by 
propos i ng tech n i c al a re a s  for f u r the r 
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comm i t t ee resea rch , e . g ,  prov id i ng 
" cont r i b u t i on s "  to the comm i t t e e s . 

I n  the area of I S DN Qua l i t y of S e rv i c e ( QOS ) ,  
t h ree support e f fo r t s  we re p e r f o rmed by I TS 
peop l e . James Hof fmeye r wrote an NTIA Repor t 
e n t i t l e d , " Vo i ce b a n d  Qu a l i ty of S e rv i c e  I s s ue s  
i n  t h e  Pos t D i ve s t i ture E n v i ronm e n t , "  wh i c h  
a d d r e s sed t h e  t e c h n i c a l  prob l ems a s soc i a t e d  
w i t h the i n terconnec t i on of t e l ephone ne twor k s  
a n d  t h e  equ i pme n t  prov i d e d  b y  t h e  many 
vendo rs . Al though prog r e s s  h a s  been made by 
both n a t i on a l  a nd i n t e r n a t i o n a l  t e l e pone QOS 
s t andards groups i n  te l e phone qua l i ty s t a n­
d a rd i z a t i o n ,  u n s o l v ed i s s u e s  rema i n .  T h e s e  
i s s u e s  are ide n t i f i e d  i n  the r e p o r t  a l ong w i t h 
recomme nd a t i on s  for new prog r ams to r e so l v e  
th em . 

Two C C I TT Con t r i bu t i on s  were d r a f ted to sup­
por t  QOS C omm i t t ee work . One C on t r i bu t i o n  
a d d r e s s ed vo i ce qua l i ty to a n  " expanded " Open 
Sys tems I n te rconne c t i o n  ( O S I ) R e f e r e nce Model . 
Another Contr i bu t i o n  d i s c u s se d  o b j e c t ive QOS 
p a rame te r s . 

S ECTION 2 . 2  SAT E L L I T E  NETWORK ANALYS I S  

The d e ve lopme n t  a nd g rowth o f  a v i gorous 
c omm e r i c a l  s a t e l l i t e i nd u s try is c l e a r ly 
e v i d e n t  tod ay . There a r e  w e l l - e s t ab l i shed 
s e rv i ce s  f o r  d ome s t i c , reg i o na l ,  and i n t e r­
n a t i o n a l , l a rge volume , geograph i ca l l y  c e n ­
t ra l i z ed s e rv i c e s  i n  the F i xed- S a t e l l i te S e r­
v i ce ( F SS ) .  Broad c a s t i ng - S a te l l i te S e rv i c e  
( BSS ) , o f te n  r e f e rred to a s  D i re c t  Broad c a s t  
S a te l l i te ( DBS ) S e rv i c e ,  soon w i l l  b e  
i nt roduced i n  t h e  U n i ted S t a t e s . The N a t i o n a l  
Te l e c ommu n i ca t ions a n d  I n forma t i on Adm i n i s ­
t ra t ion ( N T I A ) h a s  h a d  pr imary re spo n s i­
b i l i t i es for a s s u r i ng t h a t  adequ a te f requency 
s pe c t rum and geosynchronous o r b i t  resou r c e s  
a re ava i l a b l e  to support the g rowth o f  t h e  
i nd u s try- - a nd t h a t  respon s i b i l i ty con t i nu e s . 

A r e s o l u t i o n  pas s ed a t  t h e  1 9 7 9  Wor l d  Adm i n i ­
s tr a t ive Rad i o  C o n f e r e n ce ( WARC ) c a l l s  for 
another WARC to be c onve ned in two s e s s i o n s - -
1 9 8 5  a nd 1 9 8 8 . The f i r s t  s e s s i o n  w i l l  con­
s id e r  the need for p l a nn i ng ( i . e . , ach i ev i ng 
i n t e r na t i o n a l  ag r e eme n t  on the a s s i g nm e n t  of 
f reque n c i e s  a nd o rb i t  l o c a t i o n s  a nd f u t u r e  
s pa c e  serv i ces--the se cond s e s s i o n  w i l l  u n d e r­
t a ke the p l a n n i ng as d e t e rm i ned nece s s ary 
d u r i ng the f i r s t  s e s s i o n . 

The F i xed- S a te l l i te S e rv i ce i s  the pr i nc i p a l  
focu s of prepa r a t i o n  f o r  t h e  1 9 8 5  S p a c e  
WARC . Throughout th i s  y e a r , I TS h a s  pro v i d e d  
t e ch n i c a l  suppo r t  to U n i t ed S t a t e s  prepa r a t ion 
for the con f e re n c e  th rough the d e ve l opme n t  of 
a n  i n t e r f e re n c e  a n a l y s i s  mod e l , g i ven the name 
of Geos t a t i on a ry S a te l l i t e  Orb i t  A n a l y s i s  
P ro g r am ( GS OAP ) ,  and t h rough pa r t i c i p a t i o n  i n  
t h e  I RAC A d  H o c  1 7 8  Wor k i ng Group ( Ad Hoc 
1 7 8 - l C ) on M a n u a l  and Au tom a t e d  T e ch n i qu e s  for 
the E v a l ua t i on o f  P l a n n i ng M e t hod s .  

E a r l i e r  d i s c u s s i o n  m e n t i oned a we l l- d eve l oped 
comme r c i al s a t e l l i te i nd u s t ry ( i n the F S S ) for 
l a rg e  vo l ume , geograph i c a l l y c e n t ra l i z ed s e r­
v i c e s  ( l a rge t runk app l i c a t i o n s ) .  However , 
u t i l i z a t i on of s a t e l l i t e t e c h n o l ogy by d i s­
p e r s e d , l ow- volume u s e rs ( t h i s- ro u t e  app l i ­
c a t i o n s  i n  r u r a l  a r e a s ) h a s  not b e e n  n e a r l y  so 
s u c ce s s f u l . S u ch u t i l i z a t i on d o e s  not o f f e r  



t h e  econom i c  i n c e n t i v e s  o f  l a r g e  t r u n k  appl i ­
c a t i o n s  a nd w i l l  o c c ur o n ly when l owe r-cos t 
g round t e rm i na l s  are av a i l a b l e . Th i s  i s  true 
in s p i te o f  the f a c t  t h a t  t h e r e  i s  c l e a r  need , 
p a r t i cu l a r ly i n  l e s s- d ev e loped p a r t s  of the 
wor l d , for b a s i c  commu n i c a t i on s  capab i l i t i e s , 
a nd s a t e l l i te commu n i c a t i o n s  t e c h nology se ems 
to o f f e r  t h e  b e s t  s o l u t i o n  to t h a t  need . 

A j o i n t l y  s uppo r ted e f fo r t  w i th the Depa r tme n t  
o f  S t a te ( DoS ) , Age n cy f o r  I n t e r n a t i o n a l  

· 

Dev e l opme n t  ( AI D )  w a s  i n i t i a ted i n  1 9 8 0  t o  
d e f i n e  a low-cost e a r th t e rm i n a l  d e s i g n  a nd t o  
bu i l d a n  i n i t i a l term i n a l  f o l l ow i ng t h a t  
d e s i g n . T h a t  t e rm i n al w o u l d  be u s ed i n  e n g i ­
n e e r i ng and pe r f orm a n c e  t e s t s  to e s t ab l i sh t h e  
d e s i g n  f e a s i b i l i ty a nd t h e re by e ncourage 
i nd u s t ry deve lopme n t  and produ c t i o n .  The 
o r i g i n a l  e a r th s ta t ion d e s i g n  a nd s e r v i c e 
req u i reme n t s  s t ud y f o l l owed a pa r ame t r i c  
approach by e s t a bl i s h i ng a m a t r i x  of op t i o n s  
f o r  tech n i c a l  c h a r a c t e r i s t i c s  o f  compo n e n t s  o f  
the e a r t h  s t a t i o n ,  s uch a s  the a n t enna s i ze , 
t h e  low no i s e amp l i f i e r  n o i s e  tempe r a ture , and 
the h i g h  power ampl i f i e r  o u t p u t  capab i l i­
t i e s .  T e c h n o l og i e s  t h a t  cou l d  be u s e d  for 
t e l e phony , such as s i ng le c h a n n e l  per c a r r i e r  
f re q u e n cy mod u l a t i o n  ( S CPC- F M ) ,  d ig i t a l  vo i c e  
e n c od i ng s u c h  a s  a d a p t i ve d e l t a  mod u l a t i o n  
w i t h q u a d r a ture phase- s h i f t- ke y i ng ( QPSK ) ,  or 
vo i ce s y n t h e s i s s uch as l i ne a r  pred i c t ive 
cod i ng ( LPC ) w i t h QPSK , a l s o  a re used a s  para­
me t e r s  o f  t h e  s t udy . T h i s  s t ud y  g u ided the 
d ev e l opme n t  of tech n i c a l  spe c i f i c a t i o n s  for 
the e a r t h  s t a t i o n . The p u r c h a s e  of m a j o r  
com po n e n t s  t h a t  me e t  t h o s e  s pe c i f i c a t ions w a s  
c omp l e t ed t h i s  yea r . 

The I TS S a te l l i t e N e twork An a l y i s Group wo rk 
has i n c l ud e d  f i ve NT I A- s po n so r ed e f fo r t s  p l u s  
two com p l em e n t ary pro j e c t s spo n s o red b y  AI D .  
I n  add i t i o n , t h e re h ave b e e n  two s tudy e f fo r t s  
d i re c t e d  t o  mode l i ng rad i o  propag a t i o n  
e f f e c t s - - s t ud i e s  of d i f f r a c t i o n  b y  a rounded 
obs t a c l e  ( ra t h e r  than a k n i f e edge ) and an 
a n a l y t i c a l  mod e l i ng of c h a ng e s  in p u l s e  s h ape 
f o r  p u l s e s  r e f l e c ted f r om the ionosphere . 
T h e s e  n i ne pro j e c t s  ( prog r amma t i c  e f fo r t s ) ,  
e s t ab l i shed for ma n ag em e n t  t r a c t ab i l i ty ,  are : 

1 .  T e c h n i c a l  Support t o  P l a n n i ng and 
P r e pa r a t i o n  for the 8 5 / 8 8  S p a c e  WARC 

2 .  Deve l opme n t  o f  t h e  Geos t a t i o n a ry S a t­
e l l i t e O r b i t  An a l y s i s  P r o g r am ( GSOAP ) 

3 .  S t ud i e s  of E a r t h  S t a t i on A n t e n n a  S id e lobe 
C h a r a c t e r i s t i c s  

4 .  A d v a n c e d  S a te l l i te C ommu n i c a t i o n s  
T e c h n o l ogy S t ud i e s  

5 .  S t udy o f  Impa c t  of R e d u c e d  S a te l l i t e 
S e p a r a t ion on E a r t h  S t a t i o n  A n t e n n a  
De s i g n  

6 .  T e c h n i c a l  Suppo r t  to t h e  AI D Rur a l  
S a te l l i t e P rog r am 

7 .  Te ch n i c al S uppo r t  t o  AI D i n  the 
Deve l opme n t  of a Low C o s t  T e l e v i s i o n  
S y s tem for E d u c a t i o n a l  Appl i c a t i o n s  

8 .  Round ed-Ob s t a c l e  D i f f r a c t i o n  S t ud i e s  
9 .  P u l s e  D i s t o r t i on S t ud i e s  ( Ph a s e  I I ) . 

Techn i c a l  S uppo r t  To P l a n n i ng a n d  Prepar a t i o n  
for t h e  8 5 / 8 8  Space WARC . As no ted e ar l i e r ,  
t h e  1 9 7 9  WARC o f  t h e  I n t e r n a t i o n a l  T e l e commu­
n i c a t i o n U n i o n  ( I TU ) reso l ve d  t h a t  a Wo r l d  
Adm i n i s t r a t i ve Rad io Con f e re n ce b e  conve ned i n  
two s e s s i o n s  t o  con s id e r  t h e  n e e d  f o r  p l a n n i ng 
a l l  s p a c e  s e rv i ces to a s s ure equ i t a b l e  use o f  
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f requency a n d  geosynchronous orb i t  resou r c e s  
and to a c comp l i sh p l a n n i ng a s  d e t e rm i ned nec­
e s s a r y . The word " pl a n n i ng "  a s  used in th i s  
d i s c u s s i o n  me a n s  d e t a i l ed , a p r io r i  a s s i g n­
m e n t s  of f requency spe c t rum a nd geosynchronou s 
o r b i t  pos i t i o n s  for u s e  by s pe c i f i ed s p a c e  
s e rv i c e s . The f i r s t  s e s s i o n  i s  s c h ed u l ed f o r  
Aug u s t  1 9 8 5 ;  the se cond s e s s i on i s  s c h e d u l e d  
f o r  1 9 8 8 .  

I n  the I TU T a b l e  of Frequency A l l o c a t i o n s , 1 3  
s p a c e  s e r v i c e s  are prov i d ed freque n cy re sour­
c e s .  These s e rv i c e s  are l i s ted be low :  

1 .  Aeronau t i c a l  Mob i l e - S a te l l i t e  
2 .  Ama t e u r  S a te l l i te 
3 .  B ro a d c a s t i ng - S a t e l l i t e  
4 .  E a r th Exp l o r a t i o n- S a te l l i t e  
5 .  F i x e d - S a t e l l i te 
6 .  M a r i t ime Mob i l e - S a t e l l i t e  
7 .  I n t e r- S a te l l i te 
8 .  M e t e orolog i c a l- S a t e l l i te 
9 .  Mob i l e - S a t e l l i t e  
1 0 .  Rad i o nav i g a t i o n- S a t e l l i te 
1 1 .  S p a ce Ope r a t i on 
1 2 .  S p a c e  Re se arch 
1 3 .  S t a nd a r d  Frequency a nd T ime S ig n a l ­

S a t e l l i te .  

T h e  F i xed - S a te l l i te S e rv i ce ,  w i th more than 
1 0 0  e x i s t i ng space sys tems , i s  the s e r v i ce 
t h a t  u s e s  mo s t  space resource s .  For t h i s  
r e a s o n , a v i ew i s  deve l op i ng t h a t  Space WARC 
p l a n n i ng shou l d  con s i d e r  o n l y  the F i xed- S a t e l­
l i te S e r v i ce a nd o n ly c e r t a i n  f requency band s 
a l l o c a ted to that serv i ce .  

I n s t i tu t e  s upport to u . s .  prep a r a t ion for the 
8 5  S p a c e  WARC i n c l u d e s  cont i nued devel opme n t  
o f  t h e  GSOAP mode l  ( d i s cu s s ed b e l ow ) , pa r t i c i­
p a t i o n  i n  Ad H o c  1 7 8  a c t i v i t i e s  ( Ad Hoc 1 7 8  i s  
coord i na t i ng u . s .  prepa r a t i on for the Space 
WARC ) , p e r f o rm a n c e  a n a l y s i s  o f  earth s ta t ion 
a n t e n n a  s ide- lobe c h a r a c te r i s t i cs ( d i s cu s s e d  
b e l ow ) , and the prov i s i o n  of seve r a l  s t a nd­
a lone c ompu ter mod e l s  to the Ad H o c  1 7 8 - l C  
S o f tw a r e  Wo r k i ng Grou p .  These and other 
s t a nd - a lone mod e l s  are be i ng c o l l e c t ed as a 
l i br a ry of re l a t iv e l y  s im p l e  mod e l s , ava i l a b l e  
o n  the N T I A  HP - 1 0 0 0  c omp u t e r  i n  Annapol i s ,  to 
s uppo r t  prep a r a t i o n s  for the 8 5  Space WARC . A 
b r i e f  d e s c r i p t i on of e a c h  of the mode l s  pro­
v i d e d  by I TS is g i v e n  be low . 

M i n imum E l l ipse Mod e l  

T h e  M i n imum E l l i p s e  Mod e l  d e t e rm i nes t h e  m i n i ­
mum e l l i p t i c a l  beam of a ge o s t a t i on a ry s a t e l ­
l i te a n t e n n a ,  g i ve n the o rb i t a l  pos i t i on o f  
t h e  s a te l l i te and t h e  loca t i o n s  of t h e  E a r th 
po i n t s  t h a t  d e f i n e  the po lygon bound a ry of the 
s e rv i ce a re a . The me thod is based on a 
s t r a i g h t fo rward a nd e xh au s t i ve s e a r ch for a 
m i n imum e l l i p t i c a l  beam ove r a l l  po s s i b l e  
r a ng e s  o f  a l l  n e c e s s a r y  pa r am e t e r s  t h a t  
s pe c i f y t h e  e l l i p t i c a l  beam . 

Geosync hronous S a te l l i t e Geome t ry Mod e l  

T h e  Geo s yn c h ronous S a te l l i t e  Geometry Mod e l  
c a l cu l a t e s  the d i s t ance , a z i m u t h , a n d  e l eva­
t i on a ng le to a geosynch ronous s a te l l i te as 
seen f rom any po i n t  on the s u r f ace of the 
E a r th . 



U s a b l e  S e rv i ce A r c  M od e l  

T h e  U s ab l e  S e rv i ce A r c  Mod e l  d e t e rm i ne s  the 
u s ab le s e rv i ce arc for a s e rv i ce a re a  on the 
s u r f a c e  o f  the Earth based o n  the e l ev a t i o n  
a ng l e s  o f  the g e o s yn c h ronous s a te l l i te orb i t a l  
pos i t io n  a s  s e e n  f rom po i n t s  d e t e rm i n i ng the 
s e rv i ce a re a . 

Au toma ted I TU Appe nd i x  2 9  C omp u t e r  Mod e l  

T h e  Au toma ted I TU Appe nd i x  2 9  C omp u t e r  Mode l  
c a l c u l a te s  the i n t e r f e rence p o t e n t i a l  be twe e n  
g eos t a t i o n ary s a te l l i te ne two r k s  s ha r i ng t h e  
s ame f r e q u e n cy b a nd s .  I t s p u r pose i s  t o  pro­
v id e  a pr e l im i n a ry a n a l y s i s  of the e l e c t romag­
ne t i c  i n te r a c t i ons be twe e n  a propo s ed space 
r ad i o- commun i c a t ions sys t em ,  u s i ng c e r t a i n  
spec i f i e d  c h a r a c t e r i s t i cs and p a r ame t e r s .  The 
p rog r am is based d i re c t l y  on procedu r e s  s e t  
out i n  Appe nd i x  2 9  to t h e  I TU Rad io Reg u l a­
t i o n s , Geneva 1 9 7 1 .  

Foo tpr i n t s  Proj e c t ion Mode l 

The Footpr i n t s  P r o j e c t ion Mod e l  a u t oma t i ca l ly 
com p u t e s  and p l o t s  E a r t h  footpr i n t s  and s e r­
v i ce a re a  polygons on a map p r o j e c t i o n  of the 
E a r t h ' s  s u r f ace . The map pr o j e c t i o n s  av a i l­
a b l e  i n  the prog r am a re :  

M e r c a t o r  
Cy l i nd r i c a l  Equ id i s t a n t  
Mol lwe ide 
A l be r ' s  Equ a l  Area Con i c  
B i - P a r a l l e l  Con forma l Con i c  
S t ereograph i c  
O r t hograph i c  
L amb e r t  Equal Area 
A z imuth a l  Equ i d i s t a n t  
Gnomo n i c . 

The prog r am c a n  be used as a d e s i g n  tool to 
max i m i z e  g e o s t a t i o nary s a t e l l i te a n t e n n a  cov­
e rage ove r  a pa r t i cu l a r  po r t i o n  of the E a r t h ' s  
s u r f a ce a nd to l i m i t  pote n t i a l  i n t e r f e r e n ce i n  
a d j a c e n t  a r e a s . 

Propag a t i o n  L o s s  M od e l  

The P ropag a t i o n  L o s s  Mod e l  c a l cu l a t e s  the 
ba s i c t r a n sm i s s ion lo s s ,  u nd e r  c l ear sky a nd 
r a i ny s k y  cond i t i ons , be twe e n  a po i n t  on the 
geosync hronous orb i t  a nd a po i n t  on the sur­
f a ce of the E a r t h . The prog r am a s sume s the 1 
p e r c e n t  wo r s t  mon th for the r a i n  a t t e n u a t i o n  
c a l cu l a t i o n s , i . e . , a propag a t ion l o s s  t h a t  i s  
n o t  e x ce e d ed f o r  9 9  p e r c e n t  o f  the t ime d u r i ng 
the wo r s t  mon t h .  

Deve lopme n t  o f  the Geos t a t i o n a ry S a t e l l i te 
Or b i t  A n a l y s i s  P rogram ( GSOAP ) .  Th i s  dev e l op­
m e n t  wo r k , t hough cond u c t ed u n d e r  a separate 
proj e c t  t i t l e , is  a pa r t  o f  the N T I A  suppo r t  
t o  p l a n n i ng a nd prepa r i ng for t h e  8 5 / 8 8  Space 
WARC . To t h i s  end , a com p u t e r  sof tware sys tem 
c a l l e d  Geo s t a t i o n a ry S a te l l i te Orb i t  A n a l y s i s  
Prog r am ( GSOAP ) i s  u n d e r  deve l opme n t  a t  ITS . 
I t  i s  a tool for a n a ly z i ng space s e r v i c e s  sce­
n a r i o s  ( i . e . , propo sed orb i t  a nd spe c t rum use 
p l a n s )  by c a l c u l a t i ng the c a r r i e r- t o- i n t er fer­
e n c e  ( C/ I ) r a t ios and t h e  b a s e b a nd s ig n a l  
q u a l i ty m e a s u r es such a s  t h e  s ig n a l- t o- no i s e 
r a t i os ( S NR ) or the b i t  error r a t e s  ( B E R ' s ) . 
The GSOAP mod e l  w i l l  be u s e f u l  for v a r i ou s  

7 8  

s p a c e  s e rv i c e s ,  bu t the pr imary emph a s i s  i s  on 
the F i x e d - S a te l l i te S e r v i ce ( F SS ) .  

The I T S  e f fo r t  i n  deve lop i ng GSOAP h a s  bee n 
coord i n a ted c l o s e ly w i th the N T I A  O f f i ce o f  
Spe c t rum M a n ag em e n t  ( OSM ) . The OSM p l an s  to 
u s e  GSOAP i n  prepa r i ng for the f o r t h c om i n g  
1 9 8 5  a n d  1 9 8 8  S p a ce WARC ' s  ( Wo r l d  Adm i n i s t ra­
t i ve R ad i o  Con f e re n c e  for the p l a n n i ng o f  
Space serv i ce s ) ,  both before a nd a t  t h e  s i te 
of the con f e r e n ce s .  It  i s  expe c t ed that GSOAP 
w i l l  i n t e r f a ce w i th a d a t a  base deve loped by 
NT I A/OSM and a scen a r i o  syn the s i s  prog r am t h a t  
i s  be i ng deve l oped u n d e r  a con t r a c t  f rom O SM 
to p r i va t e  i n d u s try . 

I mproveme n t s  made to GSOAP i n  th i s  f i s c a l  year 
i n c l ud e : 

o mod e l i ng of a ge n e r a l  shaped-beam a n t e n n a  
g a i n  p a t t e r n  

o re f i neme n t  i n  impl eme n t i ng the C C I R  
propag a t i on mod e l  

o imp l eme n t i ng the 1 9 8 3  RARC- B S - R 2  
( Re g i o n a l  Admi n i s t r a t ive Rad i o  C o n f e r e n c e  
f o r  the p l a n n i ng o f  the Broad c a s t i ng ­
S a te l l i te S e r v i ce i n  Reg i o n  2 )  
propag a t i o n  mod e l  

o i n c l u s i o n  of the c a l c u l a t i on of g a s  
a b s o rpt i o n  b y  oxyg e n  a n d  w a t e r  vapor 

o impl eme n t i ng v a r i ous c a l c u l a t i o n  op t i on s  
reque s ted by OSM 

o i n c l u s ion of the C/I c a l cu l a t i on i n  the 
mu l t i p l e - t r a n sponder case on the 
a s s ump t i o n  of r e c t a ng u l a r  spec t rum and 
p a s sb and s h ape s .  

A subrou t i n e  p a c k a g e  f o r  c a l c u l a t i ng t h e  ba se­
band s i g na l  p e r formance is under d e ve l opme n t  
by OSM , and i n c l u s i o n  o f  the p a c k a g e  i n  GSOAP 
is a l so under way in I T S . 

We beg a n  the deve lopme n t  work on a l a rge- s c a l e  
compu t e r  a t  t h e  u . s .  Dep a r tme n t  of C omme rce 
Bou l d e r  L a b o r a t o r i e s , conce n t r a t i ng our e f f o r t  
i n  d eve lop i ng GSOAP a s  por t a b l e  s o f tware . I n  
the m i d d l e  o f  t h i s  ye a r ,  we t r a n s f e r r e d  GSOAP 
from the l a rge- s c a l e  comp u t e r  to an I T S  m i n i ­
compu t e r ,  wh i c h  i s  the s ame type as the OSM 
compu t e r . S ev e r a l  pro b l ems s t emm i ng f r om the 
sma l l  core memory s i ze have b e e n  solved s i n ce , 
and GSOAP now c a n  a n a lyze a s c e n a r io c o n s i s t­
i ng of 5 0  s a t e l l i te s  a nd 2 0 0  E a r t h  po i n t s . 

Two d ra f t  repor t s ,  one on the t e c h n i c a l  b a s e s  
o f  G S OAP ( e xc lud i ng the c a l cu l a t i o n  o f  b a s e ­
b a n d  s ig n a l  p e r f o rmance ) a nd t h e  o t h e r  on t h e  
c a l cu l a t i o n  of po l a r i z a t i o n  a ng l e s , h av e  been 
wr i t t e n  a nd a re under r e v i ew . A p re l im i n a r y  
ve r s i o n  of the GS OAP u s e r  ma n u a l  i s  a l s o  u n d e r  
rev i ew . 

Rema i n i ng mode l i ng/prog ramm i ng e f fo r t s  
i n c l ud e : 

o c a l cu l a t i o n  of the b a s e ba nd s ig n a l  
per formance 

o e s t a b l i s h i ng the s t r u c t u r e  o f ,  a nd t h e  
m e t hod for read i ng o f ,  the i np u t  d a t a  
f i l e s . 

E f fo r t s  i n  comp l e t i ng th i s  mod e l  w i l l  requ i re 
con t i nu i ng c l ose coord i n a t i o n  w i th OSM . 
E f fo r t s  for comp l e t i ng d e v e l opme n t  of GSOAP 
w i l l  con t i nue i n to next year . 



S t ud i e s  of E a r t h  S t a t i o n  A n t e n n a  S i d e- l obe 
C h a r a c t e r i s t i c s . I n  conj u n c t ion wi th the 
upcom i ng ( 8 5/8 8 ) Wo r l d  Adm i n i s t r a t i ve Rad i o  
C o n f e r e n c e , one que s t i on t h a t  i s  be i ng a s ked 
has to do w i th manda tory u s e  o f  re f e r e n c e  
p a t te r n s  i n  c a l cu l a t i ng i n te r f e re n c e . Re l a ted 
to t h i s  q u e s t ion i s  the f a c t  that re l a t ive l y  
l i t t l e  d a t a  have bee n subm i t t ed t o  t h e  C C I R  to 
d e s c r i be the pe r fo rmance c h a r a c t er i s t i c s  of 
e a r t h  s t a t ion a n t e n n a s  u s e d  for f i xed- s a t e l­
l i te s e r v i ce ( F SS ) . Th i s  l a ck of d a t a  i s  
p a r t i cu l a r l y a c u t e  for sm a l l  a n t e n n a s , i . e . , 
w h e n  D/ A < 1 0 0 ,  where D e q u a l s  the d i am e t e r  o f  
t h e  a n t e n n a  a nd A equa l s  t h e  wave l e n g t h  o f  the 
r a d i o  e ne rgy be i ng rece i ved or t r a n sm i t ted by 
the a n te n n a . 

I n  r e s p o n s e  to t h e s e  needs for tech n i c a l  
i n fo rmat i o n , a nd a s  support to prepa r a t ion for 
t h e  8 5/8 8 Space WARC , ITS h a s  c o l l e c t ed o f f­
a x i s  g a i n  p e r forma n ce p a t t e r n s  of a n te n n a s  
produced b y  u . s .  m a n u f a c t u r e r s . M e a s ur e d  
s i d e l obe p e r f o rmance d a ta for ove r 8 0  p e r c e n t  
o f  the a n te n n a s  l i s t ed i n  appl i c a t i o n s  for 
l i ce n s i ng by t he FCC in t h e  4 / 6  GHz b a nd f o r  
c ommon c a r r i e r  s e rv i c e s  i n  1 9 8 2  have b e e n  
o b t a i ned a nd a n a l y zed w i th r e s u l t s  ava i l a b l e  
t o  space s e rv i c e s  p l a n n e r s  i n c l ud i ng C C I R  
s t ud y/wo r k i ng g rou ps . T h e  I n s t i tu te i s  con­
ce rned w i t h  the e f f e c t s  on sys tem pe r f o rm a n c e  
o f  i n t e r f e r e n c e  l eve l s  to a nd f r om ad j a c e n t  
s a te l l i t e s  i n  l ig h t  of t h e  FC C ' s  n e w  Rep o r t  
a nd Ord e r ,  Doc ke t No . 8 1 - 7 0 4 , wh i ch w i l l  
eve n t ua l l y  r e d u c e  s a t e l l i t e  orb i t  s e p a r a t i o n s  
f r om t h e  p r e s e n t  4 °  to 2 ° , 

T h i s  s tu d y  c o n s i d e r s  the immed i a te s id e- l o b e  
a n g l e  a r e a  ( 1 °  t o  7 ° )  a nd a l so g r e a t e r  a ng l e s  
to t h e  e x t e n t  t h a t  d a t a  a r e  av a i l a b l e  f r om 
m a n u f a c t ur e r s . Ac t u a l  a n t e n n a  p a t t e rn s  f rom 
d i f f e r e n t  ma n u f a c t u r e r s  we re obt a i ned a nd d i g ­
i t i zed produc i ng a d a ta b a s e  c o n s i s t i ng o f  1 6 8  
s e p a r a t e  p a t t e r n s  for 2 2  a n t e n n a s  i n  the 4 GH z 
( s p a c e - t o - Ea r t h ) f r e q u e n cy range a n d  7 1  p a t ­
t e r n s  i n  the 6 GH z r a n g e  ( E a r th- to- s p a c e ) f o r  
the s ame 2 2  a n te n n a s . T h e  a n t e n na s  s t u d i e d  
r a nge f r om 2 . 8  t o  1 3 m i n  d i ame ter w i t h  d i am­
e ter- to-wave l e ng th r a t i o s  ( D/ A ) f rom 3 5  to 
2 6 7 . 

A l l  a n t e n n a s  i n  t h i s  s tudy we re d e s i g n e d  to 
meet the r u l e s  a nd r eg u l a t i on s  of the FCC as 
pub l i shed in 1 9 7 4  a n d  upd a ted in 1 9 8 2 , a s  
g i ven b y :  

1 °  < e < 4 8 °  1 3 2  - 2 5  l og e dB i ,  for 
G (  e )  = 

- 1 0  dB i ,  for 4 8 °  < 8 < 1 8 0 °  

where e i s  the a ng l e  i n  d e g r e e s  f r om t h e  
a n t e n n a  bor e s i t e .  

F ig u r e  2 - 7  shows s t a t i s t i c a l  r e s u l t s  o f  our 
a n a l y s i s  for all  a n t e n nas s t ud i ed in  the down­
l i n k  ( 4  GH z )  f re q u e n cy r a n g e  a nd F ig u r e  2 - 8  
s hows re s u l t s  f o r  a l l  a n t e n n a s  s t u d i e d  i n  t h e  
6 GH z r a ng e .  T h e  CC I R ,  i n  Re comme n d a t i o n  
4 6 5 - l , u t i l i z es a s im i l a r  r e f e re n c e  p a t t e r n . 
H oweve r ,  they recomme nd t h a t  t h e  e nve lope o n l y  
be u s ed f o r  a n t e n n a s  w i th a D/ A g r e a t e r  t h a n  
1 0 0 . S t a t i s t i c a l  re su l t s , w i th a n t e n n a s  o f  
D/ A g r e a ter t h a n . l O O ,  are s hown for t h e  4 a nd 
6 GHz r a ng e s  i n  F ig u r e s  2 - 9  a nd 2 - 1 0 , r e s p e c­
t i v e l y . 
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T h e  reg i o n  be twe en 1 °  a n d  4 °  away from the 
bores i te i s  a n  e x t reme ly s e n s i t i ve i n te rva l 
w i th respe c t  to i n t e r f e re n c e  to/ from the E a r t h 
t e rm i n a l . W i th the FCC ' s  d e c i s i on to move 
U . S .  sate l l i t e s  from a 4 °  separa t i o n  to 2 ° ,  
t h ey h ave redu ced the l e v e l  for the re f e r e n c e  
e nve lope to avo i d  u n a c c e p t a b l e  i n t e r f e r e n c e . 
The proposed new u . s .  re f e r ence enve lope i s  
g i ven by : 

2 9  - 2 5  l og e  d B i  I for 1 0 < e < 7 0 

G ( e ) + 8 d B i ,  for 7 0 < 8 < 9 . 2 °  

3 2  - 2 5  l og e dB i ,  for 9 . 2 °  < e < 4 8 °  

- 1 0  d B i  I for 4 8 °  < e < 1 8 0 ° 

f o r  cop o l a r  s ig n a l s  for al l a n t e n n a s  trans­
m i t t i ng i n  the F i xed- S a t e l l i te S e rv i c e . I n  
add i t i on , the FCC h a s  s t a t ed t h a t  th i s  curve 
may not be exceeded be twe e n  1 °  and 7 ° ,  The 
F CC a l so is propo s i ng a cros spo l a r  re f e re n c e  
c u rve wh i c h  s h a l l  b e  1 0  d B  be l ow t h e  copo l a r  
s ig n a l  i n  t h e  reg i o n  between 1 °  a n d  9 . 2 °  f r om 
the bore s i t e . 

The CC I R ,  i n  Recomme n d a t i o n  5 8 0 ,  has adopted a 
s im i l a r  d e s i g n  ob j e c t i ve for a n t e n n a s  w i th D/ A 
> 1 5 0 . T h a t  d e s i g n  o b j e c t ive i s  that a t  le a s t  
9 0  perce n t  of t h e  s i d e - l obe peak amp l i tu d e s  
n o t  exceed 

G ( ¢ ) = 2 9  - 2 5  l o g ¢  d B i  for 1 °  � ¢ � 2 0 ° ,  

The recomme n d a t i o n  f u r t h e r  s tates that thi s  
requ i reme n t  shou l d  b e  m e t  for a ny o f f- a x i s  
d i re c t ion w i th i n  3 °  o f  the geos t a t ionary­
s a te l l i te orb i t .  Re comme nd a t i o n  5 8 0  m a k e s  no 
me n t ion of recomme nded s ide- lobe g a i n  a t  
a ng l e s  ¢ > 2 0 ° 1  n o r  d o e s  the recomme nd a t ion 
i n c lude antennas w i th D/ A < 1 5 0 .  However , a 
r e c e n t  mod i f i c a t i o n  proposed for Recom­
mend a t i o n  4 6 5- 1  i s  t h a t  no more than 1 0  per­
cent of the s id e - l o be p e a k  amp l i tudes exceed 
the e nve lope d e f i ned by 

5 2  - 1 0  l og ( D/ A ) - 2 5  log ¢ d B i ,  
f o r  1 0 0  ( A/D ) < ¢ < 4 8 °  

G (  ¢ ) 
1 0  - 1 0  l og ( D/ A )  dB i ,  for 

4 8 °  � ¢ � 1 8 0 ° .  

Seve r a l  conc l u s i o n s  may be d r awn from the 
d i s c u s s i o n  above a nd the s t UfY re s u l t s  
s umma r i z e d  i n  F ig u r e s  2 - 7  through 2 - 1 0 .  

o The p e r f o rm a n ce of some e x i s t i ng a n t e n n a s  
d o e s  n o t  c o n f o rm w i th t h e  c u r r e n t  FCC 
requ i reme n t s . F o r  e xamp l e , see t h e  
a n a l y s i s  r e s u l t s shown i n  F ig u r e  2 - 8  f o r  
t h e  a ng u l a r  r e g i o n  1 °  - 4 ° ,  

o The p e r f o rm a n c e  of ex i s t i n g  a n t e n n a s  w i l l  
b e  poorer s t i l l  when c ompared t o  the 
s id e- l obe requ i reme n t s  tha t  the FCC has 
adopted in c o n j u n c t ion w i th the i r  
d e c i s i o n  t o  reduce spa c i ng ( i n o rb i t )  
be tween s a te l l i te s .  

o I n  v i ew of t h e  pr e c e d i ng c o n c l u s i o n ,  
r e d uced s p a c i ng be tween s a t e l l i te s  w i l l  
requ i re r ed e s i g ned e a r t h  s t a t i on 
a n t e nn a s . 

o S id e - l o b e  pe r f orma n ce d a t a  for red e s i g ned 
a n t e n n a s , t he n ,  s ho u ld be a n a ly z ed in a 
m a n n e r  a n a l og o u s  to the 
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Figure 2 - 11 . Portable E arth Term i n a l  bui l t  by NASA . 

s t ud i e s  I T S  h a s  condu c t ed on ex i s t i ng a n t e n n a  
d a t a . 

Advan ced S a te l l i te Commun i c a t i o n s  Techno logy 
S t ud i e s .  La te i n  1 9 8 2 ,  NASA s o l i c i ted s u g ge s­
t i ons for exper ime n t s  to be p e r f o rmed w i t h the 
Ad v a n ced C ommun i c a t i o n s  Technology S a t e l l i t e  
( ACTS ) .  The I n s t i t u te f o r  Te l e c ommu n i c a t i o n  
S c i e nc e s  re sponded and was i n c l ud e d  on t h e  
l i s t  of exper ime n te r s . S ubseque n t ly t h e  f u nd­
i ng of ACTS b e c ame u n c e r t a i n  and l a u n c h  wa s 
d e l ayed u n t i l  1 9 8 9 . I n  l i g h t  of the u n c e r­
t a i n t i e s  s u r round i ng ACTS , the focus of the 
ITS work was broade ned to accommod a t e  expe r i ­
me n t a t i o n  u s i ng ava i l a b l e  commu n i c a t i o n  s a te l­
l i te s ,  a nd s ig n i f i c a n t  beg i n n i ngs on e s t a b­
l i s h i ng an exper ime n t a l  s a t e l l i t e commu n i­
c a t i ons f a c i l i ty were mad e .  

A s t udy wa s mad e o f  a l t e r n a t ive s a t e l l i te com­
mun i c a t ions exper ime n t s  of i n t e r e s t  t o  I T S , 
a nd of the c r i t e r i a  for expe r ime n t  eva l u a t ion . 
A l i s t  of que s t i ons posed by C C I R  and o t h e r s  
was formul a t ed . S t ud i e s  o f  p a t h  d i v e r s i ty ,  
abso l u te p a t h  d e l ay ,  frequency r e u s e , a n d  
o t h e r  top i c s  we re cons i d e red . The ben e f i t s o f  
exper ime n t s  a s  a f u n c t ion of c o s t  w e r e  con-
s ide red . 
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A sea rch wa s made to locate equ i pme n t  c r i t i c a l  
t o  a s a te l l i t e  m e a s ureme n t s  prog r am , a nd nego­
t i a t i o n s  we re beg u n  to acqu i r e  the equ i pme n t . 
A key r e s o ur c e , ob t a i ned at the c o s t  of t ra n s ­
porta t i o n  on l y  i s  a P o r t a b l e  E a r t h  Te rm i n a l  
t h a t  was cus tom bu i l t  by NASA for u s e  i n  
s a te l l i t e commu n i c a t i o n s  s t ud i e s  ( s ee F i g u r e  
2 - 1 1 ) .  T h e  veh i c l e  i s  equ i pped w i th a r o o f ­
mou n ted a n t e n n a , a f u l l comp l eme n t  o f  
equ i pment r a ck s , and t w o  1 2- k W  mo tor g e n e r a t ­
ors . The P o r t a b l e  E a r t h  Term i na l  i s  i n t e nded 
for mob i l e  app l i ca t i o n s  a nd for use in p a t h  
d iv e r s i ty exper ime n t s . 

A second key reso u r c e , comm i t ted f o r  t r a n s f e r  
t o  I TS , i s  a m i l l ime ter wave a n t e n n a  sys tem 
( s ee F ig u r e  2 - 1 2 ) . Th i s  i n s t rume n t a t i o n  grade 
a z imu th-over- e l e va t i on ped e s t a l  supports a 4 . 6  
m ( 1 5- f t )  a l um i num honeycomb d i s h  w i t h  f i be r­
g l a s s  s k i n .  Ga i n  at 30 GHz i s  5 9  dB . 

The e a r t h  term i n a l  equ i pm e n t  and expe r im e n t s  
w i l l  b e  c o n t ro l l ed v i a  m i c ro c omp u t e r s  u s i ng a n  
I EE E - 4 8 8  i n t e r f a c e  bu s .  Cons i d e r a t i o n  was 
g i ven to equ i pment requ i r eme n t s  for both the 
p r imary e a r t h  term i n a l  and the por t a b l e  e a r t h  
term i n a l , a n d  p r e l im i n ary c o s t  e s t ima tes were 
a s semb l e d . 



F igure 2 - 1 2 . NASA mill imeter wave antenna system . 
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Dur i ng the com i ng ye a r ,  wo rk w i l l  be c o n t i nued 
on the d e s i g n  of expe r ime n t s ,  the d e s i g n  a nd 
improveme n t  of e a r t h  t e rm i n a l  f a c i l i t i e s ,  and 
d e s ign of sof tware for exper ime n t  and equ i p­
m e n t  con t ro l . 

S t udy of Imp a c t  of Re d u c e d  S a t e l l i t e Sepa r a­
t i on on E a r t h  S t a t ion A n t e n n a  De s ig n .  I n  
o rd e r  t o  ma i n t a i n  a n  open e n t ry po l i cy for the 
d ev e l opme n t  of dome s t i c  s a t e l l i t e s y s t ems , the 
FCC i s sued a Not i ce o f  I nqu i ry and Proposed 
Ru l ema k i ng on Novemb e r  1 8 ,  1 9 8 1 , as Do c k e t  No . 
8 1 - 7 0 4 , regard i ng the s e p a r a t i on ( i n o rb i t )  
b e twe e n  space s t a t i o n s  i n  the F i xe d - S a t e l l i t e 
S e rv i ce ( FS S ) and c h a r a c te r i s t i cs of a n te n n a s  
f o r  a s so c i a ted e a r t h  s t a t i o n s . T h e  FCC pro­
posed to reduce the s pa c i ng of s a t e l l i te s  
ope r a t i ng a t  6 / 4  GH z from 4 °  t o  2 °  a nd the 
spa c i ng of s a te l l i t es ope ra t i ng a t  1 4 / 1 2  G H z  
f rom 3 °  t o  2 ° ,  I n  conj u n c t i o n  w i th th i s  
red u c t ion i n  s a t e l l i te spac i ng the pe rm i s s i b l e  
s ide- l obe pe r f o rma nce of e a r t h  s t a t i on 
a n te n n a s  a l so was r e d uced by 3 d B  f rom 
G (  B ) = 3 2- 2 5 l og ( B ) t o G (  e ) = 2 9 - 2 5 l og ( 9 ) f o r  
a ng l e s , ( 6 ) ,  o u t  t o  7 °  w i th r e s p e c t  to the 
ma i nbeam ax i s .  A 10 dB c ro s s - po l a r i z a t i o n  
i so l a t i o n  s t a n d a rd w a s  a l so i n t roduced . 

F o l low i ng rece i p t  of comme n ts from 4 7  re spond­
e n t s ,  the FCC i s s ued i t s Report and Order o n  
Aug u s t  1 6 ,  1 9 8 3 ,  a n  a c t i o n  i n i t i a t i ng a phased 
impleme n t a t i on o f  t h e  antenna s id e- lobe 
p e r f o rm a n c e  s t andards d e s c r i b ed above . The 
FCC noted t h a t  un i form o rb i t a l  separa t i o n s  at 
2 °  f o r  sys tems ope r a t i ng a t  6 / 4  GH z need be 
a c comp l i s h ed o n ly a s  a c t u a l l y  r e qu i red by 
t r a f f i c  dema nd s .  In prog re s s i ng towa rd t h a t  
g o a l , orb i ta l  s e p a r a t i o n s  as g r e a t  a s  3 °  a nd 
a s  sma l l  a s  2 °  b e twe e n  i nd i v i d u a l  s a te l l i t e s  
could be a l l owed to prov ide ave r age spac i ng o f  
2 . 5 ° .  Orb i t a l  separa t i o n s  o f  2 °  f o r  s y s tems 
t h a t  ope ra te at 1 4 / 1 2 a re f e a s i b l e  n ow .  I n  
t h e  Rep o r t  and O r de r ,  the FCC no ted t h a t  some 
i n c re a s e  in i n te r fe r e n c e  to e x i s t i ng sys tems 
cou l d  occur and t h a t  t h e s e  ex i s t i ng sys tem s  
would h ave t o  be u p g r ad ed o r  r e p l a ce d  over the 
nex t seve r a l  ye a r s . The FCC , there f o r e , 
orde red t h a t , to a c h i e ve the reduced orb i t  
s e p a ra t i o n s  o f  s a t e l l i t e s , the new s t a n d a r d s  
for e a r t h  s t a t i on a n te n n a  s id e - l obe a nd c ro s s­
p o l a r i z a t i o n  pe r f o rma n c e  wou l d  apply to a l l· 
new a n te n n a s  i ns t a l l ed a f t e r  J u l y  1 ,  1 9 8 4 , and 
to all  antennas a f t e r  J a nu a ry 1 ,  1 9 8 7 . 

That orde r ,  howeve r ,  h a s  been d e f e rred u n t i l  
f u r t h e r  not i ce by a n  FCC O r d e r  re l e a s ed 
J a nuary 2 7 , 1 9 8 4 , a s  a re s u l t  o f  Pe t i t i on s  for 
Recons i d e r a t ion f i l ed b y  four pa r t i e s  who 
que s t i o ned cer t a i n  t e ch n i c a l  d e t a i l s of t h e  
improved a n te n n a  p e r fo rm a n c e  spe c i f i c a t i o n s  
a n d  contended t h a t  F C C  po l i cy ob j e c t ives c o u l d  
be ach i eved w i t h  l e s s  cos t  a n d  d i sru p t i o n  to 
the i r  ope r a t i on s  a nd s e r v i ce s .  

L a te i n  the ye a r  ( 4 t h  q u a r t e r ) ,  I TS i n i t i a ted 
th i s  s tudy o f  imp a c t  on e a r t h- s t a t i o n  a n te n n a  
d e s i g n  r e s u l t i ng f r om reduced s a te l l i t e s e p a r­
a t i on . The s t udy i nvol ves the col l e c t i o n  a n d  
rev i ew o f  docume n t s , s u c h  a s  the Doc k e t  8 1 - 7 0 4  
m a t e r i a l s  t h a t  d e s c r i b e  ( FS S )  app l i c a t i o n s  
w i th pa r t i cu l a r  i n t e r e s t  g i v e n  to appl i c a t i o n s  
us i ng sma l l  e a r t h- s t a t i o n  a n t e nn a s . A n  
e a r t h- s t a t i on a n t e n n a  i s  cons ide red " sma l l "  
whe n  the d i ame t e r- t o-wave l e n g t h  r a t i o ,  D/A , i s  
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l e s s  than 1 0 0  o r  1 5 0  d e p e nd i ng o n  seve r a l  
d e t a i l s  of the a pp l i c a t i o n . 

The col l e c t ed i n f o rma t i on on pos s i b l e  i n t e r­
fe rence a nd i nd e p e n d e n t  t e c h n i c a l  a n a l y s e s  i s  
be i ng used t o  deve lop eng i ne e r i ng g u id e l i n e s  
f o r  proper s e l e c t i o n  o f  sm a l l  e a r th-s t a t i o n 
a n te n n a s , cons i d e r i ng the i n tended s e rv i c e  
app l i c a t i on and q u a l i ty o f  s e r v i ce o b j ec­
t ive s .  These ma te r i a l s  are be i ng used to 
prepare a Gu i de l i ne s  d o c ume nt that w i l l  be 
c i rc u l a ted to approp r i a t e  orga n i z a t io n s  f o r  
c omme n t s , t h e n  r e v i s ed a nd pub l i s h ed e a r l y  
n e x t  ye a r .  

Tech n i c a l  Suppo r t  to t h e  A I D  Ru r a l  S a t e l l i t e 
Prog r am . The Ag e ncy for I n te r n a t i o n a l  Deve l o­
pme n t  e s t a b l i s h ed the Rur a l  s a te l l i te prog r am 
a s  a coope r a t ive e f fo r t  be twe e n  the U n i ted 
S t a tes a nd a numb e r  o f  d e ve l op i ng n a t i o n s  t o  
d emo n s t r a t e  the be ne f i t s of commu n i c a t i o n  
s a t e l l i t es and o t h e r  c ommu n i c a t i o ns t e c h no­
log i e s  to the ad van ceme n t  of deve l op i ng 
n a t i o n s . The e x i s t e n c e  of u b i qu i tous c ommun i ­
c a t i on s  sys tems i n  l e s s- d e v e l oped ru r a l  a r e a s  
of t h e  wor ld wou ld be e x p e c ted t o  e n h a n c e  food 
produc t i on and d i s t r i bu t i o n , to improve h e a l t h  
a n d  f am i ly p l a n n i ng s e rv i c e s ,  t o  improve pro­
d uc t i v i ty ,  and to f a c i l i t a t e  a c c e s s  to e d u c a­
t i on s y s t ems . S a te l l i te c ommun i c a t i on s  a r e  
l i k e l y  to be u s ed i n  deve lop i ng cou n t r i e s , 
howeve r ,  o n ly i f  the c o s t  of e a r t h  s t a t i o n s  to 
prov i d e  th i n- r o u t e  s e rv i c e  can be red u c e d  sub­
s t a n t i a l l y .  

A s  pa r t  o f  t h e  t e ch n i c a l  s u ppo r t  prov i d ed to 
AI D ,  d u r i ng pre v i ou s  ye a r s ,  a p a r ame t r i c  
a na l y s i s  o f  ( t h i n- rou t e ) e a r th - s t a t i o n  de s i g n  
a nd s e r v i ce c a p ab i l i t i e s h a s  been pe r f o rmed . 
P a r ame ters of th i s  a n a l y s i s  i n c luded : 

o E a r th s t a t i o n  a n t e n n a  g a i n- to- s y s t em 
n o i se tempe r a t u r e  r a t i o ,  G/T , r a ng i ng 
f rom 1 7 . 5  t o  3 0 . 0  d B/K 

o E a r t h- s t a t i o n  a n t e n n a  d i ame t e r  rang i ng 
from 3 . 0  to 1 0 . 0  m 

o Low- n o i s e  amp l i f i e r  ( LNA ) n o i s e  temp­
e r a t ures r a n g i ng f r om 5 5  to 2 0 0  K 

o H ig h-powe r amp l i f i e r  ( HPA ) output powe r  
r a ng i ng f r om 1 t o  4 0 0  W 

o INTE LSAT ( I V a nd I V- A ) and d ome s t i c  
s a t e l l i te re s ou r c e s  

o Frequency mod u l a t i on ( FM )  and d ig i t al 
encod i ng w i th p h a se s h i f t key i ng ( i . e . , 
CVS D w i th OPSK ) of vo i ce s e rv i ce s . 

The re s u l t s  of t h i s  a n a l y s i s  were u s ed to 
d ev e l op t e ch n i c a l  s pe c i f i c a t i o n s  for the ma j or 
c ompo n e n t s  of a sma l l  e a r th s t a t i on to be u s ed 
i n  per form a n c e  ver i f i c a t i o n  and demo n s t r a t i on 
te s t s . Procu reme n t  a c t i on s  we re i n i t i a ted 
l a s t  ye a r  for buy i ng a 5 -m a n t e n n a  w i t h  c i rc­
u l a r  po l a r i z a t i o n  to a c c ommo d a te ope r a t i o n  
w i t h I NTE LSAT s a t e l l i te s ,  a low- n o i s e  amp l i ­
f i e r  w i th no i se t emp e r a t u r e  o f  8 5  K ,  a TWT 
h ig h-powe r amp l i f i e r  w i th max imum outpu t powe r 
n o t  l e s s  t h a n  1 5  W ,  f r e q u e n cy conve r t e r s  f o r  
o pe r a t ion a t  6 / 4  GHz , and C O D E C  a nd MODEM 
un i t s to a l l ow d i g i t a l  vo i c e  a nd d a t a  c ommun i ­
c a t i o n s  u s i n g  con t i nuou s l y- v a r i ab l e  s l ope 
d e l t a mod u l a t i on ( CVS D )  a nd quad r a t ure p h a se� 
s h i f t  ke y i ng ( QPS K ) rf mod u l a t i o n  w i th forward 
e r ror corre c t i on ( F EC ) .  



During the presen t  year , the paramet ric anal­
yses were extended to consider I NTELSAT V and 
V-A sate l li tes . A paper on this work was pre­
sen ted at the l O t h  AIAA (American I nsti t u te 
for Aeronau tics and Astronau tics) Communica­
tion Satel lite Systems Conference in Or lando ,  
FL , March 1 8 - 2 2 .  

Procu rement of the major components of the 
smal l ear th station also was compl eted this 
year . Coordi nation mee tings were held wi t h  
t h e  sponsors a n d  I NTELSAT represen tatives t o  
d eve lop a performance verification and demon­
s tration test schedu l e . Detai ls of t hat coor­
dination are pending as t his year ends . 

Technical S upport to AI D in the Deve l opment of 
a Low Cost Television System for Educational 
App lications . As part of a l arger program 
directed toward facili tating educational pro­
grams i n  l ess-deve l oped count ries , the Agency 
for I n ternational Deve l opmen t  funded a study 
by the Batte l l e  Pacific Nor thwest Laboratories 
(Bat tel l e) to determine the feasibili ty of a 
single chann e l  TV receiver that wou ld be l ow 
i n  cos t and woul d  have modest power require­
men ts . The I nsti t u te provided technical moni­
toring services to AI D in con nection wit h  
Batte l l e ' s  wor k ,  which was completed d uring 
the year . 

Targeted objectives of the study were recom­
mendations for a simplified tel evision system 
responsive to the needs of rural vi l lages and 
urban poor that would incl ude a 9 0  percen t  
reduction i n  the cost of receivers , receiver 
power requirements of 5 - 1 5  w ,  and a design 
adap ted to indige nous manufacture and local 
assemb l y . 

Battel le's main conclusions may be summarized 
as fol l ows: 1 )  Costs of e l ec tronics may be 
�inimized by ful ly using newest deve l opmen ts 
1 n  very large-scale in tegrated circui ts 
(VLS I ) ,  and by limi ting receivers to a si ng le 
channe l . 2 )  Since pict ure t ubes and cases 
comprise abou t half the cos t of tel evision 
receivers , manufact ure of these parts in l ess 
deve l oped cou n t ries al ong wi t h  assembly of 
receiver e l ectronics is needed to ful ly real­
ize possib le savings . 

Bat te l le believes that an e l ect ronics industry 
in a less-deve l oped cou n t ry can build grad u­
a l ly , begi nning wi th assemb ly of impor ted com­
ponen ts and gradual ly replacing these wit h  
i ndigenously made par ts as infrastructure 
deve l ops . Assuming a mixt ure of some loca l ly 
made elect ronics and hardware wi t h  imported 
in tegrated circuits and some pict ure t ube 
parts to begin wi th , projected manufacturing 
costs for such simplified tel evision receivers 
wou l d  lie in the fol lowing range: 

COMPONENT COS T  

E lect ronics $ 6 to s 7 

Pict u re Tube $ 4 to $ 5 

Case $ 0 . 8  to $ 1 

Total $ 1 0 . 8 to $ 1 3 

Bat te l l e  conclud ed that power consump tion 
coul d  be held to 4 or 5 W by choosi ng a 5 to 
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7 i n .  (diagonal) picture tube using either a 
large length-to-diameter ratio with magnetic 
d efl ection or an electros tatical l y  def l ected 
design . 

.Rounded Obstacle Diffraction S t udies . The 
prediction of ground wave propagation l oss 
over irregu lar t�rrain often requires eval ua­
tion of the diffraction effects caused by 
rounded obstacles along the propagation path . 
However ,  curre n t  methods of calcu l ating these 
effects are somewhat restricted in their 
app lication and can lead to significant errors 
in the predicted attenuation for some situa­
tions . For instance , in some cases it can be 
s hown that errors of over 1 7  dB can occur for 
practical propagation paths ( 1 0 0  MHz , 1 5  km 
path distance) if proper accoun t  is not given 
to pol arization and electromagnetic ground 
constants . Therefore , a study was under taken 
to extend and correct previous res u l ts on the 
subject of diffraction by a smooth ,  convex 
surface . Equations and curves have been 
developed that are suitabl e  for both hori­
zon tal and vertical polarization and a ful l 
range of electromagne tic ground constants . 
The curves provide attenuation predictions in  
the transition region between knife-edge and 
smoot h-ear t h  diffraction theory . The resu l ts 
of this work wi l l  be presen ted in a paper to 
be pub lished ear ly next year . 

Pulse Distor tion S tudies (Phase I I) .  This 
work is a continuation of an anal ytical study 
to determine the change in  pulse shape for a 
pu lse reflected from the ionosphere . The 
impul �e respons� for refl 2ction from an iono­
sph e r lc l ayer w 1 th a sech electron densi ty 
profil e  has been investigated . A constant 
e l ectron col lision frequency and a ver tical 
compon e n t  (on ly) of the Earth ' s  magne tic field 
were assumed , and both ver tical and oblique 
i ncide nce refl ection were conside red . Because 
of assumptions t hat were necessary for the 
solu tion of the field compone n t s ,  on ly 
approximate res u l ts were obtained for 
reflection at ob lique incidence under the 
influence of the ver tical magnetic fie l d . 

Numerical evaluations of the impul se response 
we re accomplished by a compu ter program using 
Fast Fourier Transform (FFT) techniques . The 
FFT program is satisfactory for smal ler val ues 
of penet ration frequency and layer thickness 
typical of E-layers , but becomes impractical 
for the larger values that characterize the F­
l aye r .  For the latter case , an expression for 
the enve l ope of the impulse response was 
derived , from which distortion effects can be 
estimated . 

Resul ts of the study are contained in a paper 
to be pub lished in Radio Science . The paper 
con tains numerical exampl es of the impulse 
response for various input val ues of 
pene tration frequency , gyro-frequency 
col lision frequency , and layer thickn�ss . 

S ECTION 2 .  3 SYS TEM PERFOR�1ANCE STANDARDS 
AND DEFINITION 

The principal focus of the System Performance 
S tandards and Definition Group is the develop­
men t  and application of national and in ter­
national telecommunication standards . Two 
core projects are described . The first 



ad d r e s s e s  a need w i th i n t h e  u . s .  for un i form 
m e a n s  of expre s s i ng the pe r fo rmance of d a t a  
c ommu n i c a t i o n  s e rv i c e s  a s  s e e n  b y  e nd u s e r s . 
The s e c o nd sup por t s  u . s .  p ar t i c i pa t i o n  i n  t h e  
d eve l opme n t  o f  i n te r n a t i o n a l  s t a n d a rd s , par­
t i c u l a r ly those d e a l i ng w i th p ub l i c d a ta n e t ­
work s a nd t h e  I n teg r a t ed S e rv i c e s  D i g i t a l  
Ne two r k  ( I S DN ) . T h e  ove r a l l  ob j e c t ive o f  both 
p r o j e c t s  i s  to f a c i l i t a t e  p r i v a te s e c to r  dev­
e l opme n t  a nd F e d e r a l  proc ureme n t  o f  d i g i t a l  
t e l e commun i c a t i o n  s e rv i c e s . 

D a t a  C ommu n i c a t i o n s . The I n s t i tu t e ' s  Da t a  
C ommun i c a t i o n s  pr o j e c t  h a s  two ma j o r g o a l s . 
The f i r s t  i s  to promote c ompe t i t i on and te ch­
n o l ogy i n nova t i o n  in the t e l e commu n i c a t ion 
equ i pme n t  a nd s e r v i ce i ndu s t r i e s .  The second 
is  to f a c i l i t a t e  e f f i c i e n t  m a t c h i ng o f  pro­
v id e r  o f f e r i ng s  w i th u s e r  n e e d s  i n  the 
i n c re a s i ng ly d i v e r s e  and compe t i t ive u . s .  
t e l e c ommu n i c a t i o n s  i nd u s t ry . B o th g o a ls are 
be i ng p ur s ued th rou g h  t h e  deve l opme n t ,  promu l ­
g a t i o n , and app l i c a t i on o f  u s e r-or i e n te d , 
n e twork - i nd epend e n t  d a t a  commu n i c a t i o n  perfor­
mance p a r ameters a nd me a s ureme n t  m e t hod s .  Key 
e nd prod u c t s  are Fed e r a l  and Ame r i c a n  N a t i o n a l  
s t a n d a rd s , wh i ch pro v i d e  a " c ommon l a n g u a g e "  
f o r  pe r fo rm a n c e  d e s c r i p t i o n ;  p r o t o type t e s t  
equ i pme n t  impleme n t i ng the s t a n d a rd s ; a n d  
t e ch n i c a l  repo r t s  d e sc r i b i ng a c t u a l  me a s ure­
m e n t s  of r e p r e s e n t a t i ve p ub l i c  a nd pr i va t e  
d a t a commu n i c a t ion ne two rk s .  

Two r e l a ted d a t a  c ommu n i c a t i o n  p e r fo rma n c e  
s t a nd a r d s  h a v e  been deve loped . The f i rs t  
d e f i nes the u s e r-o r i e n t ed p e r f o rmance pa ra­
m e t e r s . T h a t  s t a nd a rd was approved a s  I n t e r im 
F e d e r a l  S t an d a r d  1 0 3 3  i n  1 9 7 9 ,  a nd w a s  s u b s e ­
q ue n t l y  ad a p t ed a nd appr oved a s  Ame r i c a n  
N a t i o n a l  S t a n d a rd ( ANS ) X 3 . l 0 2 , " Da ta C ommun i ­
c a t i o n  S y s tems and S e rv i c e s- - U s e r  O r i e n t ed 
P e r forma n c e  P a r amete r s . "  The X 3 . l 0 2  s t andard 
is  u n i que in  prov i d i ng a s e t  o f  p e r f o rm a n c e  

m e a s u r e s  t h a t  m a y  b e  u s ed to d e s c r i be t h e  
q ua l i ty of any d a t a  commun i c a t i o n  s e rv i c e ,  
i rre s p e c t i ve o f  ne twork t e c h no l ogy , a r c h i te c ­
t u r e , topo logy , o r  u s e r  a c c e s s  protoc o l . 

Twe n ty-one u s e r-or i e n ted p e r f o rm a n c e  
p a r ame t e r s  are de f i ned i n  Ame r i c a n  N a t i o n a l  
S t a nd a r d  X 3 . l 0 2 .  T h e  p a r ame t e r s  e xpre s s  
p e r fo rm a n c e  re l a t ive t o  three pr ima ry 
c ommun i c a t i on f u nc t i on s : a c ce s s ,  u s e r  
i n f o rma t i o n  t r a n s fe r ,  a n d  d i s e ng a g eme n t .  Each 
f u n c t i on is con s i d e red w i th respect to three 
pos s i b l e  r e s u l t s ,  or ou tcome s ,  a n  i n d i v i d u a l  
p e r forma nce t r i a l may encoun t e r :  s u c c e s s f u l  
p e r f o rma nce , i ncorre c t  p e r f o rma nce , and 
n o npe r fo rma n c e . One or more " pr ima ry" 
p a r ame ters are d e f i n ed to expr e s s  p e r f o rmance 
r e l a t i ve to e a c h  f u n c t i on/cr i t e r i o n  p a i r . The 
X 3 . l 0 2  p a r ame ters also i n c l u d e  a sma l l  set of 
" a nc i l l a r y "  p a r ame t e r s ,  wh i ch e xp r e s s  the 
ave r ag e  propo r t i o n  of pr imary f u n c t ion 
pe r formance t ime t h a t  i s  a t t r i bu t a b le to user 
d e l a y s . Ame r i c a n  N a t i o n a l  S t and a rd X 3 . l 0 2  i s  
c u r re n t ly be i ng impl emen ted i n  s eve r a l  
i nd u s try a n d  Gove r nme n t  t e l e commun i c a t ions 
o r g a n i z a t i o n s ,  and has been proposed for 
a d op t i o n  a s  a ma ndatory Fed e r a l  T e l e commu n i c a­
t i on S t a nd a rd . 

The se cond s t a n d a rd de f i ne s  un i form me thods of 
mea s u r i ng the ANS X 3 . l 0 2  p a r ame t e r s . T h a t  
s t a nd a rd wa s pub l i shed a s  propo sed F e d e r a l  
S t a nd a rd 1 0 4 3  i n  1 9 8 1 . I t  h a s  s i nce b e e n  
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adapted f o r  propos a l  a s  a n  Ame r i c a n  N a t i o n a l  
S t a n d a rd , d e s i g n a t e d  X 3 S 3 5 / l 3 5 ,  " Da t a  C ommun i ­
c a t i o n  S y s tems and S e rv i c e s- - M e a s u r eme n t  
Me thods f o r  U s e r- O r i e n t e d  P e r fo rma nce 
Eva l u a t i o n . "  The me a s u r eme n t  s t a n d a rd i s  
expec ted t o  b e  subm i t t ed for formal b a l l o t i ng 
as a n  Ame r i c a n  N a t i o n a l  S t an d a rd i n  t h e  f a l l 
of 1 9 8 4 .  

F i g u r e  2 - 1 3  i l l u s t r a t e s  the proc e s s  o f  d a t a  
commun i c a t i on p e r f o rmance me a s u r eme n t  a s  
d e s c r ibed i n  t h e  propo s ed me a s ureme n t  s t and­
ard . I np u t s  to the me a s urem e n t  proc e s s  
cons i s t  of ( 1 )  me a s u r eme n t  ob j e c t i v e s  d e f i ned 
by the e xp e r i me n t  c o n t e x t ,  a nd ( 2 )  d i g i t a l  
s ig n a l s  obs e rved a t  t h e  mo n i tored u s e r / s y s tem 
i n t e r f a c e s . Re s u l ts of the m e a s ureme n t  
p r oc e s s  cons i s t  o f  ( l )  e s t im a t e d  ( me a n ) v a l u e s  
for ANS X 3 . l 0 2  per formance p a r ame t e r s  c h a r­
a c t e r i z i ng the mon i tored s y s t em , a n d  ( 2 )  
a s so c i a ted prec i s i on a nd var i ab i l i ty 
s ta t i s t i c s  ( e . g . ,  con f i d e n c e  leve l s  a nd 
l im i t s ,  h i s tog r ams , a nd reg re s s i o n  
coe f f i c i e n t s ) .  T h e  me a s ureme n t  proce s s  i s  
a c c om p l i s h ed i n  four pr i ma ry p h a s e s : 

l .  Expe r ime n t  De s ig n .  Ge n e r a l  me a s u r eme n t  
o b j e c t i ves are d e ve l oped i n to a d e t a i led 
e xp e r ime n t  plan t h a t  de f i ne s  the spec i f i c  
p e r f o rma nce i n forma t i on to be c o l l e c t e d  
a nd the focu s and cond i t i o n s  o f  
i nd i v i d u a l  te s t s . 

2 .  

3 .  

Da t a  E x t r a c t i o n .  S ig n a l s  t r a n s f e r red 
a c r o s s  s e l e c t ed p a i rs o f  d i g i t a l  u s e r/ 
s y s tem i n t e r f a c e s  are mo n i tored i n  re a l  
t ime . A t  e a c h  mon i tored i n te r f a c e , t h e  
n a t u r e  a nd t ime o f  o c cu r re n c e  o f  p e r f o r­
m a n c e- s ig n i f i c a n t  i n t e r f ace s i g n a l s  a r e  
re corded i n  a chronolog i c a l  re f e r e n c e  
e v e n t  h i s t ory . 

D a t a  Reduc t i o n . The recorded re f e re n c e  
e v e n t  h i s to r i e s  a re me rged a nd p r o c e s s e d  
to p r o d u c e  e s t im a t e d  m e a n  v a l u e s  f o r  
s e l e c ted ANS X 3 . l 0 2  pe r fo rma n c e  
pa r ame t e r s . 

4 .  D a t a  A n a ly s i s .  The reduced d a t a  are 
e x am i ned s t a t i s t i c a l ly to d e t e rm i ne t h e  
p r e c i s i o n  of i nd i v i d u a l  p a r ame t e r  e s t i ­
m a t e s  and a ny a s soc i a ted c o n c lu s i on s .  

F i g u r e  2 - 1 3  a l s o  i l l u s t r a t e s  the o rg a n i z a t ion 
o f  the proposed me a s u reme n t  s t a nd a rd . 
S e c t i on 2 d e f i ne s  a g e n e r a l  procedure f o r  the 
de s ig n  o f  d a t a  c ommu n i c a t i o n  p e r f o rma n ce 
measureme n t  exper imen t s . S e c t i o n s  3 a n d  4 
spec i fy f u nc t i o n a l  requ i reme n t s  for ANS X 3 . l 0 2  
d a t a  e x t r a c t i o n  and d a t a  reduc t io n  s y s t em s , 
r e s pe c t i ve l y .  S e c t i o n  5 ou t l i n e s  me thods o f  
a n a ly z i ng me a s ured p e r f o rm a n c e  d a t a  a nd 
d e f i ne s  s t a t i s t i c a l  i n forma t i on t h a t  s h o u l d  be 
repo r ted w i t h the e s t imated m e a n s . S e c t i o n  6 
prov i d e s  s t a ndard forms t h a t  may be u s ed i n  
summa r i z i ng such r e s u l t s .  Appe nd i c e s  prov i d e  
d e f i n i t i on s  f o r  spe c i a l i zed me a s u reme n t  t e rms 
as we l l  as appl i c a t ion ex amp l e s . 

The I n s t i t u t e ' s  FY 8 4  Data C ommun i c a t i o n s  pro­
j e c t  had two over a l l  go a l s : 

l .  To f a c i l i t a te approval a nd i n i t i a l u s e  o f  
t h e  propo sed me a s u r eme n t  s t a n d a r d  b y  
d e ve l op i ng a n d  d o c ume n t i ng 
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2 .  

k e y  p e r fo rma nce me a s u reme n t  sof tware 
s y s tems a nd t e c h n i q ue s . 

To com p l e te and d o c ume n t  p i l o t  me a s ure­
me n t s  of three u . s .  p ub l i c  d a ta ne twork s 
( P DN ' s )  u s i ng I TS-deve loped , 

m i c roproc e s so r - b a s ed t e s t  s e t s  c o n f o rm i n g  
t o  t h e  AN S I  s t a nd a rd s . 

The I n s t i t u t e  c omp l e t ed , d o c ume n t ed , a nd d em­
o n s t r a ted two t r a n spor t a b l e  FORTRAN p e r for­
m a n c e  m e a s u r eme n t  c omp u t e r  prog r ams d u r i ng 
FY 8 4 . The f i r s t ,  the I TS Da t a  Red u c t i o n  pro­
g r am ,  au tom a t e s  the t e s t  d a t a  red u c t i o n  f u n c ­
t i o n  a s  spe c i f i e d  i n  S e c t i o n  4 o f  the me a s u re­
me n t  s t a n d a r d . The s e cond , t h e  I TS S t a t i s t i ­
c a l  De s ig n  a nd A n a l y s i s  program , autom a t e s  key 
s t e p s  in m e a s u r em e n t  e x p e r ime n t  d e s i g n  a n d  
d a t a a n a l y s i s  a s  spe c i f i e d  i n  S e c t i o n s  2 a nd 5 
of the meas u reme n t  s t a n d a rd . Both program s  
a re wr i t t e n  i n  mach i ne- i ndepende n t  AN S I  ( 1 9 7 7 ) 
S t a nd a rd FORTRAN a nd a re ava i l ab l e  f r om I T S  a t  
d u p l i c a t i o n  cos t .  T h e  I T S  S t a t i s t i c a l  De s i g n  
a n d  A n a l y s i s  prog r am h a s  b e e n  d o c ume n ted i n  a n  
N T I A  Report ( 8 4 - 1 5 3 ) a nd s umma r i ze d  i n  a c om­
p a n i o n  t e ch n i c a l  paper ( p ub l i s hed i n  t h e  pro­
ceed i ng s  of the 1 9 8 4  I n te r n a t i o n a l  C o n f e re n c e  
on Commu n i c a t i o n s ) by M a r t i n  J .  M i le s . An 
NTIA Repo r t  docume n t i n g  the ITS Data Reduc t i on 
program w i l l  be pub l i s hed in F Y  8 5 .  

B o t h  program s  we re u s e d  e x t e n s i v e l y  i n  FY 8 4  
i n  red u c i ng a nd a n a l y z i ng t e s t  d a ta e x t ra c ted 
in P ub l i c  D a t a  N e two r k  ( P DN ) p e r f o rm a n c e  mea­
s u reme n t s  c o n d u c t ed at I T S  d u r i ng FY 8 3  a n d  
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e a r ly FY 8 4 . F i g u r e  2 - 1 4  s hows t h e  o u t p u t  of 
t h e  I TS Data Red u c t i on prog r am for a typ i c a l  
P DN te s t .  The o u t p u t  cons i s t s of four part s :  
the t e s t  d e s c r i p t o r s , a c c e s s  a s se s sm e n t  
s umma ry , a n d  d i se ng ag em e n t  a s s e s sme n t  summary 
shown in F ig u r e  2 - 1 4 a ,  a nd t h e  u s e r  i n forma­
t i on t r a n s f e r  a s s e s sm e n t  summa ry , shown i n  
F ig u r e  2 - 1 4 b .  

The t e s t  d e s c r i p to r s  id e n t i f y the pa r t i cu l a r  
d a ta e x t ra c t i on r u n  a nd summar i ze the cond i ­
t i ons und e r  wh i ch the te s t  was co nducted . The 
a c c e s s  a s s e s sm e n t  summary l i s t s  the ope r a to r  -
d e f i ned spe c i f i c a t i o n s  u s ed i n  proce s s i ng the 
p e r formance d a t a , the number o f  a c c e s s  perfor­
m a n c e  tr i a l s  e n c ou n te r i ng e a c h  of the four 
pos s i b l e o u tcomes d e f i ned in the X 3 . 1 0 2  s t a n ­
d a rd a n d  the c a l c u l a ted e s t im a t e s  f o r  e a c h  of 
the f i ve ANS X 3 . 1 0 2  a c c e s s  p e r f orma nce p a r am­
e te r s . The d i s e ng ag eme n t  a s s e s sment summary 
l i s t s  the corre spond i ng i n f orma t ion for the 
d i s e ng ageme n t  f u n c t i o n . In the examp l e  shown , 
d i se ng ag eme n t  re s u l t s  are p r e s e n ted for o n l y  
o ne o f  t h e  two u s e r s  ( t he d a t a  sou rce ) .  I n  a n  
a c t u a l  o u p u t  l i s t i ng ,  d i se ngageme n t  r e s u l ts 
a r e  s umma r i z e d  f o r  both u s e r s , and may e i t h e r  
be c o n so l i d a ted or repor ted s e p a r a t e l y  a s  
s e l e c ted by the prog r am ope r a t o r . 

The u s e r  i n fo rm a t i on t r a n s f e r  a s s e s sm e n t  s um­
mary l i s t s  ope r a t o r- d e f i ned spe c i f i c a t i o n s , 
ou tcome c ou n t s , a nd c a l c u l a t ed p a r ameter e s t i ­
m a t e s  for the u s e r  i n f o rma t i o n  t r a n s f e r  func­
t i o n .  C a l c u l a t i on of p ar ame ter e s t im a t e s  i s  
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DESTINATION U S E R  
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ACCESS ASSESSMENT SUMMARY 
F O R  CURREIH PERFORMANCE DATA BATCH 
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• N U M B E R  OF ' AC C ESS OUTAG E '  OUTCOMES o , 

( + )  TH I S  NUMBER E X C L U D E S  A C C ES S  ATTEMPTS 
THAT FA i l  D U E  TO U S E R  B L O C K I N G  

45 oOOO S E C ONDS 
0 . 0 0 90 

2 0  I + J  
1 9  

0 
1 
0 

MEASURED V A L U E S  OF ACCESS PERFORMANCE PARAMETERS 

ACCESS T I ME , • • o , o , • , 
U S E R  FRACTION OF ACCESS T I M E  

• I N C O R R ECT ACCESS PROBABiliTY 

44 , 537 S E C ON D S  • 
0 , 0 0 9 0  

0 
• ACCESS DEN I AL PROBAB I L IT Y  o o 5 , 0 X 1 0 { -0 2 )  
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D I S ENGAGEMENT ASSESSMENT SUMMARY 
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( S O U R C E  D I S E N G A G E M E N T  ATTEMPTS ) 

D I S E NGAGEMENT S P E C I F I CA T I O N S  
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D I S E NGAGEMENT PERFORMANCE STATISTICS 

• N U M B E R  O F  D I S E NGAGEMENT ATTEMPTS , o o o o o • 
• N U M B E R  O F  ' SU C C E S S F U l  D I S E N G A G E M E N T '  OUTCOMES • 
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MEASURED VALUES OF D I S E NGAGEMENT PERFORMANCE PARAMETERS 
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SPECI F I E D  U S E R  FRACTION OF I N PUT/OUTPUT T I ME 
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MEASURED V A L U E S  O F  TRANSFER PERFORMANCE PARAMETERS 
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• BLOCK E R R O R  PROBAB I L I T Y  o , , , 5 , 3  X 1 0 (  - 0 2 )  
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U S E R  INFORMATION TRANSFER ASSESSMENT SUMMARY 
FOR CURRENT PERFORMANCE DATA BATCH 

CORRELATOR SPE C I F I CA T I O N S  

• U S E R  I N F O R M A T I O N  W I N DOW S I Z E  • • •  , , , o • 
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B I T - O R I E N T E D  C O R R E L A T I O N  --- SUMMARY OF R E S U L TS 

• N U M B E R  OF C O R R E L A T O R  OUTPUT B LOCKS 

• NUMBER OF BIT CORRELATION OUTCOMES , 
* N U M B E R  OF ' C O R R E C T  B IT '  OUTCOMES , , 
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7 7 B2 4  
7 6 9 2 B  
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1 9  1 9  
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b. User i nfo rma t i o n  tra n s fe r  a s se s sment summary . 

F igure 2 - 1 4 . Performance assessment summary produced by the ITS Data Reduction program . 
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s u ppre s s e d  wh e r e  the e x t r a c t ed d a t a  i s  i n s u f­
f i c i e n t ,  a s  i s  the case for three p a r am e t e r s  
i n  the e x am p l e  shown . The u s e r  i n f o rma t i on 
t r a n s f e r  s umma ry a l so l i s ts the ope r a to r­
d e f i ned s pe c i f i c a t i o n s  u s ed i n  corre l a t i ng the 
t r a n sm i t ted a nd r e c e ived d a ta a nd t h e  corre l a­
t o r  o u t p u t  r e s u l t s . 

F ig u r e 2- 1 5  l i s t s  r e s u l t s  ob t a i ned from the 
ITS S t a t i s t i c a l  De s i g n  and A na l y s i s  prog r am 
f o r  t h e  s ame t e s t  s umma r i z e d  i n  F ig u r e  2 - 1 4 . 
The o u t p u t  con s i s t s  of two p ar t s . The f i rs t ,  
F ig u r e  2 - l S a , l i s t s  t h e  c a l c u l a t ed p a r ame t e r  
e s t ima tes a nd a s soc i a t e d  9 0  p e r c e n t  and 9 5  
p e r c e n t  c o n f i d e n c e  l im i t-s f o r  the t ime ( e . g . , 
d e l ay )  p a r ame t e r s  d e f i ned i n  ANS X 3 . 1 0 2 . The 
s e cond , F ig u r e  2 - 1 5 b ,  l i s t s  the corre spond i ng 
i n f orma t i o n  for the f a i l u re probab i l i ty para­
m e t e r s . The Data Red u c t ion and S t a t i s t i c a l  
De s i g n  a nd A n a l y s i s  prog r ams a re e x e c u t ed f rom 
a command f i l e  so t h a t  both ou tpu t l i s t i ng s  
a re produ c ed i n  re sponse to a s i ng le ope r a to r  
reque s t .  

Dur i ng F Y  8 4 , the I n s t i tu t e  a l s o  beg a n  work on 
a compre h e n s i ve monog raph d e s c r i b i ng t h e  math­
ema t i c a l  found a t i o n s  of the I T S  S t a t i s t i c a l  
De s i g n  a n d  A n a l y s i s  prog r am . F ig u r e s  2 - 1 6 a n d  
2 - 1 7  a re i l l u s t r a t i o n s  from th a t  monog r aph . 

0 

8 9  

They are d i s t r i bu t i o n  f u n c t i o n s  for comm u n i ca­
t i on f a i l ure probab i l i t i e s  ( e . g . ,  B l ock E rror 
P robab i l i ty ,  Ac c e s s  De n i a l  P ro b a b i l i ty )  based 
on a m a t h em a t i c a l  mod e l  f i r s t  a pp l i ed to com­
mun i c a t i o n s  i n  r e s e a rch cond u c t e d  at the 
I n s t i t u t e . The mod e l  is an e x e n s i on of t h e  
c l a s s i c a l  B e r n ou l l i  mod e l  ( i nd e p e nd e n t  t r i a l s ,  
con s ta n t  f a i l u r e  probab i l i ty )  i n  wh i ch one 
add i t i o n a l  p a r am e t e r  ( th e  cond i t i o n a l  prob­
ab i l i ty o f  f a i l ure g i ven a f a i l u r e  on the 
immed i a te l y  preced i ng t r i a l ) is i n t rod uced . 
The re s u l t  i s  a s t a t i on a ry M a r k ov model w i t h 
two s t a t e s . I n t r od u c i ng the cond i t i o n a l  prob­
ab i l i ty p a r am e t e r  e n a b l e s  the mod e l  to more 
r ea l i s t i c a l l y  rep r e s e n t  commu n i c a t i o n  
f a i l u r e s , s u c h  a s  b i t  e r rors , wh i ch commo n l y  
o c c u r  i n  c l u s te r s  or " b u r s t s . "  T h e  Mar kov 
mod e l  prov i d e s  a b a s i s  for d e t e rm i n i ng s amp l e  
s i z e  requ i reme n t s  a n d  e s t ima t i ng pre c i s i o n  i n  
the m e a s u reme n t  o f  commu n i c a t i on f a i l u re prob­
a b i l i t i e s , a s  d e s c r i bed by M i l e s  in N T I A  
Repo r t  8 4 - 1 5 3 . 

F i g u r e  2 - 1 6  shows , from two pe r s pe c t i ve s , a 
d i s t r i b u t i o n  of f a i l ure probab i l i t i e s  c a l c u l a­
ted f r om the Ma r k ov mod e l  for the spec i a l  c a s e  
of a s am p l e  s i ze ( n )  o f  1 0 0 ;  an ove r a l l  f a i l ­
u r e  probab i l i ty ( p )  of 0 . 3 ;  a nd a cond i t i o n a l  
f a i l u r e  probab i l i ty ( A ) o f  0 . 5 .  I n  e a c h  

F i gure 2 - 1 6 . F ai lure p r o b a b i l i ty 
d i s t r i bution for the 
2 - s t a te Markov mod e l  
w i th p= 0 . 3 ,  A = O . S ,  and 
n = l O O  ( shown f rom two 
p e r sp e c t i ve s )  . 



M E AS U R E M E N T  R E S U LTS S U MMA R Y  

RUN : I TS P D N  A C C E S S/ D I S ENG AG E M ENT P E R F O R M A N C E  ME A S U R E M E N T  0 9 36 . 0 01 
B A T C H : N T I A  - P D N  t e s t  f r om W a s h i n g t o n , D 9 3 6  

P E R F O R MAN C E  S A M P L E  EST I MA T E D  C ON F I  D EN C E  L OW E R  U P P E R  
PA R AME T E R  S I Z E  V A L U E  L E V E L  C ON F I D E N CE C O N F I D E N CE 

( P E R C EN T ]  L I M I T L I M I T 
- - - - - - -- - - - --- - -- - - --- - - - - -- - --- -- - - - - ---- - - - - - ----- - - - -- - -- - -

A C C E S S  T I M E  1 9  , 4 45 3 7 e+ 0 2  9 0  , 4 3 S 3 7 e+ 0 2  . 4 5 4 3 7  e+ 0 2  
9 5  , 43 44S e+02 • 45S 2 7  e+02 

U S E R F R A CT I ON O F  1 9  , B 9 5  BO e - 0 2  90 , B7 BS4 e-02 • 9 1 2 9 7 e - 0 2  
A C C E S S  T I M E  9 5  , B 7  53 5 e - 0 2  , 9 1 6  2S e - D 2  

B L O C K  TRAN S F ER T I M E  1 8  , S O  9 7 B  e + 0 1  9 0  , 6  01 OS e+01 , S 1  B 5 1  e + D 1  
95 , 5 99 2 0 e+ 0 1  , S  2 0 3  7 e + 0 1  

U S E R  F R A CT I ON O F  1 B  , 0 0 0 0 0  e + O O  9 0  , O O O O O e+OO . O O D O O  e+OD 
B L O C K  T R AN S F E R  T I M E  9 5  , 0 0 0 0 0  e+OO , 0 0 0 0 0  e + O O  

D I S E N G AG E M EN T  T I M E 1 7  , 1 3 7 7 2  e + 0 2  9 0  , 1 3 43 5 e + 0 2  , 1 41 0 8 e + 0 2  
( S OU R CE ) 95 . 1 3 3 S 3  e + 0 2  . 1 41 80 e + 0 2  

U S ER F R A CT I ON O F  1 7  , 2 8 9 6 7  e - 0 1  90 . 2 83 0 1 e-01 , 2 9 S 3 3  e - 0 1  
D I S EN G AG E M E N T  T I M E  9 5  , 2 8 1 7 4 e - 0 1  , 2 9 7 S O e- 0 1  
( S OU R CE ) 

D I S EN G A G E M E N T  T I ME 1 9  , 3 S 7 5 2 e+ 0 1  9 0  , 3 6 0 5 S  e + 0 1  , 3 7 44 8 e+ 0 1  
( D ES T I N AT I O N )  95 , 35 9 0 8  e+01 , 3 7 5  95 e + 0 1  

U S E R  F R A CT I O N  O F  1 9  , 1 B 3 0 4 e+ O O  9 0  , 1 6 7 6 5 e+ O O  , 1 9 84 2 e + O O  
D I S E N G AG E M EN T  T I M E  9 5  , 1 6 47 1 e+OO , 2 0 1 3 6  e + O O  
( D E S T I N A T I O N  I 
E S T I M A T E D  P E R F O RMAN CE T I M E S  AR E EXP R ES S E D  I N  S E C O N D S  

a. T i me parameter esti mates and conf idence l i m i ts. 
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A C C E S S  D E N I A L  
P R OS AB I L I T Y  

A C C E S S  OU TAG E 
P R O B AB I L I T Y  

B IT E R R O R  
P R O B AB I L I T Y  

B I T L O S S  
P R OB AB I L I T Y  

EXTRA 8 I T  
P R OB AB I L IT Y  

B LO C K  E R R O R  
P R O B AB I L I T Y  

B L O C K  L OS S  
P R OS AB I L I T Y  

EXT R A  B L O C K  
P R OB AB I L IT Y  

D I S EN G AG E M E N T  D E N I A L  
P R OB AB I L I T Y  ( S OU R CE ) 

D I S E N G AG E M E N T  D E N I A L  
P R OB AB I L IT Y  
( D ES T I N AT I O N )  

S A M P L E  ES T I MA T E D  
S IZ E  V A LU E  

2 0  , 0 0 0 0 0  a+ O O  

2 0  , 5 0 0 0 0 a- 0 1  

2 0  . 0 0 0 0 0  e + O O  

7 7 82 4  , 0 0 0 0 0  a+O O  

7 7 82 4  , 1 1 51 3 a- 0 1  

7 7 B2 4  , O O O D O  a + O O  

1 9  , 5 26 3 2 e- 0 1  

1 9  , 0 0 0 0 0  e + O O  

1 9  , O O O O O e+ O O  

1 9  , 1 0 5 2 6 e + O O  

1 9  , 0 0 0 0 0  e + O O  

C O N F I D E N CE 
L EV E L  

( PE R CE N T )  

9 0  
9 5  

9 0  
95 

9 0  
95 

9 0  
95 

9 0  
95 

90 
9 5  

9 0  
95 

9 0  
9 5  

9 0  
95 

9 0  
95 

9 0  
95 

LOW ER 
C O N F I D EN C E  

L I M I T  

U P P E R  
C ON F I D EN C E  

L I M I T  

, O O O O O e+OO , 1 0 7 B5 e + O O  
, O O O O O e+OO . 1 3 40 9 e + O O  

, O O O O O e+OO , 1 9 81 7 e+ O O  
, O O O O O e+OO , 23 1 1 0 e + O O  

, O O O O O e+ O O  , 1 0 7 85 e+ O O  
, O O O O O e + O O  , 1 3 40 9 e + O O  

. o oo o o e+ O O  , 3 2 8 4 8 e- 0 4  
, O O O O O e+OO , 4 27 81 e - 0 4  

, 7 9 8 8 0 e- 0 3  , 6 57 90 e-0 1 
, 6 06 87 e- 0 3  , B1 9 87 e- 0 1  

, O O O O O e+ O O  . 1 448 0 e - 0 1  
, O O O O O e+OO , 1 877 4 e- 0 1  

, O O O O O e+ O O  , 1 7 84 6 e + O O  
, O O O O O e+OO , 2 06 7 0 e + O O  

, O O O O O e+ O O  . 1 1 26 2 e+ O O  
, O O O O O e+OO , 1 3 97 5 e + O O  

, 0 0 0 0 0  e + O O  , 1 1 26 2 e+ O O  
, O O O O O e+OO , 1 3 97 5 e + O O  

. 2 7 00 4 e- 0 1  , 2 80 3 5 e+ O O  
, 21 949 e - 0 1  . 3 1 3 6 7 e + O O  

, O O O O O e+ O O  , 1 1 2S 2 e+ O O  
, O O O O O e+OO , 1 3 97 5 e+O O 

W H EN TH E OB S E R V E D  N U MB E R  OF FA I L U RES IS 0 OR 1 ,  TH E C O N D I T I O N AL P R OB AB I L IT Y  O F  
F A I L U R E  U S E D  TO E S T I MATE C O M F I D EN C E  L I M I T S  I S  0 , 9 9 9 8  F O R  B I T L OSS AN D E X TR A  
B I T  PR O B AB I L I T I E S , 0 , 3 F O R  A C C E S S  D E N I A L  P R O B AB I L I T Y ,  AN D 0 , 1  F O R  A L L  OTH E R  
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b .  P robab i l i ty parameter est i mates and conf idence l i m i ts.  

P igure 2 - 1 5 .  Measurement results summary obta ined from the 
ITS Statistical De s ign and Analy s i s  program . 
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Figure 2 - 1 7 . E f f ect of var i ations in p and A on the Markov failure 
probabi lity di s tribution . 
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graph , the ax e s  de f i n i ng the ho r i z o n t a l  p l a n e  
e x p r e s s  t h e  number of f a i l ure s , s ,  a nd t h e  
numb e r  of pa i r s of con s e cu t ive f a i l u r e s ,  r ,  
wh i c h  m a y  b e  obse rved i n  a s ample o f  s i z e 1 0 0 . 
The v e r t i c a l  ax i s  expr e s s e s  the probab i l i ty of 
each pos s i b l e  ( s , r )  c omb i na t i o n . For the 
a s s umed pop u l a t i on , the probab i l i ty of 
observ i ng s = 3 0  f a i l u res and r=l 5 p a i r s  o f  
conse c u t ive f a i l u r e s  i s  g r e a t e r  t h a n  i s  the 
prob a b i l i ty o f  o b s e r v i ng a ny o t her c omb i n a t i o n  
o f  s a nd r ( be c a u s e  s/n = 0 . 3 0 a n d  r/ s = 0 . 5 0 ) . 
I n  c o n t r a s t ,  the probab i l i ty of observ i ng s = 7 5 
f a i l u r e s  and r=5 p a i r s of consecu t i ve f a i l u r e s  
i s  very sma l l  ( be c a u s e  %= 0 . 7 5  a n d  r/ s = O . l 5 ,  
a nd t h e s e  va l u e s  a re very d i f f e r e n t  from p= 0 . 3  
and A= 0 . 5 0 , r e s pe c t i ve l y ) . 

Graphs s u c h  as these are u s e f u l  i n  i l l u s­
tr a t i ng the concept of a conf i d e nce i n te rva l 
or reg i o n . A p a r ame t e r  e s t ima te d e r i v e d  f r om 
m e a s u reme n t  of a f i n i te s ample w i l l  n o t  
norma l l y correspo nd exa c t l y  w i t h  the " t ru e "  
( pop u l a t i o n ) va l ue o f  t h e  p a r ameter b e c a u s e  o f  
s amp l i ng error . T h e  e x t e n t  t o  wh i ch t h e  true 
v a l ue may d ev i a te f r om the me a s u red e s t imate 
is norma l ly expressed by a c o n f i d e n c e  i n ter­
v a l -- ( i . e . , a r a nge of values abou t  the e s t i­
m a t e  w i t h i n  wh i c h  the " t rue " va lue c a n ,  wi t h  a 
s t a ted probab i l i ty ,  be expected to l i e ) . The 
s t a t ed probab i l i ty is c a l l ed the conf i d e n c e  
l e ve l .  T h e  one-d ime n s i o n a l  c o n f i d e n c e  i n te r­
v a l  for a f a i l u r e  probab i l i ty becom e s  a mu l t i­
d imen s i o n a l  " co n f ide nce reg i o n "  wh e n  the prob­
ab i l i ty is a f un c t i o n of two or mo re va r i a b l e s  
a s  i s  t h e  c a s e  w h e n  f a i l u r e s  a r e  g rouped o r  
c l u s tered i n  t ime . 

I n  F ig u r e  2 - 1 6 ,  a n y  i n te r s e c t i o n  of a hor i ­
z o n t a l  p l ane w i th t h e  g raphed probab i l i ty 
s u r f ace c r e a t e s  a two- d ime n s i on a l  con f i d e nce 
reg i o n  d e f i ned by the i n t e r se c t i o n  c o n t our . 
The pe r c e n tage of the ( un i t )  vo lume u n d e r  the 
s u r f ace that is above the i n t e r s e c t i o n  c o n t o u r  
i s  t h e  co n f i d e n ce leve l ( i . e . , the l i k e l i hood 
that the reg i o n  con t a i ns the t rue v a l ue s  o f  
both p a nd A) . F o r  examp l e ,  a con tour t h a t  
d e l im i t s  9 5  p e r c e n t  o f  t h e  vo l ume i s  a 9 5  
p e r c e n t  con f i d e n ce reg i on , and we may be 9 5  
p e r c e n t  con f i d e n t  t h a t  the t rue v a l u e s  o f  both 
p and A a re in  t h a t  reg i o n . 

F ig u r e  2 - 1 7  i s  a ma t r i x  of probab i l i ty f unc­
t i ons for the two- s t a t e  Markov mode l ,  showi ng 
the e f fe c t  o f  var i a t i o n s  in p a nd A o n  the 
g raph ' s  loc a t i o n  and s h ape ( and the a s so c i a ted 
con f i d e nce reg i on ) . As one would e xpec t ,  
i nc re a s i ng p t r ans l a t e s  the g r aph ' s  peak ( o r 
mod e ) i n  t he d i r e c t i on of more f a i l u re s ,  wh i l e  
i nc r e a s i ng A broad e n s  the curve i n  t h e  d i re c­
t ion of more c o n s e cu t i ve f a i lu r e s . The con f i ­
d e n c e  reg i o n  i s  ova l  for sma l l  va l u e s  of p and 
A and b e c omes much more e c ce n t r i c for l arge r 
v a l ue s ,  p a r t i cu l a r ly as A approa c h e s  1 .  

The comp l e te monograph s ummar i z i n g  I TS work i n  
s ta t i s t i c a l  t e s t  d e s i g n  a nd d a t a  a n a ly s i s  w i l l  
be pub l i s h ed i n  F Y  8 5 .  I t  i s  expected to 
a s s i s t  t e s t  e ng i n e e r s  a nd ma th ema t i c i an s  i n  
und e r s t a n d i ng t h e  ITS S t a t i s t i c a l  De s ig n  a nd 
A n a l y s i s  prog r am a nd appl y i ng i t  i n  p r a c t i ca l  
commu n i c a t ion per f o rmance measureme n t s . 

The sec ond ma j o r  g o a l  of NTIA ' s  FY 8 4  D a t a  
Commun i c a t ions pro j e c t  was to c omp l e t e  a n d  
docume n t  p i l o t  me a s ureme n t s  of three u . s .  
P DN ' s . These me a s ureme n t s  h ad two spec i f i c  
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o b j e c t i ve s . The pr ima ry ob j e c t ive was to dem­
ons trate the u s e  of I TS - d e v e l oped , m i c r opro­
c e s sor- b a s e d  t e s t  s e t s  imp l eme n t i ng ANS X 3 . 1 0 2  
and the proposed me a s u r ement s t a n d a rd i n  
a s s e s s i ng w i d e l y  used pub l i c  d a t a  commu n i­
c a t i on s e r v i ce s .  A se cond ary o b j e c t i ve was to 
ob t a i n  some pre l im i n a ry data on the p e r f o r­
ma n ce of the var i ou s  n e twork a l te r na t i ve s . 
The FY 8 4  m e a s u r eme n t s  were a con t i nu a t i o n  a nd 
e x t e n s i on of e a r l i er m e a s ureme n t s  summar i z ed 
in the I n s t i tu t e ' s  FY 83 A n nu a l  Repor t .  

F igure 2 - 1 8  i l l u s t r a t e s  the ove r a l l  p l a n  of 
t h e  I T S  PDN m e a s ureme n t s . Two m i c r ocomp u ter­
b a s ed t e s t  sets were d e ve loped : one emu l a t i ng 
a network- a c ce s s i b l e  hos t comp u t e r  and one 
emu l a t i ng a remote d a t a  term i n a l  ( a nd i t s  
operator ) .  The ho s t  emu l a to r  was loca ted at 
ITS in Bou l d e r  a nd was c o n n e c t ed to the l oc a l  
o f f i c e s  of e a c h  of t h r e e  pub l i c  d a t a  ne two r k s  
v i a  9 . 6  kbps l e a sed t e l ephone l i ne s .  The 
t e rm i n a l  emu l a to r  w a s  pl aced i n  seve r a l  remote 
test c i t i e s , wh ere it o b t a i ned a c c e s s  to the 
P DN ' s  v i a  the l o c a l  exch ange t e l ephone net­
wo rk . The t e rm i n a l  emu l a tor was a l so able t o  
commu n i c a t e  w i th t h e  ho s t  emu l a t o r  v i a  t h e  
d i rect d i s t a n ce d i a l  ( DDD ) t e l ephone n e two r k , 
bypa s s i ng the P DN ' s .  The sw i tched loc a l  t e l e­
phone l i n k s  ope r a ted a t  1 2 0 0  bps . 

Dur i ng a c t u a l  te s t i ng , the remote term i n a l  
emu l a tor e s t ab l i shed c o n ne c t ion w i th t h e  hos t 
ove r each of the fou r ava i l a b l e  p a t h s  i n  a 
random orde r ,  logged i n to a spe c i a l me a s u r e­
m e n t  app l i c a t i o n  prog r am i n  the hos t compu te r ,  
t r a n sm i t ted a f i l e  o f  " c a n n ed " t e s t  d a t a ,  log­
g ed ou t ,  and d i s c o n n e c t e d . Both the remo te 
t e rm i nal emu l a t o r  a nd the h o s t  were prog ammed 
to record and t ime- s t amp a l l  i n t e r f a c e  ev e n t s  
obse rved d u r i ng t h e  d a t a commun i c a t i o n  s e s s i o n  
i n  accord a n c e  w i th the proposed me a s u r eme n t  
s t a nd ard . T h e  d a ta e x t r a c ted d u r i ng e a c h  t e s t  
we re then t r a n s f e r red ( v i a  s e p a r a t e  e r r o r­
c o n t r o l l e d  l i ne s )  to a d a ta red u c t i o n  a nd 
a n a l y s i s  comp u t e r  l o c a t e d  i n  Bou l d e r  for 
conve r s i on i n to ANS X 3 . 1 0 2  p e r f o rm a n c e  
p a rame t e r  v a l ue s . 

The i n te r f a c e s  a c tu a l l y  i n s trume n ted dur i ng 
the t e s t  we re w i th i n the h o s t  a nd t e rm i n a l  
emu l a tor m i c rocomp u t e r s , be tween the ( UN I X ) 
ope r a t i ng s y s t ems a nd l o c a l  app l i c a t i on ( me a ­
s u rem e n t ) prog r ams . Th i s  s e l e c t i o n  o f  " probe 
po i n t s "  makes it pos s i b l e  to r e f l e c t  the d e l ay 
a nd error recovery e f fe c t s  of " f r o n t  e n d "  
s o f tware i n  t h e  me a s ured p a r ame ter v a l ue s .  
Both m i crocomp u t e r s  we re ded i c a ted to the 
me a s urement task to avo id the b i as that m i g h t  
r e s u l t  f r om r e s o u r c e  s h a r i ng . 

F ig u r e s  2 - 1 9  t h rough 2 - 2 3  p r e s e n t  se l e c t e d  
r e s u l t s  of pub l i c  d a t a  ne two rk me a s u r eme n t s  
cond u c t�d b y  t h e  I n s t i t u t e  i n  e a r ly F Y  8 4 . 
F i g u r e  2 - 1 9  s hows t h e  e f f e c t  of t ime of d ay o n  
meas ured v a l ue s  for the ANS X 3 . 1 0 2  p e r f o rma n c e  
p a r ame t e r  B l o c k  T r a n s f e r  T ime- - i n  th i s  app l i ­
c a t i on- - the t o t a l  e l a p s ed t ime betwe e n  
i s s ua nce o f  a WR I TE s y s tem c a l l  i n  t h e  remo te 
t e rm i n a l  emu l a to r  ( d a t a  source ) a nd comp l e t i o n  
o f  t h e  corre s pond i ng READ s y s tem c a l l  i n  t h e  
h o s t  comp u t e r  emu l a to r  ( d a t a  d e s t i n a t i o n ) .  
R o th h i s tograms are b a s e d  on 8 0  s u c ce s s f u l ly 
t r a n s f e r r ed b l o c k s ,  e a c h  1 2 8 c h a r a c t e r s  i n  
l e ng t h .  The sou r c e  c i ty i s  Wa s h i ng to n , DC , and 
the d e s t i na t i on c i ty i s  Bou l d e r , C O ,  in  e a c h  
t e s t .  T h e  s y s tem u t i l i z a t i o n  f a c t o r  ( s e r v i c e  
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F igure 2 - 1 8 . Ove r a l l  p l a n  o f  ITS Public D a t a  N etwork m e asureme n t s . 

t ime d i v i d e d  by i n t e r ar r i va l  t ime me a s ured a t  
the s o u r ce u s e r  i n te r f a c e ) i s  7 1  pe r c e n t  i n  
e a c h  c a s e . T h e  d a t a  summa r i z e d  i n  
F ig u r e  2 - 1 9 a  w e r e  c o l l e c ted a t  approx ima t e l y  
2 : 0 0 a . m . , and t h u s  re f l e c t  " o f f- pe a k " u s a g e  
cond i t i o n s ; t h e  d a ta summa r i zed i n  
F ig u r e  2 - l 9 b  we re col l e c ted a t  approx ima te l y  
9 : 3 0 a . m . , a nd t h u s  r e f l e c t  " no rm a l  bu s i ne s s  
d a y "  u s ag e . 

The d i f f e r e n c e  be twe e n  the two h i s tog r ams i s  
no t i c e a b l e  bu t not d r ama t i c . The " o f f- p e a k " 
b l o c k  t r a n s f e r  t im e s  range f r om 2 . 8 to 5 . 3 2  s ,  
w i th a m e a n  o f  3 . 9 4  s a nd a s t a nd ard d ev i a t i o n  
o f  5 0 7  m s ; t h e  " norm a l  bu s i ne s s  d a y "  t im e s  
range f rom 3 . 1 1  t o  7 . 1 8 s ,  w i th a mean o f  
4 . 5 5  s ,  and a s t a nd a rd dev i a t i o n  o f  1 . 1 6 4  s .  
The l o ng e r  a nd more var i ab le d e l ays o b s e rved 
in the l a t t e r  te s t  are no doub t a t t r i b u t ab l e  
t o  h e a v i e r  t r a f f i c  i n  the ne two rk d u r i ng t h e  
bus i ne s s  hou r s . 

F ig u r e  2 - 2 0  c ompa res 1 2 8 - c h a r a c t e r  b l o c k  
t r a n s f e r  t ime s f o r  t e s t s  conduc ted o v e r  two 
d i f fe re n t  ne twork t r a n sm i s s i o n  p a t h s : Wa sh­
i ng to n , DC , to Bou l d e r , CO , ( F i gure 2 - 2 0 a ) ,  
and S e a t t l e , WA to Bou l d e r ,  CO ( F i g u r e  2 - 2 0 b ) . 
W i th the e x c e p t ion of the source c i t y ,  t h e  
cond i t i o n s  o f  the two t e s t s  are nom i n a l l y 
i d e n t i c a l . P e r h a p s  s urpr i s i ng l y ,  the d i f f er­
e n c e  b e twe e n  the two h i s tog r ams i s  ve ry 
s l i g h t- - l e s s  t h a n  4 p e r c e n t  in a compa r i son to 
the s amp l e  me a n s . 

A much mo re s u b s t a n t i a l  d i f f e r e n c e  i n  both 
me a n  B l oc k  T r a n s f e r  T ime a n d  v a r i a b i l i ty i s  
e v i d e n t  i n  comp a r i ng the t e s t  d a t a  summa r i z ed 
in F ig u r e  2 - l 9 b  w i th t h a t  summa r i zed i n  
F ig u r e  2 - 2 0 a . T h e  cond i t i o n s  of t h e s e  two 
te s t s  a r e  nom i n a l ly ide n t i c a l  w i th t h e  
e x cep t i o n  o f  the ut i l i z a t ion f a c tor : 7 1  
perce n t  i n  t h e  former t e s t  a n d  4 0  p e r c e n t  i n  
the l a t t e r . The me a n  B l o c k  Tra n s f e r  T ime i n  
the low- u t i l i z a t ion t e s t  i s  1 . 6 7  s ( 3 6 
p e r c e n t ) l owe r t h a n  i n  the h ig h - u t i l i z a t i o n  
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te s t ;  t h e  s t a nd a rd dev i a t ions are 8 6  ms a nd 
1 1 6 4  s ,  r e s pe c t i ve l y .  The long e s t  b l o c k  
t r a n s f e r  t ime r e c o r d e d  i n  the low-u t i l i z a t ion 
t e s t  is  3 . 1 3  s ;  the corre spond i ng m a x imum i n  
t h e  h i g h- u t i l i z a t i o n  t e s t  i s  7 . 1 8  s .  The d i f­
f e r e n c e s  are c l e a r l y  a t t r i b u t a b l e  to queue i ng 
d e l ay s  i n  the n e t wo r k . 

F igure 2 - 2 1  c omp are s 5 1 2 - c h a r a c t e r  b lo c k  
t ra n s f e r  t im e s  me a s u red on a D i re c t- D i s t a n ce­
D i a l  ( DDD ) conne c t i o n  w i th c o r re spond i ng t imes 
measured on c o n ne c t i o n s  e s t ab l i shed v i a  two 
p ub l i c  d a t a ne twork s .  E a ch t e s t  was cond u c t e d  
b e twe e n  Wa s h i ng to n , DC , a n d  Bou l d e r , co , 
d u r i ng normal b u s i ne s s  hour s . W i th the 
e x c ep t i o n  of the ne two r k  s e l e c t ed , the te s t s  
were nom i n a l l y i d e n t i c a l . The u t i l i z a t i o n  
f ac t o r  i n  e a c h  t e s t  w a s  9 3  p e rce n t . Each t e s t  
r e s u l ted i n  2 0  s u c c e s s f u l  b l ock t r a n s f e r  
a t temp t s . 

The DDD b l o c k  t r a n s f e r  t ime s are c l e a r l y  
shorte r ,  a n d  m u c h  l e s s  var i ab l e , t h a n  t h e  P DN 
t ime s .  The d i f f e r e n c e  be twe e n  the P DN " B "  and 
PDN " C "  t imes is i n s i g n i f i c a n t  a t  the 9 5  per­
cent co n f i d e n c e  leve l . The DDD b l o c k  t r a n s f e r  
t imes ave r aged 4 . 4 8  s ,  w i th a s t a nd a rd d e v i ­
a t i o n  of 3 6  m s ; t a k e n  toge t her , t h e  P DN t imes 
averaged 7 . 4 9  s ,  w i th a s t a n d a rd d e v i a t i on o f  
8 1 2  ms . A l l  2 0  p e r c e n t  of the DDD b l o c k  
t r a n s f e r  t imes w e r e  b e twe e n  4 . 2 5  and 4 . 5  s ;  
t h e  grouped P DN t im e s  r a nge from a l ow of 
6 . 0 2  s to a h i g h  o f  8 . 9 9  s .  

T h e s e  r e s u l t s  c l e a r l y i l l u s t ra te the e f f e c t  of 
ne two rk re source s h a r i ng on u s e r - to-user B l o c k  
T r a n s f e r  T ime . A t e r re s t r i a l  DDD c o n ne c t i o n  
i s  e s s e n t i a l ly a d e d i c a ted " p i p e "  w i th a very 
l ow ( a nd c o n s t a n t ) d e l ay . The B l o c k  T r a n s f e r  
T ime i n  such a c o n ne c t i on i s  dom i n a ted b y  the 
c h a r a c t e r  mod u l a t i o n  t ime , wh i ch c a n  be c a l cu­
l a ted ( fo r  5 1 2  d a t a c h a r a c t e r s  p l u s  a t e rm i ­
n a t i ng C a r r i a g e  R e t u r n  t r a n sm i t te d  a t  1 2 0 
c h a r a c t e r s  per se cond ) to be about 4 . 2 8 s .  I n  
c o n t r a s t , the P DN ' s  t r a n s f e r  u s e r  d a ta i n  a 
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F igure 2 - 2 0 .  Block tran sfer time distributions for two source terminal location s . 
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Figure 2 - 2 1 . Block transfer t ime distr ibutions for Direct-Di s tance-Dial 
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store-and- forward fashion , and may introduce 
queueing delays at network nodes to improve 
transmi s sion capacity utilization . Pub lic 
data network users accept the longer and more 
variab le delays such network s introduce in 
exc�ange for other benefits--notab ly , the cost 
sav 1 ngs resource sharing provide s . 

International Standards . The Institute ' s  
Internat 1onal Standards pro j ect has two over­
a l l . g?a l s . The first is to enhance oppor­
tun l t l e s  for u . s .  firms to participate in 
intern�tional telecommunication markets by 
promot 1ng the d evel opment and international 
ac�eptance of broad ly-based , functional ly 
or1 ented , nonrestrictive international tele­
communication standards . The second is to 
e�s ure that the interests of competing u . s .  
f 1rms are fairly represented , and properly 
coordinated , in u . s .  contributions to inter­
national s tandards organizations in which NTIA 
has leadership responsibilities .  These 
include the International Telegraph and Tele­
phone Consultative Committee (CCITT ) and 
International Radio Consultative Committee 
(CCIR ) . 

Figure 2 - 2 2  is a j oint distribution of source 
u ser and destination user disengagement times 
for communications between washington , DC , and 
B?u l?er, CO . The two popul ations are clearly 
d 1 s t 1nct: the source user terminal applica­
tion program di sengagement times range from 
1 2 . 7 4  s to 1 6 . 6 1  s ,  with a mean of 1 3 . 7 7  s and 
a standard deviation of 7 9 0  ms ; the de stina­
tion user (host application program ) disen­
g�gement times range from 3 . 4 1  s to 4 . 0 8  s ,  
w 1th a mean of 3 . 6 8  s and a standard d eviation 
of 1 6 0  ms . The source di stribution is separ­
ated from the destination distribution by a 
gap of more than 1 0  source standard devia­
tions . 

The difference between the source user and 
destination user disengagement times is a 
result of differences in the nature of the 
disengagement function at the two inter­
face s . Source user di sengagement includes 
log-out from the host computer and di s­
connection from the PDN, and requires four 
distinct transfers of control information 
through the network ; destination user, disen­
gagement is completed prior to l og-out and 
disconnection , and requires only one end-to­
end control information transfer . S uch 
asymmetry is  typical of modern data communi­
cation systems . 

The proj ect invo lve s  three maj or functions .  
T�e

.
fir�t i� to lead and coordinate u . s .  par­

t 1c 1pat 1 on 1 n  key standardization efforts of 
the CCITT and C CIR. This work is conducted 
under the auspices of the u . s .  Department of 
State . Institute personnel currently chair 
two of the five u . s .  CCITT Study Groups: 
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Study Group D and the Joint Working Party on 
Integrated Services Digital Network s 
(ISDN' s ) . Study Group D prepares u . s .  inputs 
to international meetings of CCITT Study 
Groups VII (Pub lic Data Network s )  and XVII 
(Data Transmis sion over Public Te lephone Net­
works ) .  The ISDN Working Party prepares u . s .  
inputs to international meetings of CCITT 
S �u�y

.
Group XVIII , which has overal l  respon­

s 1b 1 l 1ty for ISDN standardization within the 
CCITT . In FY 8 4 ,  ITS a l so contributed to the 
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p l a n n i ng and org a n i z a t i o n  of wor k  on two u . s .  
C C I TT p r e p a r a to ry g roups ( the Mod em Work i ng 
P a r t y  and the Me s s ag e  H a nd l i ng Wor k i ng P a r ty ) ; 
c h a i red a Tec h n i c a l  Wor k i ng Group under t h e  
u . s .  I S DN Jo i n t  Wo r k i ng P a r ty ;  h e aded t h e  u . s .  
De l eg a t i o n s  to i n t e r n a t i on a l  mee t i ngs o f  C C I TT 
Wor k i ng P a r ty X I / 6  ( I SDN Su b s c r i be r  L i ne 
S i g n a l i ng ) ; a nd prov i d ed i n te r n a t i o n a l  ch a i r­
m a n s h i p  of C C I R  I n t e r im Wo r k i ng P a r ty 8 / 1 1 
( D i re c t  Pr i n t i ng Equ i pme n t  i n  the Ma r i t ime 
Mob i l e  S e rv i ce ) .  

The re spons i b i l i t i e s  o f  a u . s .  C C I TT Study 
Group Ch a i rman i n c l ud e  the r e v i ew , coord i n a­
t i o n , and approv a l  of propo s e d  u . s .  c o n t r ibu­
t i ons to C C I TT ; coord i n a t i o n  o f  u . s .  conce n s u s  
pos i t i o n s  o n  i n t e r na t i o n a l  s t a nd a r d s  i s s ue s ;  
a nd l e ad e r s h i p  o f  t h e  u . s .  De l e g a t i ons to 
i n t e r n a t i o n a l  C C I TT mee t i ng s .  C C I TT Wo rk i ng 
P a r ty a n d  Techn i c a l  Y-Jo rk i ng Gr oup Ch a i rmen are 
r e spon s i b l e  for cood i na t i ng t h e  deve lopme n t  o f  
proposed u . s .  cont r i b u t i o n s  to C C I TT under t h e  
g u i d a n c e  o f  t h e i r  p a r e n t  u . s .  S tudy Group s . 
C C I R  Wor k i ng P a r ty ch a i rmen a re respon s i b l e  
f o r  t h e  d i re c t i o n  a n d  coord i n a t i o n  of i n t e r­
n a t i o n a l  e f fo r t s  l e ad i ng to C C I R  Re com­
m e nd a t i on s ,  wh i c h  gove r n  spe c t rum use and the 
d e s i g n  o f  r ad i a t i ng c ommu n i c a t i o n s  equ i pme n t .  

Dur i ng the 1 9 8 1 - 1 9 8 4  S t u d y  Pe r i od , S t udy Grou p 
( SG )  VI I was e x t reme ly a c t i ve and prod uc t i ve , 
g e ne r a t i ng 3 4  new X- s e r i e s  Recomme nd a t i o n s  and 
agree i ng to rev i s i o n s  in  27  o t he r s . A c t i on s  
o f  s ig n i f i c a n t  impa c t  and i n te r e s t  i n c l u d ed : 

o rev i s i on s  to X . 2 5  
ad d i t ion o f  new f a c i l i t i e s  a nd capa­
b i l i t i e s  to support prov i s ion o f  t h e  
Open Sys tems I n t e r c o n ne c t i on ( O S I ) 
Ne twork S e r v i ce ( e x te nded 
add res s i ng ,  e x t e nded i n te r ru p t  
p a c k e t ,  e tc . ) 
e x t e n s i o n  of Recog n i z e d  P r i v a t e  
Ope ra t i ng Ag e n cy ( RPOA ) s e l e c t ion 
f a c i l i ty 
d e l e t ion of d a t ag rams 

o j o i nt work w i th SG XVI I I  to d eve lop Rec­
omme n d a t i o n s  for I S DN suppo r t  of c i r cu i t­
swi tch i ng a nd p a c k e t - s w i t ch i ng te rm i n a l  
equ i pm e n t  

0 

0 

0 

0 

0 

fun c t i o nal d e f i n i t ion of Pub l i c Sw i tched 
Telephone Ne two r k  ( PSTN ) a c c e s s  to P a c ke t 
S w i tched Pub l i c  D a t a  N e two r k s  ( PS P DNs ) 

Re comme nd a t i o ns on Open S y s t ems I n t e r con­
n e c t io n i n c lud i ng the Ba s i c Re f e re n c e  
Mod e l , S e rv i ce Conve n t i on s ,  the Ne two rk , 
T r a n s po r t ,  and S e s s i o n  S e rv i ce De f i­
n i t i on s ,  and the Tra n s port and S e s s i o n  
P r o tocol Spe c i f i c a t i o n s  ( d eve loped i n  
c l ose coope r a t i on a nd l i a i son w i th I n ter­
n a t i o n a l  O r g a n i z a t i o n  for S t a n d a rd i z a t i o n  
( I SO ) TC9 7/S C 1 6  a nd S C 6 ) 

deve lopme n t  of a new Re comme nd a t ion on 
f o rmal d e s c r i p t ion t e c h n i ques 

ag r e eme n t  on e igh t new Re comme ndat i o n s  
d e a l i ng w i th M e s s ag e  H a n d l i ng S y s t ems 

g e n e ra t ion of a Recomme n d a t i o n  on g e n e r a l  
p r i n c i p l es of i n te rwo r k i ng ,  b a s ed o n  
p r i n c i p l e s  of O S I  
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o f u r t h e r  deve l opme n t  of q u a l i ty of s e rv i c e  
Re comme n d a t i o n s  ou t l i n i ng pr i nc i p l e s  a nd 
obj e c t i v e s  f o r  pub l i c  ne twor k s . 

The m a j or emph a s i s  i n  the work of S t udy Group 
XVI I i n  the 1 9 8 1 - 1 9 8 4  S t u d y  P e r i od wa s o n  f u l l 
d u p l e x  modems for u s e  ove r t h e  pub l i c s w i tched 
t e l ephone ne twor k . U nd e r  t h e  comb i ned l e a d e r­
s h i p  of the U n i t ed S t a t e s  a n d  U n i t ed K i ng d om , 
a Spe c i a l  Rappo r te u r ' s  Group d r a f ted a new 
Recomme nd a t ion for a f am i ly o f  modems u s i ng 
e cho- c a n ce l l a t ion t e c h n i q u e s  a t  speeds of 4 8 0 0  
a n d  9 6 0 0  b/s .  Th i s  Recomme n d a t i on was 
s u b seque n t ly adopted by the S tu d y  Group a s  
V . 3 2 . Notewo r t hy i s  the u s e  of Tre l l i s cod i ng 
f o r  u s e  a t  9 6 0 0  bp s ,  wh e r e  s p e c i f i c con­
n e c t i o n s  m i g h t  othe rw i se not g i ve s a t i s f a c tory 
r e s u l t s . Another impo r t a n t  s ub j e c t  cons i d e red 
by S t udy Group XVI I was a C ommo n Phys i c a l  
I n t e r f ace . u . s .  propo s a l s  we re b a s ed on the 
s t ru c t ure of the I S DN b a s i c  i n t e r f a c e , wh i c h  
p rov i d e s  s e r i a l  b i t- s t r e am c o n t r o l  of the 
mod em f u n c t i on s  and is i n t e nded to repl ace the 
p r e s e n t  common me thod o f  p a ra l l e l  con t r o l  
l i ne s  a nd ( for e x amp l e ) 2 5  p i n  c o n ne c tor s .  
The S t udy Group a l s o  c o n s i d e r e d  s u ppor t  of 
V- s e r i e s  modems in a m i xed I S DN/a n a l og ne two rk 
e n v i ronme n t ,  res u l t i ng i n  Re c omme n d a t i o n  
V . l l 0 / I . 4 6 3 . 

The 1 9 8 1 - 1 9 8 4  C C I TT S t u d y  Pe r i od s aw a ma j o r  
e f fort t oward d r a f t i ng new Recomme nd a t i o n s  
d e a l i ng w i t h  I n teg r a ted S e rv i ce s  D i g i t a l  N e t­
wor k s  ( I SDN ' s ) . S ome 2 7  new ! - s e r i e s  Re c om­
menda t i ons we re d r a f te d  in S t u d y  Group XVI I I  
a nd s u bm i t ted to the C C I TT P l e n a ry As semb l y  
( Oc tober 1 9 8 4 ) . T h e  ! - s e r i e s  Re comme nd a t i o n s  
a r e  d i v ided i n  s e v e r a l  g roups . The I . l O O  
s e r i e s  Re comme nd a t i o n s  d e s c r i b e  I S DN ' s  i n  gen­
e ra l , c h a r a c t e r i ze I S DN s e rv i ce s  a nd c ap a b i l ­
i t i e s , d e f i ne r e l e v a n t  t e rms , a nd ou tl i ne the 
s cope a nd organ i z a t i on o f  the o t h e r  I S DN Rec­
omme n d a t i o n s . The I . 2 0 0  s e r i e s  Re comme nda­
t i ons prov ide spec i f i c d e s c r i p t i o n s  of so­
c a l l e d  beare r  and t e l e s erv i ce s . The I . 3 0 0  
s e r i e s  Re comme nd a t i o n s  d e a l  w i th ne twork f u n c­
t i o n a l  pr i n c i p l e s , re f e re n c e  mod e l s , connec­
t i on type s ,  and numbe r i ng , add re s s i ng ,  a n d  
r ou t i ng pr i n c i pl e s . F i na l l y , the I . 4 0 0  s e r i e s  
Recomme nd a t i on s  prov i d e  d e t a i led phys i c a l  
l aye r spe c i f i c a t i o n s  f o r  b a s i c  a n d  pr imary 
rate u s e r - ne twork i n t e r f a ce s .  

C C I TT Wo rk i ng P a r t y  X I / 6  d eve loped fou r Re com­
m e nd a t i on s  t h a t  d e s c r ibe l a y e r  2 protoco l s  
( I . 4 4 0/Q . 9 2 0  a nd I . 4 4 l /Q . 9 2 l )  and l ay e r  3 p ro­
toco l s  ( I . 4 5 0 /Q . 9 4 0  and I . 4 5 1 /Q . 9 5 1 ) for the 
I SDN s u b s c r i be r  l i ne . 

T h e  Modem Wo rk i ng P a r t y con t r i bu t ed s t rong ly 
to both Re comme n d a t i o n  V . 3 2 ( 4 8 0 0 /9 6 0 0  bp s 
e cho c a n c e l l i ng mod ems ) and Recomme nd a t i o n  
V . 2 2  b i s  ( 2 4 0 0  b p s  F r e q u e n cy D i v i s ion M u l t i­
p l e x i ng modems ) . The Me s s ag e  H a nd l i ng Wo rk i ng 
P a r t y  p a r t i c i p a t ed i n  d e ve l op i ng e i g h t  new 
Recomme nd a t ions that wi l l  f a c i l i t a t e the 
i n t e r n a t i o n a l  commun i c a t i o n  o f  e l e c tron i c  ma i l  
m e s s ag e s . The I S DN Tec h n i c a l  Work i ng Group 
d e v e l oped co n t r i bu t i o ns to C C I TT S t udy Group 
XVI I I  o n  tec h n i c al top i c s  i n c l u d i ng I S DN ar ch­
i t e c t u r a l  re f erence mod e l s , s e rv i ce s  a nd capa­
b i l i t i e s ,  u s e r- ne twork i n t e r f a c e s ,  mu l t i ­
p l e x i ng and r a te adap t i o n ,  and support o f  
e x i s t i n g  d a t a  s e rv i ce s . 



I n  conj u n c t i o n  wi th i t s  i n t e r n a t i o n a l  s t a n­
d a rd s  a c t i v i t i e s ,  the I n s t i t u t e pa r t i c i pa t ed 
i n  o rg a n i z i ng a ma j o r  new u . s .  s t a nd a r d i z a t ion 
body d u r i ng F Y  8 4 :  T he Ame r i c a n  N a t i on a l  
S t a nd a r d s  I n s t i t ute ( AN S I ) A c c red i ted S t a n­
d a rd s  Comm i t tee ( ASC ) T l , " Te l e c ommun i ­
c a t i o n s . "  Comm i t t ee T l  w a s  f o rmed b y  t h e  
E x c h a nge C a r r i e r s  S t an d a r d s  A s soc i a t i o n  ( E C S A ) 
to prov i d e  a pub l i c  fo rum f o r  the deve l opme n t  
o f  vo l u n t ary U . S .  t e l e commun i c a t i o n  s t a n d a rd s  
i n  the po s t- d ive s t i t u r e  e n v i r o nme n t .  I t  i s  
expe c t ed t h a t  Comm i t te e  T l  w i l l  a l so d e ve lop 
t e c h n i c a l  pos i t i o n s  o n  te l e commun i c a t ion 
i s s u e s  under con s i d e r a t i o n  i n  i n t e r n a t i o n a l  
s t a n d a r d s  bod i e s ,  i n c lud i ng t h e  C C I TT . At the 
reque s t  o f  i nd u s t ry r e p r e s e n t a t i ve s ,  s t a f f  
memb ers o f  the I n s t i t u t e  a s s umed seve r a l  
l e ad e r s h i p  pos i t i o n s  i n  t h e  n e w  T l  
o rg a n i z a t io n , i n c lud i ng t h e  c h a i rman s h i p o f  
S u b c omm i t t ee T l Dl ( I S DN ) ; i n te r im cha i rman s h i p  
o f  the S u b comm i t t ee T l Q l  J o i n t  Wo rk i ng Group 
o n  D ig i t a l  P e r fo rmance ( pe n d i ng the forma t i o n  
o f  s ep a r a t e  D i g i t al C i r cu i t  a nd D i g i t a l  P a c k e t  
Wo r k i ng Groups ) ;  a nd membe r s h i p  i n  t h e  T l  
Ad v i sory Comm i t tee , wh i ch ove r s e e s  a n d  d i re c t s  
a l l  T l  s t a n d a r d i z a t i on wo r k . T h e  T l Dl C om­
m i t t ee i s  an ou tgrow t h  of the u . s .  C C I TT I S DN 
T e c h n i c a l  Wo r k i ng Grou p ,  wh i c h  t h e  I n s t i t u t e  
o rg a n i z e d  a nd ch a i re d  u n d e r  t h e  au s p i c e s  o f  
t h e  u . s .  De p a r tme n t  o f  S t a te p r i o r  to t h e  for­
m a t i o n  o f  T l . 

A se cond ma j o r fun c t i o n  o f  N T I A ' s  I n t e r­
n a t i on a l  S t a nd a r d s  pro j e c t  i s  to i n fo rm 
i n t e r e s ted nonpa r t i c i p a n t s  of s ig n i f i c a n t  
d e ve l opme n t s  i n  t h e  var i ou s  i n te r n a t i o n a l 
s t a nd a rd s  comm i t t e e s  for wh i c h  N T I A  h a s  
l e ad e r s h i p  re spons i b i l i ty .  O v e r  a per i od o f  
t ime , t h i s  f u n c t ion b r o ad e ns a nd s t r e ng t h e n s  
u . s .  i n p u t  to the C C I ' s  ( a nd o t h e r  
i n t e r n a t i o n a l  s t an d a r d s  o rg a n i z a t i o n s ) by 
add i ng new c o n t r i bu t o r s  a nd e xpa nd i ng t h e  
" k n ow l ed g e  b a s e "  f r om wh i ch u . s .  con t r i bu t i o n s  
m a y  be d r awn . T h i s  f un c t i on i s  a c c omp l i s h e d  
by seve r a l  me a n s , i n c lu d i ng N T I A  a nd op e n  
l i te r a t u r e  p ub l i c a t i on s ,  t u to r i a l wo r k s h op s , 
a nd p r e s e n t a t i o n s  a t  pr o f e s s i o n a l  soc i e ty a nd 
i nd u s try co n f e re n c e s .  Spe c i f i c FY 8 4  r e s u l t s  
i n c l u d e d  a n  NT IA Re p o r t  d e s c r i b i ng t h e  proce s s  
o f  u . s .  and i n t e r n a t i o n a l  s t a nd a r d i z a t i on ,  
w i th a focu s on I S DN a nd t h e  O S I  Re f e re n c e  
mode l ;  s e v e r a l  o p e n  l i te r a t ure p ub l i c a t i o n s  
a nd c o n f e r e nce pre s e n t a t i o n s  o n  I SDN , OS I ,  a n d  
re l a te d  C C ITT a n d  I SO s t a n d a r d i z a t i o n  
a c t i v i t i e s ; a nd t h e  ma i n te n a n c e  a nd 
e n l a rg eme n t  of a c ompu t e r i zed d a t a  b a s e  con­
t a i n i ng key i n f o rma t i o n  f rom e a ch o f  the ove r  
9 0 0  wh i te p a pe r s  s u bm i t te d  t o  t h e  1 5  C C I TT 
S tu d y  Groups dur i ng t h e  1 9 8 1 - 1 9 8 4  S tudy P e r­
i od . The I n s t i t u t e  a l so p l a n n ed a 3 - d ay con­
f e re n c e  o n  the C C I T T ' s  new l y- c omp l e ted X . 4 0 0  
se r i e s  Recommend a t i o n s  i n  coope r a t i on w i th t h e  
i nd u s try- sponsored E l e c t r o n i c  Ma i l  A s so c i a­
t i o n , and w i l l  h o s t  t h e  c o n f e re n c e  i n  Bou l d e r  
o n  N ovem b e r  1 3- 1 5 ,  1 9 8 4 . I n v i ted spe a k e r s  
i n c l ud e  Rep . T imothy E .  W i r t h  ( D- CO ) , Ch a i rman 
of t h e  House S u b c omm i t t e e  o n  T e l e commu n i­
c a t i on s ,  Con sume r P r o t e c t i o n , and F i n a n c e , a n d  
t h e  H o n o r a b l e  C l a r e n c e  J .  B r ow n , De p u ty S e c­
r e t a ry o f  C omme r c e , as we l l  a s  many u . s .  and 
i n t e r n a t i o n a l  expe r t s  on E l e c t ro n i c  M a i l  
S y s t ems . 

The t h i rd ma j o r f u n c t i o n  of N T IA ' s  I n t e r­
n a t i o n a l  S t a nd a r d s  pro j e c t  i s  to d e ve lop u . s .  
c o n t r i b u t i o n s  to i n t e r na t i o n a l  s t a nd a r d s  
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o rg a n i z a t i o n s . S u c h  c o n t r i bu t i on s  are under­
t a k e n  on a s e l e c t ive b a s i s ,  i n  s i t u a t i o n s  
where the I n s t i tu t e  h a s  spe c i a l  expe r t i s e  o r  
re sources not r e ad i ly ava i l a b l e  to o t h e r  u . s .  
p a r t i c i p a n t s . A t o t a l  o f  e i g h t  such cont r i bu­
t i on s  were prepa red in FY 8 4 , e a c h  addre s s i ng 
t h e  comp l e t i on and a l i g nme n t  of CC I TT Recom­
me n d a t i o ns and I SO S t a n d a rd s  for t h e  Ne two rk 
a n d  T r a n s po r t  L aye r s  of the Open Sys tems 
I n t e r conne c t i o n  Re f e re n c e  Mode l .  Spec i f i c 
top i c s  ad d re s sed i n c l u d e d  t h e  de f i n i t i on of 
Q u a l i ty of S e r v i c e p a r ame t e r s  a nd the i r  
n eg o t i a t ion be twe en O S I  e n d  sys tems , the 
i n t e r n a l  o r g a n i z a t ion of the ne twork Laye r ,  
N e twork Layer add re s s i ng ,  and the 
app l i c ab i l i ty o f  the OSI Re f e re n ce Model to 
I S DN ' s .  I n s t i t u t e  pe r s o n n e l  se rved a s  ed i tors 
( or " r appo r t e ur s " )  for several d r a f t  OS I 
s t a n d a r d s  a t  t h e  reque s t  of I S O  and C C I TT 
g r ou ps . The I SO/C C I TT s t a nd a r d s  for Ope n 
S y s tem s  I n t e r conne c t ion w i l l  f ac i l i t a t e  
i n forma t i on e x c h a nge among d i s s im i l a r  
c ompu t e r s  o n  a . wo r l dw i d e  b a s i s  by encourag i ng 
t h e  d e ve l opme n t  of c ompa t i b l e  d a t a  c ommun i c a­
t i o n  protoco l s . 

S EC T I ON 2 . 4  SYSTEM PER FORMANCE 
ENG I N E E R I NG ANALYS I S  

T h e  S y s tem P e r f o rmance E ng i ne e r i ng Ana lys i s  
Group cond u c t s  a broad prog r am o f  app l i e d  
r e s e a rch , e x p l o r a tory deve l opme n t  s t ud i e s , 
c o n c e p t  s t ud i e s ,  a n a l y s i s ,  and expe r ime n t a t ion 
d i re c ted toward suppo r t  o f  I T S  prog r am e l e­
men t s , NTIA o f f i c e s  conce r ned w i th po l i cy , 
a pp l i c a t i o n s , and Fede ra l s y s tems and other 
F ed e r a l  age n c i e s . The Group p e r f o rms expe r i ­
m e n t a l  r e s e a rch i n  the a r e a  of rad i o-wave 
propag a t i o n  in l i ne - o f- s i gh t ,  t ropospher i c ,  
a nd H F  c h a n n e l  s imu l a t o r s , a s  appropr i a te ; a nd 
for the l a b o r a t ory eva l u a t i o n  of s uch 
r ad i os . The G r ou p  u s e s  the k now ledge g a i ned 
f r om the e xp e r ime n t a l  me a s ureme n t  prog rams as 
a bas i s  for deve lop i ng com p u t e r  mod e l s  of 
l i ne-o f- s i g h t  and t roposph e r i c  c h a n ne l s .  
T h e s e  com p u t e r  prog r am s  are e ng i ne e r i ng too l s  
u s e f u l  f o r  d e s ign o f  l i ne-of- s i ght a n d  t r opo­
s p he r i c- s c a t t e r  commu n i c a t i o n  l i nk s .  

I n  add i t i o n  to the above prog r am a c t i v i t i e s , 
t he Group p e r f o rms sys t ems a n a l y s i s  of te l e­
c ommun i c a t i o n s  s y s t ems for o th e r  g ove r nme n t  
a g e n c i e s . T h e  ob j e c t iv e s  of t h e s e  prog r ams 
a r e  to o b t a i n  improved s e r v i ce s ,  b e t t e r  
r e s ou r ce u t i l i z a t i o n , and pe r f o rm a n c e  a t  lower 
c o s t s  in c ompe t i t i ve ma rke t s .  

N OAA T e l e c ommu n i c a t i o n  S tudy Methodology . The 
I n s t i tu t e  was r eque s ted by the N a t i on a l  
O ce a n i c  a nd A tmosph e r i c  Adm i n i s t r a t i o n  ( NOAA ) 
to prov ide a methodo logy to a l l ow t h em t o  
s tudy t h e  e n t i r e  r a nge of the i r  t e l e commu n i­
c a t i on s y s tems . The me thod o l ogy was to 
d e s c r i b e  in b ro ad d e t a i l  the s t eps nece s s a ry 
to f i r s t ,  a n a l y ze t h e i r  c u r r e n t  s y s t em ,  to see 
h ow we l l  i t  is mee t i ng the N OAA m i s s ion 
r eq u i reme n ts a nd se cond , to d e s i g n  a r a t i on a l ­
i z e d  s y s t em t h a t  wou l d  make f u l l  u s e  of 
c u r r e n t  te chnology to prov i d e  f u l l  m i s s i o n  
s uppo r t  f o r  N OAA a t  l e s s  cos t t h a n  t h e  p r e s e n t  
s y s tem . 

The me thod o l ogy deve lop e d  w a s  b a s ed i n  p a r t  on 
me thodo l o g i e s  recomme nded by o ther r e s e archers 
f o r  cond u c t i ng a t e l e commu n i c a t ions sys tems 
a n a l y s i s .  The me t hodo l ogy was adapted and 



i n terpre ted to match the requ i reme n t s  o f  
NOAA . T h e  NOAA t e l e commu n i c a t ion p l a n t  i s  
w i d e spread and comp l e x ; i t  u s e s  everyth i ng 
f r om t e c h n o l og i e s  o f  4 0  years ago to t h e  
l a t e s t  h igh- speed s a t e l l i t e commu n i c a t i o n  
l i nk s .  T h e  m a n y  t ypes o f  s y s t ems a nd s e r v i ce s  
emp l oyed b y  NOAA m a k e  the prob l em o f  f u l l y  
u n d e r s t a n d i ng a nd docume n t i ng t h e  c u r r e n t  
s c heme com p l e x  and cos tly . T h e  o n e  ce r t a i n ty 
i n  the s i t u a t i o n  i s  t h a t  i t  wou l d  be more 
exp e n s ive to re t a i n  the c u r r e n t  sys tem and 
pra c t i c e s  than to d e v i s e a nd i n s t a l l  a ra t i o­
n a l i z e d  sy s t em .  

The metho d o l ogy was comp l e ted and subm i t t ed to 
the spon sor as a l e t ter repor t .  

Upd a t e  of FED-STD- 1 0 3 7  ( G l o s s a ry of Te l e com­
mun i c a t i o n s  Te rms ) .  As technology ch a nge s and 
new t e l e c ommun i c a t ions s e r v i c e s  and prod u c t s  
a re added t o  t h e  ma r k e tpl a c e , i t  becom e s  
impor t a n t  to s t andard i ze the l a nguage u s ed i n  
F e d e r a l  procureme n t  o f  the new good s and s e r­
v i ce s . The impo r t a nce of a s t and a rd i z ed 
vocabu l a ry is seen in the case o f  op t i c a l  com­
mun i c a t i o n s - - a  t e c h n o l ogy whose voca bu l a ry 
con t r i b u t e s  a l a rge po r t i o n  of the add i t i o n s  
to F E D-STD- 1 0 3 7 . I n  f i ber op t i c s ,  a g l o s s ary 
of common t e rms was needed to b r i d g e  the gap 
be twee n the d i s c i p l i nes of g e ome t r i c  opt i c s , 
phys i c a l  op t i c s , and commu n i c a t i o n s  eng i n e e r­
i ng ,  s i n ce wo r k e r s  i n  these d i f fe r e n t  d i s c i ­
p l i ne s  o f t e n  used d i f f e r e n t  terms a n d  un i t s of 
me a s ure to d e s c r i be the s ame phe nomena . 

The abse nce of a prec i se ,  common l a n g u a g e  
among r e s e a r c h e r s , m a n u f a c t u re r s , s y s t ems 
d e s i g n e r s , u s e r s , and me r c h a n t s  wa s a h i nd ­
rance to e f fe c t i ve t e c h n o l ogy d eve l opme nt a n d  
app l i c a t i o n s . A se t of i n t e r n a t i o n a l l y  ag reed 
upon t e rms was a l so needed in the procureme n t  
p roce s s  t o  spe c i fy f i be r  op t i c s  prod u c t s  a n d  
s y s tems ; b u y e r s  a nd s e l l e r s  o f  f i ber op t i c s  
prod u c t  and sys tems needed a common l a ng u age 
to condu c t  t r ad e . It was the ma r k e t p l a c e , 
th e n , t h a t  i n i t i a ted the push to wr i t e a g l os­
s a ry of f i ber opt i cs t e rms , and i t  i s  
procurement t h a t  h a s  e n couraged the i ncor­
por a t i o n  of the new f i ber op t i cs t e rms and 
o t h e r  new- t e c h n o l ogy te rms i n to the FED-STD-
1 0 3 7  d i c t i o n a ry . 

The o r i g i n a l  F e d e r a l  S ta nd a rd 1 0 3 7  c on t a i ne d  
appr o x imat e l y  2 0 0 0  t e rms and d e f i n i t i o n s . 
Approx ima t e l y  1 3 0 0  new terms and d e f i n i t i o n s  
h a ve b e e n  proposed for i nc l u s i o n  i n  t h e  
rev i sed F E D  S T D  1 0 3 7 A .  One of the ma j o r 
rev i s i o n s  to 1 0 3 7  i s  the proposed add i t i o n  o f  
4 5 0  t e rms f r om t h e  N B S  Ha nd book 1 4 0 ,  " Op t i c a l  
Waveg u ide Commu n i c a t i o n s  G l o s s a r y , "  c o a u t hored 
by NTIA . 

I n  add i t ion to f i b e r  op t i c s t e rms , many new 
terms f r om d a t a  c ommu n i c a t i on s ,  f r om the po s t ­
d ive s t i ture a re n a ,  and from I n teg r a ted S e r­
v i c e s  D i g i t a l  Ne twork I S DN t e c h no l ogy h ave 
a l so b e e n  propos ed . 

New t e rms and de f i n i t i o n s  have bee n propo s e d  
by a s c o r e  o f  F e d e r a l  ( DoD a nd c iv i l - s e c to r ) 
a g e n c i e s , and have been put i n t o  a d a t a  b a s e  
f o r  e le c tron i c  e d i t i ng .  T h i s  d a t a  b a s e , w i t h  
s ome of the de f i n i t i o n s  i n  F E D- S T D- 1 0 3 7 , w i l l  
b e  rev i ewed by a wor k i ng g roup and a re s o l u ­
t i on comm i t t e e  composed of F T S C  ( F ede r a l  T e le­
commu n i c a t i on s  S ta nd a r d s  C omm i t t e e ) member s .  

The comm i t t ee w i l l  ev a l u a t e  e a ch de f i n i t i on , 
for 1 0 3 7A i n c l u s i on or re j e c t i on ,  a c c o rd i ng to 
s pe c i f i c c r i t e r i a ,  and th e n , i n  l a t e r  me e t ­
i ng s ,  u s e  an i n t e r a c t i ve proc e s s  to re f i ne a n d  
pol i s h  t h e  de f i n i t i o n s  t o  b e  p u t  i n to the 
r e v i sed g l o s s ary . 

The I n s t i t u t e  g a t h e r s  and col l a t e s  term names 
and d e f i n i t i o n s  to be i n c l uded in the new 
g l o s s a r y .  L a t e r  I T S  w i l l  rev i ew m a t e r i a l  for 
the d r a f t s  o f  the g l os sary , i n c l ud i ng work i ng 
g roup d r a f t s  and coord i n a t i on d r a f t s . F u r t h e r  
suppo r t  i s  prov i d e d  by ITS i n  p a r t i c i pa t i ng i n  
the resolu t i o n  o f  rev i ew comme n t s  t h a t  res u l t  
f r om the c omm i t t ee mee t i ng s . 

The w i d e s t  po s s i b l e  pa r t i c i p a t i o n  by many Gov­
e r nment age n c i e s  is e n cour aged in th i s  s t a n­
d a rds e f f or t .  Abou t  a d o z e n  Gove r nme n t  
agenc i e s  a t tend the res o l u t ion comm i t t e e  
me e t i ng s ,  and 7 5  memb e r  ag e nc i e s  of t h e  FTSC 
w i l l  rev i ew the d r a f t  s t andard . 

The I n s t i t u t e  h a s  a 1 0 - y e a r  h i s tory of 
succe s s e s  in d e ve l op i ng a nd pub l i s h i ng 
d i c t i o n a r i e s  t h a t  are s t a n d a rd s . Wor k  beg a n  
i n  1 9 7 3  for t h e  M i l i t ary S t a nd a r d  1 8 8 - 1 2 0  
( pub l i s hed i n  1 9 7 5 ) , " M i l i t a ry Commu n i c a t i o n  
Sys tems S t a n d a rd s :  Te rms a nd De f i n i t i o n s . "  

I n  1 9 7 9 ,  N T I A  pub l i s h ed N T I A  Spe c i a l  P u b l i c a­
t i o n  7 9 - 4 , the " O p t i c a l  Waveg u i de C ommun i ­
c a t i o n s  G l o s s a ry . "  

I n  1 9 8 0 , The Ge n e r a l  S e rv i c e s  Adm i n i s t r a t i o n  
pub l i shed Fed e r a l  S t a nd a r d  1 0 3 7 , " G l o s s a ry o f  
T e l e c ommun i c a t i o n  T e rms , ". i n  wh i c h I T S  w a s  the 
l e ad age ncy for e d i t i ng ,  r e v i ew i ng , a nd c ro s s ­
r e f e r e n c i n g . 

I n  1 9 8 2 ,  the N a t i o n a l  B u r e a u  of S t a nd a r d s  pub­
l i s hed j o i n t l y  w i t h NTIA t h e  NBS H a ndbook 1 4 0 , 
" O p t i c a l  Waveg u i d e  Commu n i c a t i o n s  G l o s s a ry , "  
wh i c h  was t h e  rev i s i o n  of NTIA-SP- 7 9 - 4 . T h i s  
rev i sed f i b e r - op t i c s d i c t i o n a ry was adop ted by 
I E EE and pub l i shed as a s t a nd- a l one vo l ume i n  
t h e i r  d i c t i o n ary s e r i e s . I t  w a s  a l s o s u bm i t­
ted to the I n t e r n a t i o n a l  E l e c t ro t e ch n i c a l  C om­
m i s s ion a s  a u . s .  con t r i bu t i o n  to a n  i n t e r­
n a t i on a l  s t a nd a r d s  e f for t .  And it i s ,  o f  
cour se , be i ng i n corpor a ted i n t o  F E D- S T D- 1 0 3 7 A . 

Rev i s i on of M i l i t a ry S t a n d a rd s  for Comm u n i c a­
t i ons Sys tems . The De f e n s e  Commu n i c a t i o n s  
E ng i nee r i ng C e n t e r  ( DC E C ) h a s  t a s k e d  t h e  
I n s t i tu t e  f o r  Te l e c ommun i c a t i o n  Sc i e n c e s  t o  
prepare a rev i s i o n  of t h e  m i l i t a r y  s t a n d a r d  
cove r i ng l o n g - h a u l  and t a c t i c a l  commu n i c a t i o n  
s ys tems . T h e  c u r r e n t  s t and a rd , M I L- STD- 1 8 8 -
1 0 0 , was d eve l oped i n  1 9 7 2  a nd h a s  r e c e i ve d  
o n l y  m i nor upd a t e s  s i n ce . Our t a s k  i s  to 
prov ide a r e v i s i o n  that r e f l e c t s  the c a p a­
b i l i ty of s ta te-of- the- a r t  equ i pme n t  and 
p r ac t i ce s  a nd w i l l  a l l ow the s p e c i f i c a t i on of 
e nd- t o- e n d  p e r form a n c e  of commu n i c a t i o n  
channe l s  wh i ch are c a r r i ed by i n t e r c o n n e c t e d  
s t ra teg i c  and t a c t i c a l  s u b s y s t ems . 

The pro j e c t  i nvolves prep a r i ng of d r a f t  
vers i o n s  o f  p a r t s  o f  the rev i s ed s t a nd a rd a nd 
coord i n a t i ng t h e s e  w i t h DCEC a nd the v a r i ou s  
m i l i t a ry depa r tme n t s  i nvolve d . The f i na l  
product w i l l  b e  a comp l e te d r a f t  v e r s i on o f  
t h e  s t a nd a r d . 
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Au toma ted P a s s ive Repe a t e r  L i nk E ng i nee r i ng .  
The need ex i s t s  for a n  au t oma ted pred i c t i on 
t e c h n i que to e s t imate t he per f o rmance of p a s ­
s i ve repe a t e r  l i nk s .  Th i s  need c a n  be f i l le d  
e f f i c i e n t l y  u s i ng a d e s k - top c omp u t e r  w i th a 
s e t  of i n t e r a c t ive prog r am s  t h a t  prov i d e  t h e  
d e s i g n  e n g i n e e r  w i th f a s t  t u r n - a r o u nd pre­
d i c t i o n s  pre s e n ted i n  a r�po r t- r e ady forma t .  
The I n s t i tu te began d e v e l op i ng s u c h  a s e t  o f  
p rog r ams i n  F Y  8 4  u n d e r  a pro j e c t  spo n s o re d  by 
t h e  USAC E E I A .  The se prog r ams pe r fo rm two 
p r i n c i pa l  f u n c t i o n s : ( 1 )  To c a l cu l a t e  the 
opt imum o r i e n t a t i o n  v a l u e s  for p a s s i v e  
repe a t e r s  f r om the E a r th g e ome try , parame t e r  
v a l ue s  o f  the t e rm i n a l  and r e pe a t e r  s i te s ,  a n d  
( 2 )  to c a l cu l a t e  t h e  pe r f o rmance o f  t h e  l i nk 
b a s e d  on the p a s s i ve repea ter s i ze , a n t e n n a  
g a i n s ,  o t h e r  eq u i pm e n t  parame t e r s , a n d  a tmos­
p h e r i c  and t e r r a i n  p a r ame t e r s .  

T h r e e  pa s s ive repe a t e r  type s are be i ng c o n s id­
e red : 

o s e p a r a t e  i n t e r c o n ne c ted p a r a bo l i c  an t e n­
nas u s i ng no a c t i ve e l eme n t s  

0 o ne- p l a ne re f l e c t o r  

0 two- p l ane re f l e c t o r s . 

I n  mou n t a i nou s t e r ra i n ,  g a i n i ng a c c e s s  and 
prov i d i ng power to a c t i ve m i c rowave r e pe a t e r  
s t a t i o n s  c a n  be a problem - - e s pe c i a l ly dur i ng 
w i n te r  mon t h s . O f t e n ,  a s o l u t i o n  i s  t h e  u s e  
o f  a p a s s ive r e pe a ter t h a t  req u i re s  n o  powe r 
and l i t t l e  ma i n te n a n c e . W i t h  the p a s s ive 
r e pe a t e r  o n  the h i l l t op , the a c t ive repe a t e r  
may be p l a c ed n e a r  an e x i s t i ng road n e a r  re l i ­
a b l e powe r a t  a lowe r e l ev a t io n . A l t hough a 
p a s s ive r e p e a t e r  l i nk g e ne ra l ly e x h i b i t s mor e  
p a t h  l o s s  t h a n  t h e  d i r e c t  l i ne-of- s ig h t  l i n k  
( were s u c h  a l i nk ava i l a b l e ) ,  t h e  v a r i ab i l i t y  
over t h e  l i nk i s  o f t e n  l e s s  s i nce beam ang l e s  
o f  p e ne t r a t i on th rough a tmosphe r i c  l ayers a r e  
s h arpe r .  O t h e r  ad v a n t ag e s  of t e n  obt a i ned 
u s i ng p a s s ive r e p e a t e r  sys tems are a 
s ig n i f i c a n t  d e c r e a s e  i n  s u s c ep t i b i l i ty to 
i n t e r f e re n c e  and the capab i l i ty of s up po r t i ng 
w id e  band w i d t h  comp ared to d i f f r a c t i o n , 
s c a t t e r , and even l i ne - o f - s ig h t  p a t h s . The 
r e a s o n s  f o r  these adva n t ag e s  are t h e  ve ry 
n a rrow b e am a ng l e s ,  the re s i s ta n c e  to 
m u l t i p a t h  due to h ig h  pe n e t r a t i o n  ang l e s ,  and 
the f l e x i b i l i ty of p l a c i ng tem i n a l  s i te s  i n  
l ow t e r r a i n  u s i ng s h o r t  towe rs , t h u s  
s he l t e r i ng t h e  re l a t i v e l y  w i d e - b e am t e rm i na l  
a n te n n a s  f r om i n t e r f e r i ng sou r ce s . 

Des i g n  and c a l c u l a t i o n  of a m i c r owave p a t h  
u s i ng a p a s s ive repe a t e r  i s  mo re comp l e x  t h a n  
t h a t  o f  a path w i t hout one . Howeve r ,  proced­
ures a r e  spe c i f i c and they lend thems e l ve s 
r e ad i ly to i n t e r a c t ive au t oma t i o n  on a d e s k­
top comp u t e r . 

The f o l l ow i ng s te p s  are be i ng fo l l owe d to 
d eve l op a pred i c t i o n  t e c h n ique t h a t  i s  pr a c t i ­
c a l , c omp u t e r i z ed , and i n te r a c t ive : 

1 .  S e l e c t  an a l g o r i t hm to c a l cu l a t e  r e f l e c ­
t o r  a n d  a n t e n n a  o r i e n t a t i o n  va l u e s  from 
t h e  E a r th ge ome t ry coord i n a t e s  of t h e  
r e f l e c t o r s  a nd a n te n n a s  as we l l  a s  me d i a n  
a tmosphe r i c  p a r ame t e r s .  

2 .  

3 .  

4 .  

5 .  

6 .  

De s ig n  an a l g o r i thm to c a l cu l a te and d i s­
p l ay the t e rr a i n  prof i l e  a nd r ay p a t h  
g eome t ry .  The forma t s  s h o u l d  prov i d e  a 
l ab e l ed p l an v i ew of t h e  p a t h , t e r r a i n  
p r o f i l e s  o f  e a c h  leg o f  the path , and a 
t a b u l a t i o n  of g eome t r i c  pa rame t e r s . 

Ob t a i n  a n  a l g o r i thm to c a l c u l a te the med­
ian b a s i c  t r a n sm i s s i on l o s s  a c r o s s  the 
l i n k  and prov i d e  a tabu l a t i o n  of a s s ump­
t i o n s  and p a r ameter v a l ue s . T h i s  a lgo­
r i thm mu s t  i nc lu d e  n e a r- f i e l d  e f fe c t s  and 
d o ub l e  p as s i ve r e p e a t e r  c l ose-cou p l i ng 
l o s s  c a l cu l a t i o n s . 

De s ig n  an a l g o r i thm that c a l c u l a tes t h e  
ba s i c  t r a n sm i s s i on l o s s  va r i ab i l i ty a n d  
d i s p l ay t h i s  i n f o rma t i on i n  g raph i c a l  and 
t abu l ar form . 

De s ig n  an a l g o r i t hm t h a t  c a l c u l a t e s  the 
d i s t r i b u t i o n  o f  c a r r i e r - t o- n o i se r a t i o  
f o r  t h e  l i nk a n d  d i s p l ay th i s  output i n  
g raph i c a l  and t a b u l a r  form . 

Prov i d e  a n  a l g o r i thm t h a t  c a l c u l a t e s  the 
s i ng l e  re c e i ve r  t rans fer c h a r a c te r i s t i c s  
f or the p a t h  a n d  prov i d e s  a g r a ph i c a l  
o u t p u t  whe never s uch a n  ou tput i s  app l i c­
a b l e . 

7 .  De s ig n  an a lg o r i thm t h a t  summa r i z e s  and 
c a l c u l a t e s  l i nk p e r formance a lo ng w i t h  
p arame t e r  va l u e s  used i n  mak i ng the 
per f o rmance pred i c t i o n . 

8 .  Prepare programs coded to prov i d e  the 
c a l c u l a t i on s  and outputs requ i red by the 
v a r i o u s  a l g o r i t hms . 

9 .  Prov i d e  d o c ume n t a t ion w i th the p rograms , 
i nc l ud i ng a program ma i n t nance manual and 
a u s e r s ' m a nu a l . 

The a l go r i thm s  w i l l  be cap a b l e  of a n a l y z i ng 
p e r f o rmance of a p a s s i ve repeater l i n k  made u p  
o f  4 l e g s  ( 3  p a s s ive repe a t e r s ) whe re e a c h  
repe a ter m a y  be o f  a ny one of t h e  t h r e e  
p a s s ive repe a t e r  type s .  

Because p a s s i ve r e pe a t e r  l i nk s  are u s ua l ly 
made up of l i ne - o f- s ig h t  l e g s  w i th ad equate 
t e r ra i n  c l e a r a n c e , l i ne - o f- s i g h t  a n a l y s i s  i s  
u s e d  t o  c a l cu l a t e  me d i a n- s ig n a l  leve l and 
p a t h - l o s s  v ar i ab i l i ty .  The a lgor i t hms for 
l i ne- o f - s ig h t  l i nk ana lys i s  mu s t  therefore be 
e x am i ned and the b e s t  ava i l ab l e  a l g o r i thms 
chose n for the p a s s ive re p e a t e r  l i nk ana lys i s .  
The a n a l y s i s  s t ru c t ure i s  the re fore be i ng 
d e s igned s u c h  t h a t  an ord i nary l i ne-o f- s i g h t  
l i nk i s  a s pe c i a l case of pa s s i ve r e p e a t e r  
a n a l y s i s . Th i s  g r e a t l y  e x p a n d s  t h e  u t i l i ty of 
the program s e t .  S ome of the l i n e - o f- s i g h t  
a l g o r i thms th a t  are i n c luded are : 

0 a tmosph e r i c  a t te n u a t i o n  

0 a tmos phe r i c  mu l t i p a t h  

o ra i n  a t t e nu a t i o n . 

The pro j e c t  is expected to be comp l e ted e a r l y  
i n  FY 8 5 .  

T r a n sm i s s i o n  Sys tem Mon i tor and C o n t r o l  
( TRAMCON ) .  The i n i t i a l  e f fo r t  i n  deve lop i ng 
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the TRAMCON s y s tem i nvo lved the deve l opme n t  o f  
a s e t  of s o f tware to u s e  e x i s t i ng ADP a s s e t s  
t o  mo n i tor t h e  f i r s t  s t ag e o f  t h e  D ig i t a l  Eur­
ope a n  B a ckbone o r  DEB- I .  Three m i n i c ompu t e r  
sys tems we re u s ed t o  mo n i tor 1 3  m i c rowave 
s i tes in t h i s  f i r s t  d ig i t a l  upg rade o f  the 
E urope a n  commun i c a t i o n  sys tem . Th i s  i n t e r im 
s y s tem prov i d ed the f i e ld ope ra tor w i th a 
t e c h n i que to obse rve and manage a ser i e s  o f  
c ommu n i c a t i o n s  f a c i l i t i e s  f r om a c e n t r a l  l o c a ­
t io n .  Th i s ,  i n  tur n ,  a f fo r d s  the op po r t u n i ty 
to e s t ab l i sh a c e n t r a l i zed m a i n tenance d i s­
p a t c h  f u n c t ion and f u r t h e r  to reduce the need 
for s i te s t a f f i ng .  The re f i neme n t s  in the 
mon i to r  a nd d i sp l a y  sys tem have evolved dur i ng 
a n  eva l u a t i on p e r i od when th i s  s y s t em was i n  
a c t u a l  ope r a t ion . B e ne f i c i a l feedback from 
u s e r s  has s ig n i f i ca n t l y  improved the u t i l i t y  
o f  the s y s t em .  

T h e  f i rs t  depl oyme n t  demon s t r a t ed t h a t  TRAMCON 
wou ld a f ford many b e ne f i ts t o  DEB sys tem 
ope r a t i o n  a nd ava i l ab i l i ty .  I n  m i d- 1 9 8 1 , the 
TRAMCON s y s t em was e s t ab l i s h ed a s  a n  i n teg r a l  
p a r t  of t h e  d i g i t a l  E ur ope a n  upg r ade . A 
s e r i e s  of deve l opme n t  a nd d e p l oyme n t  s te p s  
were e s t ab l i s hed by the ma nageme n t  a n d  
t e ch n i c a l  c omm i t t e e s  for TRAMCON . The se s te p s  
i n c lude devel opme n t  and re f i nem e n t  of s o f twa re 
for the m a s t e r  t e rm i n a l , the add i t ion o f  an 
i n t e l l i g e n t  remo t e  un i t ,  and the e s t ab l i s hme n t  
o f  a n  i n t ra-TRAMCON ma s te r  ne two r k . 

The TRAMCON sys tem w a s  e s t ab l i shed to mo n i tor , 
c o l l e c t ,  a nd d i s p l ay d a t a  t h a t  re f l e c t s  t h e  
ope r a t i o n a l  s t a t u s  o f  a d ig i t a l  commun i c a t i o n  
s ys tem . These d a t a  typ i c a l ly a r e  s t a t u s  a nd 
a l a rm i nd i c a t i o n s  t h a t  are de s ig ned i n t o  the 
t r a n sm i s s ion s y s t em hardware and a n a l og a n d  
pul s e  pa rame ters t h a t  d e s c r i be the tra ns­
m i s s ion qu a l i ty .  E x am p l e s  o f  i n fo rma t i on 
prov i d ed by these a l a rms and parame ters a re :  
wh i c h  rece iver a nd t r a n sm i t te r  are on l i ne , 
wh i c h  mu l t i p l e x e r  i s  c a r ry i ng the m i s s i o n  
t ra f f i c ,  t h e  a b s e n c e  o f  d a ta s t r e am a c t i v i ty ,  
the rece i ved s i g n a l  leve l ,  and the number of 
r e f r ame a t t empts by the m u l t i p l ex e r . 

The g e n e r a l  func t i o n a l  capab i l i ty of the 
m a s t e r  t e rm i n a l  is i l l u s t ra t ed in F igure 2 - 2 3 . 
The pre s e n t  ma s t e r  con s i s t s  of a m i n i - c omp u t e r  
sys tem w i th t h e  per i ph e r a l s  s hown . The 
r e s pons i b i l i ty of the ma s t e r  is to co l l e c t  
s t a t u s  a nd p a r ameter i n f o rma t ion f r om a l l  
remo t e s  w i t h i n  i t s  c o n t ro l , t o  a s semb l e  these 
r e s ponses i n to u s a b le d i s p l ays for the s y s t em 
m a n a g e r  u s i ng E ng l i s h  tex t ,  and to ma i n t a i n  a 
n e a r- t e rm h i s tory of s y s t em s t atus a nd p e r for­
m a n c e . The g e n e r a l  f u n c t i o n a l  capa b i l i ty of 
the remote un i t  is s hown in F igure 2 - 2 4 . The 
general ob j e c t ive o f  the remo te un i t  is  to 
s e n se e l e c t r i c a l  parame ter changes t h a t  i nd i­
c a t e the ope r a t i ng p a r ame t e r s  of a d i g i t a l  
m i c rowave s y s t em a t  a l o c a t i o n , formu l a te 
those chang e s  i n to a r e s po n s e , a nd t r a n sm i t  
th i s  c h a nge i n f o rma t ion to the m a s t e r  u pon 
requ es t .  The ma s t er and remo te re l a t i o n sh i p  
i s  shown i n  F i gure 2 - 2 5 .  A segme n t  may con­
s i s t  of mo re than one mas ter- -one wi th 
po l l i ng ,  swi tch , a nd mon i tor r e s pon s i b i l i ty ,  
t h e  others w i t h  mo n i to r  respo n s i b i l i t y .  A 
s egme n t  may cons i s t  of up to 2 4  remote t e rm i ­
n a l s .  

Dur i ng F Y  1 9 8 4 , a ve r s i o n  o f  the TRAMCON m a s ­
ter that a l l owed f i e ld c o n f i g u r a t ion of s i t e 

and DEB segme n t  spec i f i c i n f orma t i on wa s 
d e ve l oped , i n s t a l l ed , a nd t e s ted at Don n e r s ­
b e rg a nd R e e s e-Aug s b u r g  commun i c a t i o n  f a c i l i­
t i e s  i n  support of t h e  DEB- I IA s egme n t . 
I n i t i a l  f am i l i ar i z a t i o n  a n d  t r a i n i ng on the 
ope r a t ion of the e a r ly v e r s i on of th i s  s y s t em 
we re prov i d e d  to A i r  Force and Army pe sonne l 
who h ave been a s s i g ned v a r i ou s  t e s t  a nd e v a l u­
a t i o n  e f fo r t s .  The sys t em i s  c u r re n t l y  u n d e r­
go i ng a f u l l  year of ope r a t i on a l  t e s t  and 
e va l u a t i o n  to a s s e s s  the u s ab i l i ty and e f f e c­
t i ve n e s s  of the s y s tem in ope r a t i ng and ma i n­
t a i n i ng the commun i c a t i o n  sys tem . 

A l so dur i ng the ye a r ,  work h a s  begun on s o f t­
w a re expa n s i o n  to a l l ow e a c h  ma s t e r  sys tem to 
mon i tor a nd control mu l t i p l e  segme n t s  of 
t r a n sm i s s ion sys tems to prov i d e  redundancy for 
o t h e r  masters ope r a t i ng on o th e r  s egme n t s . 
Deve l opme n t  h a s  begun on ou t l i n i ng ,  i n  the 
s o f tware , the ab i l i ty t o  a c c ommod a te remo t e  
u n i t s w i th programmed i n t e l l i g e nce . Th i s  
d e ve l oped c apab i l i ty w i l l  g r e a t ly improve t h e  
e f f i c i e ncy o f  d a t a  acqu i s i t i o n  from the remote 
s i t e s  and w i l l  a l so a l l ow for s ho r ter r e f r e s h  
t ime . 

LOS M i c rowave C h a n ne l S im u l a to r . The u . s . 
Army Commun i c a t i o n s  S y s tems Agency ( C SA ) h a s  
f u nded t h e  I n s t i t u t e  t o  deve lop a l i ne-of­
s i g h t  ( LOS ) m i c rowave channel s imu l a tor . The 
d ev i c e  be i ng bu i l t  by ITS doe s not dynam i c a l ly 
v a ry pa rame ters to s imu l a te the random f l u c ­
t u a t i on s  o f  a r e a l - wo r l d  LOS m i c rowave 
c h a n ne l . R a t h e r ,  it u s e s  s t a t i c  dev i ce p a r a ­
m e t e r s  to obt a i n  equ i pme n t  s ig n a t u re s . T h e s e  
s i g na t ures can then be u s ed for the compa ra­
t ive ev a l u a t i o n  of d ig i t a l  rad i os .  

One o f  the key d i f f e r e n c e s  b e tw e e n  t he LOS 
c h a n n e l  s imul a tor be i ng bu i l t  by I TS a nd those 
d i s c u s sed in the l i t e r a ture is that i n  t h e  ITS 
d e v i ce ,  the s imul a t i o n  is imp l em e n ted a t  r f  
r a t h e r  than a t  I F .  S im u l a t ion a t  I F  has t h e  
d i s ad v a n tage that some of t h e  c r i t i c a l  compo­
n e n t s  of the s i g n a l  p a t h  a re l e f t  ou t .  T h e s e  
compo n e n t s  i n c lude the p h a s e  l o c k ed l o o p  ( P LL ) 
a nd a u t oma t i c  g a i n  con t rol ( AGC ) s y s t ems a s  
we l l  as c i r cu i t ry that l im i t s  the r f  band­
w i d t h . 

T h e  mod e l  on wh i c h  the s im u l a tor i s  to be 
b a sed i s  a two- path mod e l  a nd may be c l a s s i ­
f i ed as a s ig n a l  mod e l  r a t h e r  t h a n  as a f i l t er 
mod e l . A l though s im u l a to r s  h a ve been bu i l t 
u s i ng a t ap-d e l ay l i ne imp l eme n t a t i on of a 
f i l te r  mod e l , there are some d i s ad va n t ages i n  
d o i ng so . Two d i s adva n t ag e s  are : 

1 )  The tap- g a i n  f u n c t i o n s  a re comp l e x . They 
g e ne r a l l y are not Ga u s s i a n  in n a t ure , ye t 
most of the t a p- d e l a y- l i ne appl i c a t i o n s  
t re a t  them as s u c h . 

2 )  The tap- g a i n  f u n c t i o n s  a r e  not i ndepen­
d e n t  of each othe r , t h u s  ma k i ng i t  very 
d i f f i c u l t  to e s t a b l i s h  proper control for 
s imu l a t i ng a var i e ty of c h a n ne l s . 

The d i f f i c u l ty of synth e t i c a l l y  g e n e r a t i ng t h e  
t ap- g a i n  c o n t ro l s  c a n  be overcome t h r o u g h  the 
u s e  of the p l ayback appro a c h , but th i s  
approach a l so has d i sad va n t ag e s .  

For the reasons g i ven a bove , we have e l e c t ed 
to deve lop a s imu l a tor based on the s i g n a l  
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mod e l  concep t ,  and to impl eme n t  th i s  concept 
a t  r f .  

The b lo c k  d i ag r am of the propo sed r f  s imu l a to r  
i s  s hown i n  F i gure 2 - 2 6 . It i s  b a sed on the 
s im p l e  two- p a t h  ma thema t i c a l  mod e l .  The mo s t  
impor t a n t  component i s  the s w i tch se c t i o n . 
T h i s  i s  the d e l ay e l em e n t  for the mul t i pa th 
s i g n a l , wh i ch f o l l ows the upper por t i o n  of the 
d i ag r am .  The lowe r p a t h  is the rou te for the 
d i r e c t  path s ig n a l . 

At f i r s t g l a nce , F ig u r e  2 - 2 6  imp l i e s  t h a t  the 
c o n t r o l  o f  t h e  p a r ame t e r s  ( t ime d e l ay a nd 
p h a s e ) w i l l  requ i re c r i t i c a l  ad j u s tme n t s  i n  
o r d e r  t o  p r e c i s e ly s e t  the pos i t ion o f  fre­
q u e n cy- s e l e c t ive notch e s  a t  d e s i red pos i t i ons 
( p a r t i cu l a r ly d i f f i cu l t  a t  r f ) . T h i s  i s  not 
t h e  c a s e , howeve r ,  because the con t ro l  
f u nc t i o n  f o l l ows a d i f fe r e n t  b a s i c  approa ch . 
The o b j e c t ive i s  not to pr e c i s e ly ad j u s t  the 
s y s tem for n o t ch po s i t i o n ,  but to prov ide a 
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control me thod t h a t  pl aces a g r e a t  many 
notches in pos i t i o n s  that are both me a s u r a b l e  
a n d  pred i c t a b l e . Th i s  me thod shou l d  a l lev i a te 
imp l eme n t a t i o n  prob l ems t h a t  o t h e r s  h ave 
exper i e nced , even a t  I F .  

The s ig n a l  l e v e l e r  i n  F ig u r e  2 - 2 6  se rve s t h e  
p u r p o s e  o f  ma i n t a i n i ng a ne a r l y  con s t a n t  s i g ­
n a l  l e v e l  for t h e  d e l ayed s i g n a l  p a t h  r e g a rd ­
l e s s  of the amou n t  of d e l ay sw i t ch ed i n to t h e  
p a t h ; i . e . , i t  c ompe n s a te s  for the i n s e r t i o n  
l o s s  of t h e  d e l ay e l eme n t s . T h e  l i ne 
s t re tc h e r  prov i d e s  very sm a l l  r e l a t i ve d e l ay s  
b e tw e e n  t h e  d i r e c t  p a t h  and t h e  de l ay pa th . 

Be fore pre s e n t i ng the proposed c o n t ro l  met hod , 
we s h a l l b r i e f l y  d e s c r i be t h e  f u n c t i o n  of t h e  
s w i tch se c t i on i n  F i gure 2 - 2 6 - - the b a s i c  d e l a y  
l i ne f o r  t h e  mu l t i pa t h  s ig n a l . I t  i s  n o t  a 
tap de l ay l i ne ,  but one that is compos�o f  a 
number of e l eme n t a l  de l ay s  i n  a s e q u e n c e  
a r r a ng eme n t ,  e a ch o n e  a s so c i a ted w i th a s w i t c h  
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n e two r k . The co n f i g u r a t i o n  f o r  e a c h  e l eme n t  
o f  the l i ne i s  s h own i n  F igure 2 - 2 7 . In t h i s  
f i g u r e , F i s  a f i xed- d e l a y  v a l u e  common t o  a l l  
s w i tch se c t i o n s , a nd d i i s  a n  i n c r eme n t a l  
v a l ue of de l ay . B o t h  se c t i on s  o f  t h e  sw i t ch 
ope r a te tog e t h e r , so t h a t  in  the pos i t i o n  
s hown , t h e  d e l ay o f  the ou tput s ig n a l  w i t h  
re s p e c t  t o  t h e  i np u t  i s  g i ven b y  F .  W h e n  t h e  
s w i t ch c h a ng e s  s t a te , th i s  r e l a t ive d e l ay i s  
i n c reme n t ed b y  t h e  sma l l  amount d i , and 
be come s F + d i . The amou n t  o f  i nc reme n t a l  
d e l ay i n c r e a s e s  b y  powers o f  2 f o r  e a ch s u c ­
c e s s ive sw i t c h  s e c t i o n . Thus the de l ay for 
the i t h  s e c t i o n  is g i ven by : 

d • = 2 i d I 1 , 

w h e re d '  i s  the sma l l e s t  i n creme n t a l  d e l a y  
w h e n  b o t h  sw i t c h e s  i n  F ig u r e  2 - 2 7  a r e  a c t i­
v a t e d . The t o t a l  d e l ay is the sum of the de­
l ays f r om t h e  i nd i v i d u a l  sw i tch s e c t i o n s . As 
a n  i l l u s t ra t i ve e x amp l e , let the s w i tch be 
c ompo sed of e ig h t  s e c t i o n s  wh e re i = 0 ,  1 ,  2 ,  
• • •  , 7 .  A l so a s s ume a v a l ue for d '  = 0 . 1  n s . 
F o r  th i s  a r r a ng em e n t  t h e  numb e r  ( N ) of 
i nd e p e n d e n t  i n c reme n t a l  d e l ays is g i ven by 

N = ( 2 8 - l )  = 2 5 5 , 

a nd we see t h a t  the s w i t c h e d - c o n t r o l  d e l a y 
l i ne fun c t i o n s  i n  a b i n a ry manne r .  The r a ng e  
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o f  po s s i b l e  d e l ay s  t h u s  become s 0 . 1  to 2 5 . 5  n s  
whe n  d '  = 0 . 1  n s ,  i n  s teps o f  0 . 1  n s . T h e s e  
v a l ue s  are for i l l u s t r a t ion on l y .  T h e  a c t u a l  
i n c reme n t a l  v a l ues u s e d  i n  the d e s i g n  w i l l  
d ep e nd o n  a mo re de t a i l ed mathema t i c a l  devel­
opme nt of the b i na ry cha i n ,  w i th r e s p e c t  to 
o t h e r  pa rame t e r  v a l ue s  t h a t  w i l l  have a n  
e f f e c t . Some o f  t h e se w i l l  have t o  b e  d e r i ved 
exper ime n t a l l y ,  and c a n not be quan t i f i ed As 
an e x am p l e , in F ig u r e  2-27  w e  have i n c l uded a 
d e l ay v a l u e  a t t r i b u ted to the sw i t ch i t s e l f , 
wh i ch i s  l a b e l e d  s .  Th i s  must be m i n im i zed by 
t e s t i ng and s e l e c t i o n  of t h e  sw i t ch , a nd a l s o 
compens a t ed for by ad j u s tments i n  the v a l ue o f  
i a nd/or t h e  s e l e c t i o n  of d ' . 

I t  i s  a n t i c i p a ted t h a t  the rea l i z a t ion of the 
s imu l a to r  w i l l  perm i t  ope r a t ion ove r a fre­
quency r a nge on the o r d e r  o f  1 to 1 0  GH z .  The 
d e s i g n  w i l l  be op t im i z e d  a t  one frequency 
( p robably 8 GH z )  a nd c a l i b r a t ion proced u r e s  
w i l l  be deve loped for o t h e r  ope r a t i ng frequen­
c i es . The e l eme n t a l  d e l ay l i nes w i l l  be f ab­
r i c a ted from m i n i a t u r e  sem i r i g i d coax i a l  l i n e s  
u s e f u l  a t  t h e se f r equenc i e s . When , d u r i ng t h e  
d ev e l opme n t , a pre c i s e me a s ure of t h e  i n cre­
mental d e l ay i s  e s t a b l i s hed and the t o l e ra n c e s  
d u e  t o  parame t e r s  such a s  S a r e  de term i ne d , 
t h e n  a c a l c u l a t i on c a n  be per formed t h a t  w i l l  
d e s c r i b e  the mu l t i p a t h  s t ructure i n  t h e  fre­
quency d oma i n  for each of the (say ) 2 5 5  s w i tch 
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F igure 2 - 2 7 . An i l l us tration o f  a s ingle delay element 
of the switch section in Figure 2 - 2 6 .  

se t t i ng s . From th i s  a n a l y s i s ,  a num b e r  o f  
s u b s e t  cond i t i o n s  c a n  b e  d e t e rm i ned t h a t  w i l l  
d e sc r ib e  the po s i t ion o f  a c e r t a i n  notch wi t h­
i n  a s ub r a nge of the s ig n a l  s p e c t rum and a l s o  
pr ov i d e  a pred i c t a b l e  cou n t  of t h e  n�mber o f  
t imes d u r i ng a t e s t  run ( for a ny g i ven number 
o f  s� t t i ng s )  that the n o t c h  fe l l  wi t h i n  a ny 
pa r t i cu l ar s u b r a ng e . I t  i s  t h i s  proce s s  t h a t  
� e :m � t s  us to e l u d e  the p r o b l em of try i ng 
I n i t i a l ly to p l a c e  a g i ven notch a t  a ny par t i ­
c u l a r  pos i t ion w i t h i n  the spe c t rum . I n  a 
s e n s e , the per f orma n c e  e v a l u a t ion t e c h n i q u e  
b� come s a s t a t i s t i c a l  proce s s ,  b u t  w i th pre­
d i c t a b l e  f e a t u res t h a t  w i l l  p e rm i t  s t a t i c  
pe rform a n c e  d a t a  to be d e r ived . 

S i n ce the s w i t c h ed d e l ay l i ne f u n c t i ons as a 
b i n a ry c h a i n ,  the po s s i b i l i t i es of both ma n u a l  
ope r a t ion a nd e x t e r n a l  c o n t rol a r e  e a s i ly 
s e e n . A BER m e a sureme n t  mad e ove r an i n terval 
of 1 s s hould be ad equa te for a t e s t  of a sys­
t em hav i ng a d i g i t a l  b i t  r a t e  of the o r d e r  of 
10 Mb/s s i n ce our i n t e r e s t  is in outages due 
t o

.
BER o f  �he ord e r  of 1 0 - 6 . By pl a c i ng the 

s w i t c hed l i ne under c o n t r o l  o f  a s imple c l o c k  
( 1  s i n terv a l s ) a comp l e te s e t  of 2 5 5  mea su re­

me n t s  ( t he f u l l  r a nge o f  an 8 - s e c t ion l i ne ) 
c a n  be pe r f o rmed a u t oma t i c a l ly i n  as many s e c­
onds ( l e s s  t h a n  5 m i n ) . E a c h  of t h e s e  s e t s  
wou l d  be deve l oped f o r  a f i xed ra t i o  be twe e n  
t h e  d i re c t  p a t h  a nd mu l t i p a th mag n i t ud e s .  
Th i s  r a t i o  i s  c o n t ro l led by the prog r amma b l e  
a t t e nua tor i n  t h e  mu l t i pa th s i g n a l  l i ne o f  
F igure 2- 2 6 .  The ove r a l l  s ig n a l  leve l a t  the 
output ( in p u t  t o  s y s t em under te s t ) i s  c o n­
t ro l l �d by a s im i l a r  a t tenua tor fo l l ow i ng the 
two- s i g n a l  summ i ng j un c t i o n . These a t t e n u­
a tors are also b i n a ry sw i tched un i t s ,  a nd c a n  
b e  con t ro l l ed i n  t h e  s ame o r  s im i l a r  f a s h i o n  
a s  t h a t  appl i ed to the d e l ay- l i ne un i t .  
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�he deve lopme n t  o f  t h i s  s im u l a tor i s  p l a n ned 
I � p h a se s .  The f i r s t  t a s k  is to prove the ba­
S I C concept of a n  r f , two- p a th , LOS s imu l a tor . 
De t a i l ed d e s i g n  of t he s imu l a t or d e p i c ted i n  
F i g u re 2 - 2 6  w i l l  be a c c omp l i s hed . A l l  ne c e s­
s a ry ha rdware for t he b a s i c  s imu l a tor w i l l  be 
p r o cu r ed and a s s emb l ed . The s imu l a tor control 
w i l l  be a c c omp l i s hed th rough the use of a s im­
p l e  c l o c k . Te s t i ng and c a l i b r a t i o n  of the 
s im u l a tor w i l l  be pe r fo rmed to ve r i fy t h a t  t h e  
s imul a t or o u t p u t  i s  repre s e n t a t ive o f  LOS 
f a d i ng . 

The ob j e c t ive of the n e x t  t a s k  i s  to re f i ne 
t he capab i l i t i es of t he s im u l a t or by u s i ng a 
m i crocomp u t e r  to c o n t r o l  the s e t t i ng of the 
s w i t c h e s  and a t t e n u a t or s .  The m i c rocomp u t e r  
w i l l  a l so b e  u t i l i z e d  to c o l l e c t  a n d  a n a l y z e 
b i t-error-rate ( BE R )  or s yn c h ronou s-e rror­
s e cond ( S E S ) da t a .  F i g u r e  2 - 2 8  d e p i c t s  the 
test c o n f igur a t i o n . A d a t a  b i t  s t re am g e n e r­
a tor w i l l  be fed i n to the t r a n sm i t te r  po r t i o n  
o f  t h e  rad io under t e s t .  T h e  i nput s i g n a l  t o  
the s im u l a tor wi l l  come f r om t h e  r f  s e c t i o n  o f  
t h e  t r a n sm i t t er p r e ce d i ng t he TWT , a nd t h e  
o u t put wi l l  go to the r f  i n p u t  of the re ce iv­
e r . The ou t p u t  f r om t he r e c e i ver w i l l  be f e d  
i n to a n  e rror a n a l y z e r .  I n f o rma t i on on t h e  
B E R  or S E S  w i l l  b e  re corded on magne t i c  tape 
o r  other ma s s  s to r a g e  und e r  control of the 
m i c r ocompu ter . The s o f tware for p e r form i ng 
t h e  c o n t ro l rec ord i ng and d a t a a n a l y s i s  f u n c­
t i ons w i l l  be d e ve l oped under t h i s  t a s k .  A 
m i c rocompu t e r , a mag n e t i c  tape dr ive ( o r o t h e r  
s to r age d e v i c e ) ,  and the equ i pme nt t o  prov i d e  
d � ta b i t  s t r e am ge n e r a t o r  a nd e r ror a n a l ys i s  
w i l l  be proc ured under t h i s  t a s k .  A s e c o n d  
c h a n n e l  w i l l  b e  added to the s imu l a tor i n  
order to pro v i d e  t h e  c ap a b i l i ty f o r  eva l u a t i o n  
o f  space d i v e r s i ty r ad i o s . 
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F i gure 2 - 2 8 .  Radio t e s t  c o nf igura t io n . 

The s imu l a to r  w i l l  be u t i l i ze d  to a n a l y z e the 
p e r forma n ce of a DRAMA rad i o .  The DRAMA rad i o  
i s  c u r r e n t l y  u n d e rg o i ng t e s t i ng a t  P t .  Mug u , 
CA , on a 6 5 -m i le ( 1 0 4  km ) ,  ove r-wa ter p a t h . 
T h e  r ad i o i s  be i ng t e s ted u s i ng v a r i o u s  con­
f i g u r a t i o n s  of adap t i ve e q u a l i z a t ion and s p a c e  
d ive r s i ty comb i n i ng .  The s im u l a to r  wi l l  be 
u s ed to e v a l u a te t h e  DRAMA r ad io in a c o n f ig­
u r a t i o n  ide n t i c a l  to that used in the P t .  Mugu 
t e s t s . Compa t i b i l i ty be tween the l aboratory 
a nd f i e l d  test re s u l t s  w i l l  l e n d  cred i b i l i ty 
to the u s e  of t he s im u l a tor for r a d io p e r for­
m a n c e  e v a l ua t ion . 

A typ i c a l  s e t  of me a s ureme n t s  for a g i v e n  
rad io c o n f i g u r a t ion w i l l  c on s i s t  o f  s t epp i ng 
t h rough e a c h  of the pos s i b le d e l a y s  ( s ay 2 5 5 ) 
for a g i ve n  a t t e n u a t i o n  s e t t i ng . T h i s  i s  t h e n  
repe a ted for add i t i on a l  a t t e n u a t i o n  s e t t i ng s ,  
i . e . ,  d i f f e r e n c e s  i n  amp l i t ud e  be tween the 
d i r e c t  pa th a nd the d e l ay pa th . For each 
d e l ay s w i tch a nd a t te n u a t o r  s e t t i ng ,  the BER 
a nd/or SES d a t a  w i l l  be re c o r d e d  on the f l oppy 
d i s k . T h i s  w i l l  p e rm i t  the g e n e r a t ion of 
p l o t s  s im i l a r  to "m- curve s "  for d i f f e r e n t  
r ad io con f ig u r a t i on s .  H e r e  t h e  p l o t s  w i l l be 
a t t e n u a t i o n  vs . d e lay for f i x e d  B E R  or percent 
S E S .  The u s e  of the se c u rv e s  for c ompa r i ng 
t h e  pe r f o rm a n c e  of d i f fe r e n t  r ad i o s  t e n d s  to 
be s omewhat s ub j e c t i ve i f  the c u r v e s  c r o s s  
e a c h  o t h e r  a t  some po i n t .  A q u an t i t a t i v e  
c ompa r i son c a n  b e  ob t a i ned by u s i ng t h e  numer­
i c a l  i n t eg r a t i o n  of the a r e a  u n d e r  the 
c u r ve s .  The output o f  the s im u l a to r  w i l l  be 
mon i t o r e d  on a s pe c t rum a n a l y z e r  to ver i fy 
t h a t  the n o t ch i s  be i ng c o r re c t l y  p l a c e d  
w i th i n  t h e  s p e c t r um .  
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A j amm i ng s ig na l  s im u l a tor w i l l  b e  ad ded a t  a 
l a t e r  d a te to the hardware d e p i c ted prev i o u s l y  
i n  F ig u r e  2 - 2 8 . T h e  capab i l i ty t o  s imu l a te 
the j amm i ng thre a t  as we l l  as the m u l t i p a t h  
f ad i ng phe nomenon i s  pa r t i c u l a r l y  needed f o r  
the d ev e l opme n t  a nd tes t i ng of e l e c t ron i c  
coun t e r- cou n t e r  me a s u r e  t e c h n i q u e s  t h a t  are 
expec ted to be empl oyed in the nex t-g e n e r a t i o n  
d ig i t a l  m i c rowave rad i o s  t o  be u s e d  i n  the 
De f e n se Commun i c a t ions Sys tem . 

Du r i ng F Y  8 4 , the I n s t i tu t e  beg a n  devel opment 
o f  a " p roo f- o f- concep t "  mod e l . It i s  a n t i c ­
i p a t e d  t h a t  th i s  mode l  w i l l  b e  comp l e ted b y  
the e nd o f  CY 1 9 8 4 . T h e  I ns t i tu t e  e x p e c t s  
a d d i t i o n a l  f u nd i ng d u r i ng FY 8 5  t o  au tom a t e  
the c o n t r o l  of the s im u l a tor and to exerc i s e 
the s im u �a to r  i n  con j u n c t i o n  w i th DRAMA rad i o  
te s t i ng i n  t h e  l aboratory . 

I n i t i a l  r e s u l t s  have shown t h a t  s im u l a t i o n  at 
r f  m i c rowave f reque n c i e s  is f e a s i b le . If the 
rema i n i ng t a s k s  in the s im u l a to r  d e v l opme n t  
a r e  f u nded a n d  a re found equa l l y  s u c ce s s fu l ,  
t he s im u l a to r  w i l l  be made av a i l a b l e  on a 
c o s t - r e imbu r s a b l e  b a s i s  to i nd u s t ry a nd other 
Govenm e n t  ag e n c i e s  for u s e  in d i g i t a l  rad i o  
t e s t i ng .  

D i g i t a l  R ad i o  P e r f ormance T e s t s . I n  the 
Annu a l  T e c h n i c a l  P roge s s  R eport for 1 9 8 2 , 
p e r f o rm a n c e  t e s t s  of the D i g i ta l  Rad io and 
M u l t i p l e xe r  Acqu i s i t i on ( DRAMA ) sys tem were 
reported . The DRAMA r ad io i s  a m i l i t ary 
d i g i t a l  m i c rowave sys tem , d e s i g ned for u s e  o n  
t h e  D i g i t a l  E u rope a n  B a c kbone ( DEB ) ne two r k  i n  
E u rope . The I n s t i tu t e  tes ted th i s  r a d io for 



problems , and pa r t i c i pa t ed i n  propag a t ion 
exper ime n t s i n  the Eu ropean t h e a t re to d e t e r­
m i n e i f  the mul t i p a t h  env i ronm e n t  found on the 
coa s t  of southern C a l i forn i a  wou ld e x i s t  on 
the European l i n k s .  The ea r l i e r  t e s t s  con­
f i rmed t h a t  the DRAMA rad i o ,  i n  i t s  o r i g i nal 
c o n f igu r a t i o n , wou l d  not meet the d e s i red 
t r a n sm i s s i on r e l i a b i l i ty in the pre se nce of 
mul t i pa th , a nd that d e t r ime n t a l  mu l t i p a t h  can 
be expec t ed a s i g n i f i c a n t  por t i on of the t ime 
on some E ur ope an pat hs . 

As a re s u l t  of these te s t s , the u . s .  Army Com­
mun i c a t i o ns E l e c t ron i cs E ng i ne e r i ng a n d  
I n s t a l l a t i o n  Ag e n cy ( C E E I A ) h a s  i n i t i a t ed a 
s e r i e s  of per formance t e s t s  d e s i g n ed to 
e v a l u a t e seve r a l  proposed tech n i q u e s  to 
im prove the DRAMA per formance in a m u l t i p a t h  
e n v i ronme n t . The se i n c l ude n e w  a l g o r i thms f o r  
s w i tched-d i v e r s i ty se l e c t ion a nd n e w l y  
d e s i g n ed ad a p t ive equ a l i z a t i on c i rcu i t s . I n  
add i t i on , t h e  t e s t s  i n c l ud e  t h e  u s e  o f  
prede t e c t i o n  comb i n i ng a t  t h e  I F  leve l i n  the 
d i vers i ty rece i ve r s .  

The t e s t s  are be i ng conduc ted ove r  a m i c rowave 
l i nk at the Pa c i f i c M i s s i l e T e s t  C e n t e r  
( PMTC ) , Po i n t  Mug u ,  C A ,  through t h e  coopera­
t i on of t h e  u . s .  Navy . The test l i nk is one 
t h a t  is frequ e n t l y  sub j e c t  to a tmo s p h e r i c  
mu l t i p a t h , c rea ted b y  s t rong d u c t i ng g rad i e n t s  
i n  t h e  r e f r a c t ive prof i l e .  

The per formance of two d i g i t al m i c rowave sys­
tems , ope r a t i ng a t  4 4 . 7  a nd 1 2 . 9  M b/ s ,  we re 
compared over b r i e f  i n te r va l s  o f  t ime in NTIA 
Repo r t  8 3- 1 2 6 [ H ubbard , R . W .  ( 1 9 8 3 ) ,  D i g i t a l  
m i c rowave t r a n sm i s s i on t e s t s  a t  t h e  Pa c i f i c 
M i s s i l e  Te s t  Ce n te r ,  P t . Mug u ,  CA) . The per­
f ormance d a t a  were augme n t ed w i th propag a t i o n  
d a t a  and me teoro log i c a l  d a t a . The mul t i p a t h  
was measu red a nd d e s c r i bed t h rough the use o f  
the I TS P N  C h a n n e l  P robe [ L i n f i e l d , R . F . , R . W .  
H u b b a rd , a n d  L . E .  P r a t t  ( 1 9 7 6 ) ,  T r a n sm i s s i o n  
c h a n n e l  c h a r a c te r i z a t i on b y  imp u l s e  re sponse 
m e a s u reme n t s , OT Re port 7 9 - 7 6 ,  Aug u s t ) . Th i s  
i n s t rume n t  and the t e s t  rad i o s  we re a l l  mu l t i ­
p l exed over the s ame s p a c e- d i v e r s i ty p a t h , so 
that a d i re c t  corre l a t ion be twe e n  the mul t i­
p a t h  s t ru c t u re a nd the per f o rmance d a t a  w a s  
pos s i b l e . The s ame co n f i g u r a t i o n  i s  be i ng 
u s ed for the c u r r e n t  DRAMA r a d i o  t e s t s . A 
s t andard " b a s e- l i ne "  r ad i o  i s  ope r a t ed as a 
re f e r e nce for the p e r f o rmance d a t a , and a 
se cond rad i o  i s  u s ed as t h e  t e s t  rad i o  i n  
wh i c h  the v a r i a t ions o f  the s w i tch i ng 
a l g o r i thm s  and equa l i z a t ion c i r cu i t s are 
imp l eme n t e d . The DRAMA rad i o  t e s ts w i l l  be 
c o n c l u d e d  d u r i ng the f a l l  of 1 9 8 4 . A repo r t  
d e s c r i b i ng t h e  re s u l ts of t h i s  te s t i ng w i l l  b e  
ava i l a b l e  i n  J a nu a r y  1 9 8 5 . 

A r e l a ted pro j e ct to that d e s c r i b ed a bove i s  
a l so be i ng condu c t ed ove r  the P MTC te s t  l i n k .  
The prog r am i s  spons ored b y  t h e  u . s .  Army , 
Commun i c a t i o n s  Sys tems Ag e ncy ( C SA ) . I t  i s  
c e n t e r ed o n  a new proposed m e t hod o f  a n g l e ­
d i v e r s i ty recep t i on for m i c rowave r ad i o t r a n s­
m i s s i o n . The t e c h n i que i s  a prop r i e ta ry me th­
od deve l oped by S i g n a t ron , I n c . , Lex i ng ton , 
MA . Under c o n t r a c t  to C S A ,  S i g n a t ro n  h a s  f u r­
n i shed an a ng l e-d i v e r s i ty a n t e n n a  to I TS fo r 
u s e  i n  the t e s t s . The a n t e n n a  i s  mounted on 
t h e  re c e i v e r  loc a t i o n  towe r a t  PMTC a l o ng s ide 
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a mat c h i ng a n t e n n a  ( prov i d e d  b y  ITS ) w i t h a 
s t a nd a rd v e r t i c a l l y- pol a r i z ed feed . The 
I n s t i t u t e  d e s i g n ed and con s t ru c t e d  a s t ab l e  
r e c ord i ng r e ce i ver t o  m e a s ure the rece i ved 
s ig n a l  leve l ( RS L )  on three c h a n n e l s . Two 
ch a n n e l s  were recorded f r om the a ng l e­
d iv e r s i t y a n t e n n a , and the t h i rd ( r e f e re n ce ) 
c h a n n e l  f r om the ITS a n t e nna . The R S L  d a t a  
w e r e  comp a red s t a t i s t i c a l ly f o r  t h e  mu l t i p a t h  
f ad i ng p a r ame t e r s . T h e  t e s t  s y s tem h a s  b e e n  
i n s t a l led w i t h d u p l e x e r s  i n  the r e ce i v e r  rf 
l i nes so that t h e  PN C h a n n e l  Probe ( no ted 
a bove i n  the DRAMA test prog r am ) cou l d  be used 
per i od i c a l ly to mon i tor the mu l t i pa t h  
s t r u c t u r e  i n  t h e  ang l e  and re f e r e n c e  p a t h s . 

The a n g l e  d i vers i ty t e s t s  con s i s t  o f  two 
p h a s e s . Du r i ng P h a s e  I ,  wh i c h  i s  now 
comp l e t e , the S i g n a t ron a n t e n n a  was coupled to 
t h e  record i ng rece i v e r  bu i l t  at the 
I n s t i t u t e . Du r i ng P h a s e  I I ,  wh i ch is be i ng 
conduc ted d u r i ng the f a l l  of 1 9 8 4 , the ang le­
d i ve r s i ty a n te n n a  is coup l ed to the DRAMA 
r ad i o  rece i ve r .  The i n i t i a l  r e s u l t s  ob t a i n ed 
d ur i ng P h a s e  I l ed to the c o n c l u s i on t h a t  the 
p a r t i c u l a r  form of ang l e  d i ve r s i ty used in 
these tests h a s  pote n t i a l for u s e  in LOS 
m i c rowave l i n k s . The t e c h n i c a l  b a s i s  f o r  th i s  
conc l u s ion i s  d r awn f r om short b u t  s i g n i f i ca n t  
s amp l e s  o f  t h e  recorded d a t a t h a t  i nd i c a t e  a n  
improveme n t  i n  ove r a l l  f ad e  m a rg i ns f o r  t h e  
a ng l e-d i v e r s i ty s ig n a l s .  Howeve r ,  the f u l l  
potent i a l  o f  the a ng l e-d i v e r s i ty t e c h n i q ue c a n  
o n l y  b e  eva l u a t e d  wh en i t  i s  cou p l ed w i t h  the 
s i g n a l  proce s s i ng me thod to be u s ed . Th i s  c a n  
be accomp l i s hed b y  eva l u a t i n g  the tech n i que 
us i ng the DRAMA rad io . It is e x p e c ted t h a t  
t h e  re s u l t s  from th i s  P h a s e  I I  t e s t i ng w i l l  b e  
a v a i l a b l e  i n  e a r l y  CY 1 9 8 5 . 

The bas i c  d a t a  acqu i s i t i o n  s y s t em be i ng u s ed 
i n  these t e s t s  i s  d e s c r i b ed i n  the N T I A  Repo r t  
by Hubbard . 

D i g i t a l  Rad i o  P e r f omance D a t a . F o l l ow i ng some 
d i g i t a l  prop a g a t i on mea s u reme n t s  p e r fo rmed by 
I T S  i n  1 9 7 9  [ H ubbard , R . W .  ( 1 9 7 9 ) ,  I n v e s t i g a­
t i on of d i g i t a l  m i c rowave c ommun i c a t i o n s  i n  a 
s t rong me teorolog i c a l  d uc t i ng e n v i ronme n t ,  
NT IA Repo r t  7 9 - 2 4 , Aug u s t ) , the Ra nge C ommun i ­
c a t i o n s  De p a r tme n t  o f  the P a c i f i c  M i s s i l e Te s t  
C e n t e r  ( PMTC ) , P o i n t  Mug u ,  C A ,  proc u r ed a com­
merc i a l  d i g i t a l  m i c rowave ( 7 3 5 0  MH z )  rad i o .  
The s y s tem was mu l t i p l exed ove r a n  e x i s t i n g  
l i n k  i n  the P MTC ne two r k  a n d  p l a ced u n d e r  t e s t  
f o r  a n  e x te nd ed p e r i od . The I n s t i t u t e  w a s  
t a s k ed b y  PMTC t o  deve lop t h e  tes t procedures 
and i n s t rume n t a t i o n  requ i red to e v a l u a t e  the 
p e r form a n c e  o f  the rad i o  u n d e r  seve re mu l t i ­
p a th cond i t i o n s . The rad i o ,  supp l i ed by a 
c omme rc i a l  ve ndor , was de s i g n a t ed as the M DR-
8 .  I t  was c on f i g u red for spa ce-d i ve r s i ty 
r e c ep t i on , u s i ng a vert i c a l  a n t e n n a  sp a c i ng of 
approx ima t e l y  2 9 m ( 9 5 f t ) ,  a nd each d i v e r s i ty 
r e c e i v e r  used a form of ad a p t i v e  s l ope a nd 
n o t ch equa l i z a t i on i n  the I F  to c omp e n s a te for 
mu l t i p a t h  ( f requency se l e c t ive ) f ad i ng . The 
ob j e c t i ve o f  these tests w a s  to d e t e rm i ne i f  
t h e  rad i o  wou l d  mee t  a h ig h  leve l o f  p e r f o r­
mance ava i l a b i l i ty w i thout the u s e  o f  
f requency d i v e r s i ty ( a s w a s  or ig i n a l l y recom­
mended by I TS ) . The t e s t s  were c o n d u c t e d  
d u r i ng 1 9 8 0- 1 9 8 1 . T h e  r ad i o  t r a n sm i s s i o n  ra te 
wa s 4 4 . 7  Mb/s ( T3 ) ,  a nd a p s eudo r a n d om b i t  



s t r e am a t  th i s  r a t e  wa s u s ed to me a s u r e  t h e  
e rror r a te and bur s t- e r r or s t a t i s t i cs over t h e  
t e s t  l i n k . C u r so ry re su l t s  of the t e s t s  
s howed t h a t  i n  a s evere m u l t i pa t h  channe l 
( wh i ch i s  dom i n a n t  d u r i n g  summe r and e a r l y  
f a l l  mon th s )  t h e  r ad i o  w o u l d  f a l l  s h o r t  o f  
d e s i r e d  pe r fo rma nce spe c i f i c a t i o n s . T h u s , the 
PMTC devoted r e sources toward a c o n f i g u r a t i o n  
u s i ng b o t h  space a n d  frequency d i ve r s i ty and 
improveme n t s  in the adap t i ve equa l i z a t i o n  
c i rc u i t ry . A s  a c o n s eque n c e , t h e  de t a i l e d  
error-per formance d a ta were n o t  c omp l e t e l y  
a n a l y zed b y  P MT C . T h e  I n s t i tu te r e t a i ned the 
o r i g i n al data tapes c o l l e c ted d u r i ng th i s  
prog r am and a n a l y z e d  o n l y  a l im i ted amo u n t  of 
the d a ta . 

The U . S .  Army ( C E E I A )  u s e s  the MDR- 8 d i g i t a l  
rad i o s  i n  a number o f  ope ra t i ng l i nk s ,  a n d  
t h e r e fore became i n te r e s ted i n  t h e  a n a l y s e s  o f  
t he e rror p e r f o rm a n ce s t a t i s t i c s . The A rmy 
has t a s k e d  ITS to a n a l y z e  these d a t a  for the 
c omp l e t e  P MTC e x p e r imen t .  

A comp l e t e a n a l y s i s  of t h e  recorded d a ta h a s  
n o t  b e e n  made a t  th i s  wr i t i ng .  A d e t a i l ed 
repo r t  is an t i c i pa t e d  in the f a l l of 1 9 8 4 . 
The report w i l l  i n c l ude a s t a t i s t i c a l  a n a l y s i s  
o f  the e r ror d a t a  i n c lud i ng the fo l low i ng 
d i s t r i b u t i o n s : 

o d i s t r i b u t i o n  of the l e ng t h s  of e r ror- f ree 
sync pe r i ods 

o d i s t r i bu t i o n  o f  e r ro r- f r e e  gaps 

o d i s t r i bu t i on of e r ror b u r s t s  

0 

0 

d i s t r i bu t i o n  of the er ror- f r e e  pe r i o d s  
be tween b u r s t s  ( > g a p  l e ng t h ) 

d i s t r i bu t i o n  of e r ror- b u r s t  l e ng t h s  

o d i s t r i b u t ion of the number of e r r o r s  
w i t h i n  a bu r s t  

o d i s t r i bu t i on o f  the ra t i o  of bu r s t  l e n g t h  
t o  e r r o r  c o u n t  w i t h i n  a b u r s t  

o d i s t r i b u t i o n  of s y n c- l o s s  cou n t s  and 
d u r a t i o n . 

The above l i s t  i s  not e x h au s t i ve , bu t i t  
i n c l ud e s  the maj or d i s t r i b u t i on s  t h a t  c a n  be 
r e ad i l y ob t a i ned w i t h the proper sea rch pro­
g r am of the d a ta t a pe s . S i nce these d a t a  are 
e s s e n t i a l l y synch ronou s w i t h the propag a t i on­
o r i e n ted d a t a , the pote n t i a l for mean i n g f u l  
s tud i e s  o f  t h e  corre s po n d e n c e  be twe e n  the s e  
d a t a  i s  qu i te h i g h . 

The a n a l y s i s ,  the n ,  i s  a un i q ue s tud y of the 
corr e l a t i o n  of rad i o  p e r formance data ( e . g . , 
B E R  d i s t r i b u t i o n s ) ,  c h a n n e l  imp u l s e  r e s p o n s e  
d a t a  f r om the c h a n n e l  probe , and meteorolog­
i c a l  d a t a .  

D ig i t a l  T r opos c a t te r  Commun i c a t i on s .  The 
I n s t i t u t e  h a s  s uppo r t ed t h e  U . S .  Air Force for 
s e v e r a l  ye ars in the te s t  prog ram for the 
AN/TRC- 1 7 0  D i g i t a l  Tropo s c a t t e r  Rad io S y s t ems . 
The A i r  F o r ce ma i n t a i n s a t e s t  bed and T a c t i­
cal Commu n i c a t i o n s  Test O f f i ce ( AFTCTO ) a t  
F o r t  H u a c h uc a ,  AZ , for t h i s  prog ram . 

1 0 9  

I n  prev i ou s  ye a r s , I T S  d e ve l oped a pseudo­
r a n d om no i s e  ( PN )  probe for app l i c a t i on t o  
t ropo s c a t t e r  c i r cu i t s .  T h e  probe u s e s  a d i g i ­
t a l  b i t  s t r e am ,  c l o c k ed a t  r a t e s  up to 2 0  MH z ,  
a nd deve lops an impu l s e  response of a t r a n s­
m i s s i on c h a n n e l  f r om wh i ch the d e l ay- spread 
c h a r a c te r i s t i c s  ove r a t ropo c h a n n e l  may be 
m e a s u red . The i n s t rume n t  ope r a t e s  a t  7 0  M H z  
a n d  i n t e r f a ces w i t h t h e  t ropo rad i o  at t h a t  I F  
l e ve l . The i n s t r ume n t  w a s  u s ed i n i t i a l l y  to 
measure the de l ay- sp r e ad parame t e r  for several 
c a n d i d ate test l i nk s  f o r  the AN/TRC- 1 7 0  
s ys tem .  I n  t h e s e  me a s u r eme n t s . a n  AN/TRC - 9 7  
s y s tem w a s  u s ed as the h o s t  rad i o . The 
o b j e c t ive wa s to d e t e rm i ne t h a t  the d e l ay­
s p r e ad ove r the s e l e c ted l i n k s  d id not exceed 
t he d e s i g n  c r i t e r i a  f o r  the AN/TRC- 1 7 0  
s y s t ems . The r e s u l t s  o f  the meas ureme n t s  we re 
p r e s e n ted i n  N T I A  T e ch n i c a l  Memor a nd um 8 3 - 8 4  
[ H u bbard , R . W .  ( 1 9 8 3 ) ,  D e l a y- sp r e ad 

m e a s u reme n t s  ove r  tropo s c a t t e r  l i nk s ,  
M a r ch ] . S u b s e q u e n t  to t h e se me a s ureme n t s , t h e  
A FTCTO h a s  con t i nued to u s e  the I TS probe 
i n s t rume n t  to o b t a i n  add i t i o n a l  d a t a  from 
o t h e r  t e s t  l i n k s  i n  Ar i z o n a  and F l or i d a .  

The mos t  r e c e n t  I TS a c t i v i ty i n  th i s  prog r am 
h a s  been the de s ig n  and con s t r u c t ion of a new 
PN probe sys tem for the A FTCTO . The i n s t ru­
me n t  wa s d e s i g n e d  for u s e  as a permanent and 
i n t eg r a l  part o f  the t e s t  i n s t rumen t a t i o n  
a s semb l ed f o r  the AN/TRC- 1 7 0  t e s t  prog ram . 
The new i ns t rume n t  has many advan ced f e a t u r e s  
a nd ope ra t i o n a l  improveme n t s . A com p l e t e  l i s t  
o f  t h e se c h a r a c te r i s t i c s and spec i f i c a t i o n s  i s  
g iv e n  i n  Tab le 2 - 1 . 

Dur i ng FY 8 4 , improveme n t s  to the probe h ave 
b e e n  made . The I n s t i t u te has a l so suppo r t e d  
t h e  u . s .  A i r  F o r c e  and the M i tre Corpo ra t i on 
i n  the use of the probe on several t rope­
s c a t t er l i nk s . 

u . s .  Fore s t  S e r v i ce T e l ephone Sys tem Requ i re­
m e n t s  Ana lys i s .  The I n s t i t u t e  h a s  pe r formed a 
number of s t u d i e s  for t h e  u . s .  Forest S e rv i ce 
over the pa s t  s e v e r a l  ye ar s .  The i n i t i a l  
s t ud i e s  were i n  s u pport o f  Forest S e rv i c e  
Reg i o n s  2 a nd 4 ,  and we re focused on ( 1 )  the 
a s s e s sment of n e a r- t e rm t e l e c ommun i c a t i o n  
re q u i reme n t s , a n d  ( 2 )  the deve lopme n t  of long­
r a nge p l a n n i ng too l s . These e f f o r t s  have been 
e xp a nded by the Fore s t  S e rv i c e  Wa s h i ng ton 
O f f i c e  as w i l l  be d i s c u s sed in the fol low i ng 
p a r ag r aph s .  

The o b j e c t ive o f  the c u r r e n t  pro j e c t  i s  to 
prov ide a s s i s t a n ce to Fore s t  S e r v ice Reg ion a l , 
S u pe rv i sor , and D i s t r i c t  O f f i ce s ,  s t a t i o n s , 
and laborator i e s  i n  a s s e s s i ng t e l e commu n i ca­
t i o n  need s ,  id e n t i f y i ng prob lem are as , devel­
op i ng c o s t- e f f e c t i ve s o l u t i o n s , and obta i n i n g  
G e n e r a l  S e r v i c e  Adm i n i s t r a t i on ( GS A )  approv a l , 
a s  n e c e s sary , for new equ i pment and s e rv i c e s  
req u i red . Th i s  s t udy tak e s  t h e  te l e commu n i ca­
t i on prob lem a reas i d e n t i f i ed i n  ea r l i e r  
s t ud i e s  a n d  deve lops g u i d e l i nes f o r  use by 
F o r e s t  S e rv i ce p e r so n ne l i n  addre s s i ng them . 
I t  i s  env i s i o n ed t h a t  the repo r t s  produced i n  
t h i s  s t u dy w i l l  prov ide a found a t i on f o r  a 
t e l e commu n i c at i o n s  handbook to be u s ed by per­
sonnel re spon s i b l e for vo i c e  t e l e commun i c a­
t i on s ,  adm i n i s t r a t i on ,  ope r a t ion and ma i n te­
n a n c e  at a l l  l e ve l s  in the Fore s t  Serv i c e . 



Tab l e  2 - 1 . Tropo s c a t t e r  P robe C h a r a c t e r i s t i c s  

G e n e r a l  

Con s t ru c t i o n :  Dua l  C h a n n e l  f o r  D i ve r s i ty Appl i c a t i o n s  

S i ng l e  1 9 "  Rack-Mount P a n e l  Tran sm i t t e r  

Modu l a r  U n i t  Re ce i v e r  

S ig n a l s  Proces s e d : PRBS Corr e l a t i o n  Det e c t i o n  
( 4  c h a n ne l s/ E a c h  Re c e ive r )  

Re ce i ved S ig n a l  Level ( RS L ) 

T r a n sm i t t e r  

PRBS C l o c k  R a t e  

Ope ra t i ng F requency 

C o r re l a t i o n  C h a n n e l s  ( F. ach Re ce i ve r ) 
C o - p h a s e  
Quad-phase 

S ame a s  Tx 

70 M H Z  

Powe r Impu l s e  ( S um o f  Squares Outpu t )  

4 
4 
l 

T ime D i s p l a c em e n t  Be tween Co rre l a t ors 

Corre l a t i o n  Synch ron i z a t i o n  ( M a nu a l  C l ock C o n t rol ) 

C a l i b r a t i o n : I n t e g r a l  Source w i t h P re c i s ion A t t e nuator 

RSL : Re corde r Output ( E ach Rece ive r )  

l B i t  E a c h  

0 . 1  B i t  

7 9  dB R a n g e  

7 0  d B  Dyn am i c  Range 

- 1 0 0  d Bm Se n s i t i v i ty ( M i n imum Imp u l s e  R e s pon se ) 

FY 8 4  work conduc ted for the For e s t  Serv i c e  
Wa s h i ng ton O f f ice h ad t h e  f o l l ow i ng g oa l s : 

1 .  deve lop t e l ephone sys tem i n s t a l l a t i o n  and 
ma i n te n a n ce g u i d e l i ne s  

2 .  deve l op g u i d e l i ne s  for e v a l u a t i ng 
te le phone s y s tem management f e a t ures a nd 
op t io n s  

3 .  deve l op g u i d e l i nes for reque s t i ng GSA 
approv a l  for t e l ephone equ i pment or ser­
v i c e s  

4 .  upd a t e  d r a f t  repo r t s  subm i t ted d u r i ng 
FY 8 3  

5 .  deve l op a comp u t e r  program to a l l oc a te 
FTS c o s t s  to the var ious organ i z a t i on a l 
l ev e l s  of the Fore s t  S e rv i ce . 

The prob l ems a d d r e s sed i n  t h e se s t ud i e s  a r e  
not un i que t o  the Fore s t  S e rv i ce . Mos t ,  i f  
not a l l ,  Gove r nment a g e n c i e s  are f a c i ng 
s im i l a r  t e l e commun i c a t i o n s  pr o b l ems i n  t h i s  
era o f  d e r e g u l a t i o n , d i ve s t i t ure , and rap id ly 
ch ang i ng t e l e commun i c a t ions technolog y .  I n  

the pas t ,  the t e l ephone sys tem ma nag e r  had 
l i t t l e  cho i ce but to go to t h e  l o c a l  t e l ephone 
compa ny repr e s e n t a t ive for a l l  of h i s  tele­
phone need s ,  i n c l u d i ng the e nd i n s t rume n t , t h e  
P r i v a t e  Branch E x c h ange ( PBX ) , a n d  both l o c a l  
and l o ng- d i s t ance s e r v i ce . Dereg u l a t ion a n d  
d ive s t i ture h a v e  c r e a ted an a tmosphere t h a t  i s  
cond u c i ve to i n c re a sed c ompe t i t i on . Th i s  
m a k e s  i t  impe r a t i ve th a t  the t e l ephone sy s t em 
manager shop around for the b e s t  buy i n  both 
t e l ephone equ i pm e n t  and s e rv i c es . 

One pro b l em f a ced not o n l y  by the Fore s t  s e r­
v i ce , but other Gove r nm e n t  ag e n c i e s  and i n d u s­
t ry as we l l , i s  t h a t  more expe r t i s e  i s  now 
requ i red for the cos t- e f fe c t ive manageme n t  of 
te lephone s y s t em s . W i th the i n crea sed av a i l ­
a b i l i t y and soph i s t i c a t i o n  of t e l e commun i c a­
t i on equ i pment a nd s e rv i ce s ,  tra i ned p e r s o n n e l 
a re needed to id e n t i f y req u i reme n t s , deve l op 
sys tem spe c i f i c a t i o n s , e v a l u a te a l te r n a t i ve s ,  
a nd i n s t a l l  and e f f e c t i v e l y  manage new 
s y s t ems . The I TS s t u d i e s  d e s c r i b ed here a r e  
i n tended t o  prov i d e  a f i r s t  s tep tow a r d s  the 
d e vel opme n t  of a ha nd book approach to F ed e r a l  
te l ephone sys tems acqu i s i t i on a n d  manage­
me n t .  

1 1 0 



ANNEX I 
ITS PPOJEC'l'S FOP F I S CAL YEAP 1 9 8 4  
ORGAN I Z ED BY DEPAPTHFNT AND AGENCY 

!o ro j ec t  Title Leader 

AGRICuLTURE , DEPAPTMENT OF 

9 1 0 4 5 5 9  

u . s .  Fore s t  Service 

Fore s t  Service Vo i c e  Communi­
cation Analys i s ,  Phase I I  

Hof fmeyer 

COMMERCE , DEPAPTMENT OF 

National Telecommunications and Information 
Adminis tration (NTIA) 

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

9 1 0 4 1 4 4  

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

9 1 0 7 1 2 8  
9 1 0 8 1 0 1  
9 1 0 8 1 0 2  
9 1 0 8 1 0 8  

9 1 0 9 1 0 3  

Information Technology P o l i cy 
ISDN Technical 
ISDN Techn i c a l  
D a t a  Communications 
International Standards 
8 5 / 8 8  Space WARC Support 
Reference Antenna Pattern 

Studi e s  
Advanced Sate l l i te Communica-

tions Technology Stud i e s  
Techn ical Subcommittee Support 
Spec trum Engineering Mod e l s  
RSMS Operations 
RSMS Upgrade 
Spec trum Resource As s e s sments 
HF Broadc a s ting-WARe 
Geostationary Sat e l l ite Orbit 

Analys i s  Program Deve lopment 
Spec trum E f f i c iency Stud i e s  
MF Propagation Studies 
VHF/UHF Propagation Stud i e s  
M i l l imeter-Wave Mode ling & 

Experimental Data Acqu i s ition 
Two-Degree Spacing 

S a l aman 
Linfield 
P i e tras iewi c z  
S e i t z  
S e i t z  
Jennings 
Jennings 

Gatterer 

Berry 
Berry 
Matheson 
Matheson 
Grant 
Washburn 
Jennings 

Berry 
Washburn 
Haakinson 
Ru sh 

Jenning s 

DEFENSE , DEPARTMENT OF 

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

9 1 0 4 5 5 0  
9 1 0 4 5 6 1  

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

9 1 0 4 4 3 1  

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

9 1 0 4 5 4 4  

9 1 0 4 5 4 8  
9 1 0 4 5 4 9  

9 1 0 4 5 5 6  
9 1 0 4 5 6 0  

PFS 1 0 2 6  Standard Authentication 
Boundary Stud ies 
BATTLETOAD Support 
Pul s e  D i s tortion Stud i e s  

Phase I I  
DOD HF/VHF Propagation Studies 
MF S i gnal & No i s e  Mea surements 

Pietras iew i c z  
Thompson 
Rush 
Vogler 

Teters 
Layton 

Air Force Systems Command ( E S D )  

TRAMCON ' 8 4 
TRAMCON Manual & Training 

Air Force Mi s c e l laneous 

AN/MS R-T4 Receiver Sys tem 

Skerj anec 
Skerj anec 

Barghausen 

Army Communication Command ( USA/CC) 

Army HF Propagation S tudy 
Rain Rate Model 
DOD No i s e  Model 
DRAMA Radio Tests 
Army HF Propagation S tudy 
MDR- 8 Per formance Analy s i s  
Automated P a s s ive Repeater 

Link Engineering 
Air- to-Ground & Intermediate 

and Short Dis tance s - - Books 

Teters 
Dutton 
Spaulding 
Hubbard 
Teters 
Hubbard 
Hause 

Teters 

USACEEIA Mi l l imeter-Wave Model A l l en 
DE S Security Improvement 

Program 
Pomper 

HF Ground-Wave Model Adams 
Review of Federal Standard 1 0 3 7  Hof fmeyer 

Army Commun ication s - E l ec tronics Command ( CENCOMS) 

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

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

Mi l l imeter Wave Vegetation 
Ground Network Communication 

Model 
Wide-Band Consultation 
Evaluation o f  Tactical Army 

Switches 

Viole tte 
Adams 

Adams 
Nes enbergs 

1 1 1  

Pro j ec_t ________ _ T i t l e  Leader 

Armv Commun ications Sys tems Agency ( CSA) 
9 1 0 4 4 9 7 

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

9 1 0 4 4 0 5  

9 1 0 4 5 5 7  

9 1 0 4 5 6 2  

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

9 1 0 4 5 5 1  
9 1 0 4 5 5 8  
9 1 0 4 5 6 4  
9 1 0 4 5 6 6  

9 1 0 4 5 2 6  

9 1 0 4 5 5 2  

9 1 0 4 5 6 3  

Defense Slvi tched Network 
A c c e s s  Area Program 

TRANCON Haster Integration 
Angle Diver s i ty Measurements 

L i n f i e l d  

Skerj anec 
Hubbard 
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ANNEX IV 

GENERAL AND HI STORICAL INFORMATION OF ITS 

The Insti tute for Telecommuni cation Sciences 
( IT S ) , l arge st component of the National Tele­

commun i cations and Informat i on Admini stration , 
i s  located at the Boul der Laboratories o f  the 
Department of Commerce and has ( a s  of Sept . 3 0 ,  
1 9 8 4 ) a ful l-time permanent sta f f  o f  8 7  and 
o ther staff of 1 8 .  In FY 1 9 8 4 , its support 
con s i sted of $ 3 . 3  mill ion of direct funding 
from Commerce and $ 5 . 5  mil lion in work spon­
sored by other Federal agenc i e s . 

The Boulder Laboratories inc l ude research and 
engineer ing components of the National Bureau 
of Standard s , the National Oceanic and Atmo­
s pheri c  Adminis tration , and the Nati onal Tele­
communications and Information Admini stration . 
Common admini strative services are the rule 
in the Boulder Laboratori e s . The Rad io Bui ld­
ing , which hous e s  ITS , is on the u . s .  Depart­
ment of Commerce campus at 3 2 5  Broadway . 

The fo l lowing brief h i story s hows the Insti­
tute ' s  beginning s .  The Radio Sect ion o f  the 
Nat ional Bureau of Standards wa s founded 
prior to World Wa r I and played a maj or ro le 
in the evolut ion of our understanding of 
r adio propagat ion . Dr . J. H.  D e l l inger , its 
director for mo st of the period up unt i l  
World Wa r I I ,  w a s  s·trongly convinced o f  the 
importanc e of re search and gave it practical 
applic ation a s  f i r s t  chairman of the Study 
Group on I ono sphere P ropagation in the CC I R .  

Dur ing World War I I ,  the Interservice Radio 
Propagat ion Laboratory ( I RPL ) wa s organ i z ed 
at the National Bureau o f  Standards , under 
the direct ion of D r . Del l inger . H i s  group 
provided a common focus for mili tary needs 
in propagation during the war . In 1 9 4 6 ,  the 
Central Radio Propagation Laboratory (CRPL ) 
wa s establ i shed , and in its early year s had 
direct t i e s  with the Defense Department ; for 
exampl e ,  s enior o f f i c i a l s  o f  DoD would 
appear before Congre s s  to de fend t he CRPL 
budget . In 1 9 4 9 , Congr e s s ional concern for 
the vulnerabil ity of Government laboratories 
located in lva shington , DC,  and the c rowd ing 
of the NBS Connecticut Avenue c ampus made it 
advi sable for the r adio research work to be 
t aken e l s ewhere . 

Three s ites , one in C a l i forni a ,  one in Color­
ado , and one in I l l inoi s ,  were con s idered , 
and Boulder , Colorado , wa s selected . The 
f irst g roup from CRPL , which at that time 
included r adio standards work , moved to 
Colorado in 1 9 5 1 ,  and the move wa s completed 
in 1 9 5 4 , during whic h  year Pres ident E i s en­
hower dedicated the NBS Radio Bu i l ding . The 
Radio S t andards program l e ft CRPL at the t ime 
o f  the move to Boulder , and has pursued a 
parallel exi stence at Boulder in NBS since 
that time . 

In 1 9 5 4 , CRPL con s i s ted o f  two research 
division s :  Radio Propagat ion Phy s i c s  and 
Radio Propagation Engineering . The Radio 
Sys tems D ivi s ion was formed in 1 9 5 9 .  In 
1 9 6 0 ,  the Upper Atmo sphere and Space Phy s i c s  

Divis ion and the I onosphere Research and Prop­
agation D ivi s ion were formed f rom the Radio 
Propagation P hy s i c s  D ivi sion . In 1 9 6 2 , CRPL 
received a full- time d irector , Dr . c .  Gordon 
Littl e .  In 1 9 6 5 ,  Dr . H .  Herbert Hol loman , 
f i r s t  A s s i s tant Sec retary for S ci ence and 
Technology in Commerce , implemented a dec i ­
s ion t o  unify geophys i c s  i n  Commerce with the 
creation of the Environmental S c ience S ervices 
Admini stration ( ES SA )  , made up of the Weather 
Bureau , the Coast and Geodet i c  S urvey , and 
the Central Rad io Propagation Laboratory . At 
that t ime , the CRPL wa s renamed the Inst itute 
for Telecommunication Sc ience s  and Aeronomy 
( ITSA) . In 1 9 6 7 ,  the Inst i tute for Telecom­

municat ion Sciences c ame into being . I t  con-
tained the telecommunications-ori ented 
activities of ITSA . Dr . E .  K .  Smith served 
as an inter im director for one year and was 
fol lowed by R. C .  K irby who was director for 
the ensu ing three year s . 

Meanwh i l e ,  in Wa shington , m a j o r  attention wa s 
being g iven to the organi z at ion o f  telecom­
munications in the Federal es tab l i s hment , and 
the Department of Commerce e s t ab l i shed an 
O f f ic e  of Telecommunications in 1 9 6 7 . Reor ­
ganization P l an No . l o f  1 9 7 0  and Exe cut ive 
Order 1 1 5 5 6  establi shed the O f f ic e  of Tele­
communications Policy ( OTP ) in the Executive 
O f f i c e  of the Pres ident , and a s s igned 
additional re sponsibi litie s  to the Secretary 
of Commerce in support of OTP . To meet these 
respons ibilitie s ,  the Office of Telecommuni­
cations ( OT )  was g iven expanded respon s i b i l i ­
ties on September 2 0 ,  1 9 7 0 ,  and ITS , a l6ng 
with its programs , property , personne l , and 
f i scal resourc es , wa s transferred to OT . 

In 1 9 7 1 ,  Dougl a s s  D .  Crombie became director 
of ITS . ITS has shifted from its s trong 
empha s i s  on r adio wave propagation and anten­
nas since 1 9 7 0  in the direction of app l ica­
tions in spectrum manag ement and in telecom­
munication systems . 

In March 1 9 7 8 , Pres ident Carter s igned Execu­
t ive Order 1 2 0 4 6  which e stabli shed the National 
Telecommunications and Information Admini stra­
tion and merged some o f  the functions of the 
O f f i c e  of Tel ecommunicat ions Policy with tho s e  
o f  t h e  Office of Telecommunications in the new 
agency . ITS was a s s igned the re sponsibil ity 
of manag ing the tel ecommunications technology 
research programs of NTIA and providing re search 
support to other elements o f  NTIA a s  well as 
other agenc ies on a reimbur s able ba s i s . Among 
other a s s igned ta sks , the Institute wa s to 
remain " . . .  the c entral Federal Government 
l aboratories for research on tran smi s s ion o f  
radio waves . "  

In January 1 9 8 1 ,  Dr . Wi l l iam F .  Utlaut as sumed 
responsibil ity for the direction of the Insti­
tute . A ma j or reevaluation of programmatic 
and organiz ation structure wa s carried out 
under his direction to r edef ine and a l ine the 
ef forts of ITS to meet c hanging requirements 
and respon s ib i liti e s .  
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The Institute and its prede c e s s or organizat ions 
have a lways p layed a s trong role in pert inent 
s c ienti fic ( URS I ) , pro f e s s iona l ( IEEE ) , national 
( I RAC ) , and internationa l ( CCIR,  CCITT ) tele­

c ommunications activitie s . The director of 
CCIR from 1 9 6 6  to 1 9 7 4  was Jack W.  Herb streit , 
a f ormer deputy d irector o f  CRPL and ITSA, and 
the c urrent CCIR D irector is Richard c .  Kirby , 
former ly director of ITS . At the present t ime , 
the U . S .  preparatory work for 2 o f  the 1 1  S tudy 
Groups of CCIR is chaired by members of ITS 
( U . S .  Study Groups 1 and 6 ) , and staff members 

o f  ITS lead U . S .  de legations to 3 CCITT Study 
Groups ( VI I , XVI I ,  and XVI I I )  and act ively 
partic ipate in the International Organiz ation 
for S tandardiz ation ( IS O ) . The Insti tute a l s o  
actively supports t h e  Interdepartment Radio 
Advisory Committee ( IRAC ) . 

The work ITS does for other agencies in the 
Government derive s  its legal authorities from 
1 5  U . S . C .  2 7 2 ( 3 )  " Advisory S ervices to Govern­
ment Agenc ies on S c ienti f i c  and Technical Prob­
l ems " and 15 U . S . C . 2 7 2 ( f )  " Invention and 
Development of Devices to Serve Special Needs 
o f  Government . "  As a matter of Federa l  pol icy , 
NTIA does not accept work more appropr iate ly 
done by other nongovernment or government 
organizations . It is a l s o  a matter of policy 
that a l l  sponsored work reinforce NTIA ' s  over­
all program and that it be c lear that other 
agencies , industr i e s , or univer s ities could 
not serve equal ly we l l  or better . 

Within these policy guide s , ITS aspires to 
being the Federal laboratory for research in 
telecommunication s . I t  i s  c l ear that the 
Government has a respon s ib i l ity to pur s ue long ­
range s tudie s  in telecommun ications that are 
not economi c a l ly profitable for industry . I t  
i s  a l s o  c lear that the Government must have its 
own , independent l aborator i e s  to a s s e s s  the 
s ignificance of res earch conducted e l s ewhere . 
Toward these ends , ITS strives to maintain a 
knowledgeable s t a f f  that i s  working on the 
frontiers of technology and is in touch with 
the telecommunicat ions problems o f  the Federal 
Government . The Department o f  Defense has long 
been the primary s ource o f  advanced techno log y .  
A t  the present time , the l arge s t  part o f  the 
other agency s ponsorship of ITS come s f rom 
needs of the Department of Defense . The I n s t i ­
tute maintains , however , a s ignifi cant por t ion 
of its other agency work in s upport of civil ian 
Federal agenc ies , wher e  there i s  a l s o  c lear 
need for Government expertise in high techno logy 
areas . 
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ANNEX V 
ORGANI ZAT IONAL DIRECTORY 

INSTITUTE FOR TELECOMHUNICATION SCIENCES 
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O ' DAY , Val M .  - Executive Of ficer 
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SPECTRUM DIVIS ION 

RUSH , Charles M. - Deputy Director 
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SYSTEMS AND NETWORKS DIVIS ION 
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Sate l l ite Network Analysis 
JENNINGS , Raymond D .  - Chief 
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