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INTRODUCTION 

This annual report summarizes the activities 
and accomplishments of the Institute for 
Telecommunication Sciences for the fiscal year 
ending September 3 0 , 1 9 8 3 , It is inten9,ed to 
serve as a reporting mechanism to agency man­
agement, to our other-agency sponsors, and to 
interested members of the public. 

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

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

The program of Spectrum Research and Analysis 
includes research directed toward development 
of models of radio-wave transmission applic­
able to optimization of spectrum use and 
communication system performance prediction. 
It also includes research directed toward 
developing spectrum use concepts and models 
that can lead to more efficient use of the 
spectrum resource, This is primarily related 
to the interactions between radio systems and 
the electromagnetic environment. 

Radio waves are strongly influenced by the 
environment in which they propagate. The ITS­
developed transmission models, depending upon 
radio frequency, consider the effects of 
terrain, electrical properties, shape, and 
surface cover; the nonionized lower atmos­
pheric gases, meteorology, and spatial 
structure; and the highly-variable time and 
spatial properties of the ionized region of 
the upper atmosphere. These models provide 
statistical estimates of signal attenuation, 
dispersion, multipath, and other factors that 
determine the rate of information transmission 
and quality of systems performance. Improve­
ments in spectrum planning techniques and ways 
to more intensively share the spectrum have 
resulted from adaitional information obtained 
from measurement'and evaluation of the 
spectrum-consuming properties of antennas, 
receivers, and transmitters and from measure­
ment of spectrum occupancy. These efforts 
directly relate to NTIA and FCC roles in 
spectrum management. 

The Systems and Networks Research and Analysis 
program conducts studies directed toward 
assessing and developing domestic and inter­
national technical performance standards to 
facilitate competition in the provision of 
enhanced telecommunication products and 
services and to expand u.s. industry oppor­
tunities to compete in international markets. 
Also, technology alternatives for the develop­
ment of competitive, lower cost, communication 
networks are investigated; and research and 
analysis of advanced networks for future 
application are accomplished. 

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

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

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





CHAPTER l. E F F I C I E N T  US E OF THE 
SPECT RU M AN D EM WAVE TRAN S M I S S I ON 

The elec tromagnet i c  spe c t ru m  has seen dramat i c 
growth i n  demand and u se s i n ce t he beg i n n i ng 
o f  Wor l d  war I I ,  and a g�ea t range o f  new 
spec trum-dependent t e lecomm u n i cat ion serv i ces 
have evo l ved . To prov ide for new and expanded 
u se of t he spec trum ,  two ma j or a l ternat i ves 
ex i s t :  (l) t o  ex p lo i t  new reg i o n s  o f  the 
spec trum at progre s s i vely h i g her frequen c ies 
and (2) to de term i ne more ef fec t i ve means of 
manag i ng spec trum use.  The Nat i onal Telecom­
mun i ca t ions and I n format i o n  Adm i n i s trat i o n , 
I n s t i t u te for Telecomm u n i cat i o n  S c i ences 
( N T I A/ I TS ) ,  condu c t s  a program of ap p l i ed re­
search and eng i neer i ng devel opment t hat ad­
dresses bot h of t hese al terna t i ves. I n  t h i s  
chap ter , s ome h i g h l i g h t s  o f  the NTIA/ITS pro­
gram d i rec t l y  con cerned w i t h t hese i s sues are 
rev i ewed . Many of t hese pro j e c t s  draw heav i ly 
on ex per i e nce from ot her programs i n  ITS , i n­
c l u d i ng an tenna des i g n  and meas uremen t ,  c han­
ne l  charac t er i z a t i o n  and sys tem perf ormance , 
and t he many propagat i on re lated ef fort s . 

S pec i f i c spectrum eng i neer i ng t ec h n i ques that 
have been devel oped by ITS perso n nel w i l l  be 
d i s c u s sed in t he nex t sec t i o n  o f  t h i s  chap ter. 
I n  Sec t i o n  1.2, the app l i cat ion of t hese tech­
n i ques for spec trum res o urce as ses smen t s  i s  
d i s c u s sed . Sec t i o n  1.3 pro v i des an ou t l i ne o f  
t he work be i ng undert ake n  by the In s t i t u te to 
deve l op advanced i ns trumentat i o n  and s pec trum 
meas uremen t techn i q ue s . I n  Sect ion 1 . 4 ,  t he 
work t hat i s  be i ng undertaken to assess and 
pred i c t  telecommun i cat i o n  sys tem perf ormance 
i n  l i g h t  of t he k nown c hara c ter i s t i cs of the 
propert ies of the EM wave transm i s s i o n  med i um 
i s  d i s c u s sed . 

S ECTION l.l SPE CTRUM ENG I N E E RING TECHN I QUES 

The c o n cern i n  t h i s  port ion of t he program i s  
the devel opment o f  tech n i ques t hat can be u sed 
by po l i cy makers , frequency managers , sys tem 
des i g n ers , and sys tem p la n ners i n  ef fec t i ng 
dec i s i o n s  regard i ng use of t he e lec tromag ne t i c  
spec trum for telecommun i cat i o n  purpo ses. These 
are tec h n i ques t hat addres s  pro b lems in op t i ­
mum cho i ce of frequen c i es and rat i onal trade­
o f f s  between l im i t s  on broad c las ses of equ i p­
me n t  ( l i m i t s on fac tors s u c h  as an tenna he i g h t  
or power ) , the ab i l i ty of a sys t em t o  prov i de 
a req u ired serv ice , and t he ef f i c i ency w i th 
wh i ch ava i lab le spec trum i s  u s ed. Techn i ques 
o f  th i s  k i nd are ex tremel y  var i ed and mu s t  ad­
dres s  a w i de range o f  pro b l ems from the very 
spec i f i c ( for t he des i g ner of a spec i f i c sys­
tem at a part i c u lar locat i o n ) to the very gen­
eral ( for t he po l i cy maker and reg u la tor who 
m u s t  c o n s i der nat i onal or reg i onal c o n se­
quences in a s i ng le ac t i on ) . 

Trad i t i o n a l l y ,  s pec trum eng i neer i ng tec h n iques 
have been devel oped to eval uate a spec i f i c 
s i t ua t i o n , u s ual ly w i t h  a s er i es of " sa f e "  or 
" c onservat ive" a s s ump t i o n s. The spectrum re­
s o urce can be con served by a s s i g n i ng s pec i f i c  
freq ue n c ies t o  s tat i o ns i n  a way t ha t  m i n i­
m i zes t he total bandw i d t h  requ ired to l i cense 
a l l  ap p l i can t s . In t he pas t  two years , ITS 
has been deve l op i ng t he mathema t ical mode l s  
and c omp u t er algor i t hm s  t o  make such as s i g n ­
men t s . T h e  earl ier research res u l t s  are be i ng 
trans l a ted i n to prac t i c a l  capab i l i ty i n  the 

3 

Tradeof f s  for E f f i c i ent Use of t he Spectrum 
proj e c t . There are two u s e f u l  forms of out­
p u t :  ( 1)  a u ser-or ien ted , i n terac t i ve com­
p u ter program for mak i ng s pec trum- c o nserv i ng 
frequency ass i g nmen t s  and ( 2 )  general pr i n c i­
p les of ef f i c i e n t  freq uency as s i g nment t hat 
can gu ide t he devel opment of freq uency- d i s­
tance separat ion ru les for a serv i ce . 

Dur i ng t he pas t several years , we have devel­
oped c omp u ter me t hods for op t imum frequency 
as s i g nmen t  in t he Tradeo f f s f or E f f i c ien t Use 
o f the S pec trum pro j e c t . These ef for t s  cu l­
m i nated t h i s  year in t he produ c t ion of u ser­
or ien ted , portab le s o f tware for as s i g n i ng a set 
of s ta t i ons in t he m i n imum t o tal bandw idth . 

The program for op t imum frequency as s i g nmen ts 
i s  cal led ASIGN , i s  wr i t ten i n  ANSI Fortran , 
and i s  imp lemented on a large ma i n- frame com­
pu ter at Bou l der . It i s  i n terac t i ve and modu­
l ar ,  w i t h  f le x i b le i n p u t  and o u t pu t .  

The i np u t  op t i ons i n c l ude : 

o a set of s tat ion loca t i o n s  and a set o f  
frequen cy- d i s tance ru les 

o a set of s tat ion loca t i o n s  and an 
assoc iated c o n s tra i n t  matr i x  

o a set of frequency- d i s tance separat ion 
ru les and a n umber of s tat i on locat ions to 
be randoml y  generated . 

I n  each case , t here may a l so be a number o f  
s tat i o n s  w i t h  pr i or frequency as s i g nmen t s  t hat 
are to be re tai ned . The u s er may des i g nate a 
total al locat i o n  bandw i d t h  that w i l l  not be 
exceeded. If a s tat i on or s tat i on s  cannot be 
a s s i g ned w i t h i n  t he al l o ca ted bandw i d t h , t he 
pro-gram w i l l  pr i n t  a warn i ng mes s ag e ,  d i scard 
t he s tat ion , and try to as s i g n  t he rema i n i ng 
s ta t i o n s . 

T he program makes ass i g nmen t s  w i t h  a number of 
d i f feren t ,  nearly-opt imum algor i t hms ( an exac t 
o p t imum al gor i thm takes an imprac t ical ly l ong 
t ime to run on a c ompu ter ) and c hooses t he bes t 
a s s i g nment as t he op t imum o ne .  As an al terna­
t i ve , t he user can s pec i fy one or more part i c­
u l ar algor i t hms , and no ot hers w i l l  be u sed . 

The o u t p u t  of ASIGN i s  a l i s t  o f  t he s tat ion 
l o ca t i o n s  and the ir as s i g ned frequency for t he 
o p t imum as s i g nmen t .  In add i t i o n ,  cer ta i n  aux­
i l i ary o u t p u t  is ava i lab le: 

o t he s i ze of t he i n i t ial c l i que ( a  group o f  
s tat i o n s  t hat al l mutual ly- co n s tra i n  each 
o t her ) 

o tabu la t i ons of t he number of s tat ions 
as s i g ned to each channel 

o t he s ta t i ons cons tra i n i ng ( or cons tra i ned 
by ) any part i c u lar s ta t i o n . 

The program w i l l  be made ava i la b le to i n ter­
es ted u sers for the c o s t  of reprodu c t ion and 
hand l i ng. A User ' s G u i de is be i ng wr i t ten , 
and w i l l  be p u b l i s hed as an NTIA Report i n  
F Y  8 4 . Its comp let i o n  was delayed by d i ver­
s io n  of pro j e c t  personnel to h i g her pr i or i ty 
task s .  



The predecessor program to ASIGN was used to 
s tudy the spec trum c osts of ad j acent- channe l  
frequen cy- dis tance separation rules. The re­
sul ts were incorporat ed in to proposed revision 
to CCIR Report 8 4 2 . This revision has been 
f orwarded to Geneva by the u.s. National C om­
mit tee of CCIR and wil l  be considered at the 
Interim Meeting in November 1 9 8 3 .  

With the comp le tion o f  the User ' s  G uide , the 
pro j ec t ,  Tradeo f fs for E f ficien t Use of the 
S pec trum , wil l  be termina ted. 

For several years ITS has been providing tech­
nical assistance to NTIA ' s  Public Telecommuni­
catio ns Facilities Program. Principal l y ,  this 
assistance has consisted of estimating the 
number of peop le presen t ly served, or soon to 
be served , by the various pub lic television 
and radio facilities in t he contiguous United 
S tates. One concern with these es timates has 
been that they used 19 7 0  ce nsus f igures. This 
has now been remedied by the ac quisition of 
new data from the 19 8 0  census, so that more 
accurate es timates are possib le. For example , 
in 1 9 8 2  it was estimated that 8 5. 6  percen t  o f  
the popula tion cou l d  obtain service from 
licensed , f u l l -service , pub l ic tel evision 
s tations. Using the more up-to-date informa­
tion , this value changes t o  8 4 . 6 percent. 

In future ef fort s ,  we hope to hel p  determine 
in what parts of the c oun try outreach ac t iv­
ities to encourage new pub lic telecommunica­
t io ns would be most e f fec tive. 

In support of NTIA ' s  Minority Telecommunica­
tion Deve l opmen t Program, ITS has prepared a 
Technical P lanning Service intended to hel p  
minority e n trepreneurs assess the poten tial 
market of a proposed FM or TV s tation. This 
service uses a c omputer program to provide a 
quic k  look at the coverage area of a suggested 
broadcast s tation to gether with a c ou n t  of the 
minority popula tio n  living in that area. A 
samp le of the output is shown in Figure 1- 1 ,  a 
map o f  the regio n proposed to be served with 
three estimated service c o n t ours , and in 
Figure 1 - 2 , the accompanying sheet of sta tis­
tics. 

The Spectrum E ng ineering Devel opme n t  Support 
pro j e c t  provides anal ysis support to the S pec­
trum E ngineering and Analysis Division ( S E AD ) 
of NTIA. This year , we used the optimum fre­
quency assig nment program to study the re la­
tive ef f iciency of land mo bile radio systems 
with dif ferent bandwidths and dif ferent inter­
ference rej ection. 

Using standard F M  systems and proposed amp li­
tude- compandered sing le-sideband ( ACS B )  sys­
tems as mode l s ,  S EAD devel oped freque ncy-dis­
tance ( f- d )  separation rul es for two generic 
systems--cal led the " wideband " and " narrow­
band"  sys tems respe c t ively. These f-d rules 
are shown in Tab le 1-1. 

The t o tal bandwidth required to assign fre­
quencies to a given number of randomly- l ocated 
transmit ters was computed with the program for 
a variety of scenarios. We reached the fo l­
l owing conc lusions: 

I f  the non- c o- channel separatio n distan ces are 
less than about o ne- third of the co- channel 
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separation distance , the number of channe l s ,  
M ,  that are required t o  assign channels to N 
base sta tions uniformly and random l y  loca ted 
in a square with side S is given approximately 
by the empirical formu la : 

M = 4 . 1 9  + N ( . 1 4 0  R + . 7 2 2  R2 ) ,  

where R is the ratio of the co-channel separa­
tion dis tance to the square side. This equa­
tion ho l ds if 0. 1 < R < 0. 7 .  Under these con­
ditions, the narrowband systems a l ways require 
less total bandwidth than the wideband systems. 

We also c o nsidered cases in which the trans­
mit ters were co ncen trated at pre ferred l oca­
tions,  were c lustered with an exponen tial dis­
tribution o f  dis tances from an urban center , 
or were located in squares with sides less 
than the co- chan nel separation distance. In 
all these cases , the narrowband sys tems re­
quired less to tal bandwidth than the wideband 
systems , a l though the dif ference was n o t  
a l ways as great. 

We considered interleaving wideband and nar­
rowband systems by assig ning wideband systems 
o n l y  on even mul tip les of 12. 5 k H z  and assig n­
ing narrowband syst ems o n ly on odd mu l tip les 
of 1 2. 5  k H z. This arrangement au tomatical l y  
satisfies most of the non- co- channel f - d  
ru les. For base stations random l y  loca ted in 
a square , the n ,  the empirical formu la can be 
applied separa tely to the two sys tems , and the 
total bandwith required can be c omputed. In­
terleaving the sys tems this way takes the same 
total bandwidth as segregating the systems in­
to ad jacent frequency bands. 

Ano ther spectrum p l anning too l with a s tro ng 
po ten tial for app licatio ns to many kinds o f  
spectrum p lanning pro b l ems is referred t o  as 
Network Service and I n t erference Predic tions. 
The NOAA wea ther Radio Program administered by 
the National weather Service ( NWS )  broadcas ts 
current weather co nditions and f orecasts on a 
2 4 - hours-a- day basis. Rece n t l y  this broadcast 
ne twork has a lso been desig nated as the pri­
mary eleme n t  in the national disaster warning 
system. In order to e f f ec tively reach their 
g oa l  of 9 5  perce n t  of the popu latio n  of the 
United S t a tes with these broadcas t s ,  NWS ex­
panded the network by adding new stations and 
increased the number of transmission frequen­
cies to seven. The network must be caref u l l y  
designed i n  order t o  minimize the co- chan nel 
sel f- interference tha t  may resul t  from operat­
ing c l ose l y-spaced stations on o n ly seven 
channels. To assis t NWS in siting new weather 
broadcast stations and se lec ting the optimum 
channels to meet their obj ectives , the Insti­
tute has deve l opd an in terac tive c omputer 
model cal led N ETWORK. 

N ETWORK is designed to hel p  NWS plan the ex­
pansion of the broadcast network by· predic ting 
the coverage that resu l t s  when s tations are 
added to or deleted from the networ k , or have 
their locatio n  or charac teris tics ( i . e. ,  fre­
quency assig nmen t ,  transmit ter power, a n tenna 
height , etc. ) changed. The N ETWORK dat a  base 
con tains the required i n formation about each 
station in the network to de termine service 
and interference areas ( see Fig. 1-3 ) .  N ET­
WORK ' s  editing capabil i ty al l ows the user to 
easil y  modify any o f  these station dat a ,  and 



Contour 

Contour No. 
r 

Contour No. 

0 

FM RADIO--BAKERSFIELD CA 

25 50 

II& 

75 100 125 \50 
MILES 

F igure 1-1. Sample output from the Technical P lanning Service : 
three estimated contours for a proposed FM station . 

5 



MINORITY TELECQMMMU�ICATIQNS D EVELOP MEN T PROGRAM 

TEC HN IC AL PLANNING SER VICE 

UHF-TV--CHEYENNE WY 

AT 41.10.00N , 1C5,00.00W' FREQ• 575, �HZ 

HAMSL• 7561.� HAGD• llbt,, OVERALL HAAT• 1000. F T  

CALCULATI��S USF FCC CURVES MQOIFIE D 

POPULATIONS BASED ON u.s. CENSUS, 1980 

BRG 

DEG 

o.o 
15.0 

30.0 

45.0 

60.0 

75.0 

90.0 

105.0 

1 20 .o 
1�5.0 
150.0 

165.0 

180.0 

195,0 

210.0 

225.0 

240.0 

255.0 

2 70.0 

2 85 .o 

300.0 

31t;,O 
330.0 

345.0 

ERP 

DBK 

20.0 

20.0 

20.0 

20.0 

20.0 

20.0 

20.0 

�o.o 
20. 0 

20.0 

20.0 

20.0 

zo.o 

20.0 

20.0 

20.0 

20.0 

20.0 

20.0 

20.0 

20.0 

20.0 

20.0 

20.0 

HAAT 

FT 

941. 

985. 

1101. 

1161. 

1205. 

1280. 

13 25. 

1317. 

127�. 

1222. 

1127. 

1053. 
976. 
816. 

714. 
641. 
65 7. 

804. 

86 9. 

A83 • 
881. 

869. 

816. 

863. 

DH 

FT 

470. 

756. 

601. 
595. 
490. 
520. 
502. 
3913. 
491. 
693. 

1003. 

753. 

1231. 

941. 

842. 

533. 
494. 

57f\, 

1126. 

12 en. 
919. 

1020. 

254. 

146. 

POPULATION (THOUSANDS) 

TOTAL 

BLACK 

HISPANIC 

ASIAN 

NATIVE AM. 

OTHE R * 

RANGES IN MILES 

CITY(1) GR. A C 2 ) GR. 8(3) 

80,0 74,0 64.0 DBU 

12.7 

7.9 

11.1 

11.5 
13.8 

13.6 

14.1 

16.2 

14.1 

10.0 

5,6 

8.3 

3.5 

5.4 
6,0 

9.2 
10.0 

9.6 

4.1 

3.0 

5.8 

4.9 

16.2 

16.3 

34b. 

37.5 

1o1 

3.7 

.3 

.2 

1.4 

16.9 

11.8 

15.6 

16.0 

18.6 

18.3 

19.0 

21.5 

19.0 

14.� 

8,2 

12.3 

�.2 

7.7 

8.4 

13.4 

12.6 

14.0 

5.9 

4.6 

8.3 

7.0 

16.6 

24.2 

51.2 

1.5 

'5.1 

.4 

.3 

2.0 

26.1 
19.7 

24.3 

24.9 

27.9 

27.7 

28.5 

31.2 

28. 5 
23.0 

15.1 

20.2 

9.8 

14.4 

15.5 

20.7 

17.7 

21.8 

11.1 

8.3 

1 ';.3 

13.2 
26,Q 
29.3 

1501. 

64.2 

1.9 
6.3 

.5 

.4 

2.4 

*C�NSTITUTES RACES , GENERALLY �IXEO, OTHER THAN WHITE, BLACK, 

ASIAN, OR NATIVE AMERICAN. 

PREPARED BY THE NATIONAL T ELECO�MU�ICATIONS AND 

1NFOR�ATION AD�INISTRATION 

F igure 1- 2 .  Sample output from the Technical P lanning Service : 
statistics concerning coverage by a proposed FM station . 

6 



Table l- 1 .  Frequency-Distance Separation Rules for Two 
Gener ic Land Mobile Radio Systems 

W: Wideband Systems - 12.5 kHz Channel Spacing 
N: Narrowband Systems - 5 kHz Channel Spacing 

Frequency Channel Distance 
Interaction Separation (kHz) Se__p_ara tion Se_Eara tion 

l w-w 0 0 110 

2 w-w 12.5 l 35 

3 w-w 25 2 l 

4 H-N 0 0 155 

5 N-N 5 l 8 
6 N-N 10 2 4 

7 N-N 15 3 2 

8 N-N 20 4 l 

9 N-N 25 5 l 

10 W-N, N-W 0 0 130 

ll W-N, N-W 12.5 l 8 
12 W-N, N-W 25 2 l 

7 

(mi) 
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Figure 1-3 . An example showing s tation character istics in the NETWORK data base . 



the re s u l t i ng chang e s  i n  serv i c e  and i n t erfer­
e nce areas are then c a l c u lated and added to 
the data ba s e s  used to d i s p lay coverag e. Thus 
the s erv i c e  and i n terfere nce areas p l ot ted o n 
the i n t erac t i v e  term i nal wi l l  always re f l e c t  
the c urre nt s tat ion parame ters c o n t a i n ed i n  
t h e  da ta ba se . Th i s  capab i l i ty al lows the 
u s er to s e l e c t  the combi nat i o n  of s tat ion lo­
cat i o n  and techn i cal charac t er i s t i c s  t hat w i l l  
max i m ize s erv i ce and m i n im i z e i n t erference f or 
t h e  ne twork . By re v i s i ng the s tat i o n  data and 
compar i ng t he re s u l t i ng c overage pre d i c t i o n s , 
t he u ser can e f f e c t i ve l y  p lan the e x pans i o n  of 
the n e twork to o b ta i n  the des ired c overage a t  
m i n imum spe c trum usag e .  

N ETWORK ' s  pred i c t i o n s  of serv i c e  coverage and 
s e l f - i n t e r f erence areas are bas ed on t he val­
u e s  of f i e l d  i n t e n s i ty cal c u lated u s i ng the 
propagat i on l o s s  data cal c u lated by the Inte­
grated Terra i n  Mode l ( ITM ) area pred i c t ion 
mode l. Th e ITM mode l i s  u s ed to c a l c u lat e 
bas ic tran s m i s s ion los s for a pa t h  g i v e n  a 
par t i c u lar t i me ava i lab i l i ty ,  locat ion var i ­
ab i l i ty ,  and pred i c t i o n  conf idence. Bas i c  
tran sm i s s ion l os s ,  de n o t ed b y  L b w h e n  meas ured 
i n de c i be l s , i s  the cou p l i ng l o s s  be twe e n  
transm i t t i ng and rece i v i ng an t e n nas. Becau s e  
random chan g e s  occur i n  atmo s p h er i c  cond i t i o n s  
a f f e c t i ng the propagat ion of rad io wav e s ,  and 
smal l var i a t ions in an t e nna s i t i ng and t h e  
s hape of t he terra i n  c a n  cau s e  o t h er random 
chang e s  i n  Lb' bas i c  trans m i s s ion los s is 
treated as a random f u n c t ion of both t ime and 
spac e . T ime ava i lab i l i ty ,  qT is de f i ned as 
the frac t i on of t ime dur i ng wh i ch t h e  hour l y  
med ian bas i c  transm i s s i o n  los s doe s  n o t  e x ceed 
the pred i c t ed v a l u e  L b . For a de s ired s i gnal , 
qT i s  u su a l l y  chosen to be large , and corre­
spond i ng ly ,  q is chosen to be smal l for u n­
des ired s i g nals. The s tat i s t i c loca t i o n  var i­
ab i l i ty ,  qL , m u s t  a l so be i n c l uded s i nc e  
random chang e s  i n  t h e  an t e nna s i t i ng and prop­
aga t i on path cause chang e s  i n  qT. Thus t h e  
locat i o n  var iab i l i ty i s  de f i ned to be t he 
frac t i on of s im i lar pat h s  for wh i ch t h ere w i l l  
b e  a frac t i o n  o f  t ime a t  leas t as larg e as qT dur i n g wh i ch the hourly me d i an bas ic tran s m i s­
s i o n  loss w i l l  not e x c e ed L b. The pred i c t i o n  
con f idence , Q ,  i s  a meas ure o f  how we l l  t h e  
pre d i c ted val ue of L b f o r  a g i v e n  qT and qL agre e s  w i th t he meas ured data t ha t  t h e  mode l 
i s  ba sed on. N E TWORK u s e s  a pred i c t i o n  con f i­
de nce o f  50  perc e n t ; t hat i s ,  the pre d i c t ed L b 
w i l l  be t h e  med ian of the d i s tr i bu t i o n  of 
measured v a l u e s  for t he de s ired q and q . 
Th i s  med ian val ue i s  som e t i me s  reierred �o as 
t he " be s t  e s t imate " o f  the bas i c  trans m i s s i o n  
l o s s  f o r  a part i c u lar cas e .  

N E TWORK c a l c u l a t e s  and d i s p l ays o n  a n  i n t erac­
t i ve -grap h i c s  compu t er term i na l  areas wh ere 
the s erv i c e  and co-channel s e l f - i n t e r f ere n c e  
are pred i c ted to occur for a s pe c i f i ed port i o n  
of t he broadcas t  ne twork. S erv i c e  i s  de f i n ed 
u s i ng the " be s t  e s t imate " of f i e l d  i n t e n s i ty 
f or 9 5  perc e n t  of t h e  t ime and i n  95 perc e n t 
o f  t h e  local area. In terf ere n c e  i s  de f i ned 
u s i ng the " be s t  e s t i mat e "  o f  f i e ld i n t e n s i ty 
pred i c t e d  to occur for 10 perce n t  of the t ime 
i n  50 perc e n t  of the l ocal area. To s t ore t h e  
dat a  n e c e s sary for t h e s e  pred i c t i o n s  i n  a un i ­
f orm man n e r ,  a 4 - m i n u t e  g r i d  h a s  b e e n  s u per­
impo sed o n  the con t i g uo u s  Un i t ed S ta t e s  ex­
t e nd i ng from the sou t hw e s t  c orner a t  2 4 °N. 
12 5 °W. to t h e  northeas t corne r  at 4 9 °N .  6 6 °W. 
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For every gr i d  po i n t , the med i an power de n s i ty 
and i t s  a s s o c i a t ed s tat i s t i c s  for e very s tat i o n 
w i t h  2 0 0  k m  o f  the gr id po i n t  are stored. 
T h i s  i n format i o n  is au tomat i cal ly updated w i th 
t he ITM wh e n e ver a s tat ion i s  added , de l e ted , 
move d ,  or t he t e c h n i cal charac t er i s t i c s 
c hang ed. Conseque n t l y ,  the serv i c e  or i n t er­
f ere nce coverage p l o t ted always re f le c t s  the 
curre n t  s tat i o n  data. 

S erv i c e  or i n t erf ere nce for t h e  4 - m i n u t e  area 
c e n tered at a grid p o i n t  is de term i ned by com­
par i ng t h e  de s ired s i g nal l e v e l  f i e ld i n te n­
s i ty from the des ired ( c l o s e s t )  s tat i on w i t h  
t he i n terference leve l f i e l d  i n t e n s i ty from 
each of t h e  o t her s tat i ons w i t h i n  2 0 0  k m. A 
grid po i n t  i s  cons idered to be served by i t s  
de s ired s ta t i on i f  t h e  s erv i ce l e v e l  f i e ld i n­
t e n s i ty from t h e  c l os e s t  s ta t i o n  i s  greater 
t han or equal to 18 dB� and co- channe l  power 
l e v e l s  are not h i g h  enough to cau s e  i n terfer­
e n c e . 

Co- c han n e l  i n t erf ere nce i s  de f i ned to occur 
whe n  t h e  f i e ld i n te n s i ty from an u ndes ired co­
c han n e l  s ta t i o n  is greater than or equal to 
10 dB l e s s  t han the s erv i c e  l e v e l  f i e ld i n ten­
s i ty from t h e  de s ired s tat ion. For examp le , 
i f  the s erv i c e  l e v e l  f i e ld s tre ngth at a grid 
po i n t  i s  2 3  dB� , co- channel i n terf ere n c e  i s  
de f i ned t o  o c c ur whe n an unde s i red s tat ion on 
t he same chan n e l  cre a t e s  a s i gnal t hat i s  
greater t han or equal to 1 3  dB� . 

Co- chan n e l  i n t erfere n c e  i s  o n l y  cal c u lated for 
grid po i n t s  that wou ld ot herw i se have serv i c e  
from the i r  de s ired s tat ion . I f  t h e  po i n t  has 
a serv i c e  l e v e l  f i e ld i n t e n s i ty from i ts de­
s ired s tat i o n  of l e s s  than 18 dB� , it w i l l  be 
cons i dered not s erved even though it may have 
s i gnal leve l s  h i g h  e nough to be cons idered 
s erv i c e  from a more d i s tant s ta t i on. 

Based on compar i so n s  of the pre d i c t e d  serv i c e  
s i gnal l e v e l s  and i n terf ere nce s i g nal l e ve l s  
from t h e  de s i red and u nde s ired s ta t i o n , a 
coverage code i s  as s i g ned to each grid p o i n t  
and s tored i n  t h e  compu ter for p l o t t i ng cover­
age areas and calcu lat i ng popu lat i on data . 
The s e  code s are updated wh e never t h e  chang e s  
to t h e  s ta t ion data base requ ire new s i g nal 
pred i c t i o n s .  The thre e type s of coverage 
codes u s ed are as fol lows : 

0 - not served by de s ired s tat i o n, 
1 - s erved by de s ired s tat i o n , 
2 - c o- channe l i n terference pre se n t . 

NETWORK may be run from e i ther a C RT i n terac­
t i ve- grap h i c s  term i nal or a hard- c opy pr i n t i ng 
term i nal. If a CRT graph i cs term i nal is u s e d ,  
t h e  o u t p u t  op t i o n s  ava i la b l e  i n c l ude l i s t i ng 
s tat i ons and t h e ir charac t er i s t i c s , and p l ot­
t i ng serv i c e  and i n t erf ere n c e  areas t hat may 
be super imposed on s tate or cou n ty bou ndar i e s  
for a s e l e c t ed area of t h e  ne twork. F ig ure s 
1- 4 and 1- 5 show two op t i ons of d i s p lay i ng the 
c ov erage-and i n t erfere n c e  pa t t erns cal c u lated 
by N ETWORK. The p lanner may i n t erac t i ve ly se­
l e c t  t he d i s p lay op t i on and the geograp h i c  
area to be v i ewed . T h e  p l o t t i ng capab i l i ty 
i s ,  o f  course , not ava i lable whe n  N ETWORK i s  
run from a no ngrap h i c  t erm i nal. 

A l i n k  per f ormance analys i s  too l has be e n  de­
v e loped as a re s u l t  of t he Gro u nd N e twork 



ID LOCATION FREQ 

1-ALHUNTS 1 

2-ALMOBIL 7 
:a�ALBRMNG 7 

4-ALANSTN 4 

5-ALDOZIR 7 

6-ALFLRNC 4 

7-ALLOUVL 4 

8-ALMNTGM 1 

9-ALTUSCL 1 

:39-FLPANMA 7 

4121-FLPNSCL 1 

41-FLTALHS 1 

49-GAALSNY 7 

92-MSAKRMN 4 

9:3-MSSONVL 7 

1121121-MSMERON 

221-GACLMSS 

:3121121-ALOMPLS 
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29 0 0 N 
Figure l-4 . An exampl e NETWORK plot showing coverage as polygons 

and interference as vertical shading . 
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ID LOCATION FREQ 

1-ALHUNTS 1 

2-ALMOBIL 7 

:3-ALSRMNG 7 

4-ALANSTN 4 

5-ALOOZIR 7 

6-ALFLRNC 4 

7-ALLOUVL 4 

8-ALMNTGM 1 

9-ALTUSCL 1 

:39-FLPANMA 7 

4121-FLPNSCL 1 

41-FLTALHS 1 

49-GAALBNY 7 

92-MSAKRMN 4 

9:3-MSSONVL 7 

1121121-MSMERDN 7 

221-GACLMBS 1 

:3121121-ALDMPLS 4 

29 0 0 N 
F igure l- 5 .  An example NETWORK plot showing coverage as hor izontal 

shad ing and interference as vertical shading . 
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Commun i c a t i ons p roje c t  t h a t  allows a sys tem 
d e s i gner o r  ne two rk analy z e r  to e xam ine , i n  
b o t h  a broad and de t a iled sense , the ope r a t ion 
o f  a g round - based c ommun i c a t ion ne t .  The 
model i s  val i d  ov e r  a 50  km by 5 0  km a r e a , and 
w i t h up to 3 0 0  nod es in t h e  ne two r k . In t h e  
max imum s i z e , t h e  net would cons i s t  o f  4 4 , 4 5 0 
l i nk s .  U s i ng t h i s tool,  t h e  overall pa r am­
e t e rs of t h e  ne t a r e  g i ven i n  numbe rs of con­
ne c t ed nodes and t h e i r  conne c t ions .  The de­
s i gne r is g i ven t h e  op t ion o f  easily chang i ng 
t h e  ne twork parame t e rs ( node lo c a t i on ,  antenna 
t y pe s , equ i pment t y pe s ,  e tc . )  in  o rde r to 
d e t e rm i ne t h e  e f f e c ts of t hese changes to t h e  
network pe r f o rm anc e . The mo del i s  based on 
t h e  I nt eg r a t ed Te r r a i n  Model ( I TM ) t h a t  c al­
cula t es pa t h  loss f r om d i g i t i z ed topog r ap h i c  
d a t a .  The model h as c h o i c es i n  out put o f  
e i t h e r  plo t t ing t h e  conne c t ed l i nks o r  l i s t i ng 
t h e  d e t a i ls of t he l i nk c alcula t i ons . Us i ng 
t h ese out pu t s ,  t h e  use r can de c i de to rede s i gn 
the net by any of the seve ral op t i ons t h a t  a r e  
mos t cos t e f f e c t i v e . T h e  op t i ons may b e  to 
move one o r  more nod es to be t te r  loc a t i ons , 
a d d  one or mo r e  relay nod e s ,  ad j ust antenna 
pa t t e rns and ga i n ,  i n c r e ase powe r ,  e t c .  The 
model can also be used to l i m i t  the parame t e rs 
to t h ose needed to sa t i sfy t he ne t r e qu i r e­
ments . Th i s  has t h e  advantage of lim i t i ng the 
ne t i n t e r f e r ence to o t h e r  use r s ,  and conse rv­
i ng spe c t rum f o r  o t h e r  use s . 

S ECT ION 1 . 2 SPECTRUM R E SOU RCE AS S ES SMENT 

As a result of de c i s i ons t a k e n  a t  t h e  1 9 7 9  
General World Adm i n i s t r a t i ve R ad i o  Con f e r e nc e ,  
t h e re w i ll be ch ang e s  i n  f r equency alloca t i ons 
i n  c e r t a in bands f o r  c e r t a in c lasses of ser­
v i c es . In some ins t ances , t h ese ch ang es could 
result in subst ant i al i m pa c t s  to current 
Un i ted S t a t es spe c t rum usage because o f  con­
s i d e r a t i ons suc h as la rge c a p i t al investments 
i n  equ i pment o r  spe c i f i c f r equency manag ement 
c onc e p ts be i ng employed und e r  spec i f i c ope r a­
t i onal sc ena r i os .  In response to d i re c t i on 
f rom t h e  N T I A  Of f i ce of S pe c t rum Management 
( OSM ) , the I nst i tu t e  und e r t a k e s  S p e c t rum Re­
source Assessments to de t e rm i ne t hese imp a c ts 
on p a r t i c ular f r equency bands . 

The Spe c t rum Resource Assessment ( S RA ) of t h e 
1 6 0 5 - 2 0 0 0  k H z  F requency Band p roj e c t  e x am i nes 
the 1 6 0 5 -20 0 0  kHz band to assess cur rent and 
f ut u r e  spe c t rum use by b o t h  Gove rnmen t and 
non- Gove rnment se r v i c e s; to i dent i f y present 
or future compa t i b i l i ty p r oblems between ma j o r  
use rs; t o  e v alua t e  t e c hn i c ally t he f e as i b i l i t y 
o f  sh a r i ng be tween t h e  se rv i c es; and to r e c om­
mend , w h e re appropr i a t e ,  c h a nges to improve 
spe c t rum manag ement procedur e s . 

Pursuant to the alloc a t i on c h ang es adopted a t  
t h e  1 9 7 9  World Adm i n i st r a t i ve Rad i o  Confe renc e 
( WARC- 7 9 ) and approved by t h e  Un i t ed S ta t es , 
B road cast i ng S e rv i c e  w ill be allo c a t e d  on a 
p r i m a ry b a s i s  to t h e  1 6 0 5 - 1 7 0 5  k H z  band in 
Reg i o n  2.  S e rv i c e s  now ut il i z i ng t h i s  band 
w i ll e i t h e r  be moved i n t o  t h e  upper a d j acent 
b and , 1 7 0 5 - 1 8 0 0  k H z , or proven to be compa t­
i ble w i th the broadc ast i ng se r v i c e . Th i s  
spe c t rum resource assessment i d e nt i f i es some 
compa t i b i l i ty p ro blems and r e c ommends spe c t rum 
management procedures ne eded to m i n i m i z e t h e  
e f f e c ts o f  t hese c ha ng e s .  

ll 

To ass i s t  N T I A  i n  ful f i ll i ng i ts spe c t rum man­
ag ement m i ss i ons , I TS is cur ren tly und e r t a k i ng 
t he follow i ng t asks : 

o rev i ew t h e  c h a ra c t e r i s t i c s  of e x i st i ng and 
proposed Gove rnment and non-Gove rnmen t 
S y s t ems w i t h in t h e  1 6 0 5 -2 0 0 0  k H z  band , 
i nc lud i ng those t h a t  could be e xp e c t ed to 
move out of the band i n  r esponse to the 
results o f  t he WARC- 7 9  and o t h e r  na t i onal 
a g r e ements 

o r e v i ew p r ev i ous compa t i b i l i ty analyses of 
syst ems w i t h in t h i s  band 

o i d e n t i f y and document t h e  po t ent i al prob­
lem a re a s ,  show i ng potent i al impact on e f­
f i c i ent use of t h e  spe c t rum , and ev alua t e  
t he f e as i b i l i ty of sh a r i ng be t we en e x ist­
i ng and p r oposed se rv i c e s  

o r e v i ew e x i s t i ng t e c hn i c al st anda rds and 
c h anne l i ng plans and de t e rm ine the impa c t  
o f  s t a t e - o f - t h e- a rt t e c hnology on band 
usage 

o i d e n t i f y and out l i ne spe c i f i c p roblem 
a reas requ i r i ng ad d i t i onal analys i s ,  i f  
any 

o r e c ommend spe c i f i c ch ang e s  to t h e  ex i st ing 
rule s ,  regula t i ons , and f requency manag e­
ment p r ac t i c e s ,  wh i c h  w i ll allow compa t i­
b i l i ty w i th WARC-7 9 chang e s .  

A repo r t  t h a t  desc r i bes t h e  r esults of t h i s  
study i n  d e t a i l  w ill be ava i la ble i n  FY 8 3 . 

The e f f e c t s  of WARC- 7 9  on t h e  1 6 0 5- 20 0 0  k H z  
band a r e  s i gn i f i c ant . T h e  c h a r a c t e r ist i cs o f  
t he band w i ll unde rgo g r e a t  ch ang e in t h e  ne x t  
5 t o  1 0  y e a r s .  The m a j o r  spe c t rum manag ement 
i ssues are summa r i z e d  in the follow i ng pa ra­
g r ap hs . 

Rad i oloca t i on and t h e  B road cast S e rv i ce 

As an out c ome of WARC- 7 9 ,  b ro ad c ast ing w i ll 
be c ome t h e  e x c lus i ve se rv i ce in t h e  1 6 0 5 -
1 62 5  k H z  and pr imary in t h e  1 6 2 5 - 1 7 0 5  k H z  seg­
ments of the band in Reg i on 2 .  I t  i s  v e r y  
l i k e ly t h e  Un i ted S t a tes w i ll implement these 
ch anges by e x c lud ing o t h e r  serv i c es f rom t hese 
band s a f t e r  the Reg i on 2 MF Con f e rence sched­
uled in 1 9 8 8 . Exclus i on o f  the Rad ioloc a t i on 
s e rv i c e  f r om 1 6 0 5- 1 6 2 5  k H z  w i ll not se r i ously 
a f f e c t  t h e  se rv i ce s i nce f ew systems a re as­
s i gned f r eque nc i es below 1 6 25 k H z . The prob­
lem a r i ses when t h e  1 6 2 5 - 1 7 0 5  k H z  allo c a t ion 
t o  t h e  B road cast S e rv i c e  i s  implemented and 
rad i oloc a t i on be comes second a ry in t h i s por­
t ion o f  the band whe re mos t o f  the rad i oloca­
t i on ass i gnments a re p r esently mad e . 

T h e r e  a re some k i nds of rad i oloca t i on sys tems 
t h a t  r equ i re use of f r e quen c i es t h a t  a re h a r­
mon i c ally r ela ted . In t h e  Gove rnment alloca­
t i ons, t h ese are now ass i gned w i t h i n  1 6 5 0 -
1 6 5 5  k H z  and 3 3 0 0 . 4 - 3 3 1 0 . 4  k H z . Rased on the 
analy s i s  of t h i s  stud y ,  it  i s  poss i ble to as­
s i gn rad i oloca t i on f r equenc i es in both a co­
ch annel and o f f-ch annel sha r i ng plan on a 
c ase- by- c ase ba s i s  to be compa t i ble w i t h the 
B r o ad cast S e rv i c e .  Th i s ,  howeve r ,  assumes 
t h a t  t h e  t r ansm i t te rs can be geog r aph i c a lly 
s e p a r a ted f a r  enough . Suf f i c i ent d i stanc es 



can be eas i l y  obtai ned i f  the broadcast as­
s i g nments near t h is smal l band segment are 
conf i ned to C lass IV stat i o ns. 

Rad i o nav i gat i o n  

The WARC- 7 9  al locat i o ns i n  t h e  1 6 0 5 - 2 0 0 0  k H z  
band for Reg ion 2 do n ot i nc l u de al locat i o ns 
f or t he Rad i o nav iga t i o n  serv i ce ,  wh i c h  is 
pr i n c i pa l ly used by Army a ircra f t  duri ng tac­
t i cal and tra i n i ng m iss i o ns . There are pres­
en t ly 2 1 5  Government ass i g nmen ts for rad io­
nav i gat i o n  w i t h i n  the 1 6 0 5- 1 7 5 0 kHz band , and 
t he Army purchased 5 6 6  new rad io nav i gat i o n  
systems dur i ng 1 9 8 1 - 8 2  w i th transm i t ters 
des i g ned to operate i n  e i t her of two bands , 
2 0 0 - 5 3 5. 5 k H z  and 1 6 0 5- 1 7 5 0. 5  k H z. 

To pro v i de the necessary spec trum for t hese 
req u i remen ts , the proposed Ad Hoc 1 7 2  Govern­
men t  and non-Government al locat ion table has a 
footnote , us 2 4 0 , wh i c h  states : The bands 
1 7 1 5 - 1 7 2 5  k H z  and 1 7 4 0 - 1 7 5 0  k H z  are a l located 
o n  a pr i mary bas i s  and the bands 1 7 0 5 - 1 7 1 5  k H z  
and 1 7 2 5- 1 7 4 0  k H z  o n  a secondary bas is t o  the 
aeronau t i cal Rad ionav i g a t i o n  Serv i c e  ( rad i o  
beac o ns ) .  

Trave l er ' s  I n f ormat i o n  S tat i ons ( T I S ) 

The T I S  have been al located the 1 6 0 5- 1 6 1 5  k H z  
port i on of t he band i n  the new al locat i o n 
tab le. However , i t  wou ld seem more cons istent 
w i th past al locat ions to have TIS at the top 
of the AM broadcast band at 1 7 0 0  k H z  rather 
t han rema i n i ng at t he presen t  1 6 1 0  k H z. T h i s  
wo u ld improve freq uency managemen t b y  keep i ng 
t he broadcast band con t i nuous, and w i t h  o n ly a 
few low- power G overnme n t  and non- Governmen t 
ass i g nments around 1 7 0 0  k H z ,  the c ompat i b i l i ty 
prob lems may be eased. Add i t ional l y ,  t he 
sl i g h t ly l ower value of gro u nd wave at tenu­
at i o n  at 1 6 1 0  k H z  compared to 1 7 0 0  k H z  favors 
the use o f  1 6 1 0  k H z  for broadcas t i ng. 

T he NTIA Manua l of Reg u la t i o ns and Procedures 
for Federal Rad i o  Frequency Managemen t con­
t a i ns no ru les and reg u la t ions for G overnmen t  
use of T I S. S i nce t here are 1 7 2  Government 
ass i g nmen ts to T I S , it  may be appropr iate to 
e i ther make a statement to the app l i cab i l i t y  
o f  FCC ru les o r  t o  l i st some ru les and reg u la­
t i ons perta i n i ng to these ass ig nments. 

C ordless Telepho ne and the Rad i o l oca t i o n  
serv ices 

In t he past , cordless telepho nes have used 
frequen c i es t hroughout the 1 6 0 0 - 2 0 0 0  k H z  band 
i n  a more or less random manner w i t h  each man­
u fac t urer mak i ng a freq uency c h o i ce. Af ter 
sep tember 1 9 8 2 , cordless p ho ne manu fac t urers 
are l i kely to c o n f i ne their frequency cho i ces 
w i t h i n  the 1 6 2 5 - 1 8 0 0  k H z  band i n  order to com­
p ly w i th a c o nd i t i on of an FCC wa i ver of FC C 
Ru les , Part 1 5. 7 .  Th is wa i ver pro v i des a 
prac t i cal standard by wh i c h  the manu fac t urer 
can measure cordless telep hone output power. 
C urren t ly ,  ava i lable i n format ion i nd i cates 
t hat nearly al l manu fac t ured cordless phones 
do not comp ly w i th the pro v i s i o ns o f  Part 1 5. 7  
that govern the rad i ated f i eld from the 
phones. In general ,  the rad iated f i eld va lue 
is mu ch h i g her than the al lowab le value. 

1 2  

As i ncreas i ng numbers o f  cordless pho nes are 
so ld ( 1 1  m i l l io n  u n i ts are pred i c ted i n  1 9 8 7 ) ,  
t he i n terference poten t ial is l i ke l y  to be 
severe. Government rad i ol ocat ion rece i vers 
aboard vessels at doc ks ide i n  an urban en­
v iro nment w i l l  be very suscep t i b le to i n ter­
f erence from cord less phone transm iss i o ns 
c l ose by i f  the rad i o locat i on transm i t ter is 
several hundred m i les away. 

In t he S pec trum Resource Assessment of the 
5 6 5 0- 5 9 2 5  M H z  Frequency Band , the 5 6 5 0-
5 9 2 5  MHz band was exam i ned to assess c urre n t  
and f u t ure spectrum use b y  b o t h  Go vernment and 
non-Government serv i ces ; to iden t i fy prese n t  
and f u t ure compa t i b i l i ty problems between 
ma j or users ; to eva l uate techn i cal ly t he fea­
s i b i l i ty of shar i ng between Government and/or 
non- Government serv i ces ; and to recommend , 
where appr opr iate , changes to improve spec trum 
management procedures. 

I n  t he Un i ted S tates , 5 6 5 0- 5 9 2 5  MH z has been a 
shared band w i t h  the primary al loca t ion as­
s i g ned to t he G overnment Rad i o l ocat i o n  Serv i ce 
w i t h  an i ndustr i a l , sc ient i f i c ,  and med ical 
( I SM ) al loca t i o n  at 5 8 0 0  ± 75  M H z. T here is a 
sec ondary al locat ion for t he amateur serv i c e. 
Government al loca t ion is for m i l i tary rad io­
locat ion and is used for a i r  surve i l lance 
radar , transpo nder trac k i ng and pos i t i ve a i r­
cra f t  g u i dance , m i ss i le and roc ket rad i o ,  and 
radar eq u i pment. 

At the 1 9 7 9  WARC , the port i o n  of t h is band 
from 5 8 5 0 - 5 9 2 5  M H z  was real l ocated to t he 
f i xed , f i xed sa tel l i te ( earth- to-space ) , and 
mob i le serv i ces on a pr imary bas is w i t h  rad io­
locat ion and amateur serv ices on a sec o ndary 
bas is f or Reg i on 2. I n terdeQartment Rad i o  
Adv isory Comm i t tee ( IRAC ) Ad H o c  1 7 2  has rec­
ommended add i ng only non-Government f i xed sa t­
e l l i te serv ices ( FS S ) ( eart h- to- space ) in t he 
5 8 5 0- 5 9 2 5  M H z  band on a pri mary bas is i n  t he 
u n i ted S tates. The Ad Hoc 1 7 2  has also pro­
posed U. S. Footnote 2 4 5 , wh i c h  s ta tes t hat the 
FSS is l im i ted to i n ternat i o nal systems and 
subject to case- by- case elec tromagne t i c  c om­
pat i b i l i ty ana l ys i s. 

From a spec trum management standpo i n t , t he 
ma j or issue of t h is par t i c u lar freq uen cy band 
s tudy is the need to accommodate the F i xed 
Satel l i te Serv i ce up l i nk ass i g nment i n  the 
5 8 5 0 - 5 9 2 5  M H z  port ion. At presen t  the 5 6 5 0-
5 9 2 5  M H z  band is a Governmen t  Rad i o l ocat i o n  
Serv ice o c c u p i ed b y  t h e  Army , Navy , A i r  Force , 
NAS A ,  and DoE users along w i th a f ew manu fac­
t urers of eq u i pmen t  and sys tems used in t he 
band by the G overnment. The ma i n  pro b l em 
dea l t  w i t h  here is the i n terference po t en t ial 
of h ig h- power radars w i th i n ternat i o nal c ommu ­
n icat i o n  satel l i tes of INTELSAT- type c om i ng 
i n to the band i n  t he m i d  1 9 8 0 s. 

The curre n t  proposal ca l ls for two sa tel l i te 
u p l i nk term i nals, pro bably one located on eac h 
coast wi t h i n  CONUS. As shown i n  F ig ure l - 6 , 
even though t he greatBst dens i ty of ass i g n­
me n ts is on t he coastal areas , there wou l d  be 
many loca t i o ns where u p l i nk t erm i na ls c o u l d  be 
l oca ted wel l away from current radar s i tes. 
In addi t i o n ,  t erra i n  topo l ogy could be used t o  
m i n im i ze i n terference poten t ials between up­
l i nk transm i t ters and radar w i deband rece i ver 
front ends . 
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F igure 1- 6 .  Geographic distribution of Government frequency ass ignments in the 5 6 5 0 - 5 9 2 5  MHz band . 



There i s  some d i f f i c u l ty i n  asse s s i ng the 
ma i nbeam- to-ma i nb eam c ou p l i ng pro b l em s i nc e 
sate l l i te an tenna pa t te r n s  are s haped to re­
ce i ve t rans m i s s i o ns f rom almo s t  every pos s i bl e  
t e r re s t r ial d i re c t i o n . Ano t h e r  po i n t o f  d i f­
f i cu l ty i s  enc oun t e red whe n  at temp t i ng to f i nd 
an ag reed upon cr i te r ia or an ac cep tab le de f i­
n i t i on of " harm f u l  radar- to-sate l l i te i n t e r­
f e re n c e . "  One o f  the prob lems cons i d e red at 
p r e s e n t  by Ad Hoc 18 3 of the IRAC is to 
de ve l op and recomme nd to the IRAC s pe c t rum 
management procedures that w i l l  al low imp l e­
me n tat i o n  of the F i xe d - S a te l l i te S e r v i c e  i n  
t h e  f reque ncy ban d s  3 6 0 0 - 3 7 0 0  M H z  and 5 8 5 0 -
5 9 2 5  M H z  cons i s te n t  w i th the Nat i onal Tab le of 
A l loca t i ons as imp l eme n t ed as a r e s u lt o f  
WARC- 7 9 .  The out p u t s  f r om th i s  comm i t tee 
should be of g reat h e l p  to s t ud i es i nvo l v i ng 
radar/sa t e l l i te i n t e rf e re n c e . 

The NASA measu reme n t s  repo r t ed i n  a recent 
CCIR docume n t  ( 19 8 0 ) i nd i cated t hat the 
carr i e r- to- i n te r f e rence rat io ( C/ I )  o f  11 dB 
t o  17 d B  is nec e s sary to pro t e c t  analog F M  TV 
f rom i ncoherent i n t e r f ere nce f rom radar s i g­
nal s .  The COMSAT measureme n t s  i nd i cated t hat 
t he C/I o f  - 10 dB t o  6 . 5  dB are req u i red to 
prot e c t  F DM/FM carr i e rs f r om i n t e r f e r i ng radar 
em i s s i ons . For analys i s  p u rposes in t h i s  re­
port based on the types of radars i nvol ved , 
two values o f  C/I w i l l  be u s ed to bound the 
p r ob l em :  

C/I 15 d B  f o r  F M/TV 
C/I - 1 . 5 dB for F DM/FM . 

Ano t he r re f e rence po i n t  f o r  the eva l ua t i o n  of 
i n t e r f e rence f rom radar may be taken as t h e  
sa t u ra t ion l e v e l  at the s a t e l l i te re ce i v e r  i n­
pu t .  Tab l e  1- 2 g i ves the saturat ion f lu x  den­
s i ty for the INTELSAT VI u sed i n  th i s  repo r t . 
F or power f l ux dens i t i es t hat meet or exceed 
the sa turat ion f l u x  dens i ty o f  the sate l l i te 
re c e i v e r ,  non l i near reg ions of the f ront e nd 
may

.
be reac hed and i n t e rmod u la t ion prod u c t s  

beg 1 n  to appear at t h e  re c e i ve r  o u t pu t .  These 
n�n l i near d i s to r t ions may appear at frequen­
c i es other t han t hat of t he i n te r fe r i ng s i g nal 
and be demod u la t ed i n to unpred i c tab l e  vo i c e  
channe l s .  

Tab le 1- 2 .  INTELSAT VI Commun i cat i o n  
Sate l l i te Techn i cal 
C harac te r i s t i c s  

Earth S tat i on T ransm i t t e r  
Powe r - 1 kW E RIP 9 0  dBW 
Polar i zat i o n  - Le f t  hand c i r c u lar 
Ante nna Ga i n  - 60 d B  

Sate l l i te Tran s ponder Rec e i ve r  
Satu rat ion po�e r  f l u x  de ns i ty 

- 7 9  dBW/m /8 0 M H z  beam edge 
- 8 2 . 6  dBW/m2 /8 0 M H z w i th i n  beam 

GT = -8 . 5  dB/k beam edge 
GT = - 5 . 5  dB/k w i t h i n  beam 
Ou t - o f - band Rece i ve r  F i l t e r  Re sponse 

- 3 0  dB at 5 8 4 0  M H z 
- 4 0  dB a t  5 8 3 0  MH z 

The AN/FPS-16 i s  repre s e n ta t i ve of a typ i cal 
t rac k i ng radar u s ed in the band and t he mos t  
w i d e l y  used a t  t h e  trac k i ng range s  i n  CONUS . 
The t e c h n i cal charac te r i s t i cs are g i ven i n  
Tab l e  1- 3 and w i l l  be used i n  the f o l low i ng 
analys i s :  

1 4  

F o r  ma i n l o be - to-ma i n l o be cou p l i ng 

C /I 

whe re : 

PT + GT - PI - G I + G S E  - G S R  
( LT - L 1 ) - M + F D R  ( 1 )  

PI 

GI 

PT 

GT 
GS E  

GS R  

LT 

LI 

M 

FDR 

radar transm i t te r  powe r ,  dBW 

radar antenna ga i n ,  d B i  

earth s ta t i on t ransm i t ter powe r ,  
dBW 

earth s tat i o n  a n t e nna ga i n ,  dB i 

sat e l l i te a n t e nna ga i n  i n  the 
d i re c t i o n  o f  the ear t h  s t a­
t i on , dB i 

satel l i t e antenna ga i n  in the 
d i re c t i on o f  the radar , dBi  

pat h  los s be twe e n  ear t h  s ta t i o n  
and sat e l l i t e ,  d B  

pat h  l o s s  be tween radar trans­
m i t te r  and sat e l l i te ,  dB 

pa t h  los s marg i n  f o r  the ear t h  
s tat i on s i gnal , d B  ( as s umed t o  
be equal to 1 . 2  d B ) 

f reque ncy dependent re j e c t ion o f  
rece i ve r ,  d B .  

The max imum d i f fe r e n t ial path l o s s  of two 
po i n t s  on the s u r face of the earth to a sate l­� i t e  is  1 . 3  dB .

. 
LT - LT = 1 . 0  dB w i l l  be used 

1n the cal c u la t 1 ons here as an approx imat ion . 
For the wor s t  case analys i s ,  i t  could be as­
s umed t hat the ear t h  s ta t i o n  i s  l ocated at the 
3 - dB sate l l i te beam contour and the radar i s  
l ocated a t  t h e  beam c e n t e r . Hence , 

( 2 )  

i s  a good approx imat i o n  and w i l l  be used i n  
t h i s  analys i s .  

S u b s t i t u t i ng equa t i o n  ( 2 )  above i n to ( 1 )  g i ve s  

C/I = P T+ G T - P I - G I + ( - 3 ) - ( 1 ) - ( 1 . 2 )  + 0 

= PT + GT - PI - GI - 5 . 2 .  ( 3 )  

( No t e , FRD = 0 for co- channel case ) 

S u bs t i t u t i ng values i n  Tab l e s  1- 2 and 1- 3 , 

C/I = ( 3 0  + 6 0 ) - ( 6 0 + 4 7 ) - 5 . 2  = - 2 2 . 2  d B . 

For the s h i p board AN/S PS-10 type radars w i t h  
l e s s  powe r and w i d e r  beamw i d t h s , t h e  cal c u la­
t ion b e c ome s :  

C/I = 9 0  - ( 5 4 . 5  + 3 0 ) - 5 . 2  = D . 3  d B . 

Us i ng the C/I c r i te r ia as d i s c u s sed ear l i e r , 
t he AN/ F PS-16 radar wou l d  t h e n  f a i l  to mee t  
the C/I = - 7 . 5  d B  c r i te r ia b y  14 . 7  d B  and 
3 7 . 2  d B  for the C/I = 15 d B  c r i te r i a .  The 
AN/S PS-10 type radars wou ld have a safe marg i n  
o f  7 . 8  d B  f o r  the co- channel case us i ng the 
C/I = - 7 . 5  dB c r i te r ia and wou ld fa i l  to me e t 
t he C/I = 15 dB c r i te r ia by 14 . 7  d B .  



Tab l e  1- 3 . AN /FPS-16 ( MPS - 2 5 )  Techn i cal 
Charac teris t i cs 

Type 
Frequency 
Power 

Ins trume n tat i on 
> 5 6 5 0 - 5 9 0 0  M H z  
1 MW pe ak 

For t he sh i pboard AN/SPS-10 type radars , wh i c h  
use a wider beamw i dt h ,  the cal c u la t i o n  be­
com e s :  

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

H ere t he C/I cri teria is e x c e eded by 2 4 . 7  dB 
for ma i n beam- to-ma i nbeam c ou p l i ng .  

For t he case of the radar s i de l obe- to-sate l­
l i t e  ma i nbeam i n terac t i o ns , the wors t case 
w i l l  be pursued here-- t hat i nvo l v i ng t he f irst 
s ide l obe of the radar . The ac t ual earth sta­
t i on a n t e n na to be used w i t h  t h e  INT E LSAT VI 
was not total ly spe c i f i ed a t  t h i s  wr i t i ng , b u t  
t h e  g a i n  and pat t erns may be est ima t ed from 
k n owledge g i v e n  by COMSAT Labs by pr i vate com­
mu n i cat ion and ITU re comme ndat i o ns .  The ITU 
Append i x  2 9 , An nex III , g i ves a me thod for 
c a l c u l a t i ng rad iat ion pat t erns . 

Assum i ng t he eart h stat i o n  a n t e n na has a d i am­
e ter o f  3 2  m ,  the ga i n  pat t ern of the antenna 
was cal c u la t ed and is l i sted in  Tab le 1- 4 . In 
con tras t , a typ ical trac k i ng radar a n t e n na ap­
pro x i mate l y  4 . 8 8 m d i ame t e r  ( AN / F DS-16 ) was 
c a l c u lated and t he resu l ts are l isted i n  Tab l e  
1- 5 .  

Tab l e  1- 4 . 

o o  
0 . 12 - 0 . 3 3 °  
5 0 

10 0 
2 0 ° 
4 0° 
4 8  < ¢ <18 0 °  

Ga i n  for 3 2  m D i ame ter 
An t e n na at Se l e c t e d  Ang l es 
o f f  Bores i g h t  

G ( dB )  
6 0 . 0  
4 4 .  1 
14 . 5  

7 . 0  
- 0 . 5  
- 8 . 1  

-10 . 0  

Remarks 
Ma i n  l obe 
1st s idelobe 

Tab l e  1- 5 .  Ga i n  f or 4 . 8 8  m D i ame t er 
A n t e nna a t  S e l e c t ed Ang l es 
o f f  Bore s i g h t  

o o  
0 . 8 4 -1 . 0 7° 
5 0 

10° 
2 0 °  
4 0° 
3 8  �¢_il 8 0  ° 

G ( dB )  
4 7 . 0  
3 1 . 5 
14 . 8  

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

Remarks 
Ma i n  lobe 

F or the radar s ide l obe- to-sate l l i te mai nbeam 
c o up l i ng case , equa t i o n  � 3 ) can be rewr i t te n  
i n  a more c o nve n ie n t  f orm as 

C/I ( 4 )  

where 

P i radar transm i t t e r  power , dBW 

radar a n t e n na ga i n  i n  the d i re c t i o n  
o f  the sate l l i te ma i n l o be a s  a 
f un c t i on of po i n t i ng ang l e  e .  

1 5  

F or t he trac k i ng radar case , t h e  AN/F PS- 1 6  ra­
dar charac t e r is t i cs w i l l  be used , g i v i ng for 
t h e  f irst s ide l obe 

2 + 15 l og � 3 1 . 6 2  dB i 
A 

C/I = 9 0  - ( 6 0 + 3 1 . 6 )  - 5 . 2  = - 6 . 8  dB 
wh i ch exce eds the C/I cr i teria of 1 5  dB by 
2 1 . 8  dB b u t  is j ust w i t h i n  the C/I cri teria of 
- 7 . 5  dB by 0 . 7  dB . 

F or t h e  m i n imal ang l e ,  B ,  that the radar must 
be po i n t ed away from t he g e ostat i o nary orb i t  
pos i t i o n  for C/I = 1 5  dB 

P T - P i - G i ( B ) - 5 . 2 + 6  15 ( 5 )  

G i ( e l 
D e 5 2  - 10 log T - 2 5  l og 

e 

9 . 8  dB 

9 . 8  

O ther i n t erference s t u d i es i nv o l ve earth sta­
t i on transm i t t er- to- radar re ce i v er coup l i ng ,  
earth stat ion- to-rad i o locat i o n  transponder 
c o u p l i ng ,  ISM , and Restr i c t ed Rad i at i o n  De­
v i ces/Radar In t erac t i ons wh i c h  are g i v e n  in an 
N TIA Report p u b l ished i n  January 19 8 3 . Also 
g i ven in the report are the frequency-depe nd­
e n t rej e c t i o n  charac t er i s t i cs of the sate l l i te 
t hat h e l p  estab l ish how far away from the 
opera t ional freque n cy band o f  the sate l l i te a 
radar must o perate to meet shar i ng cr i t er ia . 

I n t ernat i o nal commun i ca t i o n  sate l l i te sys tems 
such as t h e  INTE LSAT VI ser i es are sched u l ed 
to be opera t ional i n  t he 5 8 5 0 - 5 9 2 5  M H z  port i o n  
o f  t he band under s t udy here i n  t h e  19 8 5- 8 6  
t ime frame . As shown here , t h e  i n t erf ere nce 
po t e n t ial to the sat e l l i te re ce i ver systems 
from i n band radar e n ergy prese n ts an i ncompat­
i b le s i t ua t i on . The earth s ta t ion transm i t t er 
cou ld also pose some compa t i b i l i ty prob lem for 
transponder systems i n  the radj o l ocat ion ser­
v i c e  shar i ng t h i s  port i o n  of the band . How­
e ver , only the f i rst s i de l obe prov i des e nough 
e nerg y to be a problem . Jud i c i ous p laceme n t  
o f  the earth stat ion shou ld m i n im i ze t h is 
pro b l em . 

Measureme n ts by the ITS Rad i o  S pe c trum Meas­
ureme n t  System descr i bed i n  t he n e x t  se c t ion 
show t h is band to be heav i l y  used by m i l i tary , 
t est rang e s ,  and sh i p board radars . Howev er , 
f ew radars were measured above 5 8 5 0  M H z . 
Transponders were found to operate above 
5 5 8 0  M H z  and , as me n t ioned pre v iousl y ,  wou ld 
e xper i e n c e  poss i b le i n terf ere nce from the 
F S S . Care f u l  se l e c t i o n  of s i t es for the FSS 
earth stat ion u p l i nk w i l l  help i n  l im i ted 
s har i ng by the two serv i c es . Howe v e r ,  radars 
whose trac k i ng ang l es may cause ma i n beam- to­
ma i nbeam cou p l i ng w i t h  the sate l l i te wou ld 
have to be power l im i t ed t o  6 . 8  dBW rad iated 
power to prov ide a C/I = 10 dB cri teria and 
9 2 . 3  dBW f or the C/I = - 7 . 5  dB cr i ter ia . 
Anot her op t i on is to of f- t u n e  t he radars far 
e nou g h  away from the 5 8 5 0 - 5 9 2 5  MHz port ion o f  
t he band un t i l  some agreed u po n  C/I cri teria 
are me t .  A comb i na t ion of reduced power and 
o f f- t un i ng cou ld also be used . 

The proj e c t  f or Spec trum Resource Assessme n t  
o f  t h e  9 4 7  M H z  t o  17 . 7  GH z freque ncy port ion 
of t h e  e l e c tromag n e t ic spe c trum addresses the 



u s e s  of a l l Gov e r nm e n t  al loca t i ons f o r  f i xed 
a nd mob i l e  s e rv i c e s . There a r e  1 0 9  d i s t i nc t  
b a n d s  w i th i n  t h i s  po r t i o n  o f  t h e  s p e c t rum- - 4 4  
t h a t  c on t a i n  f i xed a nd mo b i le s e rv i c e s .  s ome 
of t h e  f i xed and mob i l e bands we re comb i ned 
for e a s e  of s tudy i n to 2 2  bands a s  f o l lows : 

Gov e r nme n t  E x c l u s i v e  B a nd s 

1 3 5 0- 1 4 0 0  M H Z  
1 7 1 0 - 1 8 5 0 M H z  
2 2 0 0 - 2 2 9 0  MH Z 
4 4 0 0 - 4 5 0 0  MH Z 
4 8 0 0 - 4 9 9 0  MH Z 
7 1 2 5 - 8 4 5 0 MH Z 
1 4 . 5- 1 5 . 3 5 GH z 

Gov e r nme n t /non-Gov e r nme n t  S h a r e d  B a n d s  

1 4 2 7 - 1 5 3 5  MH Z 
1 7 0 0 - 1 7 1 0  MH z 
2 2 9 0 - 2 3 9 0  MH Z 
2 6 5 5 - 2 6 9 0  MH Z 
4 5 0 0 - 4 8 0 0  MH Z 
8 4 5 0- 8 5 0 0  MH Z 
1 0 . 6 - 1 0 . 6 8 G H z  
1 4 . 4 - 1 4 . 5  G H z  

No n-Gov e r nme n t  E x c l u s i v e  B a n d s  

9 4 7 - 9 6 0  MH Z 
1 8 5 0 - 2 2 0 0  M H z  
2 4 5 0 - 2 6 5 5  MH Z 
3 7 0 0 - 4 2 0 0  MH Z 
5 9 2 5- 7 1 2 5  MH Z 

1 0 . 5 5- 1 0 . 6  MH Z 
1 0 . 7  - 1 3 . 2 5 MH Z 

The Fede r a l  Commun i c a t i on Comm i s s i o n  ( FC C ) i s  
n ow e x am i n i ng a l t e r n a t ive approac h e s  to 
a c h i e ve more e f f i c i e n t  s p e c t rum u s e . I n  
G e n e r a l  Do c k e t  8 2 - 3 3 4 ,  the F C C  h a s  i s s u e d  a 
N o t i c e  of I nqu i r y  ( NO I ) ( d a te d  J u l y  9 ,  1 9 8 2 , 
F C C  8 2 - 2 8 6 ,  I RAC 2 2 7 8 5 ) a n d  a No t i c e  of P r o­
posed R u l e  M a k i ng ( NP RM )  that  add r e s se s  t h e  
f i xed a nd mob i l e  r ad i o  s e rv i c e s  ope r a t i ng i n  
the b a nd f rom 9 4 7  MHz t o  4 0  GH z .  T h e  NO I a n d  
NPRM t h u s  f a r  focus on reg u la t ions f o r  o n l y  
t he f o l l ow i ng s pe c i f i c b a n d s  p e r t a i n i ng t o  
t h i s  pa r t i c u l a r  s t udy b e t w e e n  9 4 7  M H z  a nd 
1 7 . 7  G H z : 

1 . 9 9  2 . 1 1  GH z 
6 . 5 2 5  - 7 . 1 2 5  G H z  

1 2 . 7  - 1 3 . 2 5 GH z .  

A m a j o r  impe t us for t h i s  FCC a c t ion i s  t h e  
Comm i s s ion ' s  de c i s io n  on J u n e  2 3 ,  1 9 8 2 , t o  
a u t h o r i z e  D i re c t  B ro ad c a s t i ng S a t e l l i te ( DBS ) 
s e rv i c e s  i n  t h e  1 2 . 2  - 1 2 . 7  GH z ba nd , and t he 
need to i d e n t i fy s pe c t r um for the p r i v a t e  
f i xed se rv i c e s  c u r re n t l y  au t ho r i z ed i n  t h i s  
b a nd : A l t hough t he [ 8  GHz ba nd was i n i t i a l ly 
c o n s 1 d e red a l 1 k e l y  c a nd i d a t e  fo r a c c ommoda t­
i ng t h e se s e rv i c e s  to be d i s p l ac ed by DBS i n  
t h e  1 2  G H z  ba nd , t he Comm i s s i o n  i s  now cons id­
e r i ng e x t e ns i ve rule c h a ng e s  for ad d i t i o n a l  
b a n d s  t h a t  a re i n t e nd e d  t o  ac h i eve mo re e f f i ­
c i e n t  s pe c t rum u se t h rough improved m a t c h i ng 
o f  spe c t rum ac c e s s  r e q u i reme n t s  and ope ra t i ng 
f re q ue n c i e s . The FCC i s  p r opo s i ng to e s t ab­
l i s h  common t e c h n i c a l  s t a nd a r d s  fo r a po�l of 
f reque n c i es yet to be d e f i ned . T h e s e  f r equen­
c i e s  wou l d  be ava i l a b le for l i c e n se d  use to a 
v a r i e ty of e l i g i b le u s e rs- - p r i va t e ,  c a b l e , 
broadca s t ,  and commo n ca r r i e r  e n t i t i e s . 
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The freque n c i e s  b e t w e e n  9 4 7  MH z and 1 7 . 7  G H z  
r e p re s e n t  a v e ry l a rge po r t ion of t he u s a b l e  
� ad i o  f r eque n c y  s pe c t rum a nd r e pr e s e n t  a very 
1mpo r t a n t  and v a l u a b l e  a s s e t  a s  pa r t  of t h i s  
n a t i o n a l  r e s o u r c e . T h e r e  i s  a need a t  t h i s  
t ime to r e v i ew t h e  Gov e r nme n t  u s e  � nd s t a nd­
a rd s of t h i s  po r t i o n  of the s pe c t rum in l i g h t  
of t he F C C  N O I  a n d  NPRM , c h a ng e s  i n  a l l o c a ­
t ions and s t a nd a rd s  proposed a s  a r e s u l t  of 
t h e  1 9 7 9  WARC , changes i n  ma r k e t  demands and 
app l i c a t i o n s  o f  new t e c h n o log i e s  be i ng ad­
d re s sed by t h e  FC C ,  a nd c o n t i n u ed e x am i n a t i o n  
o f  Gove r nm e n t  s pe c t r um r e q u i r eme n t s  to a s s u r e  
t h a t  a s s i g n e d  m i s s ion f u n c t i o n s  are s a t i s f i e d  
a nd t h a t  t h e  s p e c t rum i s  u sed e f f i c i e n t l y . 

SPEC I F I C  TAS K S  

To a s s i s t  N T I A  i n  f u l f i l l i ng t h e  m i s s i o n  a nd 
to a s s i s t  I RAC i n  r e s pond i ng to t he FCC N O I , 
t h e  fo l l ow i ng t a s k s  w i l l  be pe r f o rmed : 

0 

0 

0 

0 

r e v i ew a nd docume n t  t he e x i s t i ng a nd p ro­
posed u s e s  of t h e  bands b e t w e e n  9 4 7  M H z  
a n d  1 7 . 7  G H z  b y  t h e  Gove rnme n t  f i x ed a n d  
mob i l e  s e rv i c e s , i nc l ud i ng those t h a t  
c o u l d  b e  e x pe c t ed i n  r e s ponse t o  t h e  
r e s u l t s  of t h e  1 9 7 9  WARC a nd o t h e r  i n te r­
n a t i on a l  or n a t i on a l  ag r eeme n t s  

rev i ew p r e v i o u s  N T I A ,  ECAC , a n d  o t h e r 
Gov e r nme n t  a nd p r i v a te s e c t o r  r e po r t s  
c o n t a i n i ng com pa t i b i l i ty a n a l ys i s ,  u s e r  
n e ed s ,  sys t em d e sc r i p t i o n s ,  e tc . ,  o f  
s ys tems u sed i �  t h e  b a n d s  be twe e n  9 4 7  MH z 
a n d  1 7 . 7  G H z  

ide n t i f y a nd docume n t  t h e  po t e n t i a l  p r ob­
l em a re a s  t h a t  may have an imp a c t  on t h e  
e f f i c i e n t  u s e  of t h e  s pe c t r um ,  a nd e v a l u­
a t e  t he f e a s i b i l i ty of . s h a r i ng b e t w e e n  
e x i s t i ng a n d  proposed se rv i c e s  

id e n t i f y  a nd a s s e s s  t he s e ve r i ty of p o t e n­
t i al i n t e r f e r e n c e  to a nd impa c t  on Gov e r n­
me n t  s y s t ems a nd s p e c t rum u se t h a t  c o u l d  
r e s u l t  f rom t h e  ope r a t i o n  of t ho s e  non­
Gov e r nme n t  s e r v i c e s  that are u n d e r  c o n s i d ­
e r a t i o n  b y  t h e  F C C  

o recomme nd s p e c i f i c c h a ng e s  to t h e  e x i s t i ng 
r u l e s , r eg u l a t i o n s ,  a nd f r eque ncy m a n age­
me n t  p r ac t i c e s  that wou ld improve ove r a l l  
m a n ag eme n t  o f  t h e  Gove rnme n t  f i xed a n d  
mo b i l e s e rv i c e s  i n  t h e  ba n d s  i nvo l v e d . 
Th i s  w i l l  i n c l ude an a n a l y s i s  of t he im­
p ac t s  of r e l a x i ng coord i na t i o n  requ i re­
me n t s  for new u s e rs of s h a r ed s p e c t r um as 
s ug ge s t e d  by the FCC . 

An N T I A  R e po r t  t h a t  w i l l  d o c ume n t  t h e  f i n d i ng s  
o f t h e  abov e s tu d y  i s  s c h e d u l e d  to be pub­
l i s h ed i n  Apr i l  1 9 8 4 . 

S ECT I O N  1 . 3  ADVANC E D  I NSTRUMENTAT ION 
AND S PE CTRUM MEASUREMENTS 

Ma ny fo rm s of sy s t em de s ig n , s pe c t rum e ng i ­
neer i ng ,  a nd e v e n  t a c t i c a l  u se of e l e c t ro n i c  
sys tems depe nd o n  a r e a l i s t ic unde r s t a nd i ng o f  
the e l e c t r omag n e t ic e nv i ro nme n t  i n  wh i c h  t h e  
s �s tems w i l l  b e  ope ra t i ng . U n f o r t u n a t e l y ,  e n­
V l ronme n t a l  me a s u reme n t s  of s pe c t rum u s a g e  a r e  
n o t  al ways s t r a i g h t f o rward be c a u s e  of t h e  
l a rge amo u n t s  of d a t a  needed f o r  a r e l i ab l e  
s t a t i s t i c a l  mod e l  a n d  be c a u s e  of t h e  ve ry 



de t a i l e d  m e a s ur eme n t s  needed to de s c r ibe t e c h­
n i c a l  s y s t em i n t e ra c t i o n s . S ome of the s e  
p r o b l e m s  c a n  b e  ov e rcome w i th the a i d  of 
comp u t e r- co n t r o l l ed m e � s u rement s y s t em s . T h e s e  
comp u t e r- c o n t ro l l e d  meas u r eme n t  sy s tems c a n  
p rov i de s e v e r a l  a d v a n t a g es o v e r  e ar l i e r  m a n u a l  
s y s te m s  i n c l u d i ng econom i c a l  me a s u r eme n t  o f  
m a s s ive amou n ts o f  da t a , r e a l- t ime m e a s u reme n t  
a n d  a n a l y s i s  o f  h i g h- s peed phe nome n a , a n d  
soph i s t i c a t e d  proc e s s i ng of d a t a  t o  prov i de a 
re l a t i v e l y  un t r a i ned ope r a t o r  w i th answe r s  
t h a t  a re n o t  o t h e r w i se obv i ou s .  

The I n s t i tu t e  h a s  deve l oped a soph i s t i c a te d  
mo b i le s y s tem for p r ov i d i ng me a s u r eme n t s  o f  
t h e  e l e c t r om ag n e t i c  e nv i ronme n t  on a de t a i l e d  
ba s i s .  T h i s  s y s t e m ,  r e f e r red t o  a s  t h e  Rad i o  
S pe c t rum M e a s u r em e n t  S y s tem ( RSMS ) i s  i n t e­
g r a t ed i n to the v a n  s hown i n  F ig u r e  1 - 7 . I n  
F Y  83 , RSMS a c t i v i t i e s  were d i v ided i n t o  two 
ma j or s e c t i o n s . M e a s u reme n t Va n Ope r a t i o n s  
c on t i nued t o  prov i d e  m e a s u r eme n t s  of t h e  e l e c­
t roma g ne t ic e nv i ro nme n t  for v a r ious F e d e r a l  
f re q ue n c y  m a n a g e m e n t  proj e c t s ,  wh i l e  ma j o r  
work w a s  c on t i nued w i th M e a s u reme n t  V a n  D e v e l ­
opme n t  a n d  RSMS Upg r ad e  t o  prov ide f o r  a n  im­
proved me a s u rement c a p a b i l i ty i n  FY 8 4 . 

As i n  e a r l i e r  y e a r s , RSMS m e a s u r eme n t s  con­
t a i n ed a m i x t ure of d i rec t l y- f u nded a nd 
s pon s o r- s u p po r t e d  me a s ur eme n t s . T h e  d i re c t l y­
f u nd ed m e a s u r e m e n t s  c on t i n u ed to s u p p o r t  
s p e c t rum resource a s s e s sme n t s  ( S RAs ) be i ng 
p e r f o rmed i n  B o u l d e r  a n d  A n n a po l i s a nd o t h e r  
f re q u e n c y  man ag eme n t  i s su e s  com i ng u nd e r  
i n ve s t i g a t ion i n  F Y  8 3 . T h e  S RAs ( de t a i l ed i n  
s e c t i o n  1 . 2 )  a r e  i n t e n s i v e  s t u d i e s  of i nd i v id­
u a l  f re q u e ncy b a nd s ; s e v e r a l  of t hem have used 
RSMS m e a s u reme n t s  of c u r r e n t  s p e c t rum u s ag e  a s  
a key p i e c e  of d a t a  for p r e d i c t i ng f u t u r e  
u s age i n  those ba nd s . A l t hou g h  RSMS m e a s u r e­
m e n t  ac t i v i t i e s  we re s u b s t a n t i a l ly c u r t a i l e d  
i n  F Y  83 to al low m a x i mum e f fo r t  on the d e v e l­
o pme n t  of a new me a s u r e me n t  sys tem,  s e v e r a l  
m a j o r  se t s  of me a s ur em e n t s  we r e  mad e . T h e s e  
a re l i s t ed h e re a nd w i l l  be d i s c u s s ed more 
comp le t e l y  la t e r :  

o De n v e r  a r e a  l a n d  mo b i l e rad i o  u s a g e  

o g e n e r a l  spe c t r um u s age me a s u r em e n t s  n e a r  
Wh i t e  S an d s  M i s s i l e Range 

o s i te s u rvey for t h e  A i r  F o r c e  

o f i e l d  s tr e ng t h me a s u r em e n t  ve r i f ic a t i o n  
f o r  N a t i o n a l  we a t h e r  s e rv i c e  

o Power L i n e  C ar r i e r  ( P L C ) 

o r a d a r  c l o s e- i n  h a z a rd s . 

The compu t e r- co n t r o l l e d  r a d i o  me a s u r eme n t  sys­
t em in the RSMS ( F i g . 1 - 8 ) a l l ows me a s u r eme n t s  
o f  a s e l e c t ed f re q u e n c y  b a n d  t o  b e  mad e i n  a 
r a p id a nd a c c u r a t e ly r e pe a t ed m a n ne r ,  as d i­
r e c t e d  by t h e  comp u t e r  p r og r am be i ng e x e c u t e d . 
W i th i n  t he l a nd mob i le r a d i o  ( LM R )  b a nd s , t h e  
RSMS m a k e s  u s a g e  me a s u r em e n t s  b y  tu n i ng t o  
e ach c h a n n e l  i n  t he b a nd a n d  o b s e r v i ng t h e  
p r e s e n c e  o r  a b s e n c e  of a s ig n a l . T h i s  i s  ac­
c omp l i s h e d  at the r a te o f  1 2 5  c h a n n e l s  e a c h  
s e cond ; a typ i ca l  L M R  b a n d  w i th 5 0 0  c h a n ne l s  
w i l l b e  m e a s u r e d  c omp le t e l y  e v e r y  4 s .  T h i s  
me a s u r em e n t  r a t e  c a n  be m a i n t a i ned o n  a 2 4 -
h r/day b a s i s ,  w i t h  or w i t ho u t  o pe r a to r  

i nt e rv e n t i o n , to f u r n i s h  t h e  ve ry l a r g e  numbe r 
of s am p l e s  r e q u i red for a c c u r a te e s t i m a t i on o f  
LM R  b a n d  u s ag e . 

M e a s u r eme n t s  o f  c h a n n e l  u sage were made on a 
numbe r of s e l e c te d  Gove r nm e n t  LMR b a n d s  i n  t h e  
D e n v e r  a re a . T h e s e  m e a s u r em e n t s  w e r e  mad e a s  
p a r t  of a con t i n u i ng e f f o r t  to mon i tor c rowd­
i ng in the Gov e r nm e n t  LMR b a nd s .  F ig u r e  1 - 9  
s hows a r e p re s e n t a t i v e  sample of c h a n n e l  u s ag e  
i n  a 1 -MH z segme n t  of the 1 6 2 - 1 7 4  M H z  band . 
T h i s  g r aph i s  b a s ed on about 1 7 , 0 0 0  m e a s u r e­
me n t s  o n  e a c h  c h a n ne l , made ov e r  a 2 - d a y  per­
iod d u r i ng the we e k .  The data a re s umma r i z ed 
o n  two g r ap h s . The upper g r a p h  s hows the 
a v e r age a nd m a x imum s i g n a l  l e v e l s  r e c e i v e d  
d u r i ng t h e  me a s u r eme n t  pe r iod for e a c h  c h a n­
n e l- - u s i ng the lower a nd upper e nd s  of t h e  
r e s pe c t i v e  l i n e s . The lowe r g r a p h  s h o w s  the 
pe r c e n t age of t ime that a s i g n a l  was o b s e rv e d  
i n  e ach c h a n ne l . S im i l a r  da t a  we re m e a s u r e d  
for o t h e r  LMR b a nd s ,  u s i ng a u toma t i c  me a s u re ­
me n t  and a n a l ys i s  prog rams t h a t  m a d e  a b o u t  
1 0 , 0 0 0 , 0 0 0  i n d iv i d u al c h a n n e l  o c c u p a n cy me a s­
u r eme n t s  e a c h  d a y  a n d  produced hou r l y  s t a t i s­
t i c a l  s umma r ie s  of the mea s u remen t s . 

Two se r i e s  of mo re ge n e r a l  s p e c t rum occupancy 
me a s u r eme n t s  w e re made i n  FY 8 3 . The RSMS 
M e a s u r eme n t s  at H o l l om a n  AFB were made�he l p  
p la n  a n e w  t e s t  s i t e ,  a nd a n o t h e r  s e r i es w a s  
made f rom a mou n t a i n top s i te t o  prov i d e  u s a g e  
m e a s ur eme n ts o v e r  a w i d e r  a r e a . Each of t h e s e  
g e n e r a l  o c c u p a n c y  surveys cov e red the 1 5 0  M H z  
to 1 8  G H z  r a n g e , m a k i ng s imu l t aneous me a s u r e­
me n t s  w i t h  pe a k  and average de t e c to r s . To be 
a b l e  to a u tom a t i c a l ly make m e a s u reme n t s  o v e r  
t h i s  f r e que n c y  r a ng e , i t  was nece s s a r y  to 
mo u n t  add i t i o n a l  a n te nn a s  to t he RSMS a n t e n n a  
t owe r a n d  t o  t h e  roo f top a n t e n n a  pe d e s t a l , re­
s u l t i ng in a c o n f i g u r a t i o n  s hown in F ig u r e  1 -
1 0 .  T h r e e  type s o f  a n t e n n a s  were u s e d  f o r  a l l  

fre q u e n c i e s- - a n  omn i d i r e c t i o n a l  a n t e n n a , a n  
a n te n na w i th approx ima t e l y  9 0  deg ree be am­
w i d t h ,  a nd a d i sh a n t e n n a  w i t h  2 - 2 0  d e g r e e  
b e amw id t h .  F o r  f r eque n c i e s  be low 1 0 0 0  M H z ,  
o n l y  t he omn i d i re c t i o n a l  and q u a d r a n t  a n t e n n a s  
we re u se d . A s e t  of band pa s s  f i l t e r s  a n d  
w i d e ba nd , low no i se p r e amp l i f i e rs we re l o c a t e d  
n e a r  the a n t e n n a s  and connec t ed approp r i a t e l y  
a s  n e e d ed f o r  t he f reque n cy b a nd be i ng me a s­
u r e d . Typ i c a l  no i se f ig u re s  of 4 - 8  d B  a t  t h e  
a n t e n n a  t e rm i na l s  w e re a v a i l ab le w i t h  t h i s  
con f ig ur a t i o n . 
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The prog rams u s e d  to make the me a s u reme n t s  
were de s i g ned to ( l ) c a l i b r a t e  a c ro s s  t h e  
who le f r eque n c y  range , u s i ng no i se d io d e s  n e a r  
t he a n t e n n a s ; ( 2 )  meas ure across t h e  f requency 
r an g e  u s i ng omn i d i re c t i o n a l  a n t e n na s ; ( 3 )  
me a s u re a c ro s s  the f reque ncy r a n ge u s i ng quad­
r a n t  a n t e n na s ; ( 4 )  me a s u r e  across t h e  f r e­
que n cy r a nge u s i ng d i sh a n t e n n a s  ( qu a d r a n t  a n­
t e n n a s  i f  b e l o w  1 GH z ) ;  a nd ( 5 )  c a l i br a te a nd 
s t a r t  a g a i n . T h i s  program was d e s i g ned to op­
e ra t e  w i t h o u t  requ i r i n g  i n te rve n t io n  f rom a n  
ope r a to r , a nd d a ta f o r  n i ne d ays we re g a t he red 
on a 2 4 - h r /d a y  b a s i s . 

At e a c h  f r e q ue n c y , me a s u r eme n t s  we re made w i t h  
a p e ak d e t e c t o r  ( fo r  r a d a r s  a n d  o t h e r  impu l ­
s i ve s ig n a l s ) a n d  w i th a n  average de t e c t o r  
( fo r  c w  s i g n a l s ) .  F ig u r e  1 - 1 1  s hows a typ i c a l  
e xamp l e  o f  d a t a  produced b y  t h i s  prog r am .  The 
" t i c "  m a r k s  a l o ng the r i g h t- hand edge of t h e  
g ra p h  a r e  t h r e s h o l d s  f o r  the pe a k  and average 
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F igure l - 8 . Measurement system used in RSMS . 
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F igure 1- 1 0 .  RSMS configured for s ite surveys . 
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F igure 1- 1 1 .  Example of s ite survey data . 
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de t e c t o r s . I f  ne i t h e r  t h e  pe a k  nor ave rage 
s i g n a l s  on a g r aph e x c e e d s  i t s  r e s pe c t i v e  
t h r e s ho l d , t he d a t a  a r e  d i sc a rd e d . Th i s  r e a l ­
t ime d a ta s o r t i ng s u b s t a n t i a l ly d e c r e a sed t h e  
amo u n t o f  d a t a  t o  b e  i ncorpo r a t e d  i n to o t h e r  
a n a l y s e s .  I n  g e ne r a l , da t a  w e r e  r e c o rded on 
magne t i c t ape , b u t  h a rd- copy ou t p u t  l i k e  
F i g u r e  1 - 1 1  w a s  a l so p rod u ced as requ i r ed , 

Two d i f f e re n t  ve r s ions of t h e  me a s u r eme n t  pro­
g r ams w e r e  u s ed--a low r e s o l u t i o n  ( l o- re s ) a n d  
a h i g h  r e so l u t i o n  ( h i- r e s ) ve r s i o n . T h e  h i­
re s v e r s i o n  prov i d ed 1 0  dB be t te r  s e n s i t i v i ty 
a n d  1 0  t im e s  be t t e r  f re q ue n c y  r e so l u t ion , b u t  
a l s o  r e q u i red 1 0  t imes a s  m u c h  m e a s u reme n t  
t ime . T h e  pe r t i ne n t  c h a r a c t e r i s t i c s  o f  t h e  
t w o  v e r s i ons a r e  d e s c r i bed i n  t he fol low i ng 
t a b le : 

B a n d w i d t h ,  f < 1 G H z  
B a nd w i d t h ,  f > 1 GH z 
No . o f  s c a n s , 0 . 1 5 - 1 8  G H z  
Me a s  t ime , 0 . 1 5 - 1 8  GH z 

Lo- r e s  
1 0 0 0  k H z  

1 0 0  k H z  
2 5 5  

1 7  m i n  

H i - re s  
1 0 0  k H z  

1 0  k H z  
2 5 0 0  

3 h r  

The me a s u r eme n t  p r oc e s s  r e s u l t e d  i n  t ho u s a n d s  
o f  g ra p h s , wh i ch n e e d e d  t o  be c omb i n ed t o  p e r­
m i t  a r e a s o n a b l e  l e v e l  o f  compr e h e n s i o n . The 
p r o c e s s  o f  comb i n a t ion was done in two s t ag e s . 
The f i rs t  s t age comp r e s sed t h e  f r equency s c a l e  
by a f a c t o r  o f  1 0 0 . Th i s  " f r eq u e n cy compres­
s i o n "  s t age saved only the h i g h e s t  amp l i t ude 
p e a k  m e a s u r eme n t  and t he h i g h e s t  amp l i t u d e  
av e r a g e  me a s u r em e n t  f rom e a c h  of t h e  o r i g i n a l  
g ra p h s . T h e se s e t s  o f  t w o  po i n t s  we re com­
b i ned w i t h  9 9  o t h e r  s im i l a r l y  de r ived s e t s  of 
po i n t s  a nd u s ed to d r aw a no t h e r  g raph wh i c h  
c o v e r e d  1 0 0  t im e s  a s  much f r e q ue n c y  range a s  
t h e  o r i g i n a l  g ra ph s .  

The s e c o nd s t age o f  t h e  a n a l y s i s  i nv o l ved com­
b i n i ng d o z e n s  of the f re q u e n c y- c om p r e s s e d  
g r a p h s  to g i ve max imum a n d  ave r a g e  v a l u e s  a t  
e a c h  f re q u e ncy for t h e  p e a k  a nd a v e r age d e t e c­
t o r s . F ig u r e  1 - 1 2  shows a po r t i o n  o f  t h e  s e t  
o f  f i n i s he d  g ra p h s . The u p p e r  g r ap h  s hows 
d a t a  g a t h e re d  w i t h  t h e  peak de t e c to r ;  the 
l ow e r  g r a p h  s hows data g a t h e red w i t h a n  a v e r­
a g e  d e t e c t o r .  I n  eac h g r ap h , t h e  uppe r l i ne 
r e p r e s e n t s  t h e  max imum v a lue me a s u red and t h e  
lowe r l i ne s h o w s  t he ave r a g e  va l u e  me a s u r ed . 
T h e s e  g r ap h s  s how the a d v a n t age o f  t h e  meas­
u r em e n t  a n d  a n a l y s i s  p r oc e s s  used here . 
A l t hough t h e  g raph c ov e rs a r e l a t i v e l y  la r g e  
f re q u e n c y  r a ng e , t h e  me a s u r em e n t  s e n s i t i v i ty 
i s  t h a t  a s s o c i a t ed w i t h  a m u c h  s ma l l e r  meas­
u r e me n t  b a n dw i d t h . No t e  t h e  10  d B  be t t e r  s e n­
s i t i v i ty of t he ave r age me a s u rement g r a p h , 
c omp a r e d  w i t h  t h e  pe ak m e a s u r em e n t  d a t a . 
F i n a l l y ,  n o t e  t h a t  the ave rage me a s u r eme n t  
d a t a  a l mo s t  com p l e t e l y  m i s s  t he low- d u ty- c y c l e  
r a d a rs i n  t h e  2 7 0 0 - 3 0 0 0  M H z  r a ng e .  

NWS F i e l d  S t re ng t h  C a l i b r a t i o n s  w e r e  pe r f o rmed 
u s i ng t h e  RSMS to c a l i b r a te s ome po r t a b l e  
f i e l d  s t r e ng t h  me t e r s  f o r  t h e  N a t i o n a l  we a t h e r  
S e r v i c e  ( NWS ) .  T h e  NWS u se s  t h i s  por t a b l e  
me a s u reme n t  equ i pme n t  to m a k e  s p o t  c h e c k s  o f  
s i g na l  l e v e l s  produc ed b y  t h e i r  w e a t h e r  r a d i o  
i n fo rm a t i o n  t r a n sm i t te rs , to a s s u re ade q u a t e  
s i g n a l  l e v e l s i n  a r e a s  o f  p l a n n e d  c o v e r ag e . 
S i nc e  some i n i t i a l  me a s u r eme n t s  w i t h t he NWS 
e qu i pme n t  h ad s hown s u b s t a n t i a l  d i s ag re eme n t  
w i th p r e d i c t ed s i g n a l  l e ve l s ,  i t  w a s  impo r t a n t  

2 3  

f o r  NWS t o  k n ow wh e th e r  t h e  me a s u reme n t  equ i p­
men t ,  t h e  t e s t ed t r a n sm i t te r s ,  or t he p r e d i c ­
t i on proc e s s  we r e  cau s i ng t h e  d i s c re p a ncy . 
The RSMS w a s  c o n f i g u red to m a k e  me a s u reme n t s  
i n  pa r a l l e l  w i t h  t h e  NWS sys t em , wh i l e  d r i v i ng 
o v e r  h i g hways i n  t h e  Denver a re a .  The h i gh­
ways we r e  cho s e n  to g i ve approx ima t e l y  r ad i a l  
p a t h s  f rom t h e  NWS t ra n sm i t t e r  u n d e r  t e s t . 
D u r i ng t h e  RSMS m e a s ur eme n t s , t h e  NWS equ i p­
m e n t  was ope r a t ed i n  a c a r  c l o s e ly f o l low i ng 
t h e  RSMS . Rad i o  c o n t a c t  b e t w e e n  t h e  two ve h i­
c l e s  a l l ow e d  NWS measu r eme n t s  to be i nco r po­
r a ted w i t h t h e  RSMS me a s u r eme n t s on a r e a l ­
t ime bas i s .  When t he m e a s u r eme n t s  we r e  f i n­
i s hed , t h e  RSMS d a t a  we r e  com p a r e d  to t he NWS 
d a t a , a s  we l l  a s  be i ng compa red w i t h  p red i c­
t i o n s  of r e c e i v e d  s ig n a l  l e ve l s . 

F i g u r e  1 - 1 3  s hows an e xamp le of t h e  compa r i son 
for o n e  o f  the segme n t s  o f  t h e  me a s u r eme n t  
r o u t e .  T h e  NWS d a t a  are s hown w i t h  a dashed 
l i ne a nd t he RSMS data a r e  s hown w i th a so l id 
l i ne .  P r ed i c t ions made f o r  t h i s  p a t h  a re a l so 
p l o t ted o n  t h i s  g r a p h  and s how a h i g h  d e g r e e  
o f  a g r e em e n t  w i th t h e  measu reme n t s . The meas­
u r eme n t s  s hown here we re mad e a f t e r  a n  equ i p­
me n t  ma l f u n c t ion i n  t h e  NWS e q u i pme n t  w a s  
i de n t i f i ed ,  wh i c h  w a s  be l i ev e d  t o  h a v e  c a u sed 
t h e  e a r l i e r  meas u reme n t  p r ob l ems . 

M e a s u r em e n t s  we r e  made on powe r l i ne ca r r i e r  
( P LC ) s i g n a l s i n  t h e  De nve r a n d  P u e b l o ,  CO , 
a re a s . The P LC s i g n a l s  a r e  u sed by mos t e l e c ­
t r i c a l  u t i l i t i e s  to c o n t r o l  a nd s e nse t h e  
s t a t u s  o f  l a rg e  powe r l i n e sys tems . T h e s e  
s i g n a l s  r a nge be twe e n  1 0 0  k H z  a n d  4 0 0  k H z  a nd 
a re t r a n sm i t t ed a l ong t he s ame l i ne s  t h a t  
c a r ry h i gh vo l t age e l e c t r i c a l  powe r .  Al t hough 
mo s t  of t h e  P LC s ig n a l  s t a y s  w i t h i n  t h e  path 
prov i d ed by t he e l e c t r i c a l  w i r e s ,  t h e  w i r e s  
a l so t e nd t o  a c t  a s  i n e f f i c i e n t  a n te n nas . 
B e c a u se o f  r e c e n t  p l a n s  to u s e  t h e  s ame f r e­
que n cy band fo r o t h e r  v a r i o u s  tjp e s  o f  t r a n s ­
m i t t ed s i g n a l s ,  i t  h a s  become ve ry impo r t a n t  
t o  e s t a b l i s h ex a c t l y  how m a ny s i g n a l s  a r e  
r e c e i ved o r  t ra n s m i t t ed b y  t h e s e  power l i n e s . 
s e r i o u s  i n t e r f e re n c e  cou l d  be c a u s e d  or e x pe­
r i e n c ed by P LC s y s t ems . M e a s u reme n t s  w e r e  
made a t  v a r i o u s  d i s t a n c e s  f r om s e v e r a l  powe r 
l i ne s .  F i g u r e  1 - 1 4  s hows a s umma ry o f  o n e  o f  
t he s e  se t s  of me a s u r eme n t s . The a nswe r s  f i t  
e x i s t i ng mode l s q u i t e  c l ose l y ,  t e nd i ng to con­
f i rm t he ba s i s  f o r  some of t h e  s p e c t rum man­
ageme n t  p l a n n i ng in t h i s  band . 

M e a s u r eme n t  ope r a t ions we r e  s u b s t a n t i a l l y 
c u r t a i l e d  t h i s  year to p e rm i t  more e f f o r t  t o  
be c omm i t ted to M e a s u r eme n t  V a n  Deve l opme n t  
a nd t h e  RSMS Upg r ade . The p r e s e n t  RSMS was 
p l a c ed i n to o pe r a t i on by I T S  more than 1 0  
y e a r s  ago . Ma i n t e n a nce p r o b l ems and a n  aware­
n e s s  o f  t he a d v a n t ages of newer s y s t ems led t o 
a n  FY 8 2  de c i s io n  to upg r ad e  t h e  RSMS w i t h 
more mod e r n  i n s t r ume n t a t i on a nd c omp u t e r s . I n  
F Y  8 2 , ba s i c sy s t em de s ig n  wa s ac comp l i s h ed 
for a n  u pg r ad e d  RSMS . I n  FY 8 3 , mos t  of t he 
ma j o r  procu r eme n t s  we re f i n i s hed , equ i pme n t  
w a s  r e c e i v ed , c o n s t r u c t i o n  was b e g u n  on mos t 
o f  t h e  s pe c i a l i z ed me a s u r eme n t  equ i pme n t , ma­
j or s o f t w a r e  d e s i g n  was f i n i s hed , a nd de t a i l ed 
s o f t w a r e  impleme n t a t i o n  was beg u n . The up­
g r ad e d  RSMS w i l l  be i n vo l v ed in the f i rs t  
f i e l d  ope r a t i o n s  i n  l a t e  F Y  8 4 . 

T h e  RSMS U pg r ade i nc ludes t hr e e  ma i n  s y s t em s : 
A l a b o r a t o ry com p u t e r  sy s t em i n  Bou l d e r  w i l l  
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Average differences in dec ibels between : 

RSMS-NWS = 2 . 7 7 
RSMS-RAPIT = 0 . 1 8 
NWS-RAP IT = - 2 . 5  
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Figure 1- 14 . Measurement s of power-l ine-carrier radiated signal levels . 
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be used f o r  d a t a  a n a l y s i s  a n d  de v e l opme n t  o f  
measu reme n t  prog rams . One c omp u t e r  s y s t em i n  
t h e  RSMS w i l l  ope r a te � h e  " r ad a r "  me a s u reme n t  
sys t e m .  A s e c ond comp u t e r  i n  t h e  RSMS w i l l  
ope r a t e  t h e  LMR m e a s u r e m� n t  sys tem . Th i s  w i l l  
al low s i mu l t a neous r a d a r  a n d  LMR measu r eme r

i
t s  

t o  be made a t  t u l l  speed . I n  t h e  eve n t  o f  a 
comp u t e r  f a i l u re i n  t h e  RS MS , a s i ng l e com­
pu t e r  w i l l  be able to h a nd le bo t h  me a s u reme n t  
sys tems a t  a somewh a t  r e d u c e d  r a t e . 

E a c h  o f  t h e  t hr e e  compu t e r  sy s t em s  w i l l  use 
i d e n t i c a l  c ompone n t s  e x c e p t  t h a t  t h e  l abora­
t o ry d i s c has a l a rg e r  capa c i ty .  The com­
p u t e r s  w i l l h ave 5 1 2 K - by t e s  of memo ry , a 
g ra p h i c s  t e rm i na l  w i t h  a bu i l t- i n  t h e rmal 
p r i n t e r ,  a 10  �1- byte o r  a 28  M- byte w i n c h e s t e r  
d i s c , a nd a 1 6 0 0  b p i  0 . 5  i n .  m a g n e t i c  tape 
u n i t  f o r  d a ta s to r age a nd t ra n s po r t a t i o n . The 
compu t e rs i n  the van w i l l  a l s o  have I E E E- 4 8 8  
b u s  i n t e r f a ces t o r  t he mea s u r eme n t  equ i pme n t  
a n d  ADC and DAC c a rd s  t o  h a nd l e  a n a l og i n t e r­
t a c e s  to t he me a s u reme n t  s y s t em .  Modems w i l l  
b e  ava i l a b l e  to al low RSMS s t a t u s  t o  be re­
mo t e l y i n t e r roga t ed a nd to a l l ow d a t a  to be 
d i re c t l y t r a n s f e r red be t w e e n  t h e  RSMS a nd the 
Bou l d e r  c omp u t e r .  

The r a d a r  rece i v e r  w i l l  a l low me a s u r eme n t s  of 
s i g n a l s  b e t wee n 1 0  MHz and 18 GHz w i th band­
w i d t h s  be tween 1 0  H z  a nd 3 0  MH z .  I t  w i l l  
i nc o r p o r a t e  a number o f  f e a t u re s  to e n s u re 
me a s u r eme n t  i n t eg r i ty , i n c l ud i ng la rge- s ig n a l  
ov e r load d e t e c t i on a nd a u to - r a ng i ng ,  a u t oma t i c  
t r a c k i ng rou t i ne s  f o r  t h e  Y I G  p r e s e l e c t o r s , 
no i se d i ode c a l i b r a t i o n , a nd s e n s i ng c o n t a c t s  
o n  m a n y  of t h e  r f  r e l a y s . A b l o c k  d i ag ram o f  
t h e  r a d a r  measu reme n t  s y s t em i s  s hown i n  
F i g u r e  1 - 1 5 . A l t ho u g h  t h i s  r e c e i v i ng sy s t em 
was de s i g n ed e s pe c i a l ly f or r a d a r  s i g n a ls a n d  
i n corpo r a t e s  p u l s e  t r a i n  sepa r a t i o n  equ i pme n t , 
i t  w i l l  be u s ed to me a s u r e  mos t types of s i g­
n a l s  in the 1 0 - 1 8 , 0 0 0  MH z r a ng e . C o ns t ru c t i on 
on t he radar s y s t em is  we l l  u nd e r  way a nd 
s h o u l d  be comp le ted by De cemb e r  1 9 8 3 . 

A s e c o nd s y s t em i n  t h e  RSMS h a s  b e e n  d e s i g n e d  
s p e c i f i c a l l y  to ma k e  me a s u reme n t s  on l a nd mo­
b i le r a d i o  ( LMR ) s i g n a l s .  T h e  LMR r e c e i v e r 
( F i g . 1 - 1 6 ) h a s  bee n de s i g n e d  to have t h e  
s p e c i a l c h a r a c t e r i s t i c s  n e e d e d  f o r  e f f i c i e n t  
a n d  a c c u r a t e  LMR m e a s u r eme n t s , i n c l ud i ng ex­
t r eme d y n am i c  r a nge ( as much as 1 4 0  dB w i t hout 
i np u t  a t t e nu a to r s ) ,  2 5 0  c h a n n e l s / s  me a s u r em e n t  
s p e e d , v e r y  low no i se s i d e ba nd s ,  a nd r e c t a ng u­
l a r  I F  f i l t e rs w i t h bandw i d t h s  of 3 k H z , 
7 . 5  k H z , 1 5 kH z ,  a n d  3 0 k H z .  F ig u re 1 - 1 7  
s hows t h e  f i n i s hed LMR r e c e i v e r  sy s t em .  The 
m e a s u reme n t  s o f t w a re t h a t  w i l l  be d e v e l oped 
for t h i s  sy s t em w i l l  e na b l e  i t  to i n t e r le ave 
m e a s u reme n t s  of seve r a l  LMR b a n d s  a s  we l l  a s  
t o  c h a nge b a nd w i d t h s  o n  a c h a n n e l- by- c h a n n e l  
b a s i s ,  a s  r e q u i red . 

Ano t h e r  me a s u r eme n t  sys t em d e v e l oped by I T S  i s  
t h e  AN/MSR-T4 M u l t i p l e  R e c e i v e r  Sys t e m .  Th e 
AN/MS R- T 4  i s  a mo b i l e , f u l l y au t oma t i c , m u l t i­
p le r e c e i v e r  sys t em that is  t o  be emp loyed by 
the A i r  Force f o r  au t o n omo u s  a nd/or i n t e g r a t ed 
ope r a t i on w i th g ro u n d - b a s e d  r a d a r  em i t t e r s  
t h a t  s im u l a t e  v a r i o u s  t h r e a t  s ig n a l s  t o  p r o­
d u c e  a r e a l i s t i c r f  e nv i ro nme n t  d u r i ng t h e  
c o n d u c t  o f  e l e c t ron i c  wa r f a re ( EW )  ope r a t i o n a l  
t e s t ,  t r a i n i n g ,  a n d  e v a l u a t i o n  ( OTT & E )  o f  
e q u i pm e n t  and a i r c rews a t  EW r a ng e s . The p r i­
m a ry f u n c t i o n  of t h e  AN /MSR-T4 is  to a c qu i re ,  

2 7  

a n a l y z e , a n d  ou t p u t  key ope r a t i o n a l  p a r am­
e t e r s / c h a r a c t e r i s t i c s  of t he r a d a r  t h r e a t ( s )  
r ad i a t ed em i s s i o n  prof i l e s  d u r i ng E W  t e s t s  a nd 
e xe r c i s e s .  The o u t p u t  d a t a  a re t h e n  u sed to 
( 1 )  a s s e s s  ope r a t i o n a l  t e s t s  o f  new and im­
p roved ECM sys t ems a nd t e c h n i q u e s , ( 2 )  prov i d e  
a me a s u r e  o f  a i rc rew prof i c i e n c y  i n  t a c t i c s  
a nd t h e  emp l oyme n t  of a v a i l a b le E C M  a s se t s ,  
a nd ( 3 )  e v a l u a t e  f un c t i o n a l  ope r a t i o n a l  read i ­
n e s s  o f  S A C  a n d  TAC a i rc r a f t .  

The de s i g n  o f  t he AN /MS R-T4 i s  ba s e d  o n  a pro­
t o t y pe mod e l  deve loped by t h e  I ns t i tu t e  wh i c h , 
a f t e r  e x t e n s i v e  f i e l d  t e s t s , se rved as t h e  
ba s i s  f o r  t h e  p roduc t i on de c i s i on by t h e  A i r  
F o r c e  S y s t em s  Comma nd t o  equ i p  a l l  o f  i t s 
wo r l d w i d e  EW r a ng e s  w i th s im i l a r  mode l s .  P ro­
d u c t i o n  was i n i t i a ted i n  1 9 8 0  a nd I TS was 
t a s k e d  by t h e  A i r  Force to p r ov i de t e c h n i c al 
s uppo r t  d u r i ng the procu r eme n t  cycle that ex­
t e nds o v e r  a 3 0-mo n t h  pe r i od .  The e f f o r t  of 
I TS h a s  be e n  p r ima r i l y  t e c h n i c a l  g u i d a n c e  to 
A i r  F o r c e  p r o c u reme n t  o f f i c e rs a nd e n g i ne e r s  
t o  e n s u r e  t h a t  h a rdwa re/so f t w a r e  de s i g n  ap­
p ro a c h e s  a nd ope r a t i o n a l  s t r a t e g i e s  by t h e  
AN/M S R-T4 c o n t rac t o r  a r e  i n  com p l i a n c e  w i t h  
s p e c i f i c a t i o n  r e q u i reme n t s . 

The I ns t i t u t e  was a l s o  t a s k e d  to prov i d e  a 
F a c t o ry Ac c e p t a n c e  Te s t  P l an , M e t hod , a n d  
P roced u r e  t h a t  w i l l  be cond u c t ed by t h e  Gov­
e r nme n t  to e v a l ua t e  ope r a t i o n a l  comp l i a n c e  
w i t h produ c t i o n  requ i reme n t s  pr i o r  t o  f i e l d  
ope r a t i o n a l  a c c e p t a n c e  t e s t s .  Th i s  f ac tory 
t e s t  is s c h e d u l e d  in Novembe r 1 9 8 3  w i t h  com­
p l e t i o n  of t he f i rs t  of e i g h t  p rod u c t i o n  
u n i t s . T o  c o nd u c t  t h e s e  t e s t s , ITS h a s  
d e s i g ned a nd f ab r i c a t ed a " l a bo r a to ry t y pe " 
t hr e a t/ E C M  s im u l a t o r . Th i s  un i t  prod u c e s  rep­
r e s e n t a t i ve a nd r e a l i s t i c em i s s i on p ro f i l e s  o f  
t he mo r e  com p l e x  s ig n a l s  t h a t  w i l l  be e ncoun­
t e red in a r e a l -wo r l d  EW e n v i r o nmen t .  The 
s im u l a t o r  has an au toma t i c t ime prog r amme r 
t h a t  c a l l s up d i f fe re n t  t h r e a t s  a n d  ECM re­
s pon s e s  a s  o f t e n  as once pe r s e c o nd or any 
o t h e r  l o n g e r  pe r i od up to e i g h t  m i n u t e s .  The 
t hr e a t /E C M  pa r ame t e r s  of p u l s e  w i d t h , pu l se 
r e pe t i t i o n  i n t e rv a l , modu l a t i o n s ,  d e p t h  o f  
mod u l a t i o n , e tc . , and t he i r  t ime / f r eq u e n c y  
v a r y i ng c h a r a c t e r i s t i c s  a r e  programmed i n to 
E P ROM ' s .  The ou t p u t s  a r e  r e ad i n to c o n t rol­
l i ng a nd g e n e ra t i ng c i rc u i t ry on a p u l se- by­
p u l s e  ba s i s  as of t e n  as n e c e s s a ry to e n s u r e  
t he i n t e g r i ty of t h e  f u n c t i o n  be i ng g e n e r a t e d . 
S pe c i a l c o n t r o l  c i rc u i t ry i s  prov i d e d  to se­
l e c t i ve l y  a nd r a ndomly produce i n  the ECM s i g ­
n a l s , d i sc o n t i nu i t i e s , d ropout s ,  a n d  d i s tor­
t i ons w i t h i n t he g e n e r a t ed wav e f o rm s . T h e s e  
i n t e n t i o n a l  d i s to r t i o n s  a r e  produced to s imu­
l a t e  k n own r e a l-wo r l d  o c c u r re n c es c au s ed by 
p ropag a t io n  anomal i e s , m u l t i pa t h ,  c l u t t e r ,  and 
equ i pm e n t  u n d e r  t e s t  mome n t a ry ma l f un c t i o n s . 
T h e  wave f o rm o u t p u t s  a r e  t h e n  f e d  to P I N  d i ode 
mod u l a t o r s  for mod u l a t i ng e n e rg y  f r om e x t e rn a l  
r f s i g n a l  sou r c e s  t o  comp l e t e  t h e  t h r e a t/ECM 
g e ne r a t i o n  a n d  produce the s im u l a t ed s i g n a l s  
f o r  i n j e c t i o n  i n to t h e  AN /MS R- T 4  i tem ( s )  u n d e r  
t e s t .  T h e  t e s t  procedure i n vol ves t h e  s imu l a­
t io n  of t h r e a t  s ig n a l s  and E C M  s ig n a l  re­
s po n s e s  t h a t  o c c u r  in a s e q u e n c e  of e v e n t s  
pos t u l a t i ng a real-wor l d  EW e n v i ronme n t . 

O t h e r  t e c h n i c a l  s uppo r t  e f f o r t s  by I TS for t h e  
AN/MS R- T 4  p r o cu reme n t  h a v e  i n c l uded ( 1 )  t h e  
de r i v a t i o n  o f  d a t a  bases f o r  r a d a r  t h r e a t  
e.m i t t e rs b a s e d  o n  cu r r e n t  i n t e l l i g e n c e  sources 
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and E C M  perf ormance req u ireme n ts and capab i l i ­
t i es based on c urre n t  A ir Force equ i pment and 
( 2 }  a c omparat ive anal ys is o f  the operat i onal 
performan ce of a mu l t i p le t hreat em i t ter sys­
tem c urre n t l y  i n  produc t i o n/procurem e n t  versus 
re c e n t  i n t e l l i g e nce e s t imates of a c t ual per­
f orma n c e . The resu l ts of t hese e f forts are 
report ed i n  c lass i f i e d  NTIA T e c h n i c al M emo­
randa NTIA-TM - 8 1 - 5 8 C e n t i t l ed " In forma t i o n  and 
Data Base f or T hreat/ECM O pera t ional Perf orm­
ance E val ua t io n  Dur i ng Dep l oyme n t  of the 
AN/MSR- ( ) ,  Volume I REVIS E D ,  A irborne ECM 
S ys tems- - S i gnal Descr i p t i o ns and Operat i o nal 
To l erances , "  " V o l ume II: Gro u nd based T hreat 
Radar S ys t ems- - S i g na l  Desc r i p t i o ns and Opera­
t i onal SIMVAL Requ ireme n ts , "  and NTIA Tech­
n i cal M emorandum NTIA-TM- 8 2 - 7 4 C  e n t i t l ed 
" Comparat i ve Analys is of the AN /MS R- T 1 A  
M u l t i p le T hreat Em i t ter S ys t em Performance 
w i th t h e  EWIR Data Base . "  

The da ta bases of radar t hreat em i t t e r  sys t em 
opera t i o nal capab i l i t i es and a irborne ECM sys­
tem operat i o nal capab i l i t i es are to be used as 
res i de n t  l i brary f i l es i n  t he AN/MS R- T4 for 
c ompar i so n  w i t h  operat i o nal measureme n ts of 
ac tual perf ormance duri ng the conduct of i n­
s i t u  EW tests and exerc i ses a t  the var i ous A i r  
Force rang es . T h e  c ompara t i v e  analys is is 
then used to evaluate operat i o nal read i ness of  
S AC and TAC a ircra f t , assess a ircrew opera­
t io nal prof i c i e ncy , and evaluate opera t i onal 
t es ts of new or improved ECM systems . 

The A i r F orce also requested and ITS prov ided 
a ser i es of EW tra i n i ng sc enar i os that wou l d  
b e  represe n ta t ive of t hose emp l oyed b y  SAC and 
TAC f orces . T h i s  was prov i ded in an NTIA 
T e c h n i cal M emorandum e n t i t l ed " S AC/TAC 
Opera t i o nal Sce nar i os for Emp l oyment of the 
AN/M S R- T 4 , "  da ted J u n e  1 9 8 3 . The report de­
t a i ls var ious sce nar io t ime- l i ne - o f - e v e n ts 
descr i b i ng ground- based t hreat radar ac t i v i ty 
as var i ous SAC/TAC a ircra f t  equ i pped w i t h  var­
i ous E C M  systems perform EW m i ss i o n  support 
f u n c t i on s .  

Sys tem M e asures of Performance for t he E P- 3  
A ircraf t S e nsor Update . The Inst i t u te ' s  par­
t i c i pa t i o n  i n  the E P - 3  A ircra f t  Se nsor Updat e  
was to ass i s t  i n  the eval ua t i o n  me t hodo logy 
f or t he assoc iated E LINT and COMINT systems 
f or t h e  Commander , Operat i o nal Test and E v a l u­
a t i on Force , u . s .  Navy . T h e  Inst i tu t e  dev e l­
oped measures o f  per forman c e  for the au toma ted 
por t i o n  of t he two sys tems . A ge neral rev i ew 
o f  eac h subsys t em was c o nd u c t ed . The f unc­
t i onal opera t ion of each important segme nt of 
the sys t em was eva l ua t ed to de term i ne i ts 
bas i c  c o n tr i b u t ion to the sys t em performance 
and related role in me e t i ng m iss i o n  o bj e c­
t i v es .  

The o b j e c t i v e  o f  the E L INT and COMINT systems 
is to prov i de f le e t  suppprt i n  t e rms of i n t er­
c e p t i ng and e x p l o i t i ng i n f orma t i o n  o b t a i ned 
from mon i tor i ng t he e l e c tromag ne t ic s i gnals 
prese n t  i n  the a ircraf t e n v i ro nme n t . Each of 
t he p la n n ed m iss i ons was r e v i e wed to de t erm i ne 
i n d i v idual f u n c t i o na l  req u i reme n ts . Th is was 
done to make certa i n  that the proposed test i ng 
program for C ombat E f fe c t i v e ness Measures 
( CE M )  and Measures of E f fe c t i ve ness ( MO E ) 
wou l d  represe n t  c urre n t l y- p la n n ed m iss i o n  
req u i reme n ts .  T h e  bas i c  f u n c t i o ns o f  s i g na l  
d e t e c t io n , s i g nal loca t i o n , s i g nal 
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c lass i f i c a t i o n , t hreat assessme n t , and p lat­
form iden t i f icat i on were rev i ewed f or each 
p l an ned m iss i o n  for the E L INT system . The 
COMINT f u n c t i o ns consisted of s i g nal de tec­
t io n , s i g nal locat ion , and s i g nal c lass i f i ca­
t io n . The eval uat ion o f  each o f  t hese maj or 
f un c t ions must be ac com p l ished dur i ng the test 
and e v a l ua t ion program . 

G iv e n  the f u n c t ional req u i reme n ts and spe c i f i­
cat i o ns f or t he sys tem,  i t  is t h e n  n e c essary 
t o  prov i de t h e  me t hodology for perform i ng the 
measureme n ts requ ired to meet spe c i f i ed l e v e ls 
o f  c o n f ide n c e . T h i s ,  o f  course , l eads to sta­
t is t i cal c o ns iderat i ons . The est imat ion o f  
t he C E M s  is reduced t o  t he standard stat ist i­
cal pro b l em o f  est imat i ng the probab i l i ty of 
suc cess ( or fa i l ure ) in  a seq u e n c e  o f  repeated 
i ndepe nde n t  Bernou l l i  trials ( some t imes s imply 
referred to as " c o i n  f l i ps " ) .  The estab l ish­
me n t  of C E Ms was based on probab i l i ty of de­
t e c t ion , probab i l i ty of c lass i f i ca t i o n , proba­
b i l i ty of determ i n i ng locat i o n , probab i l i ty o f  
p l a t form i de n t i f icat i o n , and probab i l i ty o f  
de term i n i ng imm i ne n t  t hreat t o  the a ircra f t . 
C EMs for t hese spe c i f ied s ig nal se ts were 
g i ve n  e xac t ly the same way as for any s i g nal 
s e t , but w i t h  much h ig h er leve l o f  importance 
f or a ircra f t  surv i val . Jo i nt probab i l i t i es 
were also i nvest igated to estab l ish compos i te 
system perf ormance requ ireme n t s .  

A proposed t e s t  eva l uat i o n  program was de v e l­
oped . The p urpose of t h is test program was to 
de term i ne t h e  e f fe c t ive ness and su i tab i l i ty of 
t h e  E LINT and COMINT systems in an operat ional 
e nv i ro nme n t  t ha t  rep l i c ates a real i s t i c  e nv i­
ronme n t  wh e n  the sys tem is opera t i o na l ly de­
p l oyed . The da ta col l e c ted dur i ng t hese 
rec omme nded t ests w i l l  serve to eva l uate the 
operat ional e f f e c t ive ness of the E L INT/COMINT 
syst ems . 

Anot her sys t em , t he Mob i l e Test and E xerc ise 
Syst em- Radar ( MOTES - R )  ( F i gure 1 - 1 8  was de v e l ­
o p e d  by I T S  f o r  the A ir Force a s  a pre-produc­
t i on prot o type in the MSR-Tl program . It is a 
rec e i ver system capab l e  of anal y z i ng e l e c­
tro n i c  s i g nals from a irborne and grou nd- based 
radar transm i t t ers . Upo n  com p l e t i o n  of i ts 
task as a breadboard de v e l o pme n t  system , i t  
was trans f erred to the E le c tron i c  Warfare 
C e n t er at Ke l ly A ir Force Base , Te xas . S i nc e 
t h e n  i t  has part i c i pated i n  EW tra i n i ng e xer­
c ises at Radar Bomb Scor i ng ( RB S ) s i t es 
t hroug hou t t h e  con t ig uous 4 8  states . 

The purpose of t he MOTES-R Upgrade pro j e c t  is 
t o  i nc orpora t e  state- o f - t he- art t e c h n i ques for 
c o n trol by t he c e n tral compu ter of many of the 
per i pheral subsystems in the MOT E S- R .  In­
c l u ded i n  t h is upgrade are dev i ces for c on­
tro l l i ng t he var ious v ideo , t im i ng ,  and trac k ­
i ng data t h a t  are se n t  t o  the MOTES-R from RBS 
s i t e  equ i pme n t  w i t h  wh i c h  i t  is co- located , as 
we l l  as c o n tro l l i ng d ire c t i onal a n t e n nas . 

The prese n t  mode of ac cess and c o n tro l to 
t hese per i p herals is by way of a c e n tral 
m i croprocessor sys tem employ i ng i nd i v idual 
para l l e l  i n t erface t e c h n i q ues . W i t h  such sys­
t ems the i n ter- u n i t  cab l i ng is cumbersome and 
prone to f a i l ure i n  a system t hat is con­
s tan t l y  be i ng transport ed cross- coun try . The 
i n t er f ac e  system for t h is upgrade is the 
IEEE 4 8 8  i n terface bus . Th is me t hod is 
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ca p a b l e  of h i g h  speed commun i c a t ion be twe e n  
d e v i c e s  u s i ng a c ommon s e t  of d a t a  l i ne s  wh i l e  
a t  t h e  s ame t ime prov i d i ng re l i a b i l i ty ,  f l e x i ­
b i l i ty ,  and ma i n t a i n a bl l i ty .  

I n  orde r to f a c i l i t a t e t he se r i a l  i n t e r f a c e  
r e q u i reme n t s  of t h e  v a r i ou s  t r a c k i ng s y s t e m  
d a t a  fo rma ts f o u n d  a t  the R B S  s i t e s , a spe c i a l 
RS- 2 3 2  to I E E E- 4 8 8  a d a p t e r  was d e v e l o ped . 
C u s tom f i rmwa r e  a l lows the c e n t r a l  c omp u t e r  
ope r a t o r  t o  c o n f i g u r e  t h e  i n te r f ace a d ap t e r  t o  
a c c e p t  a n y  sy n c h ronous s e r i a l da t a  fo rma t t h a t  
m i g h t  b e  found a t  t h e  s i t e s . 

Th i s  p r o j e c t  h a s  be e n  coord i n a t e d  w i t h a n  
ove r a l l  upg rade of t h e  c e n t r a l  c omp u t e r  i n  the 
MOT E S - R  i n  ord e r  to b r i ng the sys tem u p  to 
d a te in both h a rd w a r e  a nd sof tware a nd p r e v e n t  
t h e  sys tem f r om becom i ng obso le te a n d  u n s e r­
v i c e a b l e . 

The I n s t i tu t e  a l s o  de v e l o p s  s pe c i a l i z ed 
i n s t r ume n t a t ion i n  s u pport of s p e c t r um 
s t ud i e s . The m i c rowave r e f r a c tome t e r  deve l­
oped by I TS is an i n s t rume n t  to re l i a b l y  m e a s­
u r e  t h e  r e f r ac t i v e  i nd e x  of a sample of a i r .  
The r e f r a c t i ve i nd e x  o f  t h e  a tmosphere i s  c om­
posed of tempe r a tu r e , p r e s s u r e ,  a nd r e l a t i v e  
h um i d i ty :  

N = 7 7 . 6  P/T + 3 . 7 3 X 1 0 5 e/T2 

w h e r e  

N r e f r a c t i v e  i nd e x ,  
P a tmosph e r i c  p r e s s u re i n  m i l l i ba r s , 
e pa r t i a l  p r e s s u r e  of w a t e r vapo r ,  a nd 
T t empe r a t u re i n  d e g re e s  K e l v i n . 

The re f r a c tome t e r  me a s u r e s . th e  r e f r ac t i v e  i n­
d e x  by t r ac k i ng t he r e s o n a n t  f r e q uency of a 
m i c rowave cav i ty .  T h i s  s amp l i ng c a v i ty i s  
open t o  the a i r ,  a nd the a i r  i s  a s p i r a t e d  
e i t h e r  n a t u r a l l y o r  a r t i f i c i a l ly t h r o u g h  t h e  
c a v i t y .  Any c h a nge i n  t h e  t empe r a t u re , p r e s ­
s u r e , o r  w a t e r  v a p o r  p r e s s u r e  i n  the a i r  w i l l  
c a u s e  a c h a nge i n  the r e s o n a n t  f r equency o f  
t h e  s am p l i ng c a v i ty .  A s ubmu l t i p le o f  t h i s  
r e s o n a n t  f reque ncy i s  r e c o r d ed a s  t h e  r e f r a c­
t i v e  i n d e x ,  a nd the rap i d  c h a n g e s  t h a t  o c c u r  
w h e n  the a i r  i s  a s p i r a t ed t h rough the c a v i t y 
i s  de t e c t e d  as the t u r b u l e n c e  w i t h i n  the 
med i a .  

T h e  r e f r a c t i v e  i nde x i s  r e ad ou t a s  a b s o l u t e  
w i t h  0 . 1  N r e s o l u t i o n  i n  l s s am p l e s  a n d  i s  
av a i l a b le i n  d i g i t a l  fo rm a nd a n a l og f o rm to 
be u sed w i th a c h a r t  r e c o r d e r  for mon i to r i ng .  

T h e  appl i c a t i o n  of t h e  m i c rowave r e f r a c tom e t e r  
i s  to c o l l e c t  r e a l - t i me r e f r a c t i ve i nd e x  d a t a  
i n  a s pe c i f i c reg i o n  o r  a pa r t i c u l a r  pa t h .  

The r a d i o  r e f r a c t i ve i nd e x  i s  c e n t r a l  t o  al l 
t h e o r i e s  of rad i o  propag a t io n  t hrough t h e  
l o w e r  a tmosph e re . The a tmosphere c a u s e s  a 
c u r v a t u r e  of ho r i z o n t a l ly- l a u n ched rad i o  
w a ve s ,  and the c u r v a t u re o f  a r ad i o  wave i s  
propo r t i o n a l  to t h e  g r a d i e n t  of t h e  r e f r a c t i v e  
i nd e x .  The g r a d i e n t s  o f  t h e  r e f ra c t i ve i nd e x  
a r e  c a u s e d  by t empe r a t u r e  i n v e r s i o n s , c o l d  a n d  
w a rm w e a t h e r  f ron t s , a nd t h e rm a l  e f f e c t s  o v e r  
v a ry i ng t e r r a i n .  

T h e  re f r ac tome t e r  c a n  b e  mou n ted a t  a f i xed 
s i te to mo n i t o r  a p a r t i c u l a r  l o c a t ion o r  i t  
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c a n  be mou n ted o n  a n  a i rp l a ne . The a i r b o r ne 
r e f r a c tome t e r  i s  the mos t  u s e f u l  i n  c o l l e c t i n g  
r e a l - t ime da t a  ove r  a l a r g e  a r e a  be c au s e : 

0 

0 

The a i rc r a f t  c a n  be f l own i n  ve r t i c a l  
s p i r a l s  t o  o bt a i n  r e f r ac t i v e  i nd e x  vs . 
a l t i t ude a t  a ny po i n t  a l o ng a p a t h  o f  
i n t e r e s t .  

The a i rc r a f t  c a n  be f l own a l ong a g i ve n 
p a t h  to d e t e rm i ne the r e f r a c t i ve i nd e x  
g rad i e n t s  a t  t h a t  pa r t i c u l a r  t ime . 

o The a i r c r a f t  c a n  be f l own a l ong a g i ven 
path to de t e rm i ne t h e  a i r  tu r b u l e nce . 

The r e s u l t i ng r e f r a c t i ve i ndex a nd a l t i tude 
d a t a  a r e  u sed w i t h ray- t r a c i ng p r og rams to 
s how t he bend i ng or t r app i ng of the r ad io 
wa v e s  a l o ng the pa th , and t h e  t u r bu l e nce d a t a  
a re u s e d  to s how t he s c a t t e r i ng e f f e c t s  and 
p h a s e  d i s t o rt i o n  o f  r ad i o  wav e s . 

The AFGL R e f r a c tome t e r  was d e v e l op ed by ITS i n  
s u pp o r t  o f  I he i r  m i c rowave s t ru c t u r e  cons t a n t  
p ro f i le ( CN ) s t ud i e s .  T h e  r e f r a c tome t e r  w a s  
c o n f i g u r ed t o  b e  u sed a t  a f i xed loc a t i on o r  
as a n  a i r borne un i t .  

As a f i xed s i te i ns t rume n t ,  i t  ca n s ample u p  
to f o u r  s amp l i ng c a v i t i e s .  T h e s e  c a v i t i e s  c a n  
b e  l o c a t e d  on a towe r a t  d i f fe re n t  h e i g h t s  so 
t h e  r e f r a c t i ve i nd e x  and the t u r b u l e n c e  c a n  be 
s tud i ed c l ose to t h e  ground . 

As a n  a i r b o r ne r e f r a c tome t e r  i t  u s e s  only one 
s amp l i ng c a v i ty ,  a nd the a i r c r a f t  can be f l own 
i n  t he a re a s  o f  i n te r e s t .  

I TS h a s  f l own the a i rborne r e f r a c tome t e r  i n  
s u pport of many o t h e r -age ncy p r og r ams i n  t h e  
p a s t  a nd w i l l  a s s i s t  A F G L  i n  some of the i r  
f u t u re d a t a  co l l e c t ion . 

S EC T I ON 1 . 4  EM WAVE TRAN SM I S S I ON 

The g ro u nd , t he a tmos phe r e , a nd the ionosphe re 
deg r ade r ad io wave s in v a ry i ng deg r ee s ,  de­
p e n d i ng on c i r c ums t a n c e s .  I t  is the p u r po s e  
o f  t h e  EM W a v e  T r a n sm i s s i o n  P rog r am to s t udy 
t h e se e f f e c t s  and prov i d e  mod e l s to the sys tem 
d e s i g n e r  t h a t  w i l l  a id i n  p r ov i d i ng mo r e  cos t­
e f f e c t i ve and s p e c t rum- e f f i c i e n t  des i g n s . The 
p h e nom e n a  t ha t  c a u s e  t h e s e  de t r im e n t a l  e f f e c t s  
o n  r ad io s y s t ems a r e , i n  g e ne r a l , f r equenc y 
d epe nd e n t ;  t h e re f o r e , s pe c i f i c s t ud i e s  and 
t e s t s  a r e  r e q u i red for s p e c i f i c f requency 
r ang e s  a nd appl i c a t ions . 

S ome of the phe nomena t h a t  a f f e c t  r a d io s i g­
n a l s  and a r e  s t ud i ed in t h i s  p r og r am a re : 

0 

0 

0 

0 

a t t e n u a t i o n  by a tmos p h e r i c  g a se s ,  r a i n ,  
s n ow ,  h a i l , c l ouds , o r  i o n i z a t io n  

sc a t t e r i ng by i r reg u l a r i t i e s  i n  t he r e ­
f r a c t i v e  i nd e x  o f  t h e  lowe r a tmo s p h e r e  o r  
ionosphere 

r e f r ac t i o n ,  d uc t i ng ,  a nd m u l t i pa t h  re­
s u l t i n g  f r om a tmosphe r i c  o r  ionosphe r i c 
l a y e r s  

d i spe r s i o n  r e s u l t i ng f r om f r equency 
dependent prope r t i e s  of t h e  a tmosphe r e , 
i onosphe r e , and e a r t h  



0 sc i n t i l la t io n  o f  amp l i tude , phase , po lari­
z a t i o n , and a n g l e  of arr i v a l  resu l t i ng 
from turb u le n ce a nd irreg u lar struct ure i n  
the a tmosphere a nd i onosphere 

o re f le c t i o n , sc a t ter i ng mu l t i p a t h , and 
l ower a tmosphere per t urb a t i o ns resu l t i n g  
from terra i n  a n d  man-made struc tures. 

The e f f e c t  u pon a ny spec i f ic system of t h e  
a bove phenome n a  is not o n l y  freque ncy depe nd­
e n t , but is a l so d e pe nd e n t  u pon the type of 
serv i c e  req u i red for the spe c i f i c app l i c a t i o n. 

One dri v i ng f orce b e h i nd the EM Wave Transm i s­
s i o n  Program is the need for more spe c trum 
space. There fore , t h is program prov i des 
mode l s ,  tech n i q ues , a nd i n f orm a t i o n  to a id the 
system des i g ner a nd freque n cy man a ger in t h e ir 
d e c i s i o ns for be t ter spe c trum use. These i n­
c l ude e x perime n t a l  and theore t i c al de term i na­
t io ns o f  t h e  propert i es of the rad i o  wave 
transm iss i o n  med i um , t he deve l opme n t  a nd 
test i ng of mode ls and pred i c t i o n  me t hods t h a t  
c haracter i ze t h e  performance of t e l e comm u n i ­
c a t i o n  systems , a n d  app l i c a t i ons of t h e  
k nowledge a nd too ls to spe c i f ic pro b l ems be­
se t t i ng freq ue ncy managers a nd spe c trum users 
i n  var ious Governme n t  age n c i es. 

1 . 4 . 1 Propert i es of the Rad i o  wave 
Transm i ss i o n  Med i um 

E x perime n t a l  de term i n a t i o ns and theore t i c a l  
est ima t es o f  t h e  propert i es of the transm is­
s i o n  med ium on the performa nce of t e l e c ommun i­
c a t ion sys tems are report ed i n  t h i s  se c t i o n. 
P art i c u l ar emphasis is pa id to those e f f e c ts 
produced by t he lower ( < 1 0  km ) a tmosphere. 

In the proj e c t  de voted toward Expe r i me n t a l  
De term i na t ion of M i l l ime ter wave Sys tem 
E f f e c ts ,  re c e n t  stud i es by ITS have i nd i c a t e d  
t h a t  i f  cert a i n  eas i l y  a c h i e ved des i g n  cri ­
ter i a  are me t ,  pra c t i c a l  narrow- ba ndw i d t h 
tra nsm i ss i o n  l i n ks wou ld have few prob l ems i n  
c l ima tes s i m i l ar to the c l imate o f  the 
Denver/Bou l der , CO , area. Bas i c a l l y  th is e n­
t a i ls prov i d i ng ad equate f ade marg i n  for l i ne­
o f - s i g h t  l i nks up to 50 km i n  l e ng t h  at fre­
quenc i es up to 1 0 0  G H z , e x c l ud i ng the mo l e ­
cu lar oxyg e n  absorp t i o n  b a nd around 6 0  GH z. 
At 6 0  G H z , the a bsorpt ion is about 1 5  d B/km at 
sea level and about 12  dB/km at 1 5 0 0  me ters 
( Bo u l der ' s  e levat i o n ) ,  wh i ch restr i c ts p a t h  
l e ng ths t o  n o  more than 3 t o  4 km. However , 
t h is o f f ers ad v a n t ages such as opera t io n  of a 
system w i thout the poss i b i l i ty o f  rece p t i o n  or 
d e t e c t ion at gre a t er d istances ( covertness ) 
a nd frequency reuse wi thout mutual i n t er f er­
ence. The oxygen a bsorpt i o n  b a nd a c ts m u c h  
l i k e  a b a n d  re j e c t  f i l t er , ye t band w i d ths of 
several hundred megahertz are ava i l a b l e  w i t h­
ou t appre c i ab le d istort i o n  i n  e i ther amp l i tude 
or p hase for t hese l im i ted ranges. 

Observ a t i ons near Bou lder , co , over a 3 - l / 2 -
year per i od i nd i ca te t h a t  w i th f ade marg i n  o f  
3 5  dB i n  t h e  3 0  to 5 0  GH z band a n d  4 5  d B  i n  
the 7 0  t o  1 0 0  G H z  band , a 5 0  km l i nk c ou l d  
ma i n t a i n  u p  to 5 M H z  bandw i d t h  w i th less than 
10  m i nu tes o f  out age per year from we a t h er­
re l a ted sources. Ra i n  a t te n u a t i o n  was mo n i­
t ored f or about 2 years ( 1 9 8 0  and 1 9 8 1 )  on a 
2 8 . 8 GH z ,  2 3  km p a t h  w i th a max imum re corded 
ra i n  a t te n u a t ion of 26  dB. Dur i ng th i s  
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period , t h e  mo n t h  o f  May 1 9 8 1  produced much 
a bove average ra i n f a l l. In J u l y  1 9 8 2 , ra i n  
a t te nu a t io n  o f  s l i g h t l y  over 3 0  d B  was o b­
served for 5 m i nu tes on a 1 2  km , 3 0  GHz p a t h. 

very h i g h  ra i n  a t te n u a t i o n  is al ways asso c i ­
a t ed w i th conve c t i ve type t h u nders torms. Con­
ve c t i v e  storms produce the h ig hest ra i n  ra tes , 
i n  excess o f  1 0 0  mm/hr w i t h i n  a ce l l ,  b u t  sel­
dom does the i n t e nse storm ce l l  exceed 5 to 8 
km i n  d i am e t er. There fore , the h i ghest peak 
ra i n  a t t e nu a t i o n  does not ge nera l ly c h a ng e  
s i gn i f i c a n t ly whe ther t he path l e ngth i s  1 0  km 
or 50 km. Ra i ns that cover a w ider are a typ i ­
c a l ly h ave much l ower ra i n  rates and the t o t a l 
a t te n u a t i o n  measured dur i ng these storms is 
l ess even when e x t e nded o ver 50  km. 

Attenua t i o n  ra t i os as a f un c t i o n  of frequency 
were t a ke n from data recorded at Boul der over 
the summer months of 1 9 7 6  t hro u g h  1 9 7 8  for 3 0  
and 6 0  G H z. E x trapo l a t i on o f  ra i n  a t te n u a t i o n  
to h ig her fre que n c i es i s  poss i b le from these 
data and t heore t i c a l  pred i c t i o ns. 

N o  t ime de l ay spread d istort i o n  prod uced by 
forward sc a t t er i ng from ra i ndrops could be 
d e te c t ed. The ma i n  e f f e c t  of ra i n  a t t e n u a t i o n  
is a reduc t i on i n  s i g n a l- t o- no i se ra t io of t h e  
l i nk. 

Next to ra i n ,  the mos t important me c h a n ism ob­
served i n  terms of f ade dep ths is produced by 
mu l t i p a t h  s i g n a l  w i t h i n  the a tmosphere. An 
a tmospher i c  mu l t i pa t h  o c c urs when a re fra c t i v e  
l ayer ex i s ts at a pa th he i g h t  that be nds t h e  
s i gnal over two rou tes t h a t  d i f fer b y  a h a l f  
wave l e n g t h .  Whe n  two s i g n a l s  arr i v e  a t  the 
rece i ved a n t e n n a  a t  a l most equal amp l i tudes , a 
gre a t l y  red uced rece i ved s i g n a l  resu l ts from 
destru c t i ve p hase i n terfere n c e. A 4 0  dB f ad e  
o f  t h i s  type was observed o n  a 3 0  GH z ,  2 3  k m  
l i nk br i e f ly ( 1  t o  2 m i nu t e s )  d ur i ng a t ime 
n e ar loca l  sunrise. Atmospher i c  mu l t i p a t h  
f ades of l esser d e p t hs were seen o n  o c c as i on 
b e twe e n  m i dn i g h t  and one to two hours a f ter 
local sunr i se. The ir o c c urrence m i g h t  be 
e xpe c t ed to i ncrease w i t h frequency s i n c e  the 
requ ired d e l ay path is l ess as the wav e l e n g t h  
becomes shorter. Even though l ayers form 
reg u l arly i n  the l ower a tmosphere i n  t h e  
D e nver/Bou lder are a , there is usua l ly mot i o n  
w i t h i n  the l a yer of a sc a l e  s i ze t h a t  red u c es 
t h e  proba b i l i ty o f  ge nera t i ng o n l y  two s i g ­
n a l s ;  o r  i f  formed , the ir d ura t i ons are 
br i e f. T h i s  sma l l- sc a l e  mo t io n  may prev e n t  
f ade o c c urre nce a t  t h e  h ig h  freq ue n c i es. 

For narrow b a nd w i d t h  c h a n n e l s  t here is very 
l i t t l e  d istort i o n  assoc i a ted w i th a tmospher i c 
mu l t i p a t h  be c a use the fade occup i es t h e  e n t i re 
channel w i t hout appre c i ab l e  amp l i tude d isper­
s i on. 

O ther fade me c h a n isms , such as refrac t i ve de­
focus i ng ,  grou nd m u l t i p a t h , b e am de coup l i ng ,  
a nd sc i n t i l l a t io n  occ urred a t  var i o us t imes , 
but the o n ly e f f e c t  on a n arrowb a nd c h a n n e l  i s  
a sma l l  ch a ng e  i n  t h e  system s i g n a l - to- n o ise 
ra t i o. A p aper e n t i t led " He i g h t-Ga i n  S tud i es 
f or 2 3  km L i n ks a t  9 . 6 ,  1 1. 4 ,  a nd 2 8 . 8 GH z "  by 
K . c .  Al l e n ,  et a l . , p u b l ished i n  the I E E E  
Transac t i ons o n  A n t e nn as and Propag a t i o n , V o l .  
AP- 3 0 ,  N o .  4 ,  J u l y  1 9 8 2 , descr i bes these 
observations. 



O b ta i n i ng the required fade marg i n  to reduce 
outage t ime to m i nutes per year is not d i f f i­
cu l t  for a l i n k  w i t h  a few megaher t z  o f  band­
w i d t h . A 2 - foot parabo l i c a n t e n na prov i de s  
suf f i c i e n t  ga i n  when c omb i ned w i t h  read i ly 
ava i lable low- no i se re ce i v er fron t - e n d  
m i xer/pream p l i f i ers and so l i d - s tate trans­
m i t t er sourc e s . 

I t  should be noted tha t the c l i mate o f  C o l o­
rado may be repre se n ta t i ve of a large area 
w i t h i n  t h e  CONUS , but v ery hum i d  c l ima t e s  w i l l  
sure ly requ ire trade- o f f s  i n  path l e n g t h  
and/or fade marg i n s . 

T he de s irab le feature of m i l l ime ter wave s  i s  
t he i n her e n t  bandw i d t h  capab i l i ty o f  2 0 0 0  M H z  
or more . Sys tems de v e l oped i n  t h e  Un i t e d  
S tates and J apan are a lready approac h i ng t h e s e  
bandw i d th s .  Prob lems e ncoun tered w i th very 
w i de bandw i d t h  m i l l ime t er wave chan ne l s  
t hroug h t h e  a tmosphere are much more com p l e x  
t han at narrow bandw i d th a n d  requ ire f urther 
i nv e s t i g a t i o n . To prov i d e  a tool �or t h i s  
i n v e s t i gat i on ,  a m i l l ime t er wave d iag n o s t i c 
probe that can ful ly de s c r i b e  the propag a t i o n  
charac ter i s t i c s  of a w i de- band c ha nn e l  has 
b e e n  de v e l oped by I TS ( NT I A- R - 8 3 - 1 2 8 ) .  
Emphas i s  for the app l i cat i o n  of the probe i s  
o n  h i g h  data rate d i g i tal l i n k s  where the 
re c e i ved s i g nal c hara c t er i s t i c s  are c omp l i­
cated by e x per i e n c i ng refrac t i o n , re f l e c t i o n , 
and/or d i f frac t i o n , as we l l  as a t t e nuat i o n  
e nroute from the tran sm i t t er . 

The primary i n s trume n ta t ion co n s i s t s  of a 
3 0 . 3  GH z ,  1 0 0 0  mb/s cohere n t  QPSK or 5 0 0  mb/s 
cohere n t  PSK transm i t ter-modulator ,  a 2 GHz  
bandw id t h  rece i ver- demodula tor w i th a 5 . 5  d B  
doub l e  s i d e band no i se f i gure , a n d  a bas e band 
pro c e s sor b i t- error-rat e ( BE R )  d e t e c tor . 
Bu i l t  i n to t h i s  d i g i tal s ys t em i s  t h e  c apab i l­
i ty of s e l e c t i ng a chan n e l  impu l se re sponse 

mode u s i ng cro s s - corre lat ion of ps eudo . random 
b i nary word s that perm i t  a 1 /2 nanose cond t ime 
re s o l u t ion in iden� i f y i ng t ime de lay d i s per­
s i o n . A t h ird mode irov ided by the pro be i s  a 
s pe c trum o f  2 . 5  x 10 cohere n t  freque n cy l i n e s  
f or a 1 GH z band w i d t h  amp l i tude d i s pers ion 
mo n i t or .  The output of the d iagnos t i c probe 
d e s cr i b e s  t h e  trans f er fun c t i o n  of the chan n e l  
t h a t  c a n  be tran s lated i n  terms of BER for 
pat h  l e n g t h s  up to at lea s t  50 km . At 50 k m , 
the e xc e s s  s i g nal- to- no i se rat io i s  2 0  d B  
u s i ng 3 - foot parab o l i c  re f le c tors , for ex­
amp l e , or 3 2  dB if 6- foot re f l e c tors are used . 

By ac c om pa ny i ng the 3 0 . 3  GH z w i d e band probe 
w i th a s e t  of narrowband cohere n t  probes a t  
1 1 . 4 ,  2 8 . 8 ,  5 7 . 6 ,  and 9 6 . 1  GH z ,  fad e s  and 
chan n e l  d i s tort i on m e c han i sm s  can be i d e n t i ­
f i ed and labe l le d  ac c ord i ng t o  the degree o f  
freque ncy depende n c e . T h i s  mul t i p l e  frequen cy 
probe w i l l  e nab l e  the c o l le c t i o n  of i n f orma­
t io n  to v er i fy and j udge �heore t i cal propaga­
t io n  mod e l s  and perm i t  s ta t i s t i ca l  mode l s  to 
be e s tab l i s h ed for pre d i c t i o n  of sys t em per­

' formance w i t h i n  the 1 0  to 1 0 0  GH z band . 

The d iagn o s t i c  probe was p la c ed on a 1 2  km 
t e s t  pa t h . F igure 1 - 1 9  d i s p lays a p l o t  of 
re c e i v ed s i g n al l e v e l  and B E R  f or an a tmo­
s p h er i ca l l y  calm peri o d  whe n  t h e  e f f e c t i v e  
transm i t t er power was reduc ed t o  2 m i crowa t t s  
t o  force a reada b l e  B E R .  F ig ure 1 - 2 0  i s  the 
same path e x c ept the rece i v i ng a n t e n na i s  

po i n ted down 2 degree s .  The e f f e c t i v e  trans­
m i t ter power was i ncreased to 2 0  m i crowa t t s  to 
c om pe n s a t e  for the s ig nal los t by the an t e n na 
po i n t i ng error . I n  t h i s  case a mul t i path s ig­
nal w i t h  3 . 4  n s  de lay appeared i n  the impu l s e  
re s po n se o f  F igure 1 - 2 1 .  T hree impul se re­
s po n s e  measureme n t s  were tak e n  at about 3 0-
m i nute i n t erva l s  i n  F igure 1 - 2 2  s how i ng t h e  
t ime var iab i l i ty o f  t h e  mul t ipa t h  s i g nal . 

I n  January 1 9 8 3 , the path l e n g t h  was e x t e nded 
t o  2 7 . 4  km and the e f f e c t s  of snow, fog , and 
ra i n  were o b s erved . A heavy , we t ,  s nows torm 
( temperatur e s  at or above free z i ng )  produced 
s l i g h t ly grea t er s i g nal a t t e nuat i o ns t han for 
a heav y ,  dry , s nows torm ; a max imum o f  5 dB i n  
total l o s s  was recorded a t  3 0 . 3  GH z .  Lower 
freque ncy channe l s  exper i e nced l e s s  l o s s  w i t h  
a max imum l o s s  rat io of about 2 to 1 for the 
h i g he s t  to the l owe s t  freque ncy . No BER 
c hange was n o t ed as a re s u l t  o f  t ime d e l ay 
s c a t t er i ng dur i ng snow. Fog a t t e nuat i o n  was 
somewhat h i g her t han e x pe c ted be i ng about 5 dB 
at 3 0 . 3  GH z for a max imum suspended �ater 
drop l e t  con t e n t  e s t ima t ed at . 5  gm/m , or 
about 1 0 0  me t er day t ime v i s i b i l i t y ,  wh i c h  
occured over at leas t 2 / 3  o f  t h e  pat h . 
Numerous ra i n s  perm i t ted o bserva t i o n s  o f  
relat i ve drop- s i z e  d i s tr i bu t i on for a var i e ty 
of seas o n s  and s t orm type s .  A 9 6 . 1  GH z chan­
n e l  was ad ded in August t hat a l l owed an e s t i­
ma t e  o f  drop s i z e  by compar i ng the a t te nuat ion 
rat io s  b e twe e n  freque n c i e s . In order to de­
ve l op ra i n  mode l s ,  drop- s i z e  d i s tr i but i o n  s ta­
t i s t i c s  are ne eded , and the use o f  9 6 . 1  GH z 
has ad ded an i nd i cator of smal ler drop- s i z e 
e f fe c t s  that has not been prev iously ava i lab le 
t o  ver i fy theore t i cal d i s tr i but i o n  curv e s . 
F igure 1 - 2 3  s hows a maj or ra i n  e v e n t  t hat 
o c curred Augus t 2 1 ,  1 9 8 3 . The reason s ig nal 
a t t e n uat i o n  and ra i n  rate are not c orre lated 
i s  that the ra i n  rate gauge i s  located at the 
rece i ver t erm i nal . I t  was o bserved t hat the 
ra i n  e x tended to bot h  ends of the pat h  but the 
rate var i ed a l o ng the 2 7 . 4  km gat h . I t  i s  
obv i ou s  that the rat i o s  o f  at tenua t io n  vary 
be twe e n  l i n k  freque n c i e s ,  and t h i s  feature re­
l a t e s  to drop- s i ze d i s tr i but i o n  dur i ng the 
s torm s . A s c a t t er p l o t  compar i son of the 
rat i o  o f  rec e i ved s ig nal leve l s  be twe e n  the 
1 1 . 4  and 2 8 . 8  G H z  channe ls i s  s hown i n  F igure 
l - 2 4 . The same compar i son i s  made be twe e n  
2 8 . 8  an d 9 6 . 1  G H z  i n  F igure 1 - 2 5 .  Data i n  
t h i s  form are used to cal culate drop- s i z e 
d i s tr i bu t i on .  T he top curve i n  F igure 1 - 2 3  
i nd i ca t e s  t h e  chang e  i n  b i t  error rat e  for the 
3 0 . 3  GHz 5 0 0  M b/s c han n e l  as a re s u l t  of ra i n  
a t t e nuat i o n . 
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As t h e  freque ncy of the chan n e l  t hroug h t h e  
atmosphere i n crease s ,  t he l o s s  d ue to wat er 
vapor a l s o  i ncrease s .  Th'e ac tua l  at t e nua t i o n  
produced b y  water vapor has b e e n  a n  unc er­
t a i n ty i n  mode l s  of the atmosphere at m i l l i­
me t er wav e l e n g t h s . W i t h  the on- l i ne c omputer 
and the me t e orol og ical data co l le c ted , i t  has 
been pos s i b l e  to pre c i s e ly measure water vapor 
absorp t io n , wh i c h  should al l ow the mod e l  to be 
c o n s i d erab ly improv ed up to 1 0 0 G H z .  wat er 
vapor absorp t i o n  as h ig h  as 2 0  d B  was seen on 
t h e  2 7 . 4  km pat h .  A p lot o f  measured wat er 
vapor pre s s ure and total ab sorp t i o n  i s  s hown 
in F igure 1 - 2 6 .  

As part o f  the Vege ta t i o n  M i l l ime t er Wave 
Propaga t io n  pro j e c t , a measureme n t  program was 
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cond u c t e d  i n  F Y  8 1  to de t e rm i ne the e f f e c t s  on 
m i l l ime t e r  wave s i g n a l s  p r o pa g a t ed a l o ng p a t h s  
o b s c u red w i t h  de c i d uo u s  a n d  con i fe r  t r e e s . 
The o b j e c t i ve of t he p r o j e ct was to o b t a i n  i n­
f o rm a t i o n  on s ig n a l  los s a s  w e l l as spa t i a l , 
p o l a r i z a t i on ,  a nd s ca t t e r i ng c h a r a c te r i s t i c s 
f o r  propa g a t i o n  t h r o u g h  a v a r i e ty of fo l i ag e  
a nd a tmosphe r ic cond i t i o n s  a t  9 . 6 ,  2 8 . 8 ,  a nd 
5 7 . 6  GH z .  Res u l t s  of t h i s  work are repor ted 
in the U . S .  Army Report C E COM- 8 l - CS 0 2 0- F  
e n t i t l ed " S H F- E H F  Propag a t i o n  Through 
V eg e t a t i on on C o l o r ad o  East S l ope . "  The 
p r i nc i p a l  re s u l t s  of t h e  FY 8 1  work i nc luded a 
m e a s ure of s i g n a l  l o s s  t h rough v e ge t a t ion a s  a 
f u n c t i o n  o f  t r e e  de p t h , h e i g h t  above g r ound , 
f o l i a g e  ( l e a v e s  a nd no l e a v e s  for d e c iduou s ) ,  
a n t e n na p o la r i z a t io n , v e r t i c a l  a nd ho r i z o n t a l  
t e rm i n a l  d i s p l a c eme n t , a nd f r e que n c y . 

I n  F Y  8 2 , t h e  veg e ta t i o n  s tu d i e s f o r  the u.s. 
Army c on t i nued w i th emp h a s i s  on de t e rm i n i ng 
s i g n a l  prope r t i e s  as a f u n c t i o n  of fo l i age 
depth i n  order to d e v e l op the best t he o re t i ca l  
mod e l  f o r  pred i c t i ng l i nk pe r fo rma n c e . I n  
f o r e s ted a re a s ,  t he d e n s i ty o f  fo l i age was 
f o u nd to be nonu n i f o rm and d i f f i c u l t  to de­
s c r i be in t e rms of d e p t h . To r emove t he d e n­
s i ty v a r i a b le , an e v e n l y  p l a n t e d  orchard wou l d  
b e s t  p e rm i t  a con t ro l l ed me a s u r eme n t . B e c a u s e  
o f  t h e  t r e e  s i z e ,  fo l i ag e  de n s i ty ,  a n d  hum id 
c l ima te , a pecan o r c h a rd n e a r  W i ch i t a F a l l s , 
TX , w a s  se l e c ted as be s t  s u i t e d  to the me as­
u reme n t  r e q u i r emen t s .  

T h e  f i rs t  se r ie s  of me a s u r eme n t s  wa s com p le ted 
in A p r i l  1 9 8 2  when the t r e e s  w e re i n  a d e f o l i­
a t ed s t a t e . In  A u g u s t ,  a s e c ond me a s ureme n t  
s e r i e s  was conduc t ed t h a t  r e p e a t ed t he Apr i l  
me a s u reme n t s  to de t e rm i ne t he ad ded los s e s  a nd 
p ro p ag a t ion d i f f e r e n c e s  t h a t  o c c ur r ed w i t h 
l e av e s  pr e s e n t . The re s u l t s of t h e s e  me a s u r e­
m e n t s  a re con t a i ned i n  u . s .  A rmy Report C ECOM-
8 3 - 2  e n t i t l e d  " Veg e ta t io n  Lo s s  Me a s u reme n t s  a t  
9 . 6 ,  2 8 . 8  a n d  5 7 . 6  G H z  Through a Pe c a n  Orchard 
i n T e x a s . "  F ig u r e  l - 2 7  shows the vege t a t i o n  
l o s s  p e r  t re e  i n  d e c i b e l s  r e l a t i ve t o  the n um­
b e r  of t r e e s  ( no l e a v e s  a nd w i t h le a ve s ) on 
t he p a t h  as a f u n c t ion of f r e q u e n cy a t  a 4 -
me te r he i g h t  above ground . N o t e  t h a t  t h e  p a t h  
l e n g t h  i n c re a s ed i n  propo r t i o n  to t h e  numb e r  
o f  t r ee s ,  b u t  f ree- space l o s s e s  we re norm a l ­
i z ed so t h a t  o n l y  v e g e t a t i o n  l o s s e s  a r e  
p l o t ted . F o r  these me a s u r eme n t s , al l pa t h s  
w e re e s t ab l i s hed by pos i t i o n i ng the t e rm i n a l s  
( t r a n s m i t t e r  a nd r e c e i ve r )  d i re c t l y  i n  l i ne 
w i t h  t he c e n t e r  of the t r u n k  o r  t ru n k s  a t  t h e  
1 -me t e r  he i g h t . 

T h e  mo s t  s i g n i f i c a n t  f i nd i ng i s  the rap i d  
ro l l - o f f  o f  l o s s  p e r  t re e  a s  t he numbe r o f 
t re e s  i n  t h e  pa th i n c re a s e d . An a b r u p t  b r e a k  
i n  t he p l ot o f  veg e t a t i o n  l o s s  v e r s u s  numbe r 
o f  t r e e s  c a n  be s e e n  i n  F ig u r e  1 - 2 7 . I n  t he 
no l e a v e s  c a s e ,  t he b r e a k  o c c u rs a f t e r  t h e  8 -
t r e e  p o i n t . F o r  t h e  me a s u reme n t  w i t h t r e e s  i n  
l e a f , t he b r e a k  i n  t he c u rv e  i s  v e ry pro­
nounced af t e r  t h r e e  t r e e s . I t  i s  a s s umed t h a t  
t h i s  b r e a k  o c c u r s  w h e n  t he d om i na n t  propaga­
t io n  mode changes f r om a b so r p t i ve ( d i re <;: t s i g­
n a l ) to d i f f r a c t i v e . W i th no le ave s ,  t h e  
sma l l  tw i g s  and b r a n c h e s  a l l o w  t r a n s m i s s ion 
t hrough t he m a te r i a l ;  but when t he i r  d e n s i t y  
b e c om e s  s u f f i c i e n t l y  g r e a t , m u l t i p l e  d i f f r a c ­
t i on f rom t he l a rge n u m b e r  o f  s c a t t e r i ng 
o b j e c t s  de f i n e s  a lower l o s s  propag a t i o n  mech­
a n i sm .  W i th l e a v e s  there is a m u ch h ig h e r 
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a t te nu a t i o n  pe r un i t  vo l ume s o  t h a t  t h e  trans­
i t ion takes p l ace w i th fewer trees i n  the path 
a nd a t  a much greater lo s s .  

F ig u r e s  1 - 2 8 ,  l - 2 9 ,  a nd l - 3 0 s how a p l ot o f  
v eg e t a t io n  los s ve r s u s  fo l i ag e  depth a t  9 . 6 ,  
2 8 . 8 ,  a n d  5 7 . 6  r e s pe c t i v e l y ,  a t  4 a n d  6 me t e r  
h e ig h t s . T h e  ave rage fo l i a g e  de p t h  a t  t h e  4 
me t e rs he i g h t  w a s  9 m e t e rs , a nd a t  t he 6 me­
t e r s  h e i g h t , it wa s 1 1  m e te r s . C u r v e s  show i ng 
p r e d i c t ed v a l ue s  f rom a mod i f i ed e xpone n t i a l 
d e c a y  mode l a re �lot ted i n  e a c h  f i g u re . Be­
c au s e  of t he d i s ag reement of me a s u red d a t a  
v e rs u s  th i s  mo de l , a t r a n s p o r t  t h e o r y  pred i c­
t i on me t hod , wh i ch t a k e s  i n to account the 
s c a t t e r i ng c ompo n e n t , is be i n g  t e s ted . For 
t he t r a n s p o r t  theory pred i c t i o n s , the h i g h e r  
a t t e n u a t ion a t  s ho r t  rang e s  a r e  cons ide red 
p r ima r i ly coherent compone n t s ,  but a t  g r e a t e r  
d e p th s , o n l y  i ncoh e re n t  sca t te r i ng components 
rema i n .  

B e c a u se o f  t h e  u n u s u a l  propag a t i o n  mode that 
o c c u r r e d  when d i f f r a c t ion s c a t t e r i ng appeared 
t o  be come dom i na n t , d i re c t i o n a l  prope rt i e s  of 
t he a rr i v i ng s i g n a l s  a re most i n t e r e s t i ng .  A 
s e r i e s  o f  r e c e i v i ng a n t e n n a  a z imu t h a l  scans 
( be amw i d t h s  4 °  at  9 . 6  a n d  1 °  a t  2 8 . 8  a nd 
5 7 . 6  GH z )  a r e  p r e s e nted fo r a l l  three frequen­
c i e s  a t  6 - me t e r  t e rm i n a l  he i g h t s , for d e p t h s  
o f  1 ,  3 ,  8 ,  a nd 1 1  t r e e s  w i t h  l e a v e s  prese n t , 
a s  s hown i n  F ig u r e  1 - 3 1 .  A n  uno b s t r u c t ed 
re f e re n c e  s c a n  i s  supe r impo s e d  on each data 
s c a n . These scans s how a r a p id l os s  of s i g n a l  
d i re c t i v i ty ,  w i t h i n c re a s i ng tree de p t h . T h i s  
s ug ge s ts th a t ,  a f te r  o n l y  t h r e e  t r e e s ,  the e n­
e rg y  i s  sc a t t e red n e a r l y  equa l l y from al l the 
t r e e s  w i t h i n  the 3 0 °  sc a n .  

s e v e r a l  s e t s  o f  d a t a  we re recorded to me a s u r e  
t he r e c e i ved s i g n a l  l e v e l  .w i t h the t r a n sm i t te r  
mov i ng a l o ng the pe r im e t e r  of the orchard w i t h 
the r e c e i ve r  a t  v a r ious loc a t i o ns i n  t h e  
o r c h a rd . One of these runs i s  s hown i n  F i g ure 
1 - 3 2 w h e re t h e  re ce i v e r  was l o c a ted a t  a dept h 

�2 0  m e t e rs i n to the orchard and m idway be­
t we e n  two rows of t re e s .  As the t r a n sm i t t e r  
t ra n s v e r s ed a 2 0 0  me t e r  pa th approx imate ly 
p e rpend i c u l a r  to a l i ne between t e rm i n a l s ,  the 
s i g n a l  t r a c e s  s hown i n  F ig u r e  1 - 3 2 we re re­
c o r de d . The h ig h e s t  rece i ved l e v e l s  for e a c h  
f re q ue n c y  o c c u r red in the l i ne - o f - s i g h t  por­
t ion of the scan whe re g re a t e r  than f i rs t  
F re s n e l  Z one c le a rance e x i s te d . The s e  amp l i­
t ud e s  are s l i g h t ly l e s s  than the f r e e - s pa c e  
va l ue ( 0  d B ) by 1 to 2 d B ,  b u t  th i s  reduced 
a nd f l u c t u a t i ng level is a t t r i bu t ed to s u r f ac e  
m u l t i p a t h  and/or s l i g h t  a n t e n n a  m i s a l i g nme n t . 
D u r i ng these r u n s , t he rece i ve r  a n t e nna pos i­
t i one r wa s ma nu a l l y control l e d , accou n t i ng for 
a pos s i b l e  po i n t i ng e r ror a nd the mob i l e 
t ransm i t t e r  v a n  cou ld not pe r f e c t l y  ma i n t a i n  a 
c o n s t a nt rad i u s  arc be c a u s e  o f  t e r ra i n . re­
s t r i c t i o n s . Of i n t e re s t  are the ge n e r a l  h ig h  
s i g n a l  l e v e l s  w h e n  the p a t h  was non- l i ne-of­
s i g h t  cons ide r i ng the d i s t a n c e  a nd numbe r of 
t r u n k s  o b s t ru c t i ng t he p a t h . 

I n  the U r ba n  M i l l im e t e r  Wave P ropag a t ion 
p ro j e c t , me a s u r eme n t s  of m i l l ime t e r  wave prop­
a g a t i o n  in u rban a re a s  have b e e n  made . The 
o b j e c t i v e  of the prog r am has bee n to s tudy 
m i l l ime t e r  wave propag a t ion c h a r a c te r i s t i c s  i n  
a c i ty e nv i ronm e n t  w i t h  pr i n c i p a l  empha s i s  on 
the e v a l ua t i o n  of commu n i c a t i o ns l i n k  
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re l i a b i l i ty ,  de t e c t ab i l i ty ,  a nd u s ab l e  ba nd­
w i d th as a f un c t ion of p o s i t i on of te rm i n a l s .  

B ac k s c a t te r  a nd obl i q u e  r e f l e c t i o n  me a s u r e­
me n t s  w e re pe r fo rmed on b u i l d i ng s u r f aces o f  
c o n c r e t e  ag g r eg a t e ,  pa i n t e d  smoot h concrete 
w i th p r o t r u d i ng r i b s , b r i c k ,  a nd me t a l  s i d i ng . 
F reque n c i e s  9 . 6 ,  2 8 . 8 ,  a nd 5 7 . 6  GH z were u sed 
to compa re r e f le c t ion coe f f i c i e n t s  f o r  t h e s e  
s u r f ac e s  w i th w i d e l y  d i f fe r e n t  cond u c t i v i ty 
a n d  r o ug h n e s s . Data were r e c o r d ed to d e t e r­
m i ne a s p e c t  s e n s i t i v i ty of t h e  re f le c ted s ig­
nal i n  a bac k sc a t te r  mode . To o bt a i n  a d a t a 
po i n t  w i th k nown prope rt i e s , a 3 - foot square 
f l a t  r e f l e c tor w a s  u s ed a s  a r e f e rence f o r  
t h i s  type of me a s u r eme n t . 

S i g n a l  l e v e l  a nd m u l t i pa th d a t a  were reco rded 
a s  a f u n c t i o n  of d i s t a n c e  for sev e r a l  r u n s  
over p a t h s  of abou t 1 km i n  t h e  c e n t e r  o f  t h e  
D e n v e r  m e t r o  area u s i ng ve r t i c a l , ho r i zo n t a l , 
a nd c ro s s ed a n t e nna po l a r i z a t i o n . F ig u r e  1 - 3 3 
i s  a r e c o rd i ng of one o f  t h e  downtown obse r v a­
t io n s  w i th v e r t i c a l  a n t e n n a  po l a r i z a t ion s how­
i ng s ig n a l  amp l i t ude fo r e a c h  frequency a s  a 
f u n c t i on of the t r a n sm i t te r  t e rm i n al pos i t i o n  
a s  i t  t r av e l led a t  a con s t a n t  speed down t h e  
s t re e t  tow a rd t h e  r e c e i ve r  t e rm i n a l . Th i s  
p l o t  prov i d e s  a n  i nd i c a t i o n  o f  oc c u r rence o f  
f a d e s  r e su l t i ng f r om mu l t i p a t h  f o r  t h i s  e nv i­
ronmen t .  N o t e  t h a t  a f t e r  t h e  l a s t  1 0 0  me t e r s  
i t  was not p os s i b le to m a i n t a i n  a n t e n na po i n t­
i ng due to maneuve r a b i l i ty l i m i t a t ions of the 
v e h i c l e s . A s  a c om p a r i so n ,  s im i l a r  types of 
runs were recorded ove r pa t h s  in a n  ope n ( non­
u r ba n )  a rea to a id in s e p a r a t i ng g ro u nd mu l t i ­
p a t h  ( a s ph a l t  road or s t r e e t )  f rom o t he r re­
f l ec t i ng p a t hs . F ig u r e  1 - 3 4  s hows one s u c h  
r e c o rd i ng .  T h e  d a s hed l i ne a c c ompa ny i ng e a c h  
p l o t  i s  the l e v e l  t he s i g n a l  t r ace wou ld t a k e  
i f  t h e  t e rm i na l s  w e r e  i n  a f r ee- space e n v i ron­
me n t .  The f re e - s pace t r ace f o r  the 5 7 . 6  G H z  
r i d e s  above t h e  reco rded s i g n a l  a t  t h e  long e r  
r a n g e s  b e c a u s e  o f  the mo l e c u la r  oxygen a b s o r p­
t i o n ,  w h i c h  was not removed i n  the f r ee- space 
t r ac e . 

A se r i e s  of non- l i n e-of- s i g h t  observ a t i o n s  
w e r e  m a de i n  u r b a n  De nver t h a t  s howed s u b s t a n­
t i a l  s ig n a l s  e v e n  w i t h t h e  t e rm i n a l s  se p a r a ted 
by s e v e r a l  l a rge mu l t i - s t o ry b u i l d i ngs a l o ng 
t h e  d i re c t  pa t h . Al l rece i ved s i g n a l s  were a 
r e s u l t  o f  mu l t i p le r e f l e c t o rs a nd/or edge d i f­
f r a c t i o n  and these were mo s t  pronoun ced a t  
9 . 6  G H z  a nd d e c r e a sed w i th i nc re a s i ng f re­
q u e n c y . 

By me a n s  of a ho r i zo n t a l  a ng l e  s c a n  w i t h  1 °  
b e amw i d th rece i v i ng a n t e n na s ,  the a ng le of 
a r r i v a l  of s ig n a l s  propag a ted down a s t re e t  
s u r ro u nded by b u i l d i ng s  was p l o t ted . F ig u r e  
1 - 3 5  d i s p l a y s  t h i s  ty pe o f  s c a n  f o r  two 
f re q ue n c i e s - - 2 8 . 8  a n d  5 7 . 6  G H z - - a nd for b o t h  
h o r i z o n t a l  a nd ve r t i c a l  po l a r i z a t i o n . T h e  
s i g na l  peak o c c u r r i ng a t  o o  i s  the l i ne-of­
s i g h t  s i g n a l  a nd al l other s ig n a l  pe ak s  are 
r e f l e c t ed f rom b u i l d i ng s . U s i ng the p a t h  
g e ome t r y ,  d i s t a nce be twe e n  t e rm i n a l s ,  a nd 
b u i l d i ng s e p a r a t ion f rom t h e  s t ree t ,  a good 
e s t i m a t e  o f  s ig n a l  de l a y  is pos s i b l e . T h i s  
d e l ay i n f o rm a t i on c ou p l ed w i t h  t h e  mu l t i p a t h  
s i g n a l  amp l i tude pe rm i t s  a c a l c u l a t i o n  o f  
c h a n n e l  ba ndw i d th pote n t i a l . F o r  t h e  c a se 
c i t ed ove r  a 5 0 0  me t e r  pa t h , u s i ng 4 °  a n te n na 
beamw i d t hs , a 2 5  mb/s l i nk c o u ld r u n  w i th 
l i t t l e  i n te rsymbol i n t e r f e r e nc e . 
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To de t e rm i ne the e f f e c t s  o f  mu l t i p a t h s i g n a l s  
o n  a d i g i t a l  comm u n i c a t ion l i nk ope r a t i ng i n  
a n  u r b a n  e nv i ronmen t ,  t h e  impu l s e  probe ( NT I A­
R- 8 3 - 1 2 8 ) was s e t  up on a c o n t ro l led m u l t i p a t h  
l i n k . Da t a  we re t a k e n  on a 2 5 0  m e t e r  fol ded 
p a t h  w i t h  d u a l  r e f l e c to r s  ( one f i x ed a nd one 
mo v a b l e ) u s i ng the 3 0 . 3  GH z ,  5 0 0  mb/s cohe rent 
B P S K  probe to comp i l e  d a t a  on mu l t i p a t h  e f ­
f e c t s  o n  b i t  e r r o r  rate ( B E R ) . F igure 1 - 3 6 
co n t a i ns a p l ot of con t r i b u t i o n s  to BER by S/N 
va r i a t i o n s  and i n t e rsymb o l  i n t e r f e rence as a 
f un c t ion o f  the t ime d e l ay of a mu l t i pa t h  s i g­
n a l  re l a t i v e  to the d i re c t  s ig n a l  norma l i z ed 
to b i t  d u r a t i on . For t h i s  p l o t , the d i r e c t­
t o-m u l t ipa t h  s ig n a l  ra t i o ( R 1 /R2 ) i s  7 dB 
t a k e n  for the r a t i o of b i t  e n e rg y  to n o i s e 
( E b/N 0 ) o f  1 4  d B . W i t h  no m u l t i p a t h  pres7 nt 
a nd a 1 4  dB S/N r a t i o ,  the BER i s  5 x 1 0 - . 
A t z e ro mul t i p a t h  de lay , t h e  ch a ng e  in BER i s  
d ue o n ly to S / N  c ha ng e s  w i th a n  a v e r age B E R  of 
a bo u t  1 . 5  x 1 0 -6 . Th i s  ave rage BER i s  g r e a t e r  
t h a n  t h e  no m u l t i pa t h  c a se b e c a u s e  f ades o f  
5 . 1  d B  a n d  e n h a nceme n t s  of o n l y  3 . 2  d B  occur 
for a R 1 /R2 o f  7 dB . S i nce a p s uedo- r a nd om 
s equence b 1 t  ge n e r a to r  i s  used to produce the 
d a t a  s t re am ,  the amp l i t ude v a r i a t i o ns d im i n i s h  
a s  t h e  mu l t i p a t h  de l a y  e x t e n d s  to l - b i t  dura­
t i o n . H e n c e , the e r ror c ha nges d ue to S/N 
d im i n i s h e s  a s  s hown by the n a r row h a t c h- l i nes , 
" BE R  d ue to S/N o n l y . "  De lay t imes g r e a t e r  
t h a n  1 - b i t  d u r a t i o n  theore t i c a l l y  prod uce no 
c h a ng e s  in BER d ue to S/N b e c a u s e  no amp l i t ude 
va r i a t i o n s  o c c u r  as a re s u l t  of the mu l t i p a t h  
s i g n a l . 

E r rors d ue to i n t e rsymb o l  i n te r f e re n ce for 
t h i s  con t r o l led mu l t i pa t h  c a s e  ( F ig . 1 - 3 6 )  are 
s hown to d� v e rg e  f r om z e ro de l a y , where a BER 
of 5 x 1 0 - is that for a no mu l t i pa t h  s t a t e . 
T h i s  i nd i c a t e s  t h a t  t h e re i s  no i n te r symbol 
i n t e r f e rence co n t r i b u t ion ak z e ro m u l t i p a t h  
de l a y  re l a t ive t o  t h e  d i re c t  s ig n a l . A s  the 
mu l t i p a t h  de lay i n c r ea s e s ,  t h e  max imum a nd 
m i n imum co n t r i b u t ions f r om i n te r s ymbo l  i n t e r­
f e r e n ce a r e  s hown by the broad s pa c ed h a tc h­
l i ne s  e x t e nd i ng to c o i n c i d e  w i t h the to t a l  
co n t r i bu t ion of e r rors a t  a de lay t ime equa l 
t o 1 - b i t  d u r a t ion . P a r t  of the e r rors a t t r i­
b u t ed to i n t e r s ymbol i n t e r fe re nce are the 
re s u l t  of the compo s i t e of the d i re c t  s i g n a l  
a nd m u l� i p a th s i g n a l  produc i ng a p h a se s h i f t 
i n  t h e  recons t r u c ted ca r r i e r .  The recon­
s t r u c ted c a r r i e r  i s  ma n u a l l y  p h a se ad j u s ted to 
prov i d e  a z e ro refe rence to the phase de t e c tor 
i n  the d emod u l a tor for recovery of the base­
b a nd s ig n a l . Th i s  compo s i te s ig n a l  phase 
s h i f t  is c y c l ic at the r f  r a t e  a nd the r e s u l t­
i ng p h a s e  e r ro r  accoun t s  for mo s t  of the 
m a x imum-m i n imum BER e x c u r s i o n s . 

The BER d ue to a mu l t i p a t h  s ig n a l  i s  depe nde n t  
o n  the c ha n ne l S/N a nd t he s t re ng th of the 
m u l t ipa t h  s ig n a l . For a d i r e c t - to-m u l t i p a t h  
s i g n a l  r a t io o f  8 d B ,  F ig u r e  1 - 3 7 s hows meas­
ured a nd e x t rapola t ed v a l u e s  of BER a s  a func­
t io n  of S/N compared to a c u rve s how i ng sys tem 
p e r f o rm a n ce w i thout a mul t i p a t h  s ig n a l . A l l  
v a l u e s  p l o t t ed a r e  f o r  a � a s e  where t h e  mul t i­
p a t h  s ig n a l  de l a y  � s 1 - b i t  d u r a t io n  or 
g r e a te r .  The mea s ured po i n t s  u s i ng the p a s­
s i ve re f l e c t o rs to produce con t r o l led mul t i­
pa t h  a r e  i nd i c a t ed by the sma l l  c i rc les on the 
f ig ur e . These po i n t s  i n c l ude m i n imum , aver­
age , a nd m a x imum BER as a r e s u l t  of the mu l t i­
p a t h  s ig n a l  be i ng con t i nu o u s l y  v a r i e d  i n  de l ay 
t ime over s e v e r a l  rf cyc l e s . 
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Figure 1- 3 6 .  BER in the presence o f  rnultipath signals due to inter syrnbol 
interference for a S/N of 11 dB and a direct-to-rnultipath 
s ignal ratio of 7 dB . 
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B i t  e r ror r a t e  v e r s u s  S/N c u r v e s  a r e  e x t rapol­
a t ed f rom m e a s u r ed d a t a  f o r  t h ree d i f f e r e n t  
r a t i o s  o f  d i r e c t- to-m u l t i p a t h  s ig n al l e ve l i n  
F ig u r e  1 - 3 8 .  A n  e s t i m a t ed s c a l e  of R 1 /R2 
s ta r t i ng a t  7 dB and e x t e nd i ng to oo ,  wh i c h  i s  
t h e  no m u l t i path s t a t e , i s  i n c l ud ed f o r  t h e  
c a s e  whe re the mu l t i p a t h  de l a y  t ime i s  1 - b i t 
d u r a t i on or g re a te r .  

Mu l t i p a th s ig n a l s  i n  a h ig h  da t a  r a t e  c h a n n e l  
have a s e r i ou s  e f f e c t  on d a t a  t r a n s f e r  r a t e s 
d u e  to i n c r e a sed e rrors . Th i s  t r e a tme nt of 
m u l t i pa t h  i nv o l v i ng a s i ng le d i sc r e t e  s i g n a l  
does n o t  u s u a l ly r ep r e s e n t  a n  a c t u a l  pa th 
where several compo n e n t s  of m u l t i p a t h  may oc­
cur or nume rous s c a t t e rs may e x i s t . Howeve r ,  
the m e a su reme n t s  made f o r  th i s  a n a l ys i s  w i l l  
p r ov ide a n  ord e r  o f  mag n i tude o f  c h a n n e l  de­
g r a d a t ion for the cond i t i o n s  that may be en­
c o u n t e red in a n  urban e nv i ronme n t . 

The r e s u l t s  of t h i s  p r o j e c t  a re c on t a i n ed i n  a 
r e p o r t  to the s pons o r , u . s .  Army Re port C E COM 
8 3 - 3 e n t i t l e d , " Urban M i l l im e t e r  Wave Propaga­
t io n  s tu d i e s . "  

W i t h the c u r re n t  h ig h  i n t e re s t  i n  m i l l ime t e r  
w a v e s , t h e re i s  a need f o r  a re l i ab le mod el t o  
p r ed i c t  a v e r a g e  l o s s  a nd de l a y  e f f e c t s  of the 
a tmosphe r ic propag a t i on med i um f r om e a sy- to­
o bt a i n  m e t e orolog i c a l  d a t a . S uch a mode l 
wou ld f i nd cons i d e r a b l e  p r a c t i c a l  a pp l i c a t ion 
t hrou g h  conv e rs ion of ge n e r a l l y  ava i l a b l e  
c l i m a t o l og i e s  i n to t r a n s f e r  cha r a c t e r i s t i cs o f  
a rad i o  pa t h . W a t e r  i n  both v a p o r  a nd l i q u i d  
s t a t e s  i s  t he m a j or d e t e r re n t  to a n  u nre­
s t r i c t ed e x p l o i t a t ion of m i l l im e t e r  wave­
l e ng t h s . For the I TS propag a t i on mode l ,  mo i s t  
a i r  i s  c h a r ac t e r i z e d  f o r  t h e  f r eque ncy range 
1 to 3 0 0 ( 1 0 0 0 ) GHz a s  a non t u r b u l e n t  propaga­
t io n  med i um .  The med i um i s  t r e a ted a s  an e n­
semb l e  of mo l e c u l e s  a nd p a r t i c l e s  i n  wh i c h  
s p e c t r a l  fe a t u r e s  of wa t e r  vapo r ,  oxyge n ,  s u s­
p e nded w a t e r  d rop l e t s  ( hy d r o s o l ) ,  a nd pre c i p i­
t a t io n  con s t i tu t e  the ma i n  a b s o r be r s . 

The s p e c t ro s c o p i c  d a t a  b a s e  co n s i s t s  o f : 

o r e s o n a n c e  i nf o rma t i o n  f o r  3 0  H2 0 l i ne s  
b e t w e e n  2 2  a n d  9 8 7  G H z  

o r e s o n a n c e  i n fo rma t i o n  f o r  4 8  o2 l i ne s  
b e tween 4 9  a n d  8 3 4  G H z  

o a con t i nu um s pe c t r um d ue to > 2 0 0 0 H2 0 
l i ne s  a bove 1 0 0 0  G H z  

o a con t i n u um s pe c t r um d ue to nonre s o n a n t  o 2 
a nd p r e s s ure- i nd u c e d  N 2 a b so r p t ion 

o a s uspe nded wa t e r  drop l e t  ( h a z e , fog , 
c l oud ) a t t e n u a t ion te rm 

o a s im p l e  r a i n  a t t e n u a t i o n  mode l . 

The d a t a  b a s e  i s  a p p l i ed i n  two comp u t e r  p ro­
g rams to c a l c u l a te a nd to p l o t  s pe c i f i c a t t e n­
u a t ion � ( dB/km ) a nd d i s pe rs i ve de l ay 8 ( ps/km ) 
t h roughout the neu t r a l  a tmos phe re . 

P rogram 1 covers the lowe r a tmosphere ( 0  to 
3 0  km ) a nd requ i re s  the i np u t  d a ta : pr e s s u r e  
P ,  tempe r a t u re T ,  r e l a t i v e  h um i d i ty RH , c l oud 
wa t e r  conc e n t r a t i o n  w, a nd r a i n  r a t e  R .  A 
t y p i c a l  g r a p h i c al o u t p u t  i s  i l l u s t ra ted i n  
F ig u r e  1 - 3 9 . 

5 0  

P r og r am 2 ad d r e s s e s  i s o l a ted l i ne be hav i o r  
over the h e i g h t  r a n g e  3 0  t o  1 0 0  k m ,  whe re i n  
t he g e omag n e t i c  f ie l d  s t r e ng t h H i s  a n  add i­
t i o n a l  i np u t  p a r ame t e r  d ue to the Z e eman e f ­
f e c t  o f  t h e  o 2 mo l e cu l e s . E a c h  oxygen l i ne 
s p l i t s  p r opor t i onal w i t h H i n to n ume rous s u b­
l i n e s , wh i c h  s u pe r impo s e  to fo rm a Z e ema n  pa t­
t e r n  s p r e ad over a megahe r t z  s c a l e . 

A p r og r am w a s  o u t l i ned to de ve l op a pe r f o rm­
a nc e  mod e l  f o r  f i xed t e r re s t r i al m i l l ime t e r  
w a v e  c ommu n i c a t ions sys tem s ope r a t i ng i n  the 
10  t o  1 0 0  G H z  f requency r a nge . Rad io p a t h  
d i s t a n c e s  u p  to abou t 1 0 0 k m  a nd s ig n a l  ba nd­
w i d t h s  of s e v e r al g i g a he r t z  are f e a s i b l e . The 
key pe r f o rm a n c e  pa rame t e r  fo r both a n a l og and 
d ig i t a l  s y s t ems i s  the s i g n a l - to- no i se ra t i o 
r e a l i z e d  a t  t h e  rece ive r . F ad e  m a rg i n s  f o r  
t h i s  r a t io n e ed t o  b e  e s t a b l i s hed f o r  s y s t ems 
to to l e r a t e  propag a t ion l o s s e s  c a u sed by ad­
v e r s e  w e a t h e r  and o b s t a c l e s  in the p a t h  ( se e  
g e n e r a l  example i n  F ig .  1 - 4 0 ) .  The r o l e  o f  
t h e  mo d e l  i s  to r e l a te p a t h  d i s t a n c e , s ys t em 
p a r am e te r s , a nd o c c u r r e n c e s  o f  v a r i o u s  p r opa­
g a t ion l o s se s , most n o t a b l y  t ho s e  d u e  to ra i n ,  
i n  orde r t o  e s t ab l i s h the l i nk av a i l a b i l i ty .  

The mod e l i ng s t r a t egy w i l l  be to e n s ure " e a se­
o f- o pe r a t i o n "  a nd v i ab l e  t r ade-o f f  op t i o n s  for 
opt imum p e r fo rmance . The mode l  a r ch i t e c t u re 
w i l l  be s t ru c t u r e d  to pe rm i t  u pd a t i ng i n  a 
f a c i l e  m a n n e r  w i th empha s i s  on l i n k  s e c u r i t y 
a nd o t h e r  s pe c i a l r e q u i reme n t s  fo r ap p l i c a ­
t i ons by t h e  u . s .  Army . F u t u re d e s i red mod i ­
f i c a t i o n s  of the i n i t i a l  ve r s i o n  a r e  i d e n t i­
f i e d , a nd it is s t rong l y  s u g g e s t ed t h a t  the 
p h a s e  of d e v e l opme n t  towa rd a n  u l t im a t e  mod e l  
be p a r a l l e l e d  by e x t e n s ive f i e ld t e s t s . M u l ­
t i p l e- f r e q ue ncy expe r ime n t s  s ho u l d  b e  c a p a b l e  
( 1 ) of d e t e c t i ng d e ep f ade s ( po te n t i a l  o u t ­
ag e s )  ove r 0 . 1  to 1 0  m i nu t e  pe r i od s  and ( 2 )  of  
ope ra t i ng a t  h i gh d i g i t al data r a t e s  ( 0 . 1  to 
1 Gb i t/ s ) s o  that m i s s i ng data fo r t e s t i ng a nd 
v e r i f i c a t i on of the mod e l  b e c ome a v a i l a b l e . 

Abso l u t e  a t t e nu a t ion r a t e s  a nd r e f r ac t i v i t i e s  
d ue t o  w a t e r  v a por a nd mo i s t  n i t rogen h a v e  
b e e n  me a s u red i n  t h e  l a b o r a t o r y  a t  1 3 8  GH z ,  
3 0 0 K ,  p r e s s u r e s  up to 1 . 5  a t m ,  a nd r e l a t i v e  
h um i d i t i e s  u p  to 1 0 0  p e r c e n t . The com p u t e r­
con t ro l led me a s u r i ng s y s tem c omp r i se s  a m i l l i­
me t e r  wave r e s o n a nc e  s p e c t rome t e r  ( 0 . 1 5 k m  
e f f e c t i ve p a t h  l e ng t h )  a nd a h um i d i ty s imu­
l a to r . S e v e r a l  shortcom i n g s  o f  e a r l i e r  me a s­
u r eme n t  a t t emp ts have been r e c t i f i e d . The 
d a t a  ( F ig . 1 - 4 1 )  a r e  i n t e rp r e ted a s  a w a t e r  
v a po r  c on t i n u um s p e c t rum c on s i s t i ng of two 
t e rm s , n am e l y  s t rong se l f- b roade n i ng ( H 2 0-H 0 )  
p l u s  f o re i g n- g a s- b roade n i ng ( H 2 o- N 2 ) co n t r i5u ­
t io n s . 

The new r e s u l t s  h ave imp l i c a t i o n s  f o r  mode l i ng 
a tmosphe r i c  EHF w i nd ow t r a n s p a re n c i e s  a nd f o r  
r e v i s i ng e s t ab l i shed H 2 o l i ne broade n i ng 
theory . The w a t e r  v a por c on t i nuum is mode l e d  
by 

N '' = 
c 

ppm 

where p is the p a r t i a l  dry a i r  p r e s s u r e , 
p=P- e . The c oe f f i c i e n t s  are c ho s e n  a c c or d i ng 
t o  the fo l low i ng scheme : 
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Spec i f i c  attenuation a ( dB/km) and di spers ive d e l ay S 
( p s/km) for humid air at sea level ( RH=O to 1 0 0 % ) . Also 

shown i s  fog attenuation for a l iquid water concentration 
w=O . l  g/m 3 ( about 3 0 0  m v i s ib i l i ty )  and rain attenuation 
for the rates R=l ,  1 0 , and 1 0 0  mm/h . The nond i spers ive 
refractivity is N0 • 
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Tab le 1 - 6  compares t he resul t s  o f  the o l d  and 
t he new c on t i nuum f o r  t he case of pred i c t i ng 
zen i th a t te nua t i o n  A ( dB )  t h r ough a model atmo­
sphere . 

E xce� t f o r  a s t rong sel f - b roaden i ng compo nent 
( cr e ) ,  no add i t i o nal anomal ous behav i o r  was 
obse rved c o n t rary to f i nd i ng s  by other 
wo r k e r s - - not even at saturat i on ( RH= 1 0 0 % ) .  

In our case , we cou l d  c lea r l y  ide n t i fy anoma­
lous absorp t i on behav i or ( e . g . ,  unusual ly h i g h  
rates , ext reme tempe rature dependenc i e s ,  hys­
tereses in p res sure and t emperature c yc les ) a s  
be i ng i n s t rume n tal , t hat i s ,  c onde ns at i o n  ef­
fec t s  o n  t he m i l l i me te r- wave ac t i ve par t s  of 
t he spe c t r ometer . Cons ide rab le e f f o r t  had to 
be expended before t he i n s t rume n t  produced 
c o n s i s ten t ,  repr oduc i b le resu l t s . 

P rac t i cal i mp l i cat i on s  of t he new , t houg h 
prel i m i nary , E H F  wa ter vapo r con t i nuum to 
propaga t i on mode l i ng are not too ser i ous . U p  
to rel a t ive hum i d i t ies of RH�6 0 percen t ,  es­
sen t i a l ly t he w i dely used emp i r i ca l  Gaut­
Re i fens te i n  con t i nuum i s  co n f i rmed . At h i g he r  
hum i d i t ies , i n c reases over the G R  co n t i nuum 
( by a fac t o r  1 . 5  at RH= 1 0 0 % ) and a non l i near 
dependence on abso lute hum i d i ty are p red i c ted . 

Bef o re t he m i l l imeter wave po r t i o n  of t he 
rad i o  s pe c t rum can be used e f f i c ien t ly for 
ear t h- satel l i te commun i c a t i o n s , means of 
accurately pred i c t i ng t he at tenuat ion o f 
m i l l i meter waves p r opaga ted along an ear t h­
sate l l i te path are needed . A h i g h  re l i ab i l i ty 
commun i cat i o n  l i n k shou ld not su f fer outages 
more t han a few percent o r  f ract i ons of a pe r­
cen t of the year and , therefo re , mus t be de­
s i g ned to to lerate levels of at tenuat ion that 
are only rarely exceeded . 

Ra i n  has l o ng been k nown to be the cause o f  
t h e  h i g h  leve l s  of m i c rowave at tenua t ion ex­
ceeded sma l l  f ract i o n s  of t he yea r . E s t imates 
of the cumulat ive d i s t r i but i o n  of at tenua t ion 
due to ra i n  are used to pred i ct the amoun t of 
t i me an ea r t h- satel l i te m i c rowave l i n k w i l l  
exper i e nce outages . 

As rad i o  freque n cy i n c rease s , the at tenua t io n  
due t o  c l ouds i n c reases . A l t hough c l oud a t ­
tenua t i o n  i s  neg l i g i b le a t  m i c rowave frequen­
c i es , it can bec ome q u i t e  la rge for m i l l imeter 
waves . 

The M i l l i me ter Wave C l oud A t tenua t i o n  p r o j e c t  
at ITS was d i rected toward de term i n i ng whether 
ra i n  s t i l l  dom i na ted the cumula t i ve d i s t r i bu­
t i on o f  at tenuat i o n  at sma l l  pe rcentages of t he 
year o r  i f  c l oud at tenua t i o n  mus t  be i n c luded 
to p red i c t  the pe r fo rman ce o f  h i g h rel i a b i l i t y  
m i l l i me ter wave commun i cat i o n  sys tem s . 

The a t tenuat i o n  due to ra i n  produc i ng c l ouds 
was i nves t igated , and a mode l devel oped to 
p red i c t  t he cumula t i ve d i s t r i but i o n  of c l oud 
at tenua t i o n  based o n  the cumula t i ve d i s t r i bu­
t i on of po i n t ra i n  ra t e .  In F igures 1 - 4 2  and 
1 - 4 3 , c umulat i ve d i s t r i but i o n s  o f  at tenua t i o n  
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due to ra i n  and ra i n  produc i ng s t ratus and 
cumulus c l ouds are s hown f o r  3 0  and 9 0  GHz 
respe c t ivel y .  It can be see n that at 9 0  GHz 
c l oud a t tenuat i on co n t r i butes to the total 
cumulat ive d i s t r i but i o n  of attenua � i o n  at 
perce n tages of t he year when ra i n  attenuat ion 
dom i nates at lower rad i o  fr equenc i es . The 
model i n d i cates that c l oud atte nuat ion dom i­
nates t he to tal cumula t i ve di s t r i but ion of 
at tenuat i o n  for f requenc ies above 1 4 0  GHz . 

T he I TS c l oud a t tenua t i o n  model can be used to 
improve pred i c t i o n s  of the cumulat ive d i s t r i­
but i o n  of m i l l imeter wave attenuat ion for 
smal l f rac t i o n s  of t he yea r . Further devel op­
me n t  of the mode l is needed fo r mo re ac curate 
pred i c t i o n s . A t tenuat ion due to no np rec i p i ­
tat i ng c l ouds and the geog raph i cal va r iab i l i ty 
o f  t he l i quid wa ter content of c l ouds shoul d 
be i n c luded i n  t he mode l . 

Ra i ndrop- s ize data taken i n  four mac roscale 
c l imat i c  zo nes ( Z ones A, B ,  C ,  and D) have 
been exam i ned . The exam i nat ion shows cons id­
e rable d i spar i ty in drop de ns i t i es in the 
sma l l  drop s izes , but reasonable agreeme n t  
w h e n  la rge r ( g reater t han about l mm ) drop 
d i ame ters are c o n s ide red . An ex i s t i ng drop­
s ize model can be f i t ted to much of the data 
for the la rger drop s izes ; however , the model 
parame te r N s hows a large va r i at i o n , and i t  
i s  apparen t�y not related t o  ra i n  ra t e .  There 
i s  a pauc i ty of data fo r a r id and cold c l i ­
mates ; f o r t unate l y ,  there i s  a la rger data 
base fo r t he mo re popula ted trop i c al and hum id 
temperate c l imates . 

O n  the bas i s  of the mac roscale subd i v i s i on of 
t he world ' s  c l imates , the d rop- s ize d i s t r i bu­
t i on da ta i n  the four c l imat ic zo nes were used 
to develop zonal coef f i c ients for the spec i f i c 
a t tenua t i o n- ra i n  rate relat i o ns h i p :  

az ( f ,  R )  
b ( f )  

a ( f ) R  z ± S . E . , z ( 1 ) 

where lt ( f , R )  represe n t s  a zonal ( z )  average 
spec i f i� at tenua t i o n  t hat is related to ra i n 
rate , R ,  by s tat i s t i cal reg re s s i o n  techn iques 
app l i ed .  to g i ven zonal data at a g i ve n f re­
quency , f .  The values a ( f )  and b ( f )  t hen 
rep resent coef f i c i e n t s  d� r i ved f ro� t he re­
g res s ion f i t s ,  and S . E .  i s  the " s tandard error 
of e s t imate . "  

Tab les 1 - 7  t h rough 1 - 1 0  s how the resu l t s  of 
t he reg res s i on f i ts�r Z o nes A t h rough D ,  
respect i ve l y .  The f i rs t  co lumn of these 
tab les s hows f requency , t he second c o lumn 
s hows zonal ly evaluated reg res s i o n  resul t s ,  
and the t h i rd column s hows some resu l t s  that 
are of ten recommended i n  the l i teratu re . The 
resu l t i ng coef f i c i en t s  do l i t t le to reso l v e  
a ny confus i o n  t hat m i g h t  ex i s t  i n  t h e  m i l l i ­
me ter wave reg i o n  as to wh i c h  set of coef f i ­
c ie n t s  i s  truly mean i ng ful . The resu l t s  con­
t i nue to i nd i cate t he random behav ior of 
at tenua t i o n  on a c l imato log i c al bas i s ,  imply­
i ng an ex i s t i ng need to as sess var iab i l i ty and 
s tat i s t ical bounds on any k i nd of relat i o n s h i p  
used for pred i c t i o n  purposes . A s  we l l ,  t here 
i s  i nd i cated a need fo r e i t her a mo re cons i s­
tent and mean i ng ful c l imato log i cal c las s i f i ca­
t i o n  s t ructure o r  more da ta w i t h i n  t he zonal 
c las s i f i ca t i o n s  used in t h i s  e f f o r t--or bo t h .  



Table 1-6 . Comparison of Zenith Attenuation A ( dB ) Predicted for a 
Synthetic Atmosphere ( 3 0oN , July) by Employing the ITS Mi llimeter 

Wave Propagation Model with Old ( Gaut-Reifenstein)  
and New Water Vapor Continuum Absorption 

Model Atmosphere 3 0 ° N ,  July 

R A Y  P A T H  A N G L E : 0 . 0 0 D E G R E E S  F R O M  Z E N I T H 

I N T E G R A T E D  T H R O U G H  M O D E L  A T M O S P H E R E : P
o 

= 1 0 1 . 3 5 K P A , T
o 

= 3 0 1 . 1 5 

3 1  H E I G H T  L E V E L S , H = 0 T O  3 0  K M , 

I N T E G R A T E D W A T E R  V A P O R  v = 5 2 . 6 8 5  7 0 . 2 4 7  M M , 

E L E C T R I C  P A T H  L E
.
N G  T H  L

E 
= 2 6 2 7 . 1 6 2 7 3 9 . 0 2 M M . 

F R E Q U E N C Y ( G H Z ) A T T E N U A T I O N ( D B )  A T T E N U A T I O N ( D B )  

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

3 5 . 0 0 . 6 3 . 7 0 . 7 4 . 9 6 

4 0 . 0 0 . 7 9 . 9 0 . 9 1 1 . 2 1 

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

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

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

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

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

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

7 5 . 0 0 2 . 4 2 2 . 7 8 2 . 7 5 3 . 7 8 

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

8 5 . 0 0 2 . 4 8 2 . 9 5 2 . 8 9 4 . 2 2  

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

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

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

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

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

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

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

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

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

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

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

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

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

O L D N E W  O L D N E W  

56  

K ,  
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The r e a l  conc l u s i o n  o f  th i s  e f f o r t , tha t u s e  
of any o f  the mod e l ed s p e c i f i c a t t e nu a t i o n­
r a i n  r a t e  re l a t i o n s h i p s  s hou l d  be p u r s u e d  w i t h 
c on s i d e r a b l e  c a u t i o n  a t  m i l l ime te r-wave f r e ­
q u e n c i e s , w i l l  pe r h ap s s t i mu l a te e nd e a v o r s  to 
a c q u i re more a nd me a n i ng f u l  r a i n  a t t e n u a ­
t i o n / r a i n  de s c r i p t i o n  da t a  w i t h  the i n t e n t  of 
p rov i d i ng u s ab le p r e d i c t i on r e l a t i o nsh i p s . 

T a b l e  1 - 7 . C oe f f i c i e n t s  f o r  Z o n e  A o f  
t he Re l a t i on i n  E q u a t i o n  ( 1 }  

Evaluated fran Canmonl y used 
Eq. ( l )  Coeff icients 

Frequency 
( GHz ) az ( f )  bz ( f )  S . E .  a (  f )  b ( f )  

1 0  -3 0 . 899 0 . 300 l .  36xl0-2 1 . 150 4.  72xl0 _2 3 0  8 . 66xl0 0 . 735 2 . 06 0 . 186 1 . 043 
60 0 . 3 3 1  0 . 6 1 1  4 . 17 0 . 80 1  0 . 851  

1 00 0 . 637 0 . 515 5 . 2 1  1 . 48 0 . 730 
300 0 . 956 0 . 423 5 . 3 4  2 . 24 0 . 6 14  

T a b l e  l - 8 . C oe f f i c i e n t s  fo r Z on e  B o f  
t he Re l a t i on i n  E q u a t i o n  ( 1 )  

Frequency 
(GHz ) 

1 0  
3 0  
60 

100 
3 00 

az ( f )  

Evaluated fran 
Eq. ( l )  

bz ( f )  S . E .  

-3 6 . 44xl0_2 1 . 14xl0 
0 . 93 7  
0 . 8 14 

0 . 09 
0 . 9 1  
0 . 74 
1 . 37 
1 . 67 

0 . 424 0 . 748 
0 . 802  0 . 665 
1 . 19 0 . 575 

Canmonl y used 
Coeff icients 

a( f )  

l . 3 6xl 0-2 
0 . 186 
0 . 80 1  
1 . 48 
2 . 24 

b ( f )  

1 . 150 
1 . 043 
0 . 8 5 1  
0 . 73 0  
0 . 6 14  

T a b le 1 - 9 . Coe f f i c i e n t s  fo r z o n e  C o f  
t he R e l a t i o n  i n  Equ a t i o n  ( l }  

Evaluated from Canmonly used 
Eq. ( l )  Coeff icients 

Frequency 
(GHz ) az ( f )  bz ( f )  S . E .  a (  f )  b ( f )  

10 7 . 74x10-3 1 . 224 0 . 64 l . 36x10-2 1 . 150 
30 0 . 125 1 . 0 1 5  3 . 52 0 . 186 1 . 043 
60 0 . 444 0 . 855 6 . 09 0 . 80 1  0 . 8 5 1  

1 0 0  0 . 806 0 . 737 7 . 16 1 . 48 0 . 730 
300 1 . 16 0 . 623  7 . 23 2 . 24 0 . 6 1 4  

T a b l e  l - 1 0 . Coe f f i c i e n t s  f o r  zone D o f  
t h e  R e l a t i o n  i n  Equa t io n  ( l )  

Frequency 
(GH z ) 

10  
3 0  
60 

lOO 
300 

az ( f )  

Evaluated fran 
Eq. ( l }  

bz ( f )  S . E .  

l . 42xl0-2 1 . 149 0 . 57 
1 . 6 1  
2 . 93 
3 . 84 
4 . 04 

0 . 237 0 . 875 
0 . 8 16 0 . 690 
1 . 4 1  0 . 578 
1 . 88 0 . 490 

canmonl y used 
Coef f icients 

a( f )  

l . 36xl0-2 
0 . 186 
0 . 80 1 
1 . 48 
2 . 24 

b( f )  

1 . 150 
1 . 043 
0 . 851  
0 . 730 
0 . 6 14  
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The R i c e- H o lmbe rg ( RH )  mo d e l  fo r pred i c t i ng 
r a i n  r a t e  a n n u a l  d i s t r i b u t i o n s  m a k e s  u se of a n  
i n t e rmed i a te pa r ame t e r  known a s  the " t hunde r­
s to rm r a t i o , "  B .  I n  t he RH mod e l ,  the pu rpose 
of B is d i s t i n c t i o n  be twe e n  conv e c t i v e  and 
s t r a t i f o rm types of ra i n f a l l .  The t h unde r­
s to rm r a t i o  w a s  o r i g i n a l l y  de f i ned a s  

B = Bo{ 0 . 2 5 + 2 e x p  [ - 0 . 3 5  ( �  + O . l 2 5 M ) l } , ( 2 )  

where 
B 0 = 0 . 0 3 + 0 . 9 7 e x p [ - 5  e x p  ( - 0 . 0 0 4 Mm ) ] . ( 3 }  

I n  ( 2 )  and ( 3 ) ,  
M = t h e  ave r a g e  annu a l  p r e c i p i t a t ion i n  

m i l l i m e t e r s , 

u = t he ave rag e  a n nu a l  numbe rs of days 
w i th pre c i p i t a t ion g r e a t e r  t h an . 0 1  in 
( . 2 5  mm ) , and 

t he max i mum mo n t h l y  prec i p i t a t i o n  i n  
3 0  c o n s e c u t i ve y e a rs of re cord , i n  
m i l l ime t e r s . 

F o rm u l a s  ( 2 }  a nd ( 3 ) have two u n f o r t u n a t e  as­
pe c t s .  F i rs t ,  they g e ne r a l ly r e qu i re a c a l c u­
l a tor to u se . Second , and mo r e  impo r t a n t , 
they requ i re the o n l y  u se of Mm i n  the RH 
mode l c a l c u l a t i o n s . The v a l ue M i s  ve ry d i f­
f i c u l t  to o b t a i n  on a wor l d w i de �a t a  bas i s ,  
wh i c h  o f t e n  g r e a t l y  red u c e s  ( some t i mes to 
none ) the number of RH mod e l  r e s u l t s  tha t c a n  
be c a l c u l a ted i n  a g i ve n  pa r t  of the wor l d . 
T h e r e  i s ,  howe ve r ,  an a l t e r n a t i ve . I f  we 
d e f i ne the t h unde r s torm r a t i o  a s  the rat i o  of 
u ' , the annual numbe r of days w i th thunder­
s to rms to D 0 1 ' ,  the annual numb e r  of days 
w i t h p re c i p i t a t i on g r e a t e r  than . O l  i n .  T h e s e  
d a t a  h a v e  m u c h  g r e a t e r  wor l d w i d e  ava i l a b i l i ty .  
The s t a t i s t i c a l  me a s u r e s  of u '  a n d  D 0 1 •  a r e  
t h e � r �e a n s , u and o

_ 0 1 , a n d  the i r  s t a nd a rd 
d e v 1 a t 1ons s u a nd s D . O l ' 

F ig u r e  l - 4 4  shows a con t o u r  map of t h e  ra i n  
r a t e ,  R . O l ' e x p e c t ed to b e  e x c e e d e d  0 . 0 1  pe r­
c e n t  of an a v e r a g e  ye a r , de r 1 ved f rom B ,  and 
F i g u r e  l - 4 5  s hows the s ame m ap de r i ved f rom 
u/D 0 1  i ns t e ad of B · Both map s a re fo r t he 
U n i t e d  S ta t e s . The most not a b l e  d i f f e r e nce i n  
t h e

. 
t�o map s  i s  the d i� i nu t i o n  o f  R . o l i n the 

P a c 1 f 1 c N o r t hw e s t  o n  F 1g u r e  l - 4 5 as con t r a s te d  
w i t h F ig u r e  1 - 4 4  a n d  r e s pe c t i v e l y  h i g he r  
R 0 1 • s  i n  t h e  G r e a t  Bas i n  o n  F ig u re l - 4 5 .  
F ig u r e s  1 - 4 6  a nd l - 4 7  c o n t r a s t  R . 0 1 s de r i ved 
f r?m S a nd u/D , 0 1 , r e s p e c t i v e l y , f o r  Sou t hwe s t  
As l a . H e r e  t h e  mo s t  not a b le f e a t u re 1 s  the 
g re a t e r  data a v a i l a b i l i ty o f  F ig u r e  l - 4 7  
c ompa red to F ig u r e  1 - 4 6 . I n  some a r e a s  of the 
wor l d , the u/D me t hod is the o n l y  f e a s i b l e  
a pproach t o  d a t a  c o n to u r i ng be c a u se o f  a 
n e a r ly t o t a l  a b s e nce of B i n fo rmat i o n . F ig u r e  
l - 4 8  fo r the Repub l i c  of K o r e a  ( So u t h  K o re a )  
a nd F igure l - 4 9  for C e n t r a l  Ame r i ca s how 
c o� to� r map s of R . O l  d e r i ve d  f r om u/D whe r e  
t h 1 s  1 s  t h e  c a s e . 

T a b le i - l l  s hows an a n a l y s i s  a nd summa ry of 
the comp a r i so n  of o b s e rved r a i n  r a t e  d i s t r i ­
bu t i o n s  from 2 0  u s a b le da t a  l o c a t ions w i t h 
p r e d i c t ed r e s u l t s  f rom t he RH mode l u s i ng t he 
B a nd u/D O l  t hu nd e r s t o rm r a t i o s . The o n l y  
l i ke ly s i gn 1 f i ca n t  c omp a r i son of data d i s t r i­
b u t ions w i th t h e  pred i c t i o n  d i s t r i b u t ions i s  
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Figure 1- 4 4 . Rain rates p RO l ' expected to be exceeded 0 . 0 1% of an average 
year in the Unlted States , der ived from the thunderstorm ratio , S .  
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Table 1-ll.  Absolute Value of Observed Rain Rate Deviation, i\R, OUtside Predicted 0 . 5  and 99 . 5  Percent 
Confidence Limits Using the 'IW:l Thunderstonn Ratio Estirrating Procedures in the RH Model 

Observing 
Station 

i 

Miami , FL 

Island Beach, NJ 

Data 
Period 

(years) 

1 

l 

Franklin, NC 1 . 25 

Wallops Island, VA 4 

Stockholm, SWeden 

Stockholm, SWeden 

Atlanta, GA 

Majuro Atoll , 
Marshall Islands 

Palmetto, GA 
(near Atlanta) 

Paris , France 

Tokyo (Takematsu) , 
Japan 

Tokyo (Kashi.rra) , 
Japan 

Woody Island, 
Alaska 

Paris (Montsouris) , 
France 

Paris (Gor<etz) , 
France 

Rio de Janeiro, 
Brazil 

Blacksburg, VA 

Tokyo (Shakujii) , 
Japan 

Tokyo (Sakai) , 
Japan 

Dannstadt, FRG 

Average 
Departure, I LIRI  

2 

2 

20 

1 

2 

13 

l 

l 

2 . 83 

10 

1 

3 

3 . 67 

l 

1 

0 . 83 

Gauge i LIR. i l 
Integration at l% 

Time Exceedance 

(min. ) s 

1 0 

1 0 

l 0 

0 . 03 0 

l 0 

1 0 

5 0 

1 0 

5 

1 

? 0 

? 0 

l 0 

1 

1 

1 

? 2 

? 

? 

5 0 

0 . 10 

Level 
(rrrn/hr) 

U ' /D ' . 01 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

0 

0 . 05 

i LIRi i 

at 0 . 1% 
Exceedance 

Level 
(nm/hr) 

i LIRi i 

at 0 . 01% 
Exceedance 

Level 
(nm/hr) 

i i\Ri l 
at 0 . Ooloo 
Exceedance 

Level 
(rrrn/hr) 

s U ' /D ' S . 01 U ' /D '  S . 01 U ' /D ' . 01 

0 0 0 

0 0 0 

0 0 0 

0 0 13 

0 0 14 

0 0 0 

0 0 0 

2 9 0 

3 0 0 

0 

0 0 0 

0 0 14 

0 0 0 

0 

0 0 0 

8 

0 0 0 

0 0 0 

1 3 0 

0 0 0 

0 0 

0 0 

20 

0 

7 l 

0 19 

0 l 

15 0 

0 15 

0 0 

9 

0 

0 32 

0 0 

0 49 

0 59 

0 4 

24 0 

33 3 

0 13 

0 

2 

3 

21 

0 

0 

12 

4 

0 

4 

56 

37 

21 

43 

30 

21 

0 . 13 0 . 17 1 . 6 2  1 . 65 6 . 02 6 . 94 
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Assigned 
Weight, 

wi 

1 

l 

1 . 25 

4 

2 

2 

20 

l 

2 

13 

1 

l 

2 . 83 

10 

1 

3 

3 . 67 

1 

l 

0 . 83 



b a s e d  upon whe t h e r  the d a t a  d i s t r i bu t i o n  l i e s 
i n s i d e  or o u t s ide t h e  0 . 5  a n d  9 9 . 5  pe r c e n t  
pred i c t i o n  l e ve l s . Th i s  i s  t h e  type o f  
comp a r i son made i n  T a b l e  l - l l .  1 n  o r d e r  to 
p u t  t h e s e  compa r i so n s  o n  a qua n t i ta t i v e  b a s i s ,  
the a b s o l u te v a l ue o f  t he d e pa r t u r e , LR i , 
ou t s i d e  e i t he r the 0 . 5  o r  9 9 . 5  pe r c e n t  pred i c­
t i on v a l ue of a g i ve n  obse r v i ng s t a t i o n ,  i ,  
w a s  a s s e s sed . Z e ro depa r t u r e s  w e r e  a s s i g n ed 
i f  t he obse rved d i s t r i b u t i o n  l i es i ns ide the 
p r e d i c t ed conf i d e nce l im i t s . Four exceed a n c e  
pe r c e n t i l e s , l ,  . l ,  . O l ,  a n d  . 0 0 1  w e r e  c h e c k e d  
i n  t h e  a n a l ys i s ,  as s h o w n  i n  T a b le l - l l .  N o t e  
t h a t  t he a v e r age d e pa r t ur e , I LR I , i n  the l a s t  
r ow of T a b l e  l - l l  g i ve s  n o  s ig n i f i c a n t  i nd i ­
c a t i o n  whe ther t he B o r  t he u / D  pred i ct i o n  
approach i n  the R H  mode l i s  s u pe r i o r . 

1 . 4 . 2 M od e l s  a n d  Pe r formance 
P r ed i c t i o n  M e t ho d s  

The d i re c t ion of,  u se of the f re q u e n cy spe c t r um 
r e s o u r ce h a s  ge n e r a l l y  be e n  u pw a rd i n  f r e­
q u e n c y  i n  r e c e n t  ye a r s ,  p r i m a r i ly bec ause o f  
t h e  r e l a t i v e  ava i la b i l i ty of ba n dw i d t h ,  and 
the r e q u i reme n t  of d ig i t a l  sys tems for w id e r  
b a nd w i d t h s . Th i s  h a s  l e d  t o  cons i d e r a b l e  i n­
t e r e s t , both h e r e  a t  N T I A  a nd e l s ewhe re ,  to 
t h e  u s a g e  pot e n t i a l  o f  m i c rowave and m i l l i­
m e t e r  wave sys tems . The lower a tmosph e r e , 
some t imes c a l l e d  the t ropos p h e r e , h a s  a 
c o n s i d e r a b l e  i n f l ue n c e  i n  t h i s  f r e q u e n cy 
r e g i o n  i f  e x i s t i ng and/or i n t e nd e d  systems 
must commu n i c a te through t h e  a tmosphere . 
Howeve r ,  t h e  s u r rou nd i ng t e r r a i n  and e v e n  t h e  
i onosphere c a n  e xe rt a n  i n f l ue n c e  as we l l . 

T h e  o b j e c t i v e s  o f  Sou t h e r n  C a l i fo r n i a  P r opaga­
t io n  S tu dy ad d r e s s e d  t h e  som e w h a t  lower VHF 
and UHF f requency r a n g e s . The s e  o b j e c t i ve s 
w e r e  to de v e l op p l a n s  fo r t he me a s u r em e n t  of 
VHF a n d  UHF propag a t i on l o s s , p a r t i c u l a r l y  
u n d e r d uc t i ng cond i t io n s , a nd t o  de s i g n , 
f a b r i c a t e ,  a nd i n s t a l l  a u t om a t ed s pe c i a l ­
p u rpose propa g a t i o n  me a s u r em e n t  a nd d a t a  
a c q u i s i t i o n  equ ipme n t . T h e  d e s i gn w a s  com­
p l e t e d  and f o u r  au toma t i c propag a t i o n  meas­
u re m e n t  sys t ems were b u i l t ;  t h re e  we re de­
p l oyed in the S a n  D i eg o  a re a .  Each of the 
sys tems w i l l m e a s u r e  1 0  s ig n a l s  in the f r e­
q u e n c y  r a n g e  of 6 0  to 9 0 0  M H z fo r abou t l - l /2 
y e a r s . The sys t ems , b e i ng m i c roproc e s sor c o n­
t ro l l e d , proceed t h r o u g h  a n  hou r ly c y c l e  of 
s e l f - c a l i br a t i o n ,  s e q ue n t i al d a t a  c o l l e c t i o n ,  
a nd d a t a  a n a l ys i s  and s to r ag e . Da t a  summa r i e s  
a re p r i n ted l oc a l l y ,  a nd a l l  r aw d a t a  a lo n g  
w i t h the s umm a r i e s  and ove rh e a d  i n f o rma t i o n  
a r e  r e corded on magne t i c t ape . The F e d e r a l  
C ommu n i c a t i o n s  Comm i s s i o n  w i l l  c o l l e c t  the 
d a ta t apes o n ce p e r  mon th f o r  f u r t h e r  a n a l y­
s i s . The u l t i m a t e  g o a l  of t h e  pro j e c t  i s  to 
d e v e l op s t a t i s t i c s  on t h e  i n c i d e nce of d u c t i n g  
propa g a t i o n  cond i t i o n s  a t  VHF a n d  U H F  i n  t h e  
S o u t h e rn C a l i f or n ia e n v i ro n me n t . 

P h a s e  I o f  th i s  pro j e c t  prov i d e d  the FCC w i t h  
a n  o v e r v i ew o f  the propag a t i o n  p h enomen a  i n­
v o l ve d , r e c omme nd a t i o n s  a s  to t h e  type and 
amo u n t  of d a t a  n e e d ed to a c c om p l i sh t h e  ove r­
a l l  proj e c t  obj e c t i ve s , a nd de sc r i p t i o n s  and 
cost e s t imates of the e q u i pme n t  n e e de d . I n  
c o ns u l t a t i o n  w i th t h e  FCC s t a f f ,  the I n s t i tu t e  
h a s  p rov i d ed t h e  FCC w i t h  t h e  f o l l ow i ng s pe c i­
f i c  i tems of i nf o rma t io n : 
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0 

0 

0 

0 

0 

a r e v i ew o f  the propag a t i o n  phenom e n a  i n­
v o l ved t h a t  i s  based on a v a i l ab le t h e o r e t­
i c a l  a nd emp i r i c a l  s t u d i e s  and i nt e r f e r­
e n c e  r e p o r t s  

r ec omme n d a t i on s  as to pa t h s , record i ng 
s i t e s ,  a nd t r a n sm i t t i ng s i te s  r equ i r ed to 
o b t a i n  needed d a t a  

r e c omme n d a t i o ns as to s i g n a l  sou r c e s  

r ec omme nd a t i ons as t o  de s i r a b l e  d a t a  
s amp l i ng r a t e s ,  amo u n t  of o n- s i te d a t a  
r e d u c t i o n , a n d  s ta t i s t i c a l  pa r am e t e r s  to 
be r e c o r d ed for r e d u c ed d a t a  

r e c omme n d a t i on s  as t o  me teoro log i c a l  d a t a  
n e e d ed a nd sourc e s . 

T h i s  i nf o rm a t i on was p r e s e n t e d  i n  a n  i n formal 
report to the FCC e n t i t l ed " P l a n n i ng for t h e  
M e a s u r em e n t  of P ropa g a t i o n  P h e nom e n a  i n  L a nd 
M o b i le F r eque n cy Bands i n  Sou t h e r n  C a l i for­
n i a , " d a t e d  J u n e  2 ,  1 9 8 0 . 

The o b j e c t i ve o f  P h a s e  I I  was to d e v e lop t h e  
d e s i g n  of both the rece i ve r  a n d  the rece i v e r  
c o n t ro l / d a t a  c o l l e c t i o n  s y s t em ( RC DC S ) t o  the 
po i n t  whe r e  the proc u r eme n t  o f  supp l i e s  and 
e q u i pm e n t  could b e g i n  a nd t h e n  to procure some 
of tho s e  supp l i e s  and equ i pme n t . F ig u r e  l - 5 0  
i s  a p h o t o g r aph of one of t he a u t om a t i c p ropa­
g a t io n  me a s u r em e n t  sys t em s . 

P h a s e  I I I  of t h e  p ro j e c t  p rov i ded for 
nal a s semb l y ,  t e s t i ng , and d e p l oyme n t  
t h ree s y s t ems i n  the S a n  D i ego a r e a . 
s i te s  a re as fo l l ows : 

the f i­
of the 
The 

S i t e  l .  Po i n t  Lorna 

S i t e  2 .  

o n  N a v a l  O c e a n  Sys tems C e n t e r  prope r ty 

3 2 o 4 0 1 0 3 " N .  , l l  7 ° 1 4  1 3 6 " W .  , 1 5  m/ms 1 
( above me a n  sea l e ve l ) 

v e ry c l ose ( 1 0 0 - 2 0 0  m )  to t h e  P ac i f i c 
s ho r e  

La M e s a  

on t h e  p r em i se s  o f  t h e  F C C  f ie l d  o f f i c e  
i n  La M e s a  

3 2 ° 4 6 1 0 8 " N . ,  l l 7 ° 0 l 1 4 3 " W . , 1 5 0 m  m/ms l  

abou t 1 5  k m  i n la nd f r om t h e  s ho r e  

S i te 3 .  Cow l e s  Moun t a i n  

a t  t h e  " he ad - e nd " o f  a c a b l e  TV compa n y  

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

abo u t  2 0  km i n l an d  f r om t h e  shore . 

The c h o i c e  of s i g n a ls to be mon i tored a t  e a c h  
l o c a t io n  took i n to a c c o u n t  a va r i e t y  o f  p a t h  
c h a r a c te r i s t i c s  a n d , o f  cou rs e , t he a v a i l a b i l­
i ty o f  s ig n a l  sou r c e s .  T a b l e  l - 1 2  g i ve s  o n l y  
t h e  f r equ e n c i e s  of the s o u r c e s  t o  be r e c e i v e d  
a t  e a c h  of t h e  t h r e e  r e c e i v e r  s i te s . These 
sources a r e  o f  two type s :  t e l e v i s i o n  s ig n a ls 
( only t he v id e o  ca r r i e r  i s  me a s ur e d ) a nd t e s t  



Figure 1- 5 0 .  The Automatic Propagation Measurement System . Three o f  
these are being used in the Southern California 
Propagation Study . 

6 8  



s ig na l s  i n s t a l l e d  fo r t h i s  expe r ime n t . The 
l a s t  t hr e e  sources l i s t ed in the t a b l e  a r e  t h e  
t e s t  sou r ce s . N e a r l y  a l l of the sourc e s  a r e  
l o c a ted i n  t h e  L o s  Ange l e s  area . 

T a b l e  1 - 1 2 .  Re c e i v e r  S i te M e a s u reme nt --- ---
F re q ue n c i e s  

S i t e  l S i te 2 S i te 3 
( MH z ) ( MH z )  ( MH Z ) 

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

* Th i s  s ig n a l  w i l l  be r e c e i ve d  u s i ng bot h  
hor i z on t a l  and v e r t i c al po l a r i z a t i o n . 

T h e  o t h e r  impo r t a n t  pa t h  pa rame t e r s  a s so c i a t e d  
w i th t h i s  s e l e c t ion of sou r c e s  and r e c e i v e r  
s i te s  a r e  t e r r a i n  type , sou r c e  h e i g h t ,  and 
path l e ng t h .  O f  the p a t h s  c ho s e n ,  some a r e  
a lmo s t  e n t i r e l y  ove r  w a t e r  or l a nd ( se v e r a l  
e a c h ) ; mos t  a r e  a comb i na t ion of l a nd and 
w a te r .  T h e  sou r c e  he i g h t  rang e s  f rom 2 0  m/m s l  
to ove r 1 8 0 0  m/ms l .  The p a t h  l e ng t h  r a n g e s  
f r om a s  l ow a s  1 5  km ( on e  c a s e ) t o  a typ i c a l  
v a l ue of about 1 5 0  km , t o  a s  h i gh a s  3 3 0  km . 

P h a s e  I V  o f  t h e  p ro j e c t  prov i d e d  fo r ma i n t e n­
a n c e  a nd r e p a i r  of t h e  s y s t ems , t h e  d e v e l op­
me n t  o f  de t a i le d  s y s tem docume n t a t ion , and 
p r e l i m i na r y  " d uc t i ng- i n c i d e nc e "  mode l  d e v e l ­
opme n t . The f i r s t  t a s k  l i s te d  i s  s e l f - e x p l a n­
a to r y ; some r epa i r  work a nd a t r ip to t h e  S a n  
D i ego a r e a  we r e  neede d .  T h e  s y s t em docume n­
t a t i on i s  t he c o l l e c t ion of a l l  t h e  d e s i g n 
i nf o rma t i o n , s u c h  as s c h ema t i c s  and s pe c i f i c a­
t ions , a nd manu f a c t u r e r s ' l i t e r a t u re . T h e  
docume n t a t i on inc lude s a f u l l ,  anno t a te d  l i s t­
i ng of t he comp u t e r  s o f tware . Two c op i e s  o f  
t he docume n t a t ion p a c k a g e  w e re g i v e n  t o  t h e  
FCC . 

S ome of t h e  reduced d a t a  i s  p r e s e n t e d  i n  
F i gu r e  l - 5 1 ,  w h i ch s hows hour ly med i an r e­
c e i ve d  s ig n a l  lev e l  and hou r l y  i n t e rde c i l e  
r a nge f o r  o c to b e r  1 9 8 1  a t  t h e  L a  M e s a  r e c e i v e r  
f rom f o u r  sou r ce s . T h e  K 5 9 AL t o  La M e s a  p a t h  
i s  a 2 4  k m  l i ne-of- s i g h t  pa t h .  T h e  KABC and 
KWHY t o  L a  Mesa pa t h s  are 1 8 8 km in l e ng t h  
w i t h  a s i ng le hor i zon near t h e  L a  M e s a  r e ­
c e i v e rs . The KOCE to La M e s a  pa t h  i s  1 5 9  km 
w i th t wo ho r i zons ( one m i d - p a t h  and t h e  o t h e r  
n e a r  t h e  L a  M e s a  re c e i ve r ) . N o t e  t h e  l a rg e  
d i u r n a l  c h a ng e  o n  t h e  l a s t  p a t h  w i t h  n e a r ly a 
4 0  dB sw i ng i n  rec e i ve d  s ig n a l  l e ve l .  T h e  
v ar i a t ion f o r  t h e  mon t h  i s  approx ima t e l y  
5 0  _dB . T h e  hou r l y  i n t e rde c i l e  range e x c e ed s 
2 0  dB i n  s ome c a s e s . The mechan i sm f o r  t h e  
l a rg e  c h a ng e  i n  t h e s e  examp l e s  i s  p r e s umab l y  
d u c t i n g . D a t a  r e d u c t ion on add i t i on a l  mon t h s  
i s  p r o c e ed i ng .  

U s ing t h e  da t a , w e  a r e  e x p l o r i ng t h e  c o r r e c t ­
n e s s  a n d  p e r t i ne nce of e x i s t i ng mod e l s  s u ch a s  
t h a t  repo r t e d  b y  t h e  C C I R  a nd p l a nn i ng to de-
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v i se new , more e x t e n s i ve l y  appl i c a b l e  mode l s .  
One approac h ,  for e x amp l e , i s  to con s i d e r  a 
s tandard se t of pos s i b le a tmo s phe r e s , to com­
p u t e  for e a c h  of t h em the consequent f i e ld 
s t r e ng t h s , and t h e n  to comb i ne the re s u l t s  
i n to a s t a t i s t i c a l  d i s t r i bu t ion a c c o rd i ng t o  
t he s ta t i s t i c a l  i n c i d e nc e  o f  t h e  a tmo s p he r e s  
i n  t h e  r e g i on of opera t i on . 

Anot he r a s pe c t  of the I T S  VHF/UHF mod e l i ng 
e f fort i s  t h e  E x t e nded Range Commun i ca t ion 
proj e c t . T h e  ba s i c  conc e p t  is that a me s sage 
is sent a s  a s ho r t  b u r s t  of i n f o rma t io n .  The 
me s s age is f i rs t s to re d  in a loc a l  memo ry de­
v i c e , and t he s y s t em wa i ts un t i l  a c ommu n i ca­
t ions l i n k  to t h e  i n t e nded rece i v e r  can be 
e s t ab l i s he d . When propag a t ion cond i t ions are 
s u f f i c i e n t l y  good , the me s s ag e i s  qu i c k l y  
t r a n sm i t t ed .  The b a s i c  concept here h a s  been 
k nown b e f o r e ; t h i s  i s  how a me teor- bu r s t  com­
mun i c a t ions sys t em wor k s . The new a s pe c t  i n  
t h i s  s tu d y  i s  t he app l i c a t ion o f  the bu r s t  
concept t o  t e r re s t r i a l ( g rou ndwave o r  t rope­
s c a t te r ) rad i o  propag a t ion at VHF and U H F . 

S e v e r a l  p r o toco l s  for e s t ab l i s h i ng t h e  re­
q u i red l i nk a re pos s i b l e . One t h a t  comes im­
med i a te ly to m i nd i s  p r e s e n t ly u sed in t h e  
" me te o r  bu r s t  commu n i c a t i o n "  s y s tems t h a t  mak e  
u s e  of t h e  i nt e rm i t te n t  appearance o f  me t e o r  
t r a i l s  i n  t h e  ionosphe re . I n  s u c h  a sy s t em , 
when a " ma s t e r "  s t a t i on w i shes to r e c e i ve a 
me s s age , i t  " po l l s "  one or mo re send i ng un i t s  
b y  pe r iod i c a l ly t ransm i t t i ng a command s i g na l . 
When a s e nd i ng un i t  rece i v e s  one of the com­
ma nd s i gn a l s ,  i t  can a s s ume t here e x i s t s  a 
s u i t a b l y  p l a c e d  me t e o r  t r a i l  and t h a t  propaga­
t ion cond i t ions a re s a t i s f actory . I t  immed i­
a t e l y  t r ansm i t s  i t s me s s age be fore t h e  me teor 
t r a i l  h a s  h ad t ime to d i s p e r s e . 

The re a r e  two ma i n  a s pe c t s  to t h i s  p ro j e c t .  
One i s  to d e v e l op a me t e o r- bu r s t  mode l  and 
t he n  to imp leme n t  i t  as an i n t e r a c t i ve com­
pu t e r  p r o g r am .  The o t h e r  a s p e c t  i s  to s t udy 
t he f e a s i b i l i ty of u s i ng bur s t  transm i s s ions 
i n  s i tu a t ions whe re the u s ual mod e s  of r a d i o  
p r opag a t ion a re ope r a t i ng .  The re a r e  s e v e r a l  
pa r t s  t o  t h i s  f e a s i b i l i ty s t udy:  f i e ld me a s­
ur eme n t s  to demons t r a t e  t h e  p r i n c i p l e , an ex­
am i n a t i on of how to use the rece ived s i g n a l  
s ta t i s t i c s , compu t a t ions of t h e  range e x t e n­
s i o n ,  a nd s ug ge s t i ons for f u t ure wor k . These 
t op i c s  w i l l  be d i s c u s sed i n  the pa rag r ap h s  
b e l ow b e g i n n i ng w i th t he me t eor- bu r s t  mod e l .  

A commun i c a t i o n  channel can be e s t ab l i s h ed by 
r e f le c t i on f rom one o r  more of t he b i l l i ons o f  
me teor t r a i l s  fo rmed da i l y  i n  t h e  e a r t h ' s  at­
mos p h e r e  b e t w e e n  80 and 1 2 0  km.  Th i s  channel 
w i l l  fun c t i o n  i n  t h e  f requency r ange of 30  to 
1 2 0  MHz and for t e rm i nal s e p a r a t ions o f  2 0 0  t o  
2 0 0 0  km . Typ i c a l l y ,  a me t e o r  tra i l  w i t h t h e  
r i g h t  g e ome t ry to prov ide r e f l e c t i on w i l l be 
ava i l a b le every few to t e ns of seeonds and 
w i l l l a s t  a port i on of a second . A l t houg h 
t h e s e  s ig n a l  d u r a t ions and wa i t i ng t imes wou ld 
be unac c e p t ab l e  for a n a l og v o i c e , d i g i t a l  i n­
f o rma t i on requ i r i ng a low t hroughput can ap­
p e a r  to be a lmos t  cont i nuous to a u se r .  One 
bene f i t  of a me t e o r- bu r s t  commun i c a t ion s y s t em 
i s  t h a t  t ransmi s s ions are r e l a t i v e l y  s ec u r e  
b e c a u s e  t h e r e  i s  only a sma l l  probab i l i ty that 
a s e cond r e c e i v e r  would h ave a s imu l taneous 
and prope r l y  o r i e nted t r a i l . 
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Figure 1- 5 1 .  Measured values of  hourly medians and hourly interdecile ranges 
for signals in suspected ducting environments . 



The I n s t i t u t e  has deve l op e d  a M e t e o r  B u r s t 
Commu n i c a t i o n s  Mod e l ,  wh i c h  i s  a u s e r- i n t e r­
a c t i v e  compu t e r  mod e l .  The mod e l  pred i c t s  the 
wa i t i ng t imes r eq u i red to comp l e t e  the t r a n s­
f e r  o f  me s s ag e s  f rom a ma s t e r  s t a t ion to a re­
mote s t a t i o n  as a f un c t i o n  o f  the f r e q ue n cy , 
t ra n s m i t t e r ,  and r e c e i v e r  c h a r ac t e r i s t i c s , 
s y s t em p ro toco l , d i s t a n c e , t ime of ye a r ,  a n d  
t ime ot  d a y . Th i s  mode l c a n  a l s o  pred i c t  the 
wa i t i ng t imes for a n e twork of s t a t i o n s , e . g . , 
a ma s te r ,  a remo t e , and two re l ay s , each w i th 
i t s own u s e r- d e f i ned s y s t em pa r ame t e r s . 
F i g u r e  l- 5 2  s hows the mode l i np u t  and ou t p u t  
f o r  a t ra n sm i t t e r  a nd r e c e i v e r  s e p a r a ted by 
1 3 0 0  km . The f i r s t  se c t i o n  of the f i g u r e  
l i s t s  t he i n p u t  p a r ame t e rs t h a t  we re e n t e r e d  
by t h e  u s e r ;  t he s e c o nd s e c t i o n  l i s t s  t h e  com­
p u t e d  v a l u e s  a nd g i v e s  a t a b l e  of the wa i t i ng 
t im e s  f o r  s e v e n  me s s age le ng t h s . Th i s  l e ng th 
is  t he d u r a t ion o f  a c omp l e t e  m e s s age t r a n s fe r 
r a t h e r  t h a n  f o r  an i n t e r ru p t e d  c h a n ne l . For 
e xamp l e ,  at  2 0 0 0  b i t s p e r  s e cond a nd 7 b i t s  
p e r  c h a r ac t e r ,  a 2 0 0  m s  m e s s ag e  wou ld con t a i n  
abou t 6 0  c h a r a c t e rs o r  roug h l y  one l i ne of 
t e x t . As c a n  be s e e n  in  the table of wa i t i ng 
t im e s , w i t h a 9 9  p e r c e n t  r e l i a b i l i ty ,  the one 
l i ne o f  t e x t  w i l l  be r e c e i v e d  w i t h i n  1 5  s i n  
t h e  mor n i ng a nd w i t h i n  2 4  s i n  t h e  even i ng .  
Rad i o  sys tem de s i g n e r s  c a n  u s e  t h i s  mod e l  to 
d e v e l op s y s t em a nd s i t i ng p a r ame t e rs for 
me t e o r- bu r s t commu n i c a t i o n s  sys tems . 

Work so f a r  on the f e a s i b i l i ty s t udy has s hown 
t h a t  the b u r s t t r a nsm i s s i o n  c o n c e p t  i s  prob­
a b ly mos t u s e f u l  i n  t h e  l a nd - mo b i l e s e r v i c e  
w h e r e  o n e  c a n  t a k e  ad v a n t a g e  o f  t h e  we l l- k n own 
p rope ns i ty for s i g n a l  l e v e l s  to v a ry s i gn i f i ­
c a n t l y  as a mo b i l e  un i t  move s .  The u s u a l  sys­
t em is d e s i g ned w i t h a l a rge f ade marg i n  to 
c ou n t e r  t h i s  va r i a b i l i ty .  A sys tem emp l oy i ng 
b u r s t  t r a n sm i s s i o n  c a n  d i s p e n s e  w i t h t h i s  f ad e  
m a r g i n  and perhaps e v e n  ope r a t e  on t h e  neg a­
t i ve s i de whe re it a n t i c i pa t e s  h i g he r  t h a n  
ave r ag e  s i g n a l  l e ve l s . W e  e s t i m a t e  t h a t  t h e  
s i g n a l  a d v a n t age wou ld be be t w e e n  2 0  and 4 0  d B  
a nd t h a t  the sy s tem r a nge m i g h t  b e  e x t e nded by 
a f a c tor of 1 . 5  to 3 .  

T h e r e  i s ,  o f  cour s e , a p r i c e  to pay fo r the 
range e x te ns i o n . U s u a l ly a g i ven me s s age w i l l  
not be s e n t  immed i a te l y  b u t  w i l l  need to wa i t  
wh i l e  the mob i l e u n i t  moves to a s u i t a b l e  
l o c a t i o n . T h e  d i s t a n c e  req u i red to f i nd t h i s  
l oc a t ion we c a l l  t h e  " wa i t i ng d i s t a n c e . "  I t  
i s  a r a n d om va r i a b l e  r e l a t e d  t o  t h e  a u t o c o r­
r e l a t i o n  f u n c t ion of r e c e i v ed s i g n a l  l e v e l s . 
P r e l i m i n a ry m e a s u r eme n t s  i nd i c a t e tha t to ga i n  
the a d v a n t a g e s  g i ven above , t h e  sys t em wou l d  
n e ed t o  wa i t ,  a t  mos t ,  5 t o  1 0  k m  be f o r e  9 0  
pe r c e n t  o f  t he me s s a g e s  wou l d  h a ve been s e n t .  

The m e a s u reme n t s  m e n t i o ned above w e re made i n  
t he Bou l d e r ,  C O ,  a r e a  a t  the nom i n a l  f requenc y 
of 5 0  MH z . The co n f i g u r a t i o n  of one f i xe d  a nd 
one mob i le t e rm i n a l was u s ed . S ome of t h e  
d a t a  has be e n  used to com p u t e  t he loc a t i o n  
v a r i a b i l i ty ,  a nd t h e r e  a re l i m i t ed e x amp l e s  o f  
s ome t ime va r i a b i l i ty .  

T he need s fo r f u t u re work fa l l  i n t o  two a r e a s :  
a be t t e r  u nd e r s t a nd i ng o f  " l ow- p e r c e n t "  d a t a  
f o r  t h e  u s u a l  propag a t i o n  me c h a n i sms ( i . e . ,  
t roposc a t t e r )  a nd some s t udy o f  u n u s u a l  
propag a t i o n  me c h a n i sms ( i . e . ,  o f f - pa t h  r e f l e c ­
t i on o r  d u c t i ng ) . The f i r s t  a s p e c t  c o u l d  b e  
a p p r o a c h e d  by de t e rm i n i ng t h e  we a k n e s s e s  of 
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e x i s t i ng p r op ag a t ion mode l s .  The u l t imate 
t e r re s t r i a l  b u r s t - t r a n sm i s s ion sys tem or mod e l  
s ho u l d  a l l ow f o r  some ad a p tab i l i ty i n  sys tem 
p ro toco l . Th i s  would a l l ow the u se of the 
s y s tem in a w i d e r  rang e o f  cond i t i ons . 

I n  the p a s t  s e v e r a l  y e a r s , the t e l e c ommun i­
c a t i o n s  c ommun i ty has e x pe r i e n c e d  a renewed 
and c r i t i c a l  empha s i s i n  v i r t u a l ly a l l  a re a s  
o f  comma nd , c o n t ro l ,  and commun i c a t i o n s . 
R e c e n t  a d v a n c e s  i n  me teor b u r s t  comm u n i c a t ion 
s y s tems have s hown th i s  me a n s  o f  commun i c a­
t i o n s  i s  s imp l e ,  r e l i a b l e ,  a nd c o s t  e f f e c t ive 
at t im e s  wh e n  th i s  av a i l a b i l i ty o f  conven­
t i o n a l  sys t ems i s  qu e s t i o n ab l e .  Th i s  has been 
p r ove n by t he Depa r tme n t  o f  Ag r i c u l t u r e ' s  
S NO T E L  s y s t em and the A l a s k a n  me teor burs t 
c ommu n i c a t i o n s  sys tem . F ig u r e  l - 5 3  dep i c t s  
t h e  me t e o r- s c a t te r  commu n i c a t ions c h a n ne l 
e nv i ronme n t . 

T h e  pe r f o rm a n c e  of a me teor- b u r s t l i nk i s  us­
u a l l y d e f i ned a s  the wa i t i ng t i me r eq u i red to 
t r a n s f e r  a me s s age be twe e n  two s t a t ions at a 
s p e c i f i e d  re l i ab i l i t y .  A s e c o nd i nd e x  of p e r­
f o rm a n c e  i s  t he ave rage words pe r m i n u t e t h a t  
c a n  be t r a n s f e r red over a p e r i od o f  t i me . The 
c r i t i c a l  sys t em pa rame t e r s  t h a t  w i l l  i n f l u e n c e  
pe r formance a r e  ope r a t i ng f r eq u e n c y , d a t a  rate 
t r a n sm i t te r  powe r ,  a n t e nna ga i n ,  r e c e i v e r  
t h r e s ho l d , sy s t em protoc o l , s e pa r a t i o n d i s­
t a n c e , t ime of year , and t ime of day . 

A u s e r- i n t e r a c t i on comp u t e r  mod e l  ( " Me te o r  
Bu r s t  Commun i c a t i o ns Mode l , "  b y  H a a k i n son , 
NT I A  Repo r t  8 3 - 1 1 6 ) was d e v e l oped to pred i c t  
t h e  re l i ab i l i ty o f  such a sy s t em . 

The M e t e o r- S c a t t e r  P ropag a t i o n  S t u dy was a n  
i n i t i a l  i nv e s t i g a t i on i n to a se r i e s  of c u r r e n t  
m e t e o r  s c a t te r  sys tem t e s t s  to d e t e rm i n e i f  
t h e  da t a  c o l l e c t ed cou ld be u s e f u l  i n  ve r i fy­
i ng or upd a t i ng th i s  mode l .  E v a l u a t i on of the 
t e s t  a nd d a t a  acqu i s i t i on plan i nd i c a t ed that 
the a v a i l a b le data wou ld not be s u f f i c i e n t  to 
c omp l e t e l y  ve r i fy the mode l .  E n h a n c eme n t s  to 
p r e s e n t  t e s t  p l a n s  were proposed for f u t u r e 
t e s t s  i n  o rd e r  to prov ide a l l  the req u i red 
d a t a . A l e t t e r  report was s u bm i t t ed to the 
p r o j e c t ·  sponso r w i t h the de t a i l s  o f  these 
r e c omme n d a t i o n s  i n  a n t i c i pa t i o n  of f u r t h e r  
t e s t i ng i n  t he near f u t u r e . 

U n t i l  t h i s  y e a r , Bound a ry_ S t u d i e s  were 
c o n d u c t ed und e r  the au s p i c e s  o f  NTIA and co­
o r d i n a t ed w i t h  NSA under the C omm un i c a t i o n s  
P ro t e c t i o n  P r og r am . The Comm un i c a t ions P ro­
t e c t i o n  P r og r am was o r ig i na t ed w i t h Pres i d e n­
t i a l  D i re c t i v e  ( P D- 2 4 ) to prov ide protec t i on 
to s e n s i t ive c i v i l i a n a nd Gove r nm e n t  i n forma­
t i on t h a t  wa s not re l a ted to n a t i o n a l  sec u r i ty 
( DoD ) . S i n ce the Commun i c a t i o n s  P r o t e c t i o n  
P rog r am ( N T I A ) was t e rm i n a ted a t  the e n d  o f  
FY 8 2 ,  NSA d e c i d ed to e x t e nd s u pport f o r  t h e  
c o n t i nua t i o n  of the Bound a ry S t ud i e s  po r t ion 
of t h e  C omm u n i c a t ions P r o t e c t i o n  P rogram . 

T h e  ma j o r  obj e c t ive of the Bou nd a ry S tu d i e s  i s  
t o  d e t e rm i ne a me a n i ng f u l  t h re s ho l d  d i s t ance 
to wh i c h  common ca r r i e r  m i c rowave sy s t ems can 
be r e c e i v e d . S p e c i f i c a l ly , the q u e s t ion t h a t  
m u s t  be a nswe red i s :  wh i c h  t r a nsm i t t e r s  c a n  
be r e c e i ved by a n  u n a u t ho r i z ed r e c e i v e r  
s y s t em ?  I n  o rde r t o  a nswe r t h i s  que s t i o n  i t  
s h o u l d  be n o t ed t h a t  t he r e c e i ve r  may we l l  be 
c o n t e n t  to have u s a b l e  recep t io n  much l e s s  
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F igure 1- 5 2 . Meteor-burst  communication model input parameters ( a )  
and output parameter s ( b )  . 
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F igure l - 5 3 . Meteor- scatter communications channel  environment .  
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t h a n  1 0 0  pe r c e n t  of the t ime and a l so may 
a c c e p t  r e c e p t ion for on ly o n e- h a l f  of t h e  
conve r s a t i on ( t h i s  o c c u r s  wh e n  one e n d  of the 
t ra n sm i s s i on l i nk i s  not r e c e i v a b l e  because of 
obs t r u c t i ons such a s  topog r ap hy o r  bu i l d i ng s  
i n  the re c e i ve r ' s  p a t h ) . I n  o rd e r  to pred i c t  
whe n u s a b l e  s i g n a l s  w i l l b e  ava i l a b l e . i t  i s  
n e c e s s a ry t o  o b t a i n  t h e  a n t e n na type o f  e x­
pe c t ed a n t e n n a  ga i n  pa t te r n  f o r  3 6 0 ° .  Th i s  i s  
n e c e s s a ry s i n c e  t h e  l i k e l i hood o f  a r e c e i ve r  
be i ng loca ted i n  the ma i n  be am i s  re l a t i v e l y  
sma l l .  Then i t  i s  n e c e s s a ry t o  o bt a i n  t h e 
p a t h  prof i l e  f r om topog r ap h i c a l  da ta to 
d e t e r m i n e  e x t e n t  of p a t h  b l o c k age . A l so , 
s pe c i a l  propag a t i o n  mo de l s  a r e  needed to ac­
c u r a t e l y  a s s e s s  the propaga t i on l os s e s  t h a t  
o c c u r  und e r  l e s s- t h a n- d e s i r a b l e  cond i t i ons . 
F i n a l l y ,  an a s s e s sme n t  n e e d s  to be made re­
g a rd i ng the u n a u t ho r i zed r ec e i v e r  s t a t i o n  
c h a r a c te r i s t i c s ,  wh i ch i nc l u des a n t e n na ( s i ze 
a nd type ) , r e c e i v e r  s e n s i t iv i ty , and m i n imum 
s i g n a l - to- no i se r e q u i reme n t s . 

The I n s t i tu t e  has deve l oped a M u l t i p l e  K n i fe­
Edge D i f f r a c t ion mod e l  that w i l l  c a l c u l a t e  
m i c rowave propag a t i o n  a t te nua t i on fo r u p  to 
t e n  o b s t a c l e s  in any g i v e n  pa t h . The Mu l t i p l e  
K n i f e - E d g e  D i f f r ac t i o n  mode l u t i l i ze s  a ge n e r­
a l i zed r e s i d ue s e r i e s  f o rmu l a t ion for t h e  
propa g a t i o n  o f  e l e c t romag n e t i c  wa ves ov e r  a 
sequence of smooth a nd r o u n d ed obs t ac l e s , 
w h i c h  c a n  be t r e a ted as k n i f e - e d g e s  a t  m i c ro­
wave f requenc i e s . The r e s u l t i ng e x p r e s s ion i s  
i n t h e  f o rm o f  a mu l t i p l e  i n teg ra l . Th i s  ex­
p r e s s i on is t ra n s f o rmed i n t o  a s e r i e s  r e p r e­
s e n t a t i o n  t h r ou g h  the u s e  of repe a ted i n te­
g r a l s  of the e r ro r  f u n c t i o n  i n  the r e po r t  by 
L . E .  Vog l e r ,  " The A t t e nu a t i on of E l e c t romag­
me t i c Waves by Mu l t i p l e  K n i f e- Edge D i f f r a c ­
t i o n , " NT I A  Repo r t  8 1 - 8 6 , O c t o b e r  1 9 8 1 .  The 
sol u t i on a nd comp u t e r  imp l eme n t a t ion cons t i ­
t u t e s  a s ig n i f i c a n t  b r e a k t hrough i n  propaga­
t i on a n a l ys i s  o f  mu l t i p l e  d i f f ra c t ion propaga­
t i o n  problem s . The mo de l h a s  been u sed to 
compare pred i c t ions w i t h  pr opaga t i on mea s u r e ­
me n t  a nd has re s u l t ed i n  good agreeme n t . Com­
pa r i sons we re made w i t h pre v i ou s ly w r i t t e n  
d o u b l e  and t r i p l e  k n i f e - ed g e  prog r am s  ag a i n 
w i th v e ry good agreeme n t . Th i s  model w i l l  
s e rve a s  a n  e x c e l l e n t  me a n s  o f  de t e rm i n i ng 
propag a t i on l o s s e s  f o r  m i c rowave f re q ue n c i e s .  

A compos i t e  la rge- s c a l e  comp u t e r  prog r am has 
been d e v e l oped at I TS that u t i l i z e s  the M u l t i­
p l e  K n i f e - Edge D i f f r a c t i o n  mode l ,  the a n a l y t­
i c a l  e x p re s s i ons for c ommon c a r r i e r  a n t e n n a  
p a t t e r ns , a nd compu t e r  d a t a  b a s e  t h a t  prov i d e s  
topog raph i c a l  i n f orma t i o n  f o r  s e l e c t ed a r e a s 
i n  the U n i ted S t a te s . Th i s  i nf o rma t i o n , 
coupled w i th t r a n sm i t t e r  a nd rece i v e r  a n t e n n a 
h e i g h t s  and type s ,  t r a n sm i t te r  pow e r  lev e l s , 
r e c e i ve r  s e n s i t i v i t y ,  a nd d i s t a nce be twe e n  
t ra n sm i t t e r  and r e ce i v e r p r ov i d e s  a ve ry ve r­
s a t i l e propag a t i o n  a n a l y s i s  tool t h a t  mee t s  
a l l  the spe c i a l  r eq u i reme n t s  o f  c a l c u l a t i ng 
commu n i c a t ion bound a r i e s .  Th i s  comp u t e r  pro­
g ram c a n  be r e ad i l y  ad ap ted to a w i d e  va r i e ty 
of app l i c a t ions a n d , s i n c e  i t  i s  automa t ed , 
l a rg e numbe rs of propag a t i o n  pa t h s  c a n  be 
r e ad i ly a n a l y z ed . 

S om e  e a r l i e r  Bound a ry S t ud i e s u sed o n l y  two 
an t e n n a  types--We s t e r n  E l e c t r i c  KS - 1 5 6 7 6  a n d  
t h e  CCI R s t a nd a rd pa r a bo l i c  a n t e n n a . Th i s  
n e c e s s i t a t ed d e t e rm i n i ng t wo s e p a r a t e  bou nd­
a r i e s on the a s s ump t i o n  al l t r a ns m i t te rs u sed 
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o n l y  one type o f  a n t e n n a  a t  a t ime . The new 
Bounda ry S t u d i e s  o n l y de t e rm i ne one bounda ry 
f o r  a g i v e n  f r eq u e n c y  band . Th i s  re s u l t i ng 
b o u n d a ry i s  based on the a n t e n n a s  t h a t  a r e  
a c t u a l ly i n  u se . T h e  two s t ud i e s  cons i d e red 
t h i s  y e a r  i n c l ude the r e a n a l ys i s  o f  two a r e a s  
a nd two f r eque ncy b a n d s  t h a t  had be e n  c h a r a c ­
t e r i z ed p re v i ou s ly b y  the e a r l i e r  boundary 
s t ud i e s . The I TS c om p u t e r  p r og r am and a n a l y­
s i s  c a p a b i l i t i es were p r o v i d e d  to the s po n so r  
d u r i ng t h i s  f i sc a l  ye a r  ( F Y 8 3 ) .  

I n  t h e  H F  po r t i o n  o f  the spe c t rum , the I o no­
sph e r i c  Commun i c a t ions A n a l y s i s  P red i c t i o n  
P r o g r am (I ONCAP ) i s  t he-most r e cent o f  t h e  
pred i c t i o n  prog r ams deve l op e d  a t  I TS .  T h e  
compu t e r  program i s  a n  i n t e g r a t ed sys t em o f  
s u b r ou t i ne s  de s i g ned to pred i c t  h i g h- f r e q u e n c y  
s k y - wave sys t em p e r f o rm a n c e  a nd a n a l y ze i o no­
s phe r i c pa r ame t e rs . These c ompu t e r- a ided pre­
d i c t i o n s  may be u s ed in the p l a n n i ng a nd ope r­
a t i o n  of h i g h- f r eque ncy commu n i c a t i on sy s t ems 
u s i ng s k y  waves . 

I n the i n i t i a l  p l a n n i ng , o r  i n  the mod i f i c a­
t i on of m a ny comm u n i c a t i o n  s y s t ems , t h e re may 
be a n  app r e c i a b l e  de l a y  be twe e n  the c i rc u i t  
p l a n n i ng a nd the a c t ual c i r c u i t  c o ns t r u c t i o n  
o r mo d i f ic a t i o n .  Th i s  i s  o f  pa r t i c u l a r  impor­
tance f o r  h i g h- f r eque ncy c i r c u i t s w i t h ma r k ed 
t ime a nd geog r aph i c  va r i a t i o n s  i n  op t i mum f re ­
q u e n c y , r eq u i red powe r ,  and s y s t em p e r f o rm­
a n c e . 

P r ed i c t i o ns of ionos p he r i c  c h a r ac t e r i s t i c s  a n d  
t e c h n i q u e s  f o r  u s i ng t h e s e  c h a r a c t e r i s t i c s  a r e  
av a i l a b l e a nd m a y  b e  u s e d  to a n t i c i p a t e  t h e  
pe r f o rmance o f  H F  commu n i c a t i o n  c i rc u i t s a n d  
t he r eby prov i d e  t he l e ad t ime fo r n e c e s s a ry 
equ i pme n t  s e l e c t i on , f r e q u e n c y  s e l e c t i on , a n d  
f re q u e n c y  a nd t ime- s h a r i ng a r r a ngeme n t s . 

Spec i f i c mode l i ng e f f o r t s  i n c l uded i n  t h e  
I ONCAP p r og r am a r e : 

o A c om p l e te , e x p l i c i t  e l e c t ron de n s i ty pro­
f i le . Wh i l e  t h i s  f u n c t i o n  is not mea s u r­
a b l e , the i n t eg r a t i o n  of t h e  p r o f i l e to 
g i ve an i o nog r am i s . These pred i c t io n  
i o nog r am s  have be e n  c h e c k ed ag a i n s t  
me a s u reme n t s . 

0 

0 

0 

For o b l i q u e  r ay pa t h s , Ma r ty n ' s  theorem 
h a s  be e n  c o r r e c t ed f o r  a c u rved io no­
s p h e r e . The cor r e c t i o n  wa s de r i v e d  to 
a s s u re a g r e eme n t  w i t h  f u l l  r ay t r a c i ng 
u s i ng t h e  s ame e l e c t ron d e n s i ty p r o f i l e . 

E x p l i c i t  s porad i c- E  mod e s  h a ve b e e n  a d d e d  
to t h e  p r o g r am . The mo de l i s  compos e d  o f  
s u bp a r t s  t h a t  h a ve been d e r i v ed f rom a n d  
t e s t ed ag a i n s t  me a s u r eme n t s  ov e r  the p a s t  
3 0  y e a r s . 

A r ev i sed med i a n  l o s s  mode l ·  has be e n  
c re a t ed . The s ame ba s i c e q u a t i on i s  u s ed , 
bu t a n  add i t i o n a l  t e rm i s  added f o r  E 
mode s ,  a nd a r e v i s ion of t h e  col l i s i o n  
f reque ncy t e rm f o r  mo de s w i t h  re f l e c t i o n  
he i g h t s  w i t h i n  the a b s o r b i ng r eg i on added . 
A l s o , a dev i a t i ve los s t e rm i s  added to 
h i gh a ng l e  mod e s  ( t h e s e  a r e  a l so a n  a d d i ­
t i on t o  t h e  prog r am ) . T h e  rev i s i o n  a s  
we l l  as t h e  t o t a l  l o s s  e q u a t i o n  w a s  c om­
p a r e d  to f i e l d  s t r e ng t h me a s u r eme n t s . 



0 An M U F  mode l h a s  be e n  added t h a t  d i r e c t l y  
c a l c u l a t e s  t he v a l ue s  r a t he r  than s e a r c h­
i ng f o r  the c o r r e c t  v a l u e . T h e  comp l e te 
e l e c t ron d e n s i ty pro f i l e is  u s e d . T h e  
d i s t r i b u t i o n  of the M U F  ove r a spe c i f i ed 
mo n th f o r  each pos s i b le l aye r i s  now 
i n c l uded . 

o The d i s t r i b u t ion of t r a n sm i s s i o n  los s has 
be e n  e x t e nded to v a ry w i t h  e a ch ope r a t i ng 
f re q u e n cy a nd w i t h  e a c h  type of mode . 
Th i s  a l lows the e x t e n s i o n  of s t a t i s t i c a l  
s y s tem pe r f o rmance upw a rd i n  f r e q ue nc y . 

o Some mod i f i c a t i o ns to t h e  a n t e n n a  mod e l s  
h a v e  be e n  made , t h e  mo s t  s i g n i f i c a n t  be i ng 
f o r  v e r t i c a l  a n t e n n a s  t h a t  a r e  e l e c t r i c a l l y 
s ho r t . 

o The comp l e t e se t of mo d e l s  f o r  l o ng pa t h s , 
as d e s c r i bed above , h a ve b e e n  added . 

A m a j o r  e f f o r t  i s  c u r re n t l y  i n  p r og r e s s  to 
r e p l ace a l l  of t he a n t e n n a  mod e l s u s ed i n  the 
I ONCAP p r og r am .  

T h e  I ONCAP p rog ram o r  c a l c u l a t i o n s  u s i ng the 
p r o g r am a re ava i l a b l e  f r om the I n s t i t u t e . The 
p rog ram h a s  be e n  supp l i ed to seve r a l  fore i g n  
a nd dome s t i c gove r nment age n c i e s  a nd t o  t he 
p r i v a t e  s e c to r .  

F o r  the p a s t  t h r e e  ye a r s  a s u b s t a n t i a l e f fo r t 
h a s  b e e n  d e voted to the d e v e l opme nt of a n t e n n a  
mod e l s  a nd a prog r am code to b e  u s e d  w i t h t h e  
I ONCAP prog r am . The m a j o r  i n t e n t  i s  t o  c re a t e  
a n  a n t e n n a  pac k a g e  t o  b e  u s e d  w i t h the H F  sky­
wave p r e d i c t i o n s . Th i s  H F  A n t e n n a  S im u l a t i o n  
p ro j e c t  pe rm i t s  the a n a l y s i s  o f  a n t e n n a mode l s  
u s i ng two log i c a l  s u bd i v i s i o n s : 

1 .  the e x t e r i o r  ( r ad i a t i o n ) p r o b lem , wh i c h  
d e a l s  w i t h t he i n t e r a c t i o n  o f  t h e  an t e n n a 
w i t h the propag a t i o n  med i um ;  a nd 

2 .  the i n t e r i o r  ( c i r cu i t )  p r o b l e m ,  wh i c h  
de a l s  w i t h t h e  i n t e r a c t i o n  o f  c u r re n t s , 
v o l t ag e ,  e tc . ,  w i t h i n  t h e  a n t e n n a  sys tem 
i t se l f .  

T he wo r k  d u r i ng t h i s  y e a r  cons i s ted o f  f i n al­
i z i ng t h e  s u b pr og rams f o r  t r a v e l i ng wave an­
t e n n a s  and w r i t i ng t h e  f i n a l  report on the 
t h e o ry and u s e  of t h e  a n t e n n a  mod u l e . T h e  
r e p o r t  i n c l u d e s  the g e n e r a l  t he o ry o f  s k y-wave 
a n t e n n a  pa t t e r n s ,  the d e r i v a t i on of the mode l s  
f o r  e a c h  a n t e n n a  type , t h e  u s e  o f  the com p u t e r  
p r og ram , a nd a d v i c e  on t h e  u se a nd l i m i t a t ion 
of e a c h  pa r t i c u l a r  a n t e n n a  type . Compa r i so n s  
o f  computed pa t te r n s  w i t h p u b l i s hed pa t t e r ns 
are g i v e n  w h e r e  ava i l a b l e . T h e  repo r t  e n­
t i t l ed " Compu t a t i on o f  L i ne a r  C omm un i c a t i o n  
A n t e n n a s "  i s  e x p e c t e d  to b e  pub l i shed b y  t h e  
e nd o f  1 9 8 3 . 

T h e  rep o r t  i s  i n t e nd e d  to be docume n t a t i o n  of 
a n t e n na mod e l s  i n t e n d ed f o r  use w i t h the HF 
s k y-wave propag a t i o n  pred i c t i o n  prog r am ,  
I ONCAP . I t  i s  not i n t e n d ed t o  b e  a g e n e r a l  
a n t e n n a  de s ig n  g u i d e  or u se r ' s  h a nd book . The 
ma j or e l eme n t s  o f  t h i s  r e p o r t  a r e :  

o t h e  de r iv a t i o n  of a l l  r ad i a t i o n  pa t t e rn 
e q u a t i o n s  a nd compa r i son w i t h pub l i s h e d  
e q u a t io n s  i f  av a i l a b le 
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t h e  c l a r i f i c a t i o n  of the u s e  of the 
r a d i a t i o n  r e s i s t ance e q ua t i o n s  a nd 
r e f e r e n c e  to the i r  so u r c e  

t h e  c l a r i f i c a t ion o f  t h e  norma l i za t i o n  o f  
t h e  r e f l e c t i o n  coe f f i c i e n t s  a n d  the i r  use 
w i t h t he g round re f l e c t i o n  f a c t o r s  

o t h e  s im p l i f i c a t ion of t h e  mo de l s  f o r  use 
w i th the pred i c t ion prog r am and the re­
s u l t a n t  s t ab i l i ty o f  the com p u t e r  code . 

I n  a n  e f fo r t  to i n c re a s e  the u s e f u l ne s s  o f  
c ompu t e r i z e d  H F  pred i c t i o n  prog r am s  fo r sys tem 
appl i c a t i on s ,  I TS has deve l oped a g r ound- to­
a i r pred i c t i o n  prog r am t h a t  i nc o rpo r a t e s  
g ro u nd - w ave propa g a t ion a s  we l l  a s  sky-wave 
p ropag a t i o n . The prog r am is  d e s c r i bed in  de­
t a i l  i n  N T I A  Repo r t  8 3 - 1 3 1 e n t i t l ed " An A i r­
t o- g r o u n d  H F  Propag a t i o n  P r e d i c t i o n  Mod e l  f o r  
F a s t  Mu l t i c i r c u i t  Compu t a t i on , "  by S t ewart e t  
a l .  T h e  com p u t e r  code h a s  be e n  op t im i zed to 
pe rm i t  r a p i d  c a l c u l a t i o n  o f  g r ound-wave a n d  
s k y-wave f i e l d  s t r e ng t h s . T h e  c a l c u l a t i o n s  
a re p e r f o rmed u s i ng ,  as a b a s i s ,  t he g round­
wave prog r am deve loped by Les B e r ry and de­
s c r i bed i n  OT T e c h n i c a l  Memo r a ndum 7 8 - 2 4 7  
e n t i t l e d  " U s e r ' s G u i de to Low- F reque ncy Rad i o  
Cove r a g e  P rog r am s "  a nd the s ky-wave prog r am 
r e f e r red to as H F M U F E S  t h a t  i s  de s c r i bed i n  
t he r e p o r t  E RL 1 1 0 - I TS 7 8  by B a r g h a u s e n  e t  al . 

T h e  g e n e r a l  approach to i n c re a s i ng the ope r­
a t i ng s p e ed of the HF pred i c t i o n s  prog r am 
H FM U F E S  i s  to p r e c a l c u l a t e  as ma ny i o nosphe r i c  
p a r ame t e rs a s  pos s i b l e  f o r  a g i v e n  a r e a  o f  
i n t e r e s t .  T h e  ionosphe r i c pa r ame t e rs s u c h  a s  
f o F 2 , h '  F 2 , f O E S , e tc . , a re p re c a l c u l a t e d  f o r  
a g r id o f  po i n t s  that en compa s s e s  a l l  the pa t h  
cont rol po i n t s .  The n ,  f o r  a ny c omm un i c a t ions 
l i n k  who s e  control po i n t s  f a l l i ns ide t h i s  
g r i d ,  a l i ne a r  i n t e r po l a t ion i s  done to g e t  
t he i o n o s ph e r ic pa r ame t e rs . T h i s  e l i m i n a t e s  
t he n e c e s s i ty f o r  eva l ua t i ng l a rge n ume r i c a l  
s e r i e s  a nd r e d u c e s  t h e  cos t o f  c a l c u l a t i ng 
c omm u n i c a t i o n s  path pe r fo rmance . 

T h e  i n i t i a l  g r ound-wave mod e l  req u i red a 
r a t h e r  l a rge memory a s s i g nmen t ,  a nd e xe c u t ion 
t ime for a g i v e n  commun i c a t i o n s  l i n k was unac­
c e p t a b l e . To a c h i eve the prog r am s i ze a n d  
s pe e d , t h e  fo l l ow i ng proc e d u r e  was deve loped . 
Loss c u rv e s  were plot ted i n  t he r a nge o f  2 MH z 
t o  3 0  MH z f o r  0 km to 2 0 0 0  km . T h e s e  p l o t s  
were m a d e  for a n t e n na h e i g h t s  f r om 1 m t o  
5 0  k m ,  a f i x e d  a n te n n a  type ( ve r t i c a l ) ,  and 
g ro u nd c o n s t a n t s  ( c onduct i v i ty = . 0 0 5  
MHO/me t e r ,  d i e l e c t r ic con s t a n t  r e l a t ive to 
f re e  s p a c e  - 1 0 . 0 ) . 

N ume r i c a l  equa t i ons we re f i t  to t h e  plot ted 
c u rv e s  a nd the coe f f i c i e n t s  of t he s e  e q u a t ion s 
we re p l a c ed i n  a s ubp rog r am f o r  eva l u a t io n . 
F o r  a g i v e n  a n te n na he i g h t ,  f r eque n c y ,  a nd 
d i s t a n c e , a l i n e a r  i n te rpo l a t i o n  be tween co­
e f f i c i e n t s  i s  do ne , and the r e s u l t i ng coe f f i ­
c i e n t s  a r e  e v a l ua ted fo r the g r ound- to- a i r  
l os s . 

B e c a u s e  of t h e  heavy re l i a n c e  i n  H F  propaga­
t i on p r e d i c t i o n  prog r ams on n ume r i c a l  coe f ­
f i c i e n t s  t o  rep r e s e n t  the ionosphe r i c  pa ram­
e t e r s , I T S  c o n s t a n t ly s e e k s  ways to improve 
t he a c c u r acy of the coef f i c i e n t s . As pa r t  of 
t h e  I o n o sp h e r i c Mapp i ng p r o j e c t , a new s e t  o f  
c oe f f i c i e n t s  t o  repr e s e n t  t h e  g l obal va r i a t i o n  



of t h e  F 2 - reg i o n  c r i t i c a l  f r e q ue nc y , fo F 2 , has 
been d e ve l oped . These c o e f f i c i e n t s  h a ve be e n  
de r i v ed b y  comb i n i ng obse rved mo n t h l y  med i a n 
va l ue s  of f o F 2  w i t h theore t i c a l  v a l u e s  of foF2  
d e r i ved us i ng the t ime- de p e nd e n t  cont i nu i ty 
e q u a t i on f o r  i o ns a nd e l e c trons i n  the i ono­
sphe re .  The me thod u sed to de r i v e  the new 
coe f f i c i e n t s  a nd a d e sc r i p t i on o f  the use of 
the t ime- d e p e nde nt co n t i n u i ty equa t i on to g e n­
e r a te theore t i c a l  va l ue s  of foF2  has b e e n  
d e s c r i bed i n  de t a i l  i n  a J a nu a ry - F e b ru a ry 1 9 8 3  
Rad i o  S c i e nce paper e n t i t l ed " I mprov i ng i o no­
s p he r i c  maps u s i ng theore t i c a l l y  de r i ved 
v a l ue s  of foF 2 "  by Rush e t  a l . Coe f f i c i e n t s  
h a v e  b e e n  de t e rm i ned f o r  e a c h  mo n t h  f r om J u l y  
1 9 7 5  t h rough J u n e  1 9 7 6  a n d  J u l y 1 9 7 8  t h rough 
J u n e  1 9 7 9 .  The 1 9 7 5 / 1 9 7 6  c oe f f i c i e n t s  can be 
u sed to d e r i ve g l obal  v a l ues of f o F 2  t h a t  a r e  
r ep r e s e n t a t i v e  of s o l a r  m i n imum cond i t i ons . 
The 1 9 7 8 / 1 9 7 9  coe f f i c i e n t s  a r e  u s e d  to d e r i v e  
g l oba l v a l u e s  of f o F 2  t h a t  a r e  represe n t a t i v e  
of s o l ar m a x i m um cond i t io n s . � u r e s  1 - 5 4  and 
1 - 5 5  i l l u s t r a te the g l obal  va r i a t i o n  of the 
m e d i a n  v a l ue of foF 2 d e r i ved f rom the coe f f i ­
c i e n t s  fo r S e p temb e r  1 9 7 5  a nd S e p tembe r 1 9 7 8  
a t  0 6 0 0  hours u n i ve rs a l  t ime . C u r r e n t ly I T S  
i s  s t udy i ng how t h e s e  coef f i c i e n t s  c a n  be u sed 
to p r e d i c t  the approp r i a t e  v a l ue s  of foF2 
t h roughout the e n t i re so l a r  cy c l e . 

HF P ropa g a t i o n  S t udy/Ta c t i c a l  Ope r a t ion C h a r t  
P roce d u re s .  F o r  s e v e r a l  yea r s ,  I TS has pro­
v i d e d  s uppo r t  to the U . S .  Army Commun i c a t i o ns 
Comma nd- E l e c t ron i c s  Eng i ne e r i ng I ns t a l l a t i o n 
Ag e n c y  ( USA/C E E I A )  i n  t e c h n i c a l  a r e a s  pe r t a i n­
i ng to HF propag a t ion a nd nume r i c a l  s imu l a t i o n  
of HF propa g a t i on sys tem pe r f o rmance . I n  ad­
d i t i on to prov i d i ng t e c h n i c a l  a s s i s t a nc e ,  I T S  
h a s  ac cep ted spec i a l i z ed s t u d i e s  i n  s uppo rt of 
USA/C E E I A  o b j e c t i ve s  and ope ra t i on a l  req u i re­
m e n t s . In pa r t i c u l a r  I TS h a s  deve loped and/o r 
i mp l emen ted spec i f i c a n a l y t i c  t e c h n i q ue s  to 
a s s i s t  U S A/C E E I A  i n  the deve lopme nt of ope ra­
t i o n a l  and a n a l y t i c a l  p r o c e d u re s . 

T he s t u dy und e r t a k e n  wa s d i re c ted towa rd the 
deve l o pment a nd i mp l eme n t a t i on of proc e s s o r s  
t h a t  g e ne r a te tac t i c a l  ope r a t i o n  ch a r t s  from 
the I ONos phe r i c Comm un i c a t i o n  Ana l y s i s  a nd 
P r e d i c t ion P rog ram ( I ONCAP ) . The proj e c t  s up­
po r t s  the ope r a t i o n a l  re qu i reme n t s  of the u . s .  
Army Commun i c a t ions Comma nd by prov i d i ng 
spec i f i c m e t hodo logy to the Comm u n i c a t i o n s  
Eng i ne e r i ng D i r e c t o r a t e  ( C EO ) P ropag a t ion 
Eng i n e e r i ng D i v i s ion ( P ED ) . Th i s  me t hodo logy 
a l lows CED/PED to supply t he 5 t h  S i g n a l  Com­
m a nd w i t h d e t a i l ed t a c t i c a l  c h a r t s  of propaga­
t i on pred i c t ions for H F  c ommun i c a t i o n  pa ths i n  
Eu rope and spec i f i c t a c t i c a l  ch a r t s o f  propa­
ga t i o n  pred i c t i o ns fo r the S pe c i a l  F o r c e s  
B u r s t  comm un i c a t ions Sys tem . 

O n e  t a s k  of th i s  pro j e c t  was to deve l op and 
i mp l eme nt proce s sors that g e n e r a t e t a c t i c a l  
ope r a t i o n  c h a r t s  t rom the I ONos phe r i c �ommun i­
c a t ions Ana l y s i s  a nd P r e d i c t ion P rog r am ( IONCAP ) 
a s  a u n ique rep r e s e n tat i o n  of maximum u s a b l e  
t requency ( MU F )  and f requency of opt imum t r a f­
f i c  ( FOT ) depe nde nt of pa th l e ng t h  and the 
l owe s t  u s a b le f r eque n c y  ( L U F )  d e pe n d e n t  o f  
p a t h  l e ng th , em i s s i o n  type , a nd t r a n sm i t t e r  
powe r .  Th e se pred i c t ions w i l l  be g e n e r a t e d  
e v e ry t w o  ho u r s . Th i s  task requ i re s  the 
deve l opme n t  of a spe c i a l i z ed i np u t  proce s so r , 
o u t p u t  p r o c e s so r , a nd i n t e r f a c e  to the I ONCAP 
prog r am . The methodo l ogy d e v e l oped in t h i s  
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t a s k  prov i d e s  the a b i l i ty to g e n e r a t e  de t a i l ed 
t a c t i c a l  c h a r t s  o f  propag a t i o n  pred i c t i o n s  f o r  
t h e  U . S .  Army 5 t h  S i g n a l  Comma nd . 

Ano t h e r  t a s k  of t h i s  pro j e c t  was to d e v e l op 
a nd imp l e me n t  processors tha t g e n e r a t e tac t i ­
c a l  ope r a t i o n  c h a r t s  f rom I O NCAP as a u n i q u e  
r e p re s e n t a t i o n  of re l i ab i l i t y a nd mu l t i pa t h  
prob a b i l i ty d e pe ndent o f  t i me a nd f re q u e ncy . 
T h e s e  pred i c t ions a r e  ge nera ted f o r  e a.c h ho u r  
( UT )  a nd a t  d i s c r e te f reque n c i e s  f rom 2 M H z  to 
3 0  MH z .  Th i s  t a ik requ i r e s  the d e v e l opme n t  of 
a spec i a l i z e d  output proces sor a nd i n t e r face 
to the I ONCAP p r og r am . The method o l og y deve l­
oped in t h i s  t a s k  prov i d ed s p e c i f i c t a c t i c a l  
c h a r t s  of propa g a t ion pred i c t ions fo r t h e  u . s .  
Army S p e c i a l F o r c e s  B u r s t  Commu n i c a t i o n s  
S y s tem . 

Army AG a nd I S O  Boo k s . The u . s .  Army , i n  i t s  
ta c t i c a l  ope r a t i o n s , m a k e s  e x t e n s i ve u s e  o f  
h i g h- f r eque ncy commun i c a t i o n . To a s s u r e  t h i s  
commun i c a t i o n , i t  i s  d e s i r a b l e  t o  b e  a b l e  t o  
s e l e c t  the prope r ope r a t i ng f r e q u e n c y  a t  any 
t ime in m a ny g e o g r aph i c  loca t i ons for t h e  s pe­
c i f i c eq u i pm e n t  i nvol ved . Th i s  se l e c t i o n  pro­
c e s s  has been a s s u r ed by " I n t e rmed i a te a n d  
S h o r t  D i s t a n ce S k y-Wave P ropag a t i o n  C h a r t s . "  
I mproveme n t s  i n  the pe r formance of s k y-wave 
sys tems a s  a r e s u l t  of rece n t  ope r a t i o n a l  ex­
pe r i e n c e  w i t h o v e r- the- ho r i zon r a d a r s pe rm i t s  
a rev i s i o n  o f  these propa g a t i o n  c h a r t s  to re­
f l e c t  t h e s e  propa g a t ion pred i c t i o n  improve­
me n t s . A rev i s i o n of the " I n t e rmed i a te a nd 
S h o r t  D i s t a n c e  S k y-�ave Propaga t i on C h a r t s "  
h a s  been unde r t a k e n  for the U . S .  Army . The 
r e v i s ed c h a r t s i n vo l ve 33  d i f f e re n t  geograph i c  
a re a s  cove r i ng mos t land ma s se s .  T h e  pred i c­
t i ons a r e  prov i d ed i n  3 3  vo l ume s ,  one v o l ume 
for e a c h  of the a r e a s  show n .  in F ig u r e  l - 5 6 . 

The M a x imum U s a b l e  F reque ncy ( M U F ) , t h e  Opt i ­
m u m  T r a f f i c F requency ( FOT ) , a n d  t h e  Lowe s t  
U s a b l e  H i g h F r equency ( L U F ) a r e  p r e s e n t ed f o r  
s i x  s e a s o n a l  i n terv a l s , fo r e a c h  hour of l oca l 
t ime , s i x d i s t a n c e  i n t e r va l s ,  a nd for so l a r  
a c t i v i ty e x t remes of a norm a l  so l a r  cyc l e .  
F i g u r e s  1 - 5 7  a nd 1 - 5 8  a r e  e x amp l e s  of t h e  I S D  
s k y- wave propag a t i on ch a r t s . 

I n  add i t ion to the t a c t i c a l  ope r a t i o n s , s k y­
wave propag a t i o n  i n f o rma t i on i s  requ i r ed to 
a s s ure the proper frequency s e l e c t i o n  for com­
mun i c a t i o n s  be tw e e n  a i rc r a f t  a nd the ba s e  s t a­
t i ons . T h i s  s k y-wave propaga t i on i n fo rma t i o n  
h a s  been prov i d e d  as " A i r/G round S k y-Wave 
Propaga t i on C h a r t s  for S e l e c t ed Wo r l d w i d e  
s t a t ions . "  T h e s e  c h a r t s  have be e n  prepa r ed 
f o r  5 5  a i r-base s t a t ions to e s s e n t i a l ly p r o­
v i d e  wo r l d w i d e cove rage . 

The max i m um f r eque ncy expec ted to be a v a i l ab l e  
f o r  sky-wave propa g a t i o n  o n  a t  l e a s t  5 0  pe r­
c e n t  of t he days ( t he MU F )  i s  pred i c t ed f o r  
e a c h  g round s t a t i o n  i n  a se r i e s  o f  e i g h t  pag e s  
of c h a r t s .  The c h a r t s  a re d i v i d ed i n to t a b l e s  
t h a t  c o r r e spo nd t o  the 3 2  s e c to r s  a s  s hown o n  
the e x amp le map i n  F igure 1 - 5 9 . E a c h  t a b l e  
s hows t h e  M U F  f o r  va r i o u s  i n c reme n t s  of d i s­
tance a t  e a c h  e v e n  hour o f  G re e nw i c h  M e a n  T ime 
( GMT ) a nd at the so l a r  ac t i v i ty e x t remes of a 
norm a l  so l a r  c y c l e ,  i . e . , a t  s o l a r  a c t i v i ty 
i nd i c e s  o f  s un s po t  numb e r s  1 0  a nd 1 1 0 .  The 
seasonal v a r i a t i o n  of the M U F  is  s h own in a 
s e r i e s  of c h a r t s , each for a 2 - mo n th i n t e rv a l . 
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F igure l-54 . Contours of the Monthly Median Value s o f  foF2 ( in MHz ) at 0 6 0 0  UT for September 1 9 7 5 . 
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F igure 1-5 5 .  Contours of  the Monthly Median Va lues of  foF2 ( in MHz ) at 0 6 0 0  UT for September 1 9 7 8 . 
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���� rc� i s  an ex amp l e  o f  an A/G s ky-wave 
propag a t i o n  c h a r t .  

P ropa g a t i o n  a t  o r  n e a r  ve r t i c a l  i n c i d e nc e  pre­
s e n t s  a d i f f i c u l t  a n t e nna · de s i g n  prob l em due 
to the re l a t i v e  low f r eq u e n c y  requ i r ed fo r 
s k y-wave c ommu n i c a t i o n s  at s ho r t  d i s t a n c e  a nd 
the de s i r e to ope r a t e us i ng a n t e n na s  as sma l l  
a s  po s s i b l e . The a n a l y s e s  p e r f o rmed u n d e r  
th i s  e f fo r t  prov i d e d  the n e c e s s a ry a n te n n a  
de s i g n  t o  p r ov ide t h e  r e q u i red sys t em r e l i a­
b i l i t y .  Th i s  work i s  be i ng und e r t a k e n  as pa r t  
of  t h e  N e a r  Ve r t i c a l  I n c i d e n t  S kyw ave ( NVI S )  
P e r f o rm a n c e  pr o j e c t  t h a t  d i re c t l y  suppo r t s  the 
U�-. Army Comm un i c a t i o n s- E le c t ro n i cs E ng i n e e r­
i ng I n s t a l l a t ion Ag e n cy . 

U s i ng an a n tenna d e s c r i p t i o n  a nd g a i n  pr o f i l e  
f rom a repo r t  by H a ro l d  To l l e s  ( " A Sho r t  Low 
P ro f i l e An t e n na for 1 . 5  to 4 . 1  M H z F r e q u e n cy 
c ommun i c a t i o n s , "  Techn i c a l  Repo r t  E M E O- P ED-
7 9 - 6 , Aug u s t  1 9 7 9 ) ,  a n  a n t e n n a  g a i n f i le was 
c re a ted f o r  i np u t  to the I ON o s p he r i c  C ommu n i­
c a t i o ns An a l y s i s  a nd P r e d i c t i o n  ( I ONCAP ) pro­
') t-am . A-mode l of the-a n t e n n a  was cons t r u c ted 
and u s ed to e s t a b l i s h a r e f e re n c e  po i n t  r e l a­
t i ve to the g a i n  pa t t e r n  de s c r i b ed i n  the 
above r e po r t . A l s o ,  an a n te n na g a i n  f i l e t o r  
i nput to I ONCAP d e s c r i b i ng a h a l fwave d i po l e  
a t  he i g h t s  o f  1 0  me t e r s  o r  o n e - q u a r t e r  wave­
l e ng t h  ( w h i c h e v e r  i s  sma l l e r )  was c r e a t ed . 
The I ONCAP prog ram was t h e n  r u n  for typ i c a l  
Army ope r a t i o n a l  c i rc u i t s .  A n  example i s  
Cen t r a l  E u rope , p a t h  l e n g t h s  4 0  t o  4 0 0  k m ,  a l l  
h o u r s  and mo n t h s , and f r eq ue n c i e s  f r om 2 M H z 
t o  6 M H z .  An a s s e s sme n t  of t h e  va l ue s  r e ­
t u r ned f r om I ONCAP was m a d e  w i t h  emph a s i s  on 
c i r c u i t  r e l i a b i l i ty a nd s i g n a l- t o - no i se r a t i o .  

Ano t h e r r e l a ted pr o j e c t was d i r e c t ed toward 
the d e v e l opme nt a nd impleme n t a t i o n  of a n 
i n t e r a c t i v e  p r oc e s s o r  to g e n e r a t e  i np u t  to the 
I ONCAP prog ram . The p ro j e c t s u p p o r t s  ope r a­
t i o n a l  re q u i reme n t s  of the s po n s o r  by prov i d ­
i ng me th odo logy f o r  i n d i v i d u a ls w h o  m a y  h ave a 
l i m i t ed ba c k g round i n  H F  propag a t i o n  to i n t e r­
f ac e  w i th the c omp l e x  H F  p r o p ag a t ion p ro g r am 
d e ve loped by I TS .  S pe c i f i c a l ly ,  the u s e r  w i l l  
r e s pond to a s equence o f  d e t a i l e d  que s t i o n s  
p r e s e n te d  b y  t h e  i n t e r ac t i v e  proce s so r . The 
i n t e r a c t i ve p r oc e s so r  w i l l  h ave the c a p ab i l i ty 
o f  ev a l u a t i ng the us e r ' s r e s po n s e s  by c h e c k i ng 
f o r  po s s i b le i n cons i s te nc i e s  a nd r e q ue s t i ng 
t h e  u s e r  to s u bm i t  a new r e s p o n s e  to a que s­
t ion i f  an i n cons i s t e n c y  is d e t e c t e d . Th e 
p r o c e s s o r  w i l l  a l so have t h e  c a p a b i l i ty o f  
p rov i d i ng a s s i s t ance to the u s e r  s h o u l d  t h e  
u s e r have d i f f i c u l t i e s  r e s p o nd i ng to t h e  que s ­
t i ons p re s e n t ed . T h e  i n t e r a c t i ve p ro c e s so r  
w i l l  c o nv e r t  t h e  u s e r  r e s p o n s e s  i n to t h e  
a p p ro p r i a t e  I ONCAP c a rd image i npu t .  

The I n s t i t u te has con t i nu e d  w o r k  on t h e  de ve l ­
opme n t  of a n ew MF s k y-w ave p r o p ag a t i o n  mod e l  
i n  F Y  8 3  u n d e r  the M F  P r opag a t i o n  S t u d i e s  p ro­
j e c t . The h i g he r  powe r AM s t a t i o n s  s o u t h  o f  
t h e  U n i ted S t a te s  have c a u s e d  i n t e r f e r e n c e  i n  
some U . S .  A M  b ro ad c a s t  s e rv i c e  a re a s . C u r ­
r e n t l y  a c c ep t e d  s k y-wave p r e d i c t io n  mo de l s  
t e nd t o  u n d e r e s t ima te f i e l d  s t re ng t h s  i n  t h e  
w e s t e r n  H em i s p h e r e . The I n s t i t u t e , i n  coop­
e r a t i on w i th t he F ede r a l  Commu n i c a t i o n s  Com­
m i s s i o n ,  e s t ab l i s hed MF mo n i to r i ng s i t e s  a t  
Cabo R o j o ,  P R ,  and K i ng s v i l l e ,  TX , t o  t ry t o  
o b se r v e  s i g n a l s  f r om the C e n t r a l  and S o u t h  
Ame r i c a n  s t a t i ons . Th i s  c a p a b i l i ty p ro v i ded 

8 3  

t h e  po t e n t i a l  fo r me a s u r i ng s i g n a l s  w i t h  s k y­
w a ve r e f l e c t i o n  po i n t s  l e s s  t h a n  3 0 °  n o r t h 
g e omag n e t i c  la t i tude wh i c h  i n  the l o ng t e rm 
c ou ld y i e ld i n f o rma t i o n  so t h a t  the e f f e c t s  o f  
f reque n c y , g e om ag n e t i c  l a t i tude , ionos phe r i c  
l o s s ,  and s o l a r  a c t i v i ty o n  the p e r f o rmance o f  
l o ng d i s t a n c e  M F  s i g n a l s  can be prope r l y  e v a l ­
u a t e d . Th i s ,  i n  t ur n , wou ld l e ad to a r e a l i s­
t i c M F  s k y- w a v e  pred i c t i o n  mode l .  

The I n s t i t u t e  c l o sed d own the C abo R o j o  s i t e 
a f t e r  ove r a ye a r  o f  mo n i to r i ng . A f i n a l  re­
port was w r i t t e n  on the data c o l l e c t ed at th i s  
s i te a nd i s  now i n  the rev i e w  p r o c e s s .  M o n i ­
to r i ng c on t i nued a t  t h e  K i ngsv i l le s i t e u s i ng 
i t s h i g h l y  d i r e c t i o n a l  B ev e rage a n t e nn a s . 
Only t h e  d a t a  s to r age t a p e s  f r om t he con t ro l  
c omp u t e r  a r e  be i ng pe r i od i c a l l y s h i pped to the 
I n s t i t u te for a n a lys i s .  By u s i ng a n  a n t e nna 
mode l d e v e l oped by the Lawrence L i v e rm o r e  
L a b o r a t o r i e s a nd a c a l i b r a t i o n  o f  t h e  Beve rage 
a n t e n n a , o b s e rved AGC r e ad i ng s  a r e  t r a n s f o rmed 
i n to f i e l d  s t r e n g t h  v a l u e s .  The mo n t h ly and 
s e a s o n a l  med i a ns o f  hou r l y med i a ns a r e  t h e n  
a n a l y z ed f o r  d i f f e r e nc e s  be tween p r e d i c t ed a n d  
o bs e rved va l ue s ,  re l a t i v e  se a s o n a l  v a r i a t i o n s , 
a nd r e l a t i ve c h a nges o f  obse rved a nd p r e d i c ted 
v a l ue s . These resu l t s  a re now be i ng com p i l ed 
f o r  a p ro j e c t  m i l e s tone r e po r t .  Eig u r e  l - 6 1 
s hows t he r e c e i v e r  ca l i b r a t i o n  c u rve u s ed to 
c o n ve r t  AGC r e a d i ng s  to i np u t  powe r to t h e  
r e c e i v e r  i n  dBm . 

S o l a r  p r o t o n s  em i t ted i n  a s s o c i a t i o n  w i t h  
f l a r e s  a r e  k nown t o  c a u s e  VLF p h a s e  a noma l i e s  
i n  t h e  e a r t h ' s  po l a r  reg i o n s  a n d  s u b s e q u e n t  
r a d i o  n a v i g a t i o n  e rr o r s  as l a rge a s  5 m i l e s . 
T h e  t h r u s t  of t h i s  s tu d y  was to id e n t i f y t he 
e f f e c t s  o f  s o l a r  proton e v e n t s  on some t r ans­
po l a r  Ome g a  nav i g a t i on s ig n a l s  fo r compa r i son 
w i t h s imu l t a ne o u s  pa r t i c le f l u x  meas u r eme n t s . 
T h e  r e s u l t s  show t h a t  i n  1 9 8 2  t he r e  were sev­
e ra l  p e r i ods when the phases of 1 0 . 2  k H z Omeg a 
s i g n a l s  r e c e i v e d  ove r t r a n s po l a r  p a t h s  we re 
adva n c ed a n om a lous ly . The phase a noma l i e s  
w e r e  qua n t i f i ed b y  remov i ng t h e  norm a l  o r  
c h a r a c t e r i s t i c d i u r n a l  phase f r om t h e  o b s e rved 
p ha s e  du r i ng s u sp e c t e d  pe r iod s . The phase ad­
v a n c e s  at p e a k  w e re abou t 9 5  c e n t i c y c l e s  and 
l a s ted about 1 4  days . F ig u r e  l - 6 2  shows t h e  
p h a s e s  a t  t h e  1 0 . 2  k H z Omega s i g n a l s  ( no rma l 
o r  " qu i e t "  days removed ) r e c e i v ed ove r a 
n o r t h e r n  p a t h  ( H awa i i  t o  No rway ) ,  a m id ­
l a t i tu d e  p a t h  ( N o r t h  D a k o t a  to H a wa i i ) , and a 
s o u t h e r n  p a t h  ( Au s t ra l i a to Arg e n t i n a ) .  I t  i s  
i n t e r e s t i ng to note t h a t  t h e  p h a s e s  w e r e  ad­
v a n c e d  for d a y s  on the po l a r  p a t h s  but not on 
t he m i d- l a t i t ude pa t h . 

T he p r ed i c t i o n  of rad i o  commun i c a t i o n  pe r f o rm­
a n c e  i s  a ma t t e r  of s t a t i s t i c a l l y c ompa r i ng 
t h e  c ompu t ed s ig n a l - to- n o i s e  r a t io ( SN R )  f o r  a 
g i ven g r ade o f  s e rv i c e .  S y s t em p e r f o rmance i s  
a l so h ig h l y  depe nde n t  o n  the de t a i l e d  s t a t i s­
t i c a l  c ha r a c t e r i s t i cs of both the s i g n a l  a nd 
t he no i se ( a nd i n t e r f e re n c e ) a s  we l l  as the 
S N R .  P ro p e r  d e s ign o f  c ommun i c a t i o n s  s y s t ems 
a l s o  requ i re s  de t a i l ed knowledge of the i n te r­
f e r i ng no i se proc e s s .  The ab i l i ty o f  a de s i g n  
e ng i n e e r  to m a k e  a c o r r e c t  compu t a t i o n  o f  SNR 
a nd i t s  v a r i a t i on o f t e n  de t e rm i ne s  the s u c c e s s  
o f  a g i v e n  rad i o  c i rcu i t .  Ge ne r a l ly , the com­
p u t a t i o n  of t h e  s i g n a l  l e v e l  ove r a g i ve n  p a t h  
c a n  b e  m a d e  ac c u r a t e l y .  Th i s  i s  not the c a s e  
w h e n  i t  c omes to e s t ima t i ng the n o i s e  l e v e l  o r  
o th e r  no i se c h a r a c t e r i s t i c s . 
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F igure 1-62 . Pha ses of the 10 . 2  kHz omega signals  rece ived over a northern path , mid-latitude path , and a southern path . 



E x i s t i ng n o i s e  mod e l s  c o ns i s t  p r ima r i l y  of t he 
wor l d w ide a tmosph e r i c  no i se maps c o n t a i n ed i n  
CC I R  Repo r t  3 2 2  a n d  e s t i m a t e d  man-made no i se 
lev e l s  g i v e n  i n  C C I R  Repo r t  2 5 8 . I n  add i t i o n  
to t h e s e  two ba s i c  mode l s , t h e r e  a r e  nume rou s 
o t h e r  s pe c i a l  pu rpose mode ls for e s t ima t i ng 
n o i s e  a t  a i rc r a f t  al t i t u d e s  ( a nd be yond ) ,  f r om 
powe r l i n e s ,  f rom a u t omo b i l e s , f rom e l e c t r i ­
f i ed r a i l r o a d s , f r om n u c l e a r  ge n e ra t i ng 
p l an t s , e t c .  The prob l ems w i t h a l l  of t h e  
a bov e mo de l s  a r e  t h a t  t h e y  a r e  b a s e d  on 
l im i t e d  me a s u reme n t s , d i s r e g a rd s i g n i f i c a n t  
s o u r c e s  o f  E M I , a r e  l i m i ted i n  f r e q ue n c y  
r a ng e ,  a r e  not ava i l a b l e  i n  t h e  f o rm o f  source 
mode l , a nd a r e  not nec e s s a r i l y  appl i c a b l e  to 
n e w  modu l a t i o n  mode s  emp loyed in  newer r ad i o  
s y s t em s . A l s o , t h e r e  i s  a la rg e  da t a  b a s e  o f  
mea s u reme n t s t h a t , h e r e t o fore , h a ve not bee n 
i nco rpo r a t e d  i n to t h e  e x i s t i ng mode l s . 

There i s  a need for a n  over a l l ,  c om p r e h e ns i v e , 
u s a b l e  no i se mode l f o r  appl i c a t i o n  to t e l e c om­
mun i c a t i o n  prob l em s . The I n s t i t ue i s  c u r­
re n t l y  c o nd uc t i ng a prog r am to pe r f o rm v a r i o u s  
p r e l i m i n a ry t a s k s  n e eded be fore a n  over a l l  
mode l c a n  be deve loped and t o  o b t a i n a n  im­
proved a tm o s p he r i c no i se mode l .  

The e x i s t i ng w o r l d w i d e  a tmo s phe r i c  no i se mode l  
( CC I R  Repo r t  3 2 2 ) w a s  d e v e l oped f r om appro x i ­

ma t e l y  4 y e a r s  o f  me a s ur eme n t s  f r om a wo r l d­
w i de n e t w o r k  o f  1 6  meas ureme n t  s t a t i on s .  Th i s  
ne twork m ad e  m e a s u r eme n t s  f o r  5 y e a r s  ( l ong e r  
i n  a f ew c a se s )  p a s t  t h e  p u b l i c a t i o n  o f  C C I R  
Repo r t  3 2 2  i n  1 9 6 3 . Al so , a d d i t i o n a l  d a t a  are 
now a v a i l a b l e  f rom other loca t io n s ,  p r ima r i l y 
m a n y  y e a r s  o f  d a t a  f r om 1 0  sov i e t  me a s u reme n t  
s t a t i o n s . A l l  t h i s a d d i t i o n a l  d a t a  h a s  bee n 
a n a l y z e d  and a n  upda ted wo r l dw i de a tmos p he r i c 
no i se mod e l  i s  be i ng p r e pa r e d . The loca t i o n s  
f o r  t h e  me a s u r eme n t  d a t a  a r e : 

wo r l d w i d e  Ne twork Loc a t i o n s  ( C C I R  3 2 2 )  

B a l bo a , C a n a l  Z o n e  
B i l l , Wyom i ng 
Bo u l d e r ,  C o l o rado 
B y rd , An t a r c t i c a  
Coo k , Aus t r a l i a 
E n k op i ng ,  Swede n  
F ro n t  Roy a l ,  V i rg i n i a  
I ba d a n ,  N i g e r i a  
K e k a h a , H awa i i  
N ew De l h i ,  I nd i a 
Oh i r a , J a p a n  
p r e to r i a , s .  A f r i c a  
Raba t ,  Morocco 
s a n  J o s e , B r a z i l  
S i ng a po r e , Ma l a y s i a  
T h u l e , G r e e n l a nd 

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

l 7 .  3 E ,  
7 8 . 2W ,  

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

7 7 . 3  E ,  
1 4 0 . 5 E ,  

28 . 3  E ,  
6 .  8 W ,  

4 5 . 8 W ,  
l 0 3 . 8 E ,  

6 8 . 7 W ,  

New Loc a t i o n s  

Laem C h a b a ng , Tha i l a nd 
Alma A t a , U S S R 
A s h k h a b a d , USSR 
I r k u t s k , USSR 
K h a b a ro v s k ,  USSR 
K i ev ,  U S S R  
Mos cow , U S S R  
M u rm a n s k ,  U S S R  
S im f e ro po l ,  U S S R  
s v e r d l ov s k , U S S R  
T b i l i s i ,  U S S R  

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

l 0 4 . 5 E ,  
1 3 5 . 0 E ,  

3 0 . 3  E ,  
3 7 . 3 2 E ,  
3 5 .  O E ,  
3 4 . 0 3 E ,  
6 l . 0 7 E ,  
4 0 . 0 E ,  

9 . 0 N 
4 3 . 2 N 
4 0 .  l N  
8 0 . 0 S 
3 0 . 6 S 
5 9 . 5 N 
3 8 . 8 N 

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

l .  3N  
7 6 . 6 N 

l 3 . 0 5 N 
4 3 . 2 5 N 
3 7 . 9 2 N  
5 2 . 0 N 
5 0 . 0 N 
5 0 . 7 2 N  
5 5 . 4 7 N "  
6 9 . 0 N 
4 5 . 0 2 N  
5 6 . 7 3 N  
4 l .  7 2 N 

The re a l - w o r l d  no i se e n v i r o nme n t  i s  almos t 
neve r G a u s s i a n i n  c h a r a c t e r , y e t  r e c e i v i ng 
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s y s tems i n  ge n e r a l  u s e  a r e  those t h a t  are 
op t i mum for wh i t e Ga u s s i a n  no i se ( i . e . , l i ne a r  
ma tched f i l t e r  or corr e l a t ion d e t e c t o rs ) .  

I t  i s  we l l  k nown t h a t  G a u s s i an n o i s e  i s  t h e  
wo rs t k i nd o f  no i se i n  t e r m s  o f  m i n i m i z i ng 
c h a n n e l  c apa c i ty or i n  i t s i n fo rma t ion de­
s t roy i ng c a p a b i l i ty .  Th i s  means that very 
la rge improveme n t s  in t he p e r formance o f  
s y s tems c a n  b e  a c h i eved i f  the a c t u a l  s ta t i s­
t i c a l  c h a r a c t e r i s t i c s  of t he no i s e  a nd i n t e r­
f e r e n c e  a r e  prope r l y t a k e n  i n to accoun t ,  a nd 
t h e r e  have be e n  v a r i ous s i g n i f i c a n t  e f for t s  i n  
t he la s t  f e w  ye a r s  i n  t h i s  a rea . 

When c o n f ro n t ed w i t h rea l-wo r l d  no i s e ,  t h e  
e a r l i e r  and u s u a l  approach was t o  precede t h e  
" G au s s i a n  rece i v e r "  b y  v a r ious a d  h o c  non­
l i ne a r i t i e s  ( e . g . , c l i ppe r ,  ho le pun c h e r s , 
h a rd l i m i t e r s , e tc . )  i n  o r der to m a ke t he 
no i se look " mo re G a u s s i a n "  to the g i v e n  re­
c e i ve r . La t e r , o p t imum s y s t ems we re de r i ved 
u s i ng mode l s  of t he ac t u a l  n o i se . T h e s e  
s y s t ems are a d a p t ive i n  n a t ure a nd u s u a l l y 
v e r y  d i f f i c u l t  to re al i z e phy s i c a l ly . I f ,  
howeve r ,  t he f o l l ow i ng two a s sump t i o n s  a re 
ma de : 

1 .  t h e  de s i red s ig n a l  be comes v a n i s h i ng l y 
sm a l l  a n d  

2 .  t he t ime- b a nd w i d t h  prod u c t  i s  la rge , so 
t h a t  a l a rge number , N ,  of i nd e p e nd e n t  
s ampl e s  f r om the - i n te r f e r i ng no i s e  proce s s  
c a n  be u s ed i n  the d e t e c t i on d e c i s i o n  
proc e s s ,  

t he n  a " l oc a l ly op t imum " de t e c t o r , g e n e r a l l y  
t e rmed a " l oc a l l y opt imum Bayes d e t e c t o r "  o r  
LOB D ,  c a n  be ob t a i ned . Unde r some ra t h e r 
s t r i c t  c o n d i t i o n s ,  these LOBD d e t e c to rs a p­
proach t r u e  op t ima l i ty ( a sympto t i c a l l y )  a s  the 
above two a s s um p t ions are me t ,  and u s u a l l y  
t a ke t h e  f o rm o f  the " norma l "  Ga u s s i a n  re­
ce i v e r  p r e c e d ed by one or more p a r t i c u l a r  non­
l i n e a r i t i e s . 

I n  a c t u a l  u s e , t h e  de s i red s ig n a l  may be 
" sm a l l , "  b u t  not " v a n i s h i ng ly sma l l "  a nd t he 
t ime ba ndw i d t h  produc t may not be pa r t i c u l a r l y 
l a rg e .  R e c e n t  wor k ,  for one t y p i c a l  e x amp le 
o f  b road ba nd impu l s ive no i s e , h a s  removed the 
above two a s s ump t i o ns to i nve s t i g a te t he 
" t r u t h "  of t h e  s t a nd a rd LOBD a n d  hard- l i m i t e r  
pe r formance e s t i ma t e s . T h e  f i r s t  a s s ump t i on 
( v a n i s h i ng l y smal l s ig n a l ) is  removed a n a l y­
t i c a l l y a nd t h e  s e cond ( l arge N so t h a t  C e n­
t ra l  L im i t  Theo rem arg ume n t s  c a n  be u s e d ) i s  
removed b y  M o n t e  C a r lo comp u t e r  s im u l a t i o n . 

Resu l t s  a r e  s hown i n  F ig u r e s  l - 6 3  and 1 - 6 4 . 
I n  F ig u r e  1 - 6 3 , t h ree c u rves are g i ven f o e  t he 
b i n a ry C P S K  s y s t em ,  t he s ta nd a rd t heore t i c a l  
re s u l t  ( S  - >  0 )  f rom t h e  we l l - k nown LOBD 
t he o ry u s i ng t h e  above two a s s ump t i o n s , the 
r e s u l t  ( S f >  0 )  whe re t he f i r s t  a s s ump t i o n  was 
a na l y t i c a l ly removed , a nd t h e  corre spond i ng 
h a rd l im i t e r  r e s u l t  ( S f >  0 )  where pe r f o rman c e  
wa s  a l s o  ca l c u la ted w i t ho u t  t h e  S - >  0 a s s ump­
t i on . C omp u t e r  s im u l a t i o n  r e s u l t s  are a l so 
s hown f o r  t h e  LOBD non l i ne a r i ty and t h e  ba nd­
p a s s  l i m i te r ,  a nd we see t h a t  t he c a l c u l a t e d  
re s u l t s  a re q u i te c l ose to the s im u l a ted re­
s u l t s  in a l l  c a se s .  I n  F ig u r e  1 - 6 3 ,  N = 1 0 0 , 
so we e x pe c t  t he C e n t r a l  L im i t  Theo rem to 
app l y .  
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N o t e  t h a t  f o r  th i s  example o f  impu l s i v e  no i se 
we r e q u i re u s i ng t h e  LOBD d e s i g n e d  to ma t c h  
t h e  i n t e r f e r e n c e , a s ig n a l - to- no i se r a t i o  
( N  = 1 0 0 ) o f  abou t - 4 7  d B  t o  a c h i e ve a Pe o f  
1 0 - 6 T h e  c o r r e spond i ng l i ne a r  rec e i v e r  i n  
Gau s s i an no i se ( op t imum ) w o u l d  r e q u i re a 
s i g n a l- to- no i se r a t�o of - 1 0  d B  ( N  = 1 0 0 ) to 
a c h i e ve a p o f  1 0 - . T h a t  i s ,  t h e  LOBD i n  
i t s  i n t e r f e�e n c e  h a s  a 3 7  d B  proce s s i ng ad v a n­
tage ( i n the l im i t ,  l a rg e N )  o v e r  the l i n e a r  
r e c e i v e r  i n  Gau s s i a n  n o i s e  ( o r ov e r  t h e  l i ne a r  
r e c e i ve r  i n  t h i s  e xamp le o f  imp u l s i ve no i s e ) .  

F ig u r e  1 - 6 4  s hows re s u l t s  fo r N = 1 0 . F i r s t ,  
we n o t e  t h a t  p e r f o rmance c a n not be c a l c u l a t e d  
f rom t h e  normal LOBD r e s u l t s  a s  noted by t h e  
d a s h e d  c u rve ( S  - >  0 ) .  The h a rd l im i te r  c a l ­
c u l a t i o n  ( S  I >  0 )  m a t c h e s  t h e  s im u l a t i o n  r e ­
s u l t s o n l y  f o r  sma l l  s i g n a l  l e v e l s  a nd depa r t s  
r a p i d ly a s  t h e  s i g n a l  i nc r e a s e s . The LOBD 
c a l c u la ted r e su l t s  ( S  I> 0 )  f o l low the s im u l a­
t i o n  r e s u l t s  be t te r .  The d i f fe re n c e s  a r e  due 
to t h e  C e n t r a l  L im i t  T h e o r em a p p ro x ima t i o n  
u se d  f o r  c a l c u l a ted r e s u l t s  n o t  be i ng va l i d 
f o r  N = 1 0 , e s pec i a l l y i n  t h e  t a i l s .  The mos t 
i n t e r e s t i ng r e s u l t  shown , howev e r ,  i s  t h a t  the 
h a rd l im i t e r  o u t pe r fo rms the LOBD a s  the s i g­
nal l e v eG i nc r e a s e s  ( a round S N R  = - 2 8  d B  a nd 
P e = 1 0 - i n  t h i s  c a s e ) . 

F ig u r e  1 - 6 5  s hows s im u l a t i o n  r e s u l t s  f o r  a 
d i f f e re n t  e x am p l e  of imp u l s i ve no i s e . Th i s  
e x ample , i n  t e rm s  o f  i t s  f i r s t- o rde r d i s t r i b u­
t i on , does not look " a  whole lot d i f f e r e n t "  
f rom t h e  e x ample o f  F ig u r e s  1 - 6 3  a n d  1 - 6 4 , 
be i ng a l so h i g h ly non-Ga u s s i a n . F i g u re 1 - 6 5  
s hows t h e  l i ne a r  r e c e i v e r ,  c o n s t a n t  s ig n a l  
r e s u l t s  a long w i th t ho s e  f o r  t h e  bandpass l im­
i t e r  and the LOB D n o n l i ne a r i ty . F i r s t  note 
t ha t , a s  u s ua l , u se o f  no n l i ne a r i t i e s  f o r  
N = 1 g i v e s  n o  improveme n t  ove r  t h e  l i ne a r  
r e c e i ve r ,  bu t ,  o f  c o u r se , d o e s  g i ve improve­
m e n t  for N = 10 a nd 1 0 0 . F o r  N = 1 0 0 , t h i s  
imp roveme n t , howe ve r ,  i s  o n l y  6 d B  comp a red to 
3 7  d B  f o r  the p r e v i o u s  ex amp l e . Th i s  s hows 
t h a t  we c a n not a r b i t r a r i ly

' 
s ay ,  by i n s pe c t i o n , 

t h a t  a no i s e p r oc e s s  wh i c h  i s  " t r em e nd ou s l y "  
non-Gau s s i a n  c a n  re s u l t  i n  " t remendous " 
improveme n t  ov e r  t h e  c o r r e s po nd i ng Ga u s s i a n  o r  
l i n e a r  r e c e i v e r  s i t u a t i o n . 

1 . 4 . 3  App l i c a t i o ns of P r opag a t i o n  
P r e d i c t i o n s  

N um e rous s t ud i e s  h a v e  be e n  und e r t a k e n  b y  I T S  
to a p p l y  the k no w l e d g e  g a i n ed f rom the e xp e r i­
me n t a l  s t ud i e s  and the p r opag a t i o n  pred i c t i o n  
t e c h n i q u e s  d e v e l oped ove r  t h e  y e a rs to s pe c i ­
f i c t e l e c ommun i c a t i o n  s y s tem pe r f o rm a n c e  
i s s u e s . 

The proj e c t  G round Wave M e a s u r eme n t s  i n  t h e  H F  
B a nd i s  i n  suppo r t  o f  a req u i r em e n t  b y  t h e  
D e f e n s e  N u c l e a r  Ag e n c y  ( DNA ) . Th i s  p ro j e c t  
i n c o r po r a t e s  the re s u l t s  o f  H F  g round-wave 
p re d i c t i o n  work u nd e r t a k e n  by I TS to f o rm an 
impo r t a n t  part o f  c u r r e n t  DNA e f f o r t  to im­
p rove a nd u pg r ade c omm u n i c a t i o n  s y s tems f o r  
t h e  m i l i t a ry i n  t h e  E urope a n  t he a te r .  The 
f i n a l  p r e d i c t i o n  mod e l  w i l l  be u s ed to e v a l u­
a t e  con t r a c to r  s y s t em de s i g n s  as we l l  a s  ope r­
a t i o n a l  s y s t em a c c e p t a nce t e s t i ng .  

G r o u nd-wave pred i c t i o n  me thod s based on a 
smoo t h- e a r t h  a s s um p t i o n  a r e  adequate f o r  mos t 
n e e d s  a t  med i um a n d  l ow f r e q ue n c i e s . Howeve r ,  
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a t  H F , t e r r a i n  f e a t u r e s  a n d  pa th e l e c t r i c a l  
c h a r a c te r i s t i c i nhomog e ne i ty a r e  v e ry impo r­
t a n t . A c l osed f o rm a n a l y t i c a l  s o l u t i o n  of H F  
g rou nd-wave p ropag a t ion o v e r  i r r e g u l a r  a nd 
i n homoge neou s t e r r a i n  i s  impo s s i b l e  be c a u s e  
t he e a r t h ' s  s u r f a ce c a n not be d e s c r i bed b y  a 
c on t i nuous f un c t i o n . The so l u t i o n  to t h i s  
p r o b l em mu s t  r e l y  o n  nume r i c a l  t e c h n iques , a nd 
p rog r am WAG N E R ,  based on a n  i n te g r a l  equa t i on , 
r e p r e s e n t s  one s u c h  so l u t i on . As l o ng as the 
e le v a t i o n  c h a nge in  the pa t h  is  not too abru p t , 
n o r  the f r eque ncy too h i g h ,  WAG N E R  c a n  pred i c t 
t h e  t r a nsm i s s ion los s ove r  i r reg u l a r  and i n­
h omog e neous t e r r a i n .  The p r i m a ry pu rpose o f  
t h i s  proj e c t  i s  the va l i d a t i o n  o f  t h i s  tech­
n i que f o r  p r e d i c t i o n  o f  r e c e i v e d  H F  groun d 
wave al ong a pa t h  of i r r eg u l a r  t e r r a i n  w i t h 
f o re s t s ,  bu i l d i ng s ,  a nd w i t h or w i t hout s now 
c ov e r .  

I m p l eme n t a t i o n  o f  WAGN E R  r e q u i r e s  a prog ram 
i np u t  e s t imate d e s c r i b i ng the e f f e c t ive th ick­
n e s s  a nd n a t u r e  o f  the slab o f  i n t e rv e n ing 
g round cover and , a l so ,  the g round cond u c t iv­
i ty a nd d i e l e c t r i c con s t a n t s  a l ong the p a t h  
f r om t r a n sm i t t e r  t o  r e c e i v e r .  I n  add i t ion to 
p rov i d i ng some c h e c k s  for the newe s t  improve­
m e n t s  to WAGN E R ,  th i s  p r o j e c t  w i l l  a t temp t to 
s e t  g u i d e l i ne s  d e s c r i b i ng how t h e s e  e s t ima t e s  
c a n  b e s t  be made . Re l i a b l e  u se of the mode l 
w i l l  req u i re me a s u r eme n t s  of a c t u a l  H F  rad i a­
t i o n s  f o r  compa r i son to mod e l  p r e d i c t i ons . 

A v a n  type t r u c k  w i t h a r e c e i v e r  s y s t em h a s  
b e e n  i n s t r ume n t ed t o  m a ke mob i l e  me a s ure­
me n t s . Da t a  a r e  co l le c t ed , r e c o rded , a nd 
e v a l ua t ed as t he ve h i c l e  i s  d r i ve n  a l o ng a n d  
a c ros s p i e- s haped r ad i a l s  emana t i ng f r om a 
f i xed t r a n sm i t t e r . M e a s u r eme n t s  are made o f  
r e c e ived f i e l d  s t r e ng t h ,  b i t  e r ror rate , 
h e i g h t- g a i n ,  and g round c o n s t a n t s  v e r s u s  geo­
g r a p h i c  loca t i on of the re c e i v e r  va n .  S i n ce 
data a n a l y s i s  f o r  mod e l  comp a r i son r e q u i re s  
a s s u r a n c e  of homog e ne i ty o f  me a s u r e d/pred i c t ed 
d i f f e r e n c e s  t h a t  a re s t r a t i f i e d  for se l e c t e d  
c om pa r i so ns , a subs t a n t i a l  amo u n t  o f  d a t a  mu s t  
b e  t a ke n .  I n  the re c e i v e r  v a n ,  t h e  u s e  o f 
c omp u t e r  c o n t r o l  of i ns t r ume n t a t i o n , d a t a  
a c q u i s i t i on , a n d  record i ng s y s tems f ac i l i ta t e s 
t h e  c o l le c t i o n  of l a rg e  amo u n t s  of d a t a . 
Add i t i o n a l l y ,  a compu t e r- c on t r o l l ed s y s tem i s  
p a r t i c u l a r l y de s i r ab l e  wh e n e v e r  t e s t  a r ra nge­
m e n t s  need to be reco n f i g u r e d . These upda t e s  
a re l i k e l y  t o  o c c u r  a s  the d a t a  a r e  a n a l y z ed 
a t  s i g n i f i c a n t  i n t e r v a l s  so t h a t  d a t a  acqu i s i ­
t i o n  improveme n t s  c a n  be p l a n ned f o r  the ne x t  
me a s u r i ng e f fo r t . 

T h i s  ve r s a t i l i ty of r e c e i v e r  i n s t r ume n t a t i o n  
a l lows me a s u reme n t s  to be made a s  t h e  v a n  
mov e s  al ong a nd ac ros s the p i e- s haped rad i a l s ; 
c o n s e q ue n t l y , the loc a t i o n  o f  t h e  van m u s t  be 
a c c u r a t e l y  know n  and r e c o rd e d  as da t a  a re col­
l e c t e d  a t  that l o c a t i o n .  Two d e v i c e s  for de­
t e rm i n i ng t h e  v a n ' s  loca t i o n  a r e . be i ng 
p l a n n e d . One i s  a d i s t a n c e  p roc e s sor con­
n e c ted to the v a n ' s  t r a n s m i s s io n  to record 
d i s t a n c e s  t h e  v a n  t r av e l s  a nd the o t h e r  i s  a n  
i n e r t i a l  n a v i g a t io n  sys t em f o r  v a n  pos i t i o n­
i ng . The d i s t ance p ro c e s sor w i l l  be u s ed a s  
a n  a id t o  loca t e  ze ro v e l o c i ty u pd a te ( Z U PT ) 
loc a t i o n s  f o r  the n a v i g a t i o n  s y s t em .  

The r e c e i v e r  a n te n n a , l o c a t e d  o n  the roof o f  
t h e  v a n ,  i s  a w i de b a nd mo nopo le approx ima t e l y  
2 me t e rs l o ng . A n  i n teg r a l  ac t i ve ne twork 
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Simu lation results for Hall noise , 8=4 , for a linear receiver and for the LOBD and bandpass limiter nonlinear ities . 



l o c a t ed i n  the base i n s u l a to r  prov i d e s  a n  i n­
p u t  imped a n c e  g re a t e r  t h a n  t h e  r e a c t ive com­
po n e n t  of t h e  a n t e n n a  b a s e  impe d a n c e  re s u l t i ng 
i n  e s s e n t i a l ly a f l a t  f r e q u e n c y  r e s pon s e  
a c r o s s  t h e  H F  b a nd . C o n s e q ue n t l y ,  t h e  ac t i v e  
n e t w o r k  o u t p u t  s i g n a l  vo l t age a c ross a r e s i s­
t i ve t e rm i na t i o n  i s  re l a ted to t h e  a n t e n n a  
i nc i d e n t  s i g n a l  s t r e n g t h  b y  a co n s t a n t  f a c to r  
a c ros s t h e  f r e q u e n c y  band . 

The t r a n sm i t te r  v a n  hou s e s  a 5 0 0 - wa t t  w i d e b a n d  
r f  amp l i f i e r  and a com p u t e r  to c o n t r o l  t h e  
o p e r a t i ng f r equency , t h e  t r a n sm i t te r  o u t p u t 
powe r ,  a n d  t h e  mode of mod u l a t io n . 

A t ra i l e r- mou n t e d , d i e s e l - d r i ve n  a l t e r n a to r  i s  
towed b y  t h e  t r a n sm i t t e r  va n t o  p r ov i d e  p r ime 
powe r w h e n e v e r  s ho r e - b a s ed powe r is u n a v a i l ­
a b l e . L i n e  vo l t age reg u l a to r s  a r e  used to 
h e l p  ma i n t a i n  a c o n s t a n t  vo l t ag e  s o u r c e  f o r  
t h e  t r a n s m i t t e r  equ i pme n t . 

A f u l l- s c a le mod e l  of t he t ra n s m i t t i ng a n t e n n a  
h a s  be e n  b u i l t  f o r  i n i t i a l  t e s t s  of t h e  an­
t e n n a  r a d i a t ion pa t t e r n . A \/4 l o ng ve r t i c a l  
mo nop o l e  w a s  e r e c t ed w i t h  t h e  base on a w i re 
me s h  g ro u2d s c re e n  h a v i ng a n  a r e a  of abou t 
1 4 , 0 0 0  f t  . 

The VOA H F  P r opag a t i o n  S t ud i e s  proj e c t  h a s  
p rov i d ed s u pport t o  t h e  Vo i c e  o f  Ame r i c a  ( VOA ) 
i n  t h e  a r e a s  of H F  propag a t i o n  pred i c t i o n s  a nd 
o p e r a t i o n a l  s t ud i e s  f o r  a number of y e a r s . 
T h i s  s u p po r t  h a s  co n t i nued t h r o u g h  t h i s  ye a r .  
The I n s t i t u t e  h a s  p rov i d ed c i rc u i t  p e r f o rmance 
p r e d i c t i o n s  f o r  ove r  1 8 0 VOA b road c a s t  c i r­
c u i t s .  T h e s e  p r e d i c t i o ns a r e  u s ed by t h e  
Vo i c e  o f  Ame r i c a  i n  t h e  s c h ed u l i ng o f  f r eq u e n­
c i e s  f o r  broad c a s t s .  I n  add i t i o n , t h e  I n s t i ­
t u t e  s t i l l  p r ov i d e s  VOA w i t h  r emo te a c c e s s  to 
i t s  comp u te r  pr og r ams t h a t  a r e u s ed to d e t e r­
m i ne H F  propag a t i o n  c o nd i t i o n s . 

S p e c i f i c s t u d i e s  h a ve been u n d e r t a k e n  by t h e 
I n s t i t u t e  i n  suppo r t  o f  Vo i c e  of Ame r i c a  prep­
a r a t i o n  f o r  t h e  1 9 8 4  H F  B roadc a s t i ng WARC . 

As a re s u l t  of ac t i o n s  t a k e n  a t  the G e ne r a l  
Wo r l d  Adm i n i s t r a t i v e  Rad i o  C o n f e re n c e  o f  1 9 7 9 ,  
two 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 s  
( WARC ) d e a l i ng w i t h H F  b road c a s t i ng w i l l  t a k e  
p l a c e . The purpose o f  t h e  H F  Broad ca s t i ng 
WARC w i l l  be to p l a n  a n d  d e v e l op proc e d u r e s  to 
more e f f e c t i v e l y  u t i l i z e  t h e  HF s pe c t rum f o r  
broadc a s t i ng pu rpose s .  T h e  c o n f e re n c e  w i l l  b e  
h e l d  i n  t w o  s e s s i o n s , t h e  f i r s t  t o  beg i n  i n  
e a r l y  1 9 8 4 . 

T e l e commu n i c a t i o n s  ope r a t i o n s  i n  the h ig h  f r e­
q u e n c y  ( H F )  por t i on of t h e  s pe c t rum a r e  
d i re c t e d  towa rd i n t e r n a t i o n a l  broad c a s t i ng by 
many adm i n i s t r a t i o n s  i n  t h e  wo r l d .  I n  t h e  
U n i t ed S t a te s ,  i n  pa r t i c u l a r ,  i n t e r n a t i o n a l  
broad c a s t i ng b y  s hort wave ( H F )  i s  a n  i n t e g r a l 
p a r t  of t h e  f o r e i g n  po l i c y . The o u t come s o f  
t h e  H F  B r o ad c a s t i ng WARC a re o f  v i t a l  c o n c e r n  
t o  t h e  U n i ted S t a te s . I n  o rd e r  t o  a s s e s s  t h a t  
u . s .  pos i t i o n s  a t  t h e  c o n f e re n c e s  a r e  based o n  
s o u n d  t e c h n i c a l  de c i s i o n s , t h e  I n s t i t u t e  h a s  
d e v e l oped a u t oma ted me t hods to a s s i g n  H F  f re­
qu e n c i e s  for broad c a s t i ng p u r p o s e s  u n d e r  the 
H F  Broadc a s t i ng WARC p ro j e c t  t h a t  s u p po r t s  
N T I A ,  VOA , a n d  t h e  Boa rd fo r I n te r na t i o n a l  
B road c a s t i ng . The p r o c e d u r e  t h a t  i s  be i ng d e­
ve l oped w i l l  a l low s t ud i e s  o f  t r a d e- o f f s  be­
t w e e n  s u c h  p a r ame t e r s  as powe r a nd p r o te c t i o n  

9 1  

r a t i o s  und e r  d i f f e re n t  c h a n n e l  a s s i g nm e n t  
s c e n a r i os to s imu l a te broad c a s t  ope r a t io n s  
u s i ng t h e  be s t  av a i l a b l e i n f o rma t i on . F i g u re 
l - 6 6  s hows t h e  re s u l t s  o f  a t e s t comp r i s i ng 
r e c e p t i o n  po i n t  se l e c t i o n  methods i n  t e rms of 
a c h a n n e l u s age f a c to r  a nd a cost f a c to r . 

A k n o w l e d g e  o f  se rv i c e  and i n t e r f e re n c e  ranges 
a s soc i a t ed w i t h e x i s t i ng a nd f u t u re a i r  n a v i ­
g a t i o n  a i d s  i s  a n  impo r t a n t  pa r t  of the FAA ' s 
s pe c t rum p l a n n i ng e f fo r t . Cove r age , i n t e r f e r­
e nc e , a nd propag a t ion pred i c t ion capa b i l i t i e s  
d e v e l oped b y  N T I A  as p a r t  o f  t h e  A i r  �v ig� 
t i o n  A i d s  proj e c t  a r e  ut i l i z ed to prov i d e  much 
o f  t h i s  i n f o rma t i on . 

I n  r e c e n t  ye a r s  much of t h i s  e f fo r t  has be e n  
i nv o l ved i n  d e v e l o p i ng a nd r u n n i ng p rog rams 
c o n t a i n i ng the I F - 7 7  p r opaga t i o n  mode l to a i d 
i n  upd a t i ng v a r i ous FAA h a ndboo k s . Th i s  y e a r  
a coh e re n t  ma t hema t i c a l  de s c r i p t i o n  of t he 
p re s e n t  I F- 7 7  mod e l  was d e v e l o ped a nd w i l l  be 
p ub l i s hed as a s i ng l e repo r t ,  " T he I P- 7 7  
E l e c t romagne t i c Wave P ropag a t ion Mode l , "  by G .  
D .  G i e rh a r t  and M .  E .  J o h n so n ,  FAA Re p o r t  N o . 
DOT/FAA/E S- 8 3 / 3 ,  S e p tember 1 9 8 3 .  

' 
A l s o , a n  e f fo r t  i s  be i ng made to e f f e c t i v e l y  
r u n  t h e  mod e l  on a sma l l e r  comp u t e r ,  t h e  
H P  1 0 0 0 . 

Two f u r t h e r  t a s k s  a re c u r re n t l y  und e r  way : 

l .  P r od u c t i o n  of comp u te r- g e n e ra t ed propaga­
t i on a nd i n t e r f erence pred i c t i o n s  a s  
r e q u e s t e d  b y  t he FAA.  T h e s e  w i l l  i n c l ude , 
amo ng o t he rs ,  t h e  M i c rowave L a nd i ng S y s tem 
( M LS ) , t h e  B u t l e r  DM E ,  t he W i l c o x DM E ,  and 
t he Area VOT . 

2 .  Ongo i ng compa r i so ns of �red i c t ions w i t h  
e x pe r ime n t a l d a t a  and w i t h o t h e r  mode l s . 

The Te c h n i c a l  S uppo r t/P ropag a t i o n  a nd Spe c t rum 
E ng i ne e r i � p r o j e c t  was e s t a b l i shed as a con­
s u l t i ng a nd a d v i s o ry ac t i v i t y to t h e  F e d e r a l  
Av i a t i o n  Adm i n i s t r a t i o n  ( F AA ) w i t h re s pe c t  to 
f r eq u e n c y  p l a n n i ng a nd man ageme n t  i n  t h e  ae ro­
n au t i c a l  f r e q u e n c y  ba nd s . S pe c i f i c i s s u e s  re­
l a ted to a c t i ons of the I n t e r n a t i o n a l  C i v i l  
Av i a t i o n  O rg a n i z a t i on ( I CAO )  we re s t ud i e d , a nd 
seve r a l  i n fo rma l l e t t e r  repo r t s  w e r e  i s s ued to 
t he FAA . 

The U . S .  Co a s t  G u a rd Con s u l t i ng p r o j e c t  pro­
v i d e s  " q u i c k  r e a c t i o n "  rad i o  propag a t i on pre­
d i c t i o n s  a nd s ho r t- t e rm s t ud i e s  a s  req u i red by 
t h e  Coa s t  G u a rd f o r  t he ope r a t ion o f  t he i r  
l a rge n e t w o r k  o f  H F  a nd V H F  commun i c a t i o n  
s y s t ems . I n  add i t i o n , s e a s on a l  propa g a t i o n  
c h a r t s  we re prov i d ed a s  reque s t ed by t h e  Auto­
ma t ed M u t u a l - A s s i s t a n c e  Ve s s e l  Re s c ue ( AMVE R )  
p r og r am . T h e s e  p r ed i c t ion c h a r t s  a r e  d i i t r i­
b u t ed to t he many AMVER pa r t i c i pa n t s  to a i d 
t hem i n  choos i ng t h e  be s t  f r eque n c y  and C o a s t  
G ua r d  c ommu n i c a t i o n  s t a t ion w i t h wh i c h  t o  l o g  
t he i r  AMV E R  r e po r t s . 

O n e  of t h e  s pe c i a l  propag a t i o n  s t ud i e s  done 
t h i s  year was to p rov ide the Coa s t  G u a rd w i t h 
a n  e s t i m a t e  of t h e  pe r c e n tage of t ime t h a t  a 
commun i c a t i o n  p a t h  e x i s ted be tween e a c h  o f  5 1  
t ra n sm i t t e r  s i te s  a nd four rec e i v e r  l o c a t i o n s  
on e ac h  o f  f o u r  f requenc i e s . 
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Figure 1-6 6 .  Sensitivity test of selection method in terms of usage factor and unit  cos t .  



W id e b a nd C o n s u l t a t i o n . The A rm y  i s  we l l  a l ong 
i n  t h e  d e ve l opme n t  o f  a numbe r o f  new t a c t i c a l 
c ommu n i c a t i o n s  sys tem s ,  some of wh i c h  emp loy 
w i d e b a n d  ( sp r e a d  s p e c t r u m )  mod u l a t ion s .  T h e s e 
s y s tems a r e  u n u s u a l  i n  t h a t  " sy s tem" empha s i s  
i s  m u c h  s t r o n g e r  t h a n  w i th t r ad i t i o n a l  rad i o s . 
s y s t em pe r f o rm a n c e , f o r  examp le , i s  h ig h l y  de­
p e n d e n t  on n e two r k i ng .  S y s t em d e s i g n  was i n i­
t i a l l y  done u s i ng s im p l i s t i c methods for e v a l ­
u a t i ng the pe r forma n c e  o f  t h e  r f  l i nk s  a n d  
h ar d w a r e . S o f tware de s i g n  proceeded based o n  
t ho s e  a n a l y s i s  re s u l t s . I n i t i a l  t e s t i ng o f 
t h e  prototype hardware f o r  b o t h  t h e  PLRS 
( Po s i t i o n  Loc a t i ng and Repor t i ng S y s t e m )  and 
JT I DS ( J o i n t  Ta c t i c a l  I n f orma t i o n  and D a t a  
S y s t em ) a nd m o r e  r i g o ro u s  s y s tem a n a ly se s  h a v e  
i de n t i f i e d  req u i reme n t s  f o r  a s ub s ta n t i a l l y  
b e t t e r  u n d e r s t a n d i ng o f  t r a n sm i s s i o n  e f f e c t s  
o n  w i d e b a n d  s ig n a l s  a n d  f o r  g r e a t e r  c o n f i d e n c e  
i n  a v a i l ab le p ropa g a t i o n  m e t h od o l ogy for the 
n a r row- b a nd c a se . 

The I n s t i t u t e  h a s  prov i d e d  t h e  Army w i th a n  
expe r ime n t a l  d e s i g n  t h a t  de s c r i b e s  the f un c ­
t io n a l  req u i reme n t s  f o r  w i de b a nd propag a t i o n  
me a s u reme n t  s y s tems , a nd for t h e  d e s i g n  o f 
e xpe r im e n t s  to c o l l e c t  w i d e b a nd d a ta . T h e s e  
d a t a  w i l l  be u s ed for t h e  v e r i f i c a t ion a nd/o r 
d e v e l opme n t  o f  propag a t i o n  mode l s  of de f i n a b le 
s t a t i s t i c a l  c o n f i d e nc e .  T h e  I n s t i t ute ha s 
a l so prov i d ed expe r t i se to t h e  Army f o r  g u i d­
a n c e  i n  Army con t r a c t s  w i t h i nd u s t r y , both i n  
d e v e l op i ng w i d e b a nd me a s u r i ng s y s tems and 
d e p l oyme n t  o f  these s y s t em s . 

T h e  I n t e rdepa r tme n t a l  Rad i o  Ad v i so ry Comm i t t e e  
( I RAC ) r e l i e s  on i t s T e c h n i c a l  S u bcomm i t t e e  
( T S C ) f o r  recomme n d a t i o n s  a nd ad v i c e  o n  tech­
n i c a l  m a t t e r s . The p ro j e c t ,  TSC S uppo r t ,  s u p­
po r t s  the t r a n s f e r  of r e s u l t s  of I T S  r e s e a r c h  
t o  re l e v a n t  t a s k s  o f  t h e  TSC . Th i s  ye a r ,  t h e  
g o a l  h a s  be e n  to deve l op a p r ac t i c a l , qua n t i­
t a t i v e  de f i n i t i on of t he t e rms r e l a t i ng t o  
" s p e c t rum e f f i c i e n c y , " a nd to a p p l y  t h e  de f i­
n i t i o n  to s e l e c ted b a n d s  above 9 4 0 MH z .  The 
p ro j e c t  leader is  ac t i ng a s  Conv e nor o f  TSC 
wo r k i ng G roup 1 3 , w h i c h  is c h a rg e d  w i th d e v e l­
op i ng the d e f i n i t i o n s . 

D e v e l op i ng a qua n t i t a t i v e  de f i n i t i o n  of the 
( p r e v i o u s l y ) qua l i t a t i v e  t e rm , " s pe c t rum 
e f f i c i e n cy , " h a s  prov e n  to be d i f f i c u l t  and 
con t r o ve r s i a l . The Wo r k i ng G r oup has a g r e e d  
on t h e  f o l l ow i ng g e n e r a l  f o rm f o r  the de f i n i­
t i o n :  

( spectrum-space used by a reference system) 
( spectrum-space used by the system be ing evaluated ) 

" S p e c t r um- space u se d "  i s  d e f i n ed to be the 
p r o d u c t  o f  the bandw i d t h ,  p hy s i c a l  space , and 
t ime d e n i ed by t h e  s y s tem to other u se r s . The 
ph y s i c a l  spa c e  is u s u a l ly area for t e r r e s t r i a l  
s y s tems , b u t  may b e  v o l ume ( for e xamp l e , f o r  
r ad a r ) , or e v e n  deg r e e s  o f  a r c  f o r  g e os t a t i o n­
a ry s a te l l i te s y s tems . The " re f e re n c e  s y s t em " 
w a s  o r i g i n a l l y  i n te n d e d  to be a n  " i d e a l "  sy s­
t em , b u t  i t  u s u a l ly is not p r a c t i c a l  to d e f i n e  
a n i d e a l  sys t em . I n s t e ad , t h e  re fe re n c e  sys­
tem is to be a good , but p ra c t i c a l ,  s ta t e - o f ­
t he- a r t  s y s t em . 

An i n te r im ,  o r  prog r e s s ,  repo r t  h a s  b e e n  pre­
p a r e d  for I RAC . I f  t h e  c o n c ep t  is accep t ab l e , 
a c om pu t e r  mod e l  f o r  c a l c u l a t i ng the e f f i­
c i e n cy for f i xed a nd mob i l e  s e rv i c e s  i n  

9 3  

s e l e c t ed ba nds betwe e n  9 4 7  M H z  and 4 0  GH z w i l l  
b e  d e v e l oped a nd t e s ted i n  F Y  8 4 .  

N S A  H F /V H F  Propag a t i o n  S t ud i e s . For se v e r a l  
y e a r s  I TS h a s  prov i d ed s u ppo r t  t o  t h e  N a t i o n a l  
s e c u r i ty Ag e n cy ( N SA ) i n  tec h n i c a l  a r e a s  pe r­
t a i n i ng to H F/VHF propag a t i on a nd n ume r i c a l  
s im u l a t i o n  of l o ng- d i s t a n c e  H F  propag a t i o n  
s y s t em pe r fo rmanc e .  I n  add i t i o n  to prov i d i ng 
t e c h n i c a l  a s s i s t a nce , ITS h a s  a c c e p t ed spe­
c i a l i z e d  s t ud i e s  in s u ppo r t  o f  NSA o b j e c t i v e s  
a nd ope r a t i o n a l  req u i r eme n t s . I n  part i c u la r ,  
I T S  h a s  deve loped a nd/or imp lemen ted s pe c i f i c 
a n a l y t i c  t e c h n ique s to a s s i s t  N S A  i n  the de­
v e l opme n t  o f  ope r a t i o n a l  a nd a n a l y t i c a l pro­
c e d u re s . 

T h i s  p r o j e c t  was d i re c ted toward s t u d y  and 
p l a n s  for the d e v e lopme n t  a nd/or imp l eme n t a­
t io n  of a n a l yt i c  te c h n i que s to d e t e rm i ne the 
ope ra t i ng c h a r a c t e r i s t i c s  n e c e s s ary to prov ide 
r e l i a b le commun i c a t i o n  be twe e n  the loc a t i o n s  
w h e n  a n  i nc omp l e t e  spec i f i c a t i o n  o f  ope r a t i ng 
c ha r a c t e r i s t i c s  i s  prov i d e d . The pro j e c t  w i l l  
a l so a s s e s s  the ab i l i ty o f  one o r  more mo n i ­
t o r i ng s t a t i o n s  to de tect t h e s e  commu n i c a t ions 
a n d  to r a nk the mo n i tor i ng s t a t i ons accord i ng 
to t he i r  r e s pe c t i v e  ab i l i t i e s  of d e t e c t i o n . 
The pr imary proj e c t  o b j e c t i v e s  were : 

o to prov i d e  techn i c a l  a s s i s t a n c e  to sponsor 
in  H F/VHF p ropag a t i o n  

o to und e r t a k e  spec i f i c  H F/VHF propag a t i o n  
s t ud i e s  to a s s i s t  t h e  N a t i o n a l  s e c u r i ty 
Age ncy i n  the dev e l opme n t  o f  a n al y t i c a l  
t e c hn i q u e s  f o r  ope rat i o n a l  u se . 





CHAPTER 2 .  SYSTEMS l\ND NETWORKS 

The Systems and Networks Division conducts re­
search and analysis  programs directed toward 
asses sing and developing domestic and inter­
national standards , investigating economic 
network alternatives , and conducting re search 
and analysis  of advanced networks including 
satell ite networks for future appl ications . 
The activities o f  this Division are supported 
in part by programs from other Government 
agencie s . The obj ectives for thi s subelement 
o f  ITS activitie s are : 

o To develop uni form , functional methods o f  
spec i fying and measuring performance o f  
telecommunication systems as seen b y  the 
end user . 

o To promote the development and interna­
tional adoption of technical standards in 
the te lecommunications and information 
industries . 

o To formulate and advocate regulatory , 
legis lative , and institutional re forms to 
the FCC , Congre s s , and indus try in order 
to promote competition and deregulation 
where feasible , and to ensure the univer­
sal availability of basic telecommuni ­
cation services . 

o To provide technical e f forts to support 
administrative conferences such as the 
World and Regiona l conferences of the 
International Telecommunication Union 
( ITU ) , the International Radio Consulta­
tive Committee ( CCIR) , and the Inter­
national Te legraph and Telephone Consulta­
tive Committee ( CCITT ) . 

Tne Systems and Networks Division comprises 
four groups : ( 1 )  Switched Networks Analys i s ,  
( 2 )  Sate llite Networks Analys i s ,  ( 3 )  System 
Performance S tandards and Def inition , and 
( 4 )  System Performance Engineering Analysis . 
The programs of each group are directly or 
indirectly related to one or more o f  the 
obj ectives listed above . The se programs are 
descr ibed in the subsequent paragraphs . 

SECTION 2 . 1  SWITCHED NETWORKS ANALYS I S  

The Switched Networks Analys i s  Group o f  the 
Sy stems and Networks Divis ion conducts a broad 
program of appl ied research , exploratory de­
velopment s tudie s ,  concept studies analysis , 
and experimentation directed toward support 
of ITS program e lements , and programs of other 
Government agenc ies ( e . g . , the U . S .  Army and 
the National Communications System ) . The 
Group ' s  programs focus on advanced switched 
network s  for te lephone , data , me s sage , fac­
s imile , and televis ion service s .  State-of -the­
art programs are per formed to guide the tech­
nical deve lopmen t  and ap�l ication of new cir­
cuit-switching and s tore -and- forward switching 
technique s as wel l  as other innovative net­
work concept s  and architecture s .  The end 
obj ective of all programs is to obtain im­
proved services for the user community through 
better re source uti l i zation and performance 
at lower costs in competitive markets . 

Information Technology Policy . The ob j ectives 
of the I nformation Technology pro j ect are to 
identify i s sues in information policy that 
require national attention , to re search these 
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is sue s , and to assist  i n  preparing necessary 
action by the Department of Commerce . This  
first year ' s  work concentrated on  identi fica­
tion of issues . This material is  publi shed in 
a report by R . K .  Salaman and E . C .  Hettinger 
entitled "Overview o f  Information Pol icy . "  In 
addition to thi s report , assistance was pro ­
vided in addre s s ing specific policy concerns 
rai sed by the Administration and the Congress . 
The latter included long-range goals  in inter ­
national tele communications and information , 
the First Amendment issues concerning broad­
casting , the Postal Service E -COM of fering , 
local telephone rate increases , and participa­
tion in the Commerce Council on Industry and 
Trade , Working Group on Intellectual Property . 

An indication of political concern in the infor­
mation policy area can be gained by a review of 
Congre s s ional activity . In the first 9 months 
of the first session of the 9 8 th Congre s s , about 
2 0 0  bills  and resolutions were introduced that 
were re levant to the development and impact of 
in formation on the economy and society . By far 
the largest group ( 6 0 % )  dealt with high tech­
no logy--particularly the preparation of fered 
by the educational system , and the need to 
improve the United S tates posi tion in inter­
national trade . About 3 5 %  of Congre s s ional 
" information po licy " activi ty concerned te le­
communications and information po licy directly , 
divided about evenly between these two areas . 
The telecommunication concentration was a con­
tinuation of broadcast and common carrier de­
regulation and the resulting concern s . Infor­
mation policy is sues primarily concerned inte l­
lectual property--particularly copyright issues . 
There was a marginal continuing concern in 
Congre s s  about Government competition with the 
private sector information service s .  

An is sue of particular importance i s  interna­
tional trade . It is quite evident that in 
recent years the services sectoT trade has 
played an important role by providing a suf ­
ficient pos i tive ba lance to counteract the 
growing negative balance of merchandise trade . 
It  appears tha t over 4 0 0 0 of the services are 
in formation intens ive . More work is required 
to identify what po licies can be establi shed 
to stimulate the continued growth of the infor­
mation services trade balance . 

Another area of information policy attention 
has been focused on the protection of intel­
lectual property rights . There has been con­
tinual concern for revi sion of the 1 9 7 6  Copy­
right Act to accommodate the requirements of 
rapid microelectronic technology advance s .  
I ssue s sti ll unreso lved include the home 
recording o f  o f f -the-air programs , piracy of 
copyr ighted program material , and the pro­
tection of copyrighted computer firmware and 
software . 

Work in the next several years wi l l  focus on 
copyright issues , particularly concerning 
computer use , and is sue s of international trade 
in information goods and service s .  

NTIA Common Carrier Technical Program . One 
obj ective of thi s program i s  to promote diver­
sity of services and ef fective competition and 
to min imi ze regulation for domestic and inter­
national telecommunications industries . As 
part of thi s e f fort the Institute conducts 



technical studies and re spond s to notices of 
inquiry (NO I )  from the Federal Communications 
Commission (FCC ) where the Admini stration ' s  
viewpoint needs to be expres sed . Such respon­
ses are ways used to develop and promote 
policies to minimi ze Federal interference with 
the free functioning of  the dome stic market­
place in the fie ld of  te lecommunications 
equipment and services .  

One example of  such an NOI response is a 
study conducted in response to FCC Docket 
No . CC 8 1 - 2 1 6  on petitions seeking to amend 
Part 6 8  of the rules in order to permit regi s ­
tration and direct electrical correction of  
customer-provided equipment to  the Dataphone 
Digital Service ( DDS ) . ( See Figure 2 -1 . )  The 
DDS is a tarif fed service offering of AT&T . 
The existing tariff  required that customers 
using the DDS must connect to thi s service 
through a carrier-provided service terminating 
unit  known as the channel service unit  (CSU) . 
The CSU connects to an office channel unit 
( OSU)  and then through a series of multiplex­
ers to the long haul tran smi s sion faci lities 
as shown in Figure 2 - 1 .  

I n  a technical s tudy conducted by the Switched 
Networks Group , ITS found no unique technical 
solution to de fine the demarcation point 
between the service provider and the customers ' 
premi ses equipment . 

/ / 
/ 

/ / 

- - - - - - -
� �  

Another FCC NOI response , currently under 
way , concerns the Integrated Service s Digital 
Network ( ISDN) . In thi s NOI ( General Docket 
8 3 - 8 4 1 ) , re leased August 1 0 , 1 9 8 3 , the FCC 
solic ited comments on 1 )  how they can best 
ensure that the ISDN ( s )  are structured to 
foster competition and serve the public inter­
est , 2 )  how specifications of  ISDN can be st 
conform to the regulatory scheme ( basic and 
enchanced dichotomy ) adopted in the second 
computer inquiry , 3 )  how the Commi s sion can 
be st continue to promulgate pro -competitive 
policies as ISDN develops , and 4 )  how they can 
best represent the divergent interests of U . S .  
service providers , equipment manufacturer s ,  
users , and the public at international forums . 
The Institute , in c lose cooperation with its 
parent organi zation , the National Telecommuni ­
cations and In formation Adminis tration in 
Washington , DC , is currently preparing a 
response to the se que stions . Thi s response 
wi l l  indicate a number of  is sues and actions 
that are expected as a result of  the evo lution 
of  ISDN . 

In addition , ITS , under this program has 
formed and chairs a technical working group 
to s tudy and resolve ISDN is sues that arise 
in the U . S . j oint ISDN working party . Thi s 
group is composed of industry and Government 
representatives  who work on specific problems 
for the j oint workinq party . Examples include 
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Figure 2-1 . The digital data system concept . 
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numbering plan is sue s , data and voice dichot­
omies , and voice digitization processes . The 
ITS Switched Networks - Group i s  current ly 
working on an ISDN Primer for tise by NTIA 
and other Government agsncies as an aid to 
understanding why ISDN is needed , what it wi l l  
look like , and the is sue s that must b e  re­
solved . 

Mi l itari ly Critical Technologies List Review . 
The Export Administration Act (EAA) of 1 9 7 9  
directed that the u . s .  Government develop a 
list  of Mil itar i ly Criti cal Techno logies (MCTL)  
for  export control purpo ses . The primary 
respons ibil ity for the MCTL deve lopment rests 
with the Department of Defense ( DoD) . The 
Department of Commerce ( DoC )  was given the 
re sponsiblity in consultation with DoD to 
review and revise the Commodity Control 
(CCL ) " for the purpo ses o f  insuring that 
export contro ls under the National Security 
Control section cover and , to the maximum 
extent consi stent with the purposes of the 
EAA , are limited to militar i ly critical goods 
and technologie s . " 

The overall requirement for the MCTL is  that 
it shall be suff iciently specific  to guide the 
determinations of any of ficial exerci sing 
export licensing respons ibil ities  under the 
EAA . DoD has deve loped and promulgated an 
MCTL and the DoC has establ i shed an inter­
agency MCTL Implementation Pro j ect for the 
purpose of ful l incorporation of the MCTL into 
the CCL . 

The National Telecommunications and Informa­
tion Administration was reque sted by the DoC 
International Trade Administration ( ITA) to 
assist  in the interagency MCTL Implementation 
Pro j ect relative to te lecommunications equip­
ment , goods , and arrays of know-how . This 
assi stance was provided by the Institute 
because of the detailed knowledge required of 
the technology invo lved . 

The obj ective o f  this pro j ec t  wa s to per form 
a compari son between the Commodity Control 
List , Supplement No . l to paragraph 3 9 9 . 1  of 
the Export Administration Regulations dated 
October l ,  1 9 8 1 , and the DoD Mil i tarily Criti­
cal Technologies List  (MCTL )  (U )  , dated 
October l ,  1 9 8 1 .  The compar i son was directed 
to determine if  the CCL entries inc luded the 
MCTL items , but was limited to only those sub­
j ects  concerned with telecommunications . The 
compar ison was done on the bas i s  that maj or 
sub j ect areas were to be investigated first , 
followed by se lected case s tudie s .  

A method for organizing and managing the com­
pari son study was deve loped along with a 
matrix structure for summari z ing the results 
of the compari son between the two lists . A 
case study example was also developed for a 
modern digital , modularly de signed te lephone 
circuit switch to show the type of synthe s i s  
proce s s  which i s  required prior t o  a sort and 
match analy sis  between l i st s . 

A report presenting a first  level review of 
the 1 9 8 1  MCTL and the 1 9 82 CCL in the area o f  
telecommunications was completed in June 1 9 8 3 . 

DSN Acce s s  Area Program . This is  a continua­
tion of a previous pro j ect being conducted for 
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the U . S . Army ' s  Communication Systems Agency 
(CSA) . I t  involves a series o f  tasks for 
engineering services for the Defense Switched 
Network Acces s  Area ( DSNAA) . Tasks include 
the deve lopment of experimental s trategies 
and test obj ectives for a concept val idation 
facility ( CVF ) to test DSNAA concepts us ing 
the Experimental Integrated Swi tched Network 
(EISN ) . 

Initially , EISN nodes wil l  be implemented at 
Fort Monmouth and at Fort Huachuca by the U . S .  
Army . The equipment and facilities required 
at each s ite wi l l  change depending on the 
experiment and as new obj ectives are added . 
Some o f  the maj or test areas to be implemented 
are tabulated below . 

o Transmi s s ion facil ities from various 
carriers using parameters determining 
analog and digital qual ity of service , 
i . e . , tests of 6 4  kb/s end -to -end user 
faci litie s . 

o Switching facilities with stored program 
control including the interface with 
older switches ; also tes ts of dual homing 
features . 

o Local network and terminal equipment 
involved in interactive and bulk data 
transmis sion and pos sibly the integration 
of terre strial packet switching in the 
CVF test sys tem . 

o Administration , operation , and mainten­
ance of trunk traffic , base access and 
maintenance of communication integrity 
through data security measures ( e . g . ,  use 
of end-to -end encoding techniques ) . A 
cri tical test in this area would be the 
use o f  common channe l s ignal ing (CCS ) via 
a pr ivate line network . These CCS tests 
would be heavily inf luenced by the extent 
of routing and signal ing tests within the 
EISN experiment series . However , areas 
of useful exploration would be the multi­
plexing of low speed ( e . g . , 12  b/s ) 
telemetry data on the signal ing channel 
in a base acces s  area . 

Some o f  the required tes t  elements are shown 
in Figure 2 -2 . 'rhese inc lude , but are not 
limited to , interactive data terminal s ,  te le­
conferencing , bulk data (host  computer ), and 
local area networks that can be based for an 
o f fice local network or a high per formance 
computer local network . Integrating the high 
speed LAN into an intra -and inter -base communi ­
cations system may also b e  considered as 
appropriate for a CVF . 

As part o f  this effort , ITS has prepared 
three in formal reports to the sponsor cover­
ing l )  test obj e ctives , 2 )  CVF imp lementation 
and tes ting , and 3 )  network control . We are 
currently working on re finement of test obj ec ­
tives and the design of tests t o  b e  performed . 
Empha sis  is  on telecommunications within the 
acce s s  areas themselves rather than the long 
distance transmissions . 

Another task is  to determine the impact of 
technological advances ,  standards , Government 
regulations , and legislative actions on the 
future DSN and particularly on the acces s  area 
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Figure 2 - 2 . Concept val idation facility for DSN using EISN-type nodes . 

and local networks used by the mil itary depart­
ments . Technical briefs are prepared and 
submitted as i s sues arise or as que stions are 
re solved . Standards activities that could 
impact the Defense Switched Network are ad­
dre s sed . The task leader participate s in the 
American National Standards Institute (ANS I )  
for this purpo se . 

Final l y ,  ITS provides technical assi stance to 
the CSA in developing R&D programs and in 
assisting the progre s s  of programs conducted 
by industry . Institute personnel participate 
by developing statements of work , reviewing 
proposals , attending program status reviews , 
participating in technical working group s ,  
critiquing reports ,  and conducting independent 
studies to support the se efforts . Results are 
documented and submitted to CSA usually as 
technical brie f s  or in formal reports that 
convey the ITS position , recommendation , or 
other technical information . 

NCS Interoperability Study . The purpose of  
this study i s  to  examine the impact of  Inte­
grated Digital Services Network ( ISDN ) stan­
dardization on the Federal emergency communi­
cations requirements identi fied in  Presiden­
tial Directive NSC-5 3 . This directive states , 
in part , that " i t  i s  essential to the security 
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o f  the United States to have telecommunica­
tions facilities adequate to sati sfy the needs 
of the nation during and after any national 
emergency . This is  required in order to 
gather intel ligence , conduct diplomacy ,  com­
mand and control military forces , provide 
continui ty of es sential functions of govern ­
ment , and to reconstitute the political , 
economic , and social structure of  the Nation . 
Moreover , a survivable communications system 
is a nece ssary component of our deterrent 
posture for defense . "  This Pre s idential 
Directive establi she s the role of the National 
Communication System (NCS ) and the NCS re spon ­
sibility to plan and prepare for mobilization 
of  public and private telecommunication fac i l ­
ities to meet emergency needs . 

Although the nature and leve l of . communication 
support required varies widely with the nature 
of the eme rgency , two broad categories of mi s ­
sions may b e  defined , name ly : time -critical 
miss ions where continuous communication capa­
bility is essential between speci fic user 
pairs and non-time -critical mi s sions where 
some re storal delay is acceptable . This pro­
ject focuse s on the latter category . Mis sions 
in this  second category include nonmil i tary 
Government functions . These  are best addre s sed 
through gradual enhancement and integration of 



Federal  and commercial common user networks . 
The existing Public Switched Telephone Network 
( PSTN ) has many de sirable characteristics for 
use unGer such condi tions . I t  is  ubiquitous , 
provides enormous redundancy in es sential  
facilities , and offers full interoperabi lity . 
However ,  it i s  de signed primarily for analog 
communicat ions and has a hierarchical control 
structure that does  not e f fective ly utilize  
surviving fac ilities . The ISDN concept prom­
ises bene fits simi lar to those of the existing 
PSTN , but also promi ses to eliminate many of 
the PSTN di sadvantages through digitization 
and service integration . 

Two key ISDN i s sue s have been identi fied as  
particularly s ignif icant to  thi s study . The se 
are s ignaling and digiti zation . S ignaling is 
important because it is  the key to service 
integration , damage asse s sment , and flexible 
control of  re storal . Digitiz ation is  an 
important i s sue because it is  currently not 
cost ef fective at long di stance s .  The network 
must  be all  digital i f  restoral routing 
involving many tandem links is  to be feasible . 

The signaling system identi fied for the ISDN 
is  CCITT Signaling System No . 7 .  The user 
part of  this signaling system could provide 
enhanced error protection to addre s s  special­
ized threats such as HEMP (High Altitude 
Electromagnetic Pul se ) , and could also convey 
user priority in formation similar to that pro ­
vided in AUTOVON . Such information could be 
signaled on subscr iber loops via the User Data 
Fields of Open Systems Interconnect (OS I )  
protocol data units  ( e . g . , Connection Reques t )  
i f  appropriate link acce s s  protocol s  are 
developed . A uni f ied signal ing system for 
ISDN should be developed that ( l )  controls 
all service s ,  features , and functions and ( 2 )  
i s  responsive to the NCS unique applications . 

The I SDN concept is  to provide end-to-end 
channels  to the user interface that are 
compatible with the Pulse Code Modulation 
( PCM) vo ice digitization rate of 64 kb/s and 

mul tiples or submultiples thereof . Unfortu­
nately this concept wi l l  not become a reality 
until  digital long-haul transmi s s ion become s 
cost effective . The existing PSTN employs 
analog FM/FDM long-haul transmis sion facili­
ties  for economic reasons . Although exten sive 
portions of the network operate in a digital 
mode (e . g . , voice encoded PCM) , the se " i s lands " 
of digital operation are general ly limited to 
densely populated areas . The digital portion 
of  the network covers a relatively smal l  part 
of the geographic area of the U . S .  A " hybrid"  
service of fering i s  being planned by CCITT 
Study Group XVI I I  as  an interim measure in 
recognition o f  this  problem . 

DTE/DCE Standards . CCIT� international stan­
dards committees have continued to de fine 
customer/network interface requirements for 
the Inte grated Services Digital Network ( ISDN) 
It is nearly certain that the basic acce s s  
wil l  support two 6 4 , 0 0 0  bit/s channe l s  plus 
signaling and overhead for a planned bit rate 
of 1 9 2  kbitsjs . Primary acce s s  to the ISDN 
wi l l  extend this basic access  to a 2 3 -channe l 
access  plus s ignaling and overhead to achieve 
a user/network inter face at 1 . 5 4 4  Mb/ s .  Other 
channel s  under consideration inc lude multip le s 

9 9  

o f  3 8 4  kbit/s digital bit streams . Third ­
generat ion pro j ections ( time frame = 1 9 9 0  and 
beyond) would indi cate that bit rates up to 
10 megabits/s may be reasonable for large 
customer ( e . g . ,  Federal facility) interface 
acces s  to an ISDN . An analys is  of  the digital 
performance of  transmis s ion media was carried 
out to assess  the limitations of coaxial 
cable , twi sted wire pair , and optical fiber 
waveguide in supporting user terminal -to ­
network interchange circuits for future ISDN 
application s . 

A figure of merit was def ined for meta l l i c  
transmi s s ion media operating i n  a baseband 
digital mode . This figure of merit as sumes 
that distortion of  the transmitted digital 
pul se limits the ability of  a digital system 
to correctly interpret a received binary sig­
nal  in the absence of  noise . Thus , a maximum 
bit rate i s  determined that can be transmitted 
over a given dis tance with a required error­
free quality of  service . Thi s rise/decay 
time distortion of rectangular input pul ses  
(baseband binary digital modulation ) is  
clearly observable as  horizonta l j i tter in the 
familiar eye pattern measurements often used 
on digital sys tems . Thi s j itter is  expres sed 
as a percentage of the theoretical data unit 
interval , which is the reciprocal of the bit 
rate in seconds . Performance standards may be 
de fined by thi s j i tter figure or by the rise 
time ( 1 0  to 9 0 % )  of the leading edge of  the 
pul se expres sed as a decimal fraction of the 
theoretical data unit interval . 

A first-order analys is  of metallic  transmi s ­
sion lines has been carried out ( Hull , J . A . , 
A . G .  Hanson , and L . R .  Bloom ; NTIA Report 8 3 -
1 2 1 )  based o n  the recognition that a t  suf fi­
ciently high frequenc ies ( frequencies corre s ­
ponding to the Fourier components o f  a typical 
digital pul se �5 to 50 megahert z )  the lumped­
constant series resistance of me tallic trans­
mi s s ion lines is  dominated by  the skin-effect 
impedance . Both the impulse re sponse and the 
re sponse to a step function input signal may 
be derived . A normali zed plot of the impulse 
response function is shown in Figure 2 -3 .  

A figure of mer it for metallic transmi s s ion 
media of the form Fm = P £ 2 = cons tant may be 
defined where P is the maximum bit rate (re­
ciprocal of minimum bit interval ) of rectangu­
lar pul ses (megapulses per second ) and t is 
the cable length (ki lometer s ) . Thus for an 
assumed system requirement of 1 0  megapul ses 
over a dis tance of l km , the required Fm = 1 0 . 
The shorte st data unit interva l for such 
metallic transmi ssion media is  determined by 
the intersymbo l interference created when 
succes s ive pul ses overlap . I f  one assumes 
that an overlap corresponding to that which 
occurs where the data unit interval corre ­
sponds to the time required for the ampl itude 
of the impulse re sponse to decay to 0 . 1  of its 
peak value is  acceptable , then a figure of 
merit can be derived for meta llic transmi s s ion 
media such as coaxial cable , twisted wire pair , 
and twinaxial lines . Thi s same data unit 
interval also corresponds to approximately 
twice the 5 0 %  response time to a step input 
signal . The analys i s  provides a figure of  
merit that can  be  calculated from the geo ­
metric and physical parameters of the cable . 
This analys is  also al lows the derivation of 
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Figure 2 - 3 . Normal i zed impulse response for coaxial cable . 
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the f igure o f  merit based on an attenuation 
coe fficient measurement made at a frequency 
where skin-effect impedance dominate s the 
series resistive component of the lumped 
constants for the transmi s s ion line . The 
f igure o f  merit allows the user to determine 
the digital performance of transmi ssion media 
when only the attenuation coe f ficient is  
provided by  the manufacturer . For more 
details , the reader is referred to the ref­
erenced report . 

The open literature was reviewed to determine 
the digital performance of optical fiber 
waveguides and to develop engineering approx­
imations that are useful in system de sign 
cons iderations .  Re lationships of generally 
publi shed manufacturer ' s  performance data 
( i . e . , -3 dB bandwidth ) and a maximum digital 

pul se repetition rate indicates that for 
multimode fibers , the maximum pul se rate 
approximately 1 . 3  x the -3 dB bandwidth . 
optical f iber waveguide s a use ful figure 
merit is obtained by the expression Fm = 

is  
For 

of 

P� = constant . More detai l  is avai lable in 
the report .  

The results of  these analyses have been pre ­
sented to technical repre sentative s of a 
leading cable manufacturing company , to a 
working committee of  the American National 
Standards Institute (ANS I )  respon s ible for 
high-speed trans fer of  data between elements 
of a large computer facility , and to an EIA 
committee re spon sible for revision of existing 
DTE/DCE standards . Also , the report has been 
distributed to the member agencies of the 
Federal Telecommunications Standards Commi ttee 
in preparation for the development of a Federal 
standard on optical fiber interchange circuit . 

DES Re lated Standards . The Institute is  en­
gaged in the development of  interoperab il ity 
related standards for the encryption of digi ­
tized voice , and for the use of  encryption 
with CCITT Group 3 facs imi le equipment . This 
work is being performed under the sponsorship 
of the National Communications System (NCS ) . 

The Institute is providing technical support 
and expertise to NCS in the development of  
three proposed Federal standards . These are 
proposed Federal Standard ( pFS ) 1 0 1 5  entitled 
" Telecommunications : Analog to Digital Con­
version of Voice by 2 4 0 0  B it/Second Linear 
Predictive Coding , "  pFS -1 0 2 9  entit led "Tele­
communications : Interoperabi l ity and Securi ty 
Requirements for Encryption o f  Narrowband 
Digiti zed Voice Using the Data Encryption 
Standard , "  and pFS -1 0 2 8  entitled "Telecommuni ­
cation s : Interoperabil ity and Security Re­
quirements for Use of the Data Encryption 
Standard with CCITT Group 3 Facsimile Equip­
ment . "  

The first two standards mentioned above re ­
late , of  course , to the encryption of voice 
traffic . Proposed FS-1015  specifies a stan­
dard method of  digitiz ing the speech waveform 
us ing Linear Predictive Coding ( LPC ) tech­
nique s . This standard wi l l  ensure compatibi l ­
ity among Government-owned narrowband speech 
coders . Proposed FS-1 0 2 9  speci fies the method 
to be used to encrypt the output of such 
speech coders . The third standard li sted 
( pFS -1 0 2 8 )  speci fies the method of encryption 
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to be employed when using CCITT Group 3 com­
patible facsimile equipment . 

The ITS technical role in the development of 
these standards primarily invo lves · either 
writing the initial dra ft of the most  signifi­
cant portions of the standards or providing 
recommendations on the initial technical con­
tent of the standard . Another role invo lve s 
analyz ing industry and Government corrunents on 
the proposed standards , and recommending revi­
sions to the standards based on the se comments .  
The Institute has also assisted the Federal 
Telecommunications Standards Committee in 
assessing the technical and economic impact of 
each o f  these standards . 

Interconnect Facility ( ICF ) Technical Design 
Study . This study analyzed the two -way com­
munication link found between a U . S . Army 
Satellite Earth Terminal and a Defense Com­
munications System (DCS ) Technical Control 
Faci li ty . This link , termed the interconnect 
facil ity , includes a particular transmi ssion 
medium (e . g . ,  twi sted-wire pa ir , coaxial 
cable , or optical fiber ) and communication 
inter face equipment . The study establi shed 
operational and practical engineering de sign 
guidelines to allow se lection of  the best ICF 
implementation approach from a variety of 
implementation options . 

The ICF must be engineered and installed as 
one communication link in a worldwide network , 
the DCS . Consequen'tly , it must comply with 
numerous Federal , military , and industry 
standards , speci fications , and practice s .  A 
multi tude of documents were reviewed and 
appl icable technical parame ters were col lected 
to provide the requirements base for the ICF 
study . 

Avai lable mil itary and commercial inter face 
equipment was identif ied that would be re ­
quired for the various implementation alter­
natives . Technical interface characteri stics 
were determined for the equipment . 

The primary thrust of the ICF study was aimed 
at providing the sponsor , the u . s . Army 
Communications -Electronics Eng ineering Instal­
lation Agency , with graphs depicting the re la­
tionship of  communications data rate to path 
length (distance)  for the transmi ss ion media 
of interest . For example , to what distance 
can 2 2  gage twi sted-wire pair be used if data 
is trans ferred at 1 0 0  kb/s and error-free 
operation is desired? Since very little 
guidance was avai lable from mi litary documents , 
and cable manufacturers '  data was s carce rela­
tive to data rate and path length , figures of 
merit were derived for ba sic cable categories-­
twi sted-wire pair , coaxial , and optical 
fiber . Graphs were then constructed showing 
recommended operating ranges for particular 
cable s .  Avai lable actual cable measurement 
data substantiated the accuracy of the con ­
structed curves for cho sen system environments 
( e . g . ,  MIL-STD-1 8 8'-1 1 4 ) . 

Other ICF environmental concerns were con­
sidered in providing guidel ines for the Army 
ICF de signer . These included High Altitude 
Electromagnetic Pul se ( HEMP ) , security (TEM­
PEST ) , shielding and grounding , and tempera­
ture and mo isture . 



The end product of the ICF study was a hand­
book , sufficient in detail but not theoreti ­
cally burdensome , which al lowed the Army t o  
select the ICF type appropriate f o r  a chosen 
site . The curves developed by ITS may also be 
used in other data communication applications . 

OTCIXS/TADIXS Study . Thi s study deals with 
concept deve lopment for two u . s .  Navy commu­
nications networks . The spec i fic  networks use 
tactical HF radio s deployed as backup for 
satellite over-the-hori zon targeting and 
related mi ssions . One system i s  cal led Offi­
cer in Tactical Command Information Exchange 
Subsystem (OTCIXS ) and the other , Tactical 
Digital Information Exchange Subsystem (TADIXS ) 

From a broad top-down view , the Navy communi ­
cations system can b e  divided into three 
functional areas : ( l )  strategic , ( 2 ) long 
haul ( to and from units at sea ) , and ( 3 )  tac­
tical commun ications among operational units 
at sea . Figure 2 - 4 shows the configuration of  
the se nearly global communications component s .  
The HF subsystems are to supplement the tacti­
cal , large capacity , satel lite re source with a 
survivable "thin line " connectivity . 

The TADIXS i s  tasked to broadcast a class of  
me s sages from shore to  ships , with a l i st of 
requirements that specify data rates , link 
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operation , precedence , security , per formance , 
etc . The OTCI XS i s  to provide tactical 
interconnection between platforms at sea , 
primarily all  within the same battle group . 
Because o f  the geographies involved , TADI XS 
has to span thousands and OTCIXS hundreds o f  
mi les , respectively . 

For both OTCIXS and TADIXS , the study suggests  
a further three-phase sequence o f  development .  
Phase I i s  to rely entirely on exi sting naval 
HF equipments . Phase II uti l i z e s  the best 
avai lable mi litary and civil ian state-of ­
the -art HF assets . Phase I I I  develops the 
most advanced HF techno logy , such as hardware 

. and software derived in con j unction with the 
U . S . Navy HF Improvement Program (HFIP ) . The 
rationale and technical output o f  the pro j ect 
are published in a report to the sponso r ,  
entitled "Multichannel Adaptive HF System Con ­
cepts to Back Up Over-The-Hor i zon Communica­
tions , "  December 2 0 ,  1 9 8 2 . 

SECTION 2 . 2  SATELLITE NETWORK ANALYS I S  

The development and growth o f  a vigorous 
commercial sate llite industry is c learly 
evident . Today , there are wel l -establi shed 
services  for domestic , regional , and inter­
national , large volume , geographically cen­
trali zed services in the Fixed-Sate llite 
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Figure 2 - 4 . The Navy communications sys tem . 
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Service ( F S S ) . Within the next year , Broad­
casting S atel l ite Service ( BSS ) , often refer­
red to as Direct Broadcast State llite Service , 
wi l l  be introduced in the United S tate s .  The 
National Telecommunications and I nformation 
Administration ( NTIA)  has had primary responsi­
bil ities in as suring that adequate frequency 
spectrum and geo synchronous orbit re source s 
are avai lable to support the growth of  the 
industry--and that re sponsibil ity continue s .  

A resolut ion pas sed at the 1 9 7 9  World Admini ­
strative Radio Conference (WARC ) calls  for 
another WARC to be convened in two sessions--
1985  and 19 8 8 .  The first session wi l l  con­
s ider the need for planning ( i . e . , interna­
tional agreement on assignment of  frequencie s 
and orbit locations )  all space service s . The 
second ses sion wi l l  undertake planning as de ­
termined necessary dur ing the first ses sion . 
The Fixed Sate l lite Service i s  the principal 
focus of  preparation for the 1 9 8 5  Space WARC . 
Throughout thi s year , ITS has provided tech­
nical support to United S tates preparation for 
the conference through participation in  the 
IRAC Ad Hoc 1 7 8  group . 

The Broadcasting-Satell ite Service (BSS ) has 
developed more s lowly than the FSS . During 
July 1 9 8 3  the RARC for ITU Region 2 BSS met in 
Geneva to re solve the i s sues  of  spectrum 
sharing by the F S S  and 'BSS between 1 2 . 1  GH z 
and 1 2 . 3  GHz and how frequency spectrum and 
geosynchronous orbit for BSS would be shared 
among ITU Region 2 admini strations . Nearly 
three years ago , u . s .  companies began submit­
ting appl ications to the Federal Communi ­
cations Commi s sion ( FCC ) for licenses to 
construct and place in service broadcasting 
satellites for direct home reception . Nine of 
14  original applications ultimately were 
accepted by the FCC and by November 4 ,  1 9 8 2 , a 
total of eight construction permits  had been 
granted , condi tional upon agreements reached 
at the 8 3  RARC-BS . There have been at least 
four additional appl ications filed with the 
FCC in a second-round opportunity for filing . 
It become s clear that U . S .  requirements for 
spectrum and orbit assignments , going into the 
conference , would be substantial . Strong 
technical background for the U . S .  position at 
the conference , therefore , would be e s sential . 
The �nstitute has provided substantial tech­
nical support to u . s .  preparation for the 
RARC-BS , inc luding scenario analyses to demon­
strate e f ficient use of frequency and o rbit 
re source s by the United State s . 

Earlier discussion mentioned a wel l-developed 
commercial sate ll ite industry ( in the FSS ) for 
large volume , geographically centra lized 
service s ( large trunk applications ) .  However , 
uti lization of  sate l l ite technology by dis­
per sed , low-volume users ( thin-route appl ica­
tions in rural areas )  has not been nearly so 
succe s s ful . Such utiliz ation does  not offer 
the economic incentive s of large trunk appli­
cations and will occur only when lower-
cost ground terminal s  are available . Thi s is  
true in spite of  the fact that there i s  clear 
need , particularly in less-developed parts of 
the world , for basic communications capabili­
tie s ,  and sate l l ite communications technology 
seems to o f fer the best solution to that need . 

A j ointly supported effort with the Department 
of State ( DoS ) , Agency for International 
Development (A . I . D . )  was initiated in 1 9 8 0  to 
de f ine a low-co st  earth terminal design and to 
build an initial terminal following that 
de sign . That terminal would be used in eng i ­
neering and performance tests to establish the 
de sign integrity and thereby encourage indus­
try development and production . The original 
earth station design and service requi rements 
study followed a parametric approach by estab­
li shing a matrix of  options for technical 
characteristics of  components of  the earth 
station , such as the antenna s i ze , the low 
noi se ampli fier noi se temperature , and the 
high power amplifier output capabilities . 
Technologies that could be used for telephony , 
such as single channel per carrier frequency 
modulation ( S CPC-FM ) , digital vo ice encoding 
such as adaptive de lta modu lation with quad­
rature phase-shift-keying (QPSK )  , or voice 
synthesis  such as linear predictive coding 
(LPC) with QPSK , also are used as parameters 

of the study . This study guided the develop­
ment of technical specifications for the earth 
station . Maj or earth station components now 
are being purchased in accordance with those 
specification s . 

The ITS Satellite Communications Sys tem work 
comprises three NTIA-sponsored pro j ects plus 
two complementary proj ects sponsored by the 
Agency for I nternational Deve lopment .  There 
have been two addi tional pro j ects in the 
Satell ite Network Analysis  Group sponsored by 
the National Security Agency . The se pro j ects 
have been di rected to propagation of  radio 
signals rather  than sate llite network anal ­
ys i s . The se seven pro j ects , established for 
management tractabil ity are : 

1 .  Technical Support to Planning , and Prep­
aration for the 83 RARC-BS 

2 . Technical Support to Planning and Prepar ­
ation for the 8 5/ 8 8  Space WARC 

3 .  Development of  the Geostationary Sate ll ite 
Orbit Analys i s  Program (GSOAP ) 

4 . Technical Support to the A . I . D .  Rural 
Satellite Program 

5 .  Technical Support to A . I . D .  in Deve lop­
ment of  a Low Cost Televi s ion System for 
Educational Applications 

6 .  Multiple Knife-Edge Dif fraction Studies 
7 .  Pulse Distortion Studie s .  

Technical Support to P lanning and Preparation 
for the 83 RARC-BS . As noted ear lier , the 
1 9 7 9  WARC of the I nternational Telecommunica­
tion Union re so lved that a Regional Admini stra­
tive Radio Conference for planning of the 
Broadcasting -Satellite Service (RARC-BS ) of 
the ITU Region 2 (North , Central , and South 
America and Greenland ) would be convened in 
1 9 8 3  and that a detailed frequency allotment 
and orbital positions plan would be drawn up 
for the Region . The outcome of the RARC -BS 
has been recogni zed to have maj or impacts on 
efficient use of the frequency-orbit re sources 
available for the Region 2 countries and on 
future development of  the u . s . Direct Broad­
cast Satell ite industry . In preparation 
efforts for the u . s . pos ition for the RARC-BS , 
various problems are being studied by the u . s .  
National Committee for CCIR ( International 
Radio Consultative Committee ) ,  IRAC Ad Hoc 
1 7 7 ,  and the FCC Advi sory Committee on the 
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1 9 8 3  RARC-BS established under the FCC Docket 
No . 8 0- 3 9 8 . In this fiscal year , the ITS 
contributions have been made through parti­
cipation mainly in the Computer Users Group , a 
Working Group under Ad Hoc 1 7 7 . 

Support to the Computer Users Group for 
planning and preparation for the 83 RARC-BS 
consisted of service area polygon point data 
verification , rain zone index data veri fica­
tion , scenario deve lopment and analysi s  using 
the Spectrum Orbit Uti l i zation Program ( SOUP ) 
interference analysis program , and deve lopment 
of a Scenario Performance Measuring Program 
using the output of  the SOUP program . 

The Institute verified all  of the service area 
polygon point data that were being used by the 
Computer Users Group . Each of the service 
areas was plotted out on a map to check each 
of the polygon points for accuracy and to see 
if the service area polygon points could be 
improved . 

The Institute also verified all  the rain z one 
index data for each of the service area 
polygon point s .  A program was written to 
calculate the rain zone index for each polygon 
point and to compare it to the original rain 
zone index data . Because of the large number 
of di fferences between the calculated rain 
zone indexes and the original ones , another 
program was written to automat ically calculate 
the correct rain zone index for each po lygon 
point and insert it into the service area data 
file . 

Scenario development and analysis to implement 
a plan of satellite orbi tal locations for 
Region 2 was accompli shed using the SOUP 
computer program running on a mini-computer at 
the FCC in Washington , DC . The Institute was 
assigned analysis tasks to minimi ze  the inter­
ference present in the Region 2 countrie s 
assuming three continental U . S .  service areas 
with one satellite location each . Thi s work 
involved not only adj usting satell ite loca­
tions to minimi ze  the interference pre sent , 
but also chang ing antenna parameters , channe l 
bandwidth ,  channel separation , protection 
ratio template s , and other technical param­
eters to observe their effect on the inter­
ference present in the region . 

To better understand the dif ference in two or 
more dif ferent scenario analysis runs , a 
Scenario Performance Mea suring Program , which 
uses the SOUP analysi s  output , was deve loped 
at ITS and made avai lable to the Computer 
Users Group . The program partitioned the 
range of pos s ible carrier-to- interference 
(C/ I )  ratios into 16 bins and placed the 
corresponding C/I ratio for each polygon point 
in one of the 16 bins . Thi s procedure was 
also done for the median C/I ratio of each 
service area . By looking at the total bin 
counts for the polygon points and the service 
areas and comparing them to other scenario 
run s ,  the relative performance of two or more 
scenarios could be determined . This informa­
tion was quite valuable when comparing two 
scenarios with relatively smal l  changes . 

An example of scenario analysis results i s  
shown i n  Figures 2 - 5  through 2-8 . The scenar­
io includes only nine Northern Hemi sphere 
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countries o f  Region 2 .  There are 1 8  service 
areas and a total of  2 0 5 polygon points which 
de fine the service areas within these countrie s .  
Figure 2 - 5  shows a summary of  the scenario and 
SOUP input data used for the analysis . The 
SOUP interference analysi s  summary report i s  
five pages of computer output j ust for thi s 
simple  scenario . Figure 2 - 6  shows the first  
of those five page s .  Figures 2 -7 and 2-8  show 
the Scenario Performance Measuring Program 
stati stical summaries of  results . Figure 2 -7 
shows that 8 3 . 4 %  of  the polygon points have 
nonnegative C/I ratio s . F igure 2 -8 shows that 
the median C/I for 8 8 . 9 % of  the service areas 
is nonnegative . 

Support to Planning and Preparation for the 
8 5/ 8 8  Space WARC . In the introductory com­
ments for the Sate l l ite Network Ana lys i s  Group 
work , brief mention is made of a re solution 
passed at the 1 9 7 9  WARC cal ling for a World 
Administrative Radio Conference to be convened 
in two sessions to cons ider the need for 
planning all space services to as sure equita­
ble use of  the frequency and orbit location 
re sources and to accomplish planning as deter ­
mined neces sary during the f i r s t  conference 
se ssion . The first ses sion is scheduled for 
1 9 8 5 , and the second session now is scheduled 
for 1 9 8 8 . 

Prior to and during the 8 3  RARC-BS , it became 
clear , as a result of technical analyse s ,  that 
rigid planning for the Broadcasting-Sate l lite 
Service would inhibit flexibil ity in imple­
menting that service . Yet Broadcas ting­
Sate llite Service , probably ,  is the mo s t  
amenable service t o  such planning when one 
considers the other space services . The 
Fixed-Sate llite Service certainly repre sents 
the maj ority of space systems that have been 
placed in service . And a view seems to be 
emerging in the United States that a position 
should be taken wi th regard to the Space WARC 
that planning only be considere·d for some 
frequency bands al located to Fixed-Satel lite 
Service . 

In considering (and developing)  a po sition 
that the Uni ted States should take regarding 
planning of space services , one que stion that 
is being asked has to do with mandatory use of 
re ference antenna patterns in calculating 
inter ference . Re lated to thi s que stion is  the 
fact that relatively l ittle data ha s ever been 
submi tted to the CCIR to de scribe the perform­
ance characteri stics of earth station antennas 
used for FSS applications . Thi s lack of data 
is  particularly acute for relatively small  
antennas ,  i . e . , when D/ A < 1 0 0 ,  where D equals  
the diameter of the antenna and A equa l s  the 
wavelength of the radio energy being received 
or transmitted by the antenna . 

In re sponse to these needs for technical 
in formation , and as  support to preparation for 
the 8 5 / 8 8  Space WARC , ITS has collected off-axi s 
gain performance patterns of  antennas produced 
by U . S .  manufacturers . Over 8 0 %  of the anten­
nas li sted in appl ications for licensing by 
the FCC in the 4/6  GH z band for Common Carrier 
Servi ces have been obtained and analyzed to 
determine recommendations that can be offered 
to Space Services planners inc luding CCIR 
study/work ing groups for antenna sidelobe 
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Figure 2 - 5 . Summary of scenario and SOUP input data for nine Northern Hemisphere Region 2 countries . 
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F igure 2- 6 .  Example of SOUP interference analysis  summary report for a scenario of  9 
Northern Hemisphere , Region 2 countries with 1 8  service areas . 

? ' 1  
7 '  0 
�:5 ' ;_:_� 
6 '  (J 

4 . 8  
'? ' 1 
7 '  1 
7 '  1 
'? ' 1 
? ' 1  
6 . 4  
c:· '":J 
· .. } . ,. 
6 . 9 
' '"l t> ' �J 

'7 ' 1 

·" ·X· X 
-x- -x· ·X· 

X X X  

·X· ·X· ·X· 

XkX· 

)(- ·X· X 
X X X  

·X· ·X· ·X 
·X· :X,. ·X· 

·X· -x· ·X· 

·X· ·X· ·X· 

'X' ,X· X 

-x- -x· ·X· 

·X· 1<· -)(· 

l<· l<· X 

? . 1  • • •  
7 . 1  * * *  

7 . 1  * * *  

7 . 1 * * *  
7 . 1  X X X  

7 . 1  * * *  

7 . 1  * * *  
7 . 1  * * *  

7 . 1 X X 'X' 

7 . 1  * * *  

7 . 1 * * *  

? . 1  * * *  

7 . 1  * * *  
7 . 1  * * *  

7 . 1  * * *  

'? , 1 l<· X ·X· 
6 .  !:"} ·X· ·X· ·X· 

3 . 8  * * *  

7 . 0  * * * 

6 . 2  * * � 
7 . 1  'X' X X  

7 . 1  X X X  

7 . 1 * * *  

7 . 1  * * *  

7 . 1  * * *  

7 . 1  * * *  
7 . 1  * * *  
7 . 1  * * *  

:;' , "l ·X· ·
X·

�'* 

P A GE 

T O T A L  
M I� G N  

() , /'  
0 . 8 

···· () . 3 
0 . �5 
1 ' 3  
o . u 

)., () 
!. ' 1 
O . B 
() , 9  

0 . 6 
···· () ' 3  

1 . :5 
O . B 
1 . 4 

L t  
1 ' () 
1 . 1 

0 . 1  
() , 4  

o . n  
1 ' 1! 
l ' ;_:� 
() ' ') 

1 . 0 
1 ' 4  
"1, () 
:1. ' 4  
l.} ' �:.; 
0 ' �=.=_; 

O . B  

0 . 6 
.... -_t • B 

1 ' 1 

···· 0 ' :l 
0 ' :0� 
�t ' 6  
0 . 6 

o .  n 
�!. 1 3 

1 . 4 
:1. ' 0 

0 . 6  
·- 0 ' 1 



?l G G i� I::: G A T L  :O D W N P  (, T H  �3 U h M (� H  Y I T b B 3 :s ;:!. 

B I N  N D  B I N  l'{ t, N C E  B I N  C D U N f B I N  P E I� C L N T 1o, c;c C U i"! I.. B I N  C N T  c u r·1 1... B I N  P C T 
1 M ) ::;; 1. 0 0 0 0 0  () 
;,:.� 1 0 h > ·= 6 () () 0 0  0 
;?; 6 > i'1 > ;:.:: �:) () (J 0 0  0 
4 �=-� i"'i ) ::: 4 0 0 0 0  0 1::· ,.) 4 h 

> 
:::

: 
:�1 0 0 0 0  [) 

b 3 ri ) "' ;_:.� () 0 () () 0 ..... 
/ 2 > h 

> :::· J. B �:S 4 0  4 (? 8:3 
n t·i ) :::: () B U  4 ;:! ? 3  1 '7 1  
9 0 ti ) "" ···· 1  ?;.:·: 1 () '.7�3 1 'i'3 

•j () ···· 1 h > :::: 
.... 2� ';> ij , 3 9  2 0 ;.� 

:i. 1 .... 2 i"l > "" ··· 3 ? 0 <? B  ;.:.� 0 4  
1 ;:.> ··<� h ) '"' ·· - 4  0 4 (? ;,:� 0 �:5 
1 :·� ···· 4 ) M 

> ::
:: .... �::i 0 0 0 0  ;_:_� 0 �5 

1 4  .... �5 r·i ) "" ··" 6 () () () () ;,:.� 0 �=.=j 
1 :'; ··· ·6 i'1 ) "" 1 0 0 (; 0 0  :.'.' 0 �'; 
1 6  ···· 1 0 t··1 () 0 0 0  ;,:.� 0 �=.=.i 
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reference pattern s .  The Institute i s  con­
cerned with the effects on antenna performance 
of interference leve l a  produced by adj acent 
satel lites  in light of the FCC ' s  new Report 
and Order , Docket No . 8 lr7 0 4 , which wil l  
eventually reduce satellite orbit separations 
from the pre sent 4° to 2° . 

Interference occurring at earth terminals  
results from terrestrial tran smi s sion s and 
also from transmi ss ions from nearby satellites . 
In either case , signi ficant interference 
contributions can be ascribed to co-frequency 
channe l s  and to the 20 MH z of f set-frequency 
channel s  in a frequency reuse system . 

Wi th regard to downlinks , primary interferers 
are : 

o the cross -polariz ation component of the 
channel s shared in f requency with the 
first-adj �cent satellites on either side 
o f  the primary satellite s .  

o the co-polari zed ,  2 0  MH z frequency offset 
channe l s  of the first-ad j acent satellites 
on either side of the primary satellite 

o the co-polari zed , co-frequency channe l s  
o n  the second adj acent sate l l ites on 
either side of the primary satellite 

o the cross-polarization components o f  the 
two 2 0  MH z frequency offset channels of 
the second adj acent satellite on e ither 
side of the primary satel lite . 

This study consider s  the immediate sidelobe 
angle area ( 1° to 7° ) and also con siders 
greater angles to the extent that data are 
available from manufacturers . 

Plots of antenna pattern s from different 
manufacturers were obtained . The se were 
digiti zed to obtain a data base of 1 6 8  pat­
terns in the 4 - 6  GHz range and 6 9  patterns in 
the 6-7  GHz range . The data are being com­
pared to the CCIR reference pattern (CCIR REC 
4 6 5 - 1 , 1 9 8 2 )  given by 

32 - 25 log ¢ (dB )  

- 1 0  dB 

A typical pattern , re ferenced in the equation 
above , is  shown in Figure 2 - 9 . Thi s shows the 
maximum values of the peaks relative to the 
reference in the interval for which the plotted 
value is midpoint . Values of gain that are 
less than zero indicate the pattern is below 
the reference , and values greater than zero 
indicate the pattern exceeds the re ference 
pattern in that interval . 

A statistical analys is  o f  all  patterns using 
other reference patterns is in progre s s . This 
wi l l  be used to determine a best reference for 
the se patterns .  

The data proce s sing procedures are designed to 
simplify the addition of data as they become 
available . 

Development of the Geostationary Satell ite 
Orbit Program (SOUP ) . This development work , 
though conducted under a separate pro j ect 
title , is  a part of the NTIA support to plan­
ning and preparing for the 8 5 / 8 8  Space WARC . 

To thi s  end , a computer software sys tem cal led 
Geo stationary Satellite Orbit Analysis Program 
(GSOAP ) is  under deve lopment at ITS . I t  is  
a too l for  unalyzing space services scenarios 
( i . e . , proposed orbit and spectrum use plans ) 

by calculating the carrier-to-interference ( C/ I ) 
ratios and the baseband signal quality measures 
such as the signal-to-noise ( S/N) ratios or 
the bit error rates (BER ' s ) . The GSOAP mode l 
wi l l  be useful for various space service s ,  but 
the primary emphas i s  is on the Fixed-Satel l i te 
Service (FSS ) . 

The ITS ef fort in developing GSOAP has been 
sponsored by the NTIA Office of Spectrum 
Management (OSM) . The OSM plans to use GSOAP 
in preparing for the forthcoming 1 9 8 5  and 
1 9 8 8  Space WARC ' s  (World Adminis trative Radio  
Conference for  the planning o f  Space Service s ) , 
both before and at the site of the Conferences .  
I t  is  expected that GSOAP wi l l  interface with 
a scenario synthe sis  program that is  planned 
to be deve loped later . 

I tems for which programming has been completed 
this year include : 

o coding of the worldwide map of the rain­
climate zone index , based on the late st  
CCIR  report as amended by  the Conference 
Preparatory Meeting (CPM) for the 1 9 8 3  
RARC-BS 

o calculation of the rain attenuation and 
crosspolar discrimination based on the 
late st CCIR report 

o calculation o f  the polarization angle o f  
a l inearly polarized radio wave 

o calculation o f  various antenna gain 
patterns inc luding the new CCIR patterns 
recommended by the CPM for the 1 9 8 3  RARC ­
BS as wel l  as  a new shaped-beam pattern 
developed by ITS 

o calculation o f  the each-l ink and total 
C/I ratios 

o printing o f  the calculated each-link and 
total C/I ratio values . 

I n  summary , most  elements o f  mode ling the 
antenna and propagation have been resolved . 

Remaining modeling/programming efforts in­
c lude : 

o c alculation o f  the baseband signal 
quality 

o e stablishing the structure o f , and the 
method for reading o f , the input data 
files . 

E fforts in completing this  model wi l l  require 
a continuing close coordination wi th OSM . 

The GSOAP i s  written in ANS I  standard Fortran 
to facil itate its portabi lity among various 
computers . Its portabil ity from a large -scale 
computer at Boulder to a mini -computer at 
Annapolis has been tested several time s and 
succe s s ful ly confirmed . 

A preliminary ver sion of GSOAP , incorporating 
deve lopment to date , has been delivered to OSM . 
E fforts for deve loping GSOAP wi l l  continue 
into next year under funds directly appropri­
ated to  the ITS  Sate l lite Communications 
System work . 

1 0 8  
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Figure 2 - 9 . A typical antenna pattern referenced to the CCIR reference pattern : Values less  
than zero indicate the maximum values are less  than the reference ln the lnterval 
and values greater than zero indicate the maximum gain exceeds the reference . In 
this example , D/A = 9 2 . 

Technical Support to the A . I . D .  Rural Sate l­
lite Program . The Agency for I nternational 
Development ( A . I . D . ) e stabli shed the Rural 
Sate l l ite Program as a cooperative e f fort 
between the United States and a number of 
deve loping nations to demonstrate the bene fits 
of  communication sate llites and other com­
munications technologies to the advancement of 
deve loping nations . The existence of ubi­
quitous communications systems in less  devel­
oped rural areas of the wor ld i s  expected to 
enhance food production and distribution , to 
improve health and fami ly p lanning se rvices , 
to improve productivity , and to fac i l itate 
acce s s  to educat ion systems . 

During this year we continued the analys is  of 
thin-route earth station requirements , the 
results of which are summari z ed here . Satel­
l i te communications are  likely  to be  used to 
provide thin-route te lephone service in deve l ­
oping countries only i f  the c o s t  of earth 
stations can be substantially reduced . A 
parametric analys i s  of  earth-station de sign 
and service capabilities include s : 

o six values o f  earth-station figure of  
meri t ,  G/T ,  ranging from 1 7 . 5  to  3 0 . 0  dB/K 

o f ive values of  antenna diameter ranging 
from 3 . 0  to 1 0 . 0  m 

0 

0 

0 

0 

low-no i se amplifier temperatures ranging 
from 55 to 2 0 0  K 
high-power ampli fier output powers 
ranging from l to 4 0 0  W 
INTELSAT and Palapa ( typical of  many 
domes tic satel lites ) sate l l ite resources 
frequency modulation as wel l  as digital 
encoding with phase shift keying for 
voice service . 

1 0 9  

Link budget s  are deve loped from which the 
number s  of carriers that can be supported by 
l/4 transponder  are calculated . Assuming 
single channel per carrier as wel l  as multiple 
channe ls per carrier service , the number s  of 
duplex telephone circuits per 1/4 transponder 
are calculated . Traffic analyses are per­
formed to demonstrate the relationships be­
tween numbers of  te lephone subscribers per 
earth s tation , numbers of circuits provided at 
each earth s tation , and quality of service . 
Sampled cost information is  presented and used 
to estimate earth station costs . 

The initial results of thi s work were reported 
in NTIA Report 8 2 - 9 9  by R .  D .  Jennings . More 
recent work was reported in a paper entitled 
"Parametric Approach to Thin-Route Earth­
S tation Requirements " by R. D .  Jennings and 
P .  M .  McManamon , presented by Jennings at the 
F ifth Annual Pacific Telecommunications Confer­
ence . 

I n  October 1 9 8 2  it was announced that the 
INTELSAT Board of Governors had agreed to an 
offering by INTELSAT of a tariff  service for 
appl ications with bandwidth dedicated in the 
space segment for low density , thin-route 
traff ic . 

Small  earth s tations are to be involved for 
remote rural service to be used for domestic 
applications and for international applica­
tions such as the Pacific basin and the cluster 
of countries around and including Senegal . A 
shared acce s s  model , to be determined by 
INTELSAT , wi l l  be used . Traffic leve ls from 
an individual earth station could be as low as 
one voice channe l at any one time . 



The tariff  would be de signed to be of fered on 
an individual voice circuit basis  rather than 
being based on the percentage of total trans­
ponder capac ity being al located . 

INTELSAT has establi shed an ad hoc Working 
Group , together with a Technical Working Sub­
Group and a Policy Working Sub-Group to develop 
details of thin-route service network des ign 
and modulation de sign . Staff from ITS have 
participated as members of  the Technical 
Working Sub-Group . 

In thi s fourth year of  technical support by 
the Institute to the Rural Satell ite Program , 
the process  of  contracting for five maj or 
components of  a prototype small  earth station 
for thin-route appl ications wa s completed , and 
planning for as sembl ing and testing was begun . 

A brief summary of  the spec if ications of  the 
major  components ordered this year appears 
be low, together with their re spect ive sup­
pliers . The hardware procurements have fol­
lowed norma l Government practices for com­
petitive procurement .  No recommendation or 
endorsement of the se products and/or suppliers 
i s  intended or impl ied . 

0 Antenna : 5 -m diameter with feed for 
circular po lari zation ; voltage axial 
ratio 1 . 4  maximum . 
Supplied by Scientific Atlanta Model 
B O O B . GR = 4 4 . 4  dB at 3 . 9 5 GHz ( Spec 
4 3 . 5  dB minimum) ; G = 4 7 . 2  dB at 
6 . 1 7 5  GHz ( Spec 4 6 . 7 dB minimum) 

o Low Noise Ampli fier ( LNA) : B S  K noi se 
temperature , 50 dB gain min imum . 
Supplied by Dexcel Model DXA 3115- 0 3 . 
(Assume : TS = TLNA + 3 5  K = B S  + 35  = 
l 2 0K 

I 44 . 4  GR TS = 1 0  log 1 2 0  � 2 3 . 6  dB/K)  

o High Power Amplifier ( HPA) : TWTA with 
P t = 25 W ( 4 4  dBm) typical ; 1 5 . B 5 w 
( �� dBm) minimum ; Gain = 4 5  dB . ( Spec 
1 5 - 4 0  W ,  45 dB gain min . )  Supplied by 
Varian Mode l VZC-6 9 61D4 . 
( Po s sible SCPC uplink EIRP 4 7 . 2  + 14  
6 1 . 2  dBW max . ; 4 7 . 2  + 1 2  = 5 9 . 2  dBW 
typical . )  

o Frequency Converters : Dual conversion , 
VHF crystal os��llator frequency control , 
stabi lity = 10  . Spec if ied for 6 . 15 0  GH z 
transmit ( upconverter ) and 3 . 9 2 5  GHz 
rece ive (downconverter )  . INTELSAT tran s­
ponder 6 .  Supplied by COMTECH Data 
Corporation , Model 2 5 0AU/D . 

Location 
Boulder , CO (USA) 
Etam , WV ( USA) 
Andover , ME (USA) 
Gandoul , Senegal 

(Africa )  

Exi sting Facility 
ITS Laboratories 
Standard A Earth Station 
Standard A Earth Station 
Standard A Earth Station 

In  Table 2 -1 INTELSAT satel l ites serving the 
named locations are tabulated with the appli ­
cable look angles of  the earth station anten ­
nas , the coordinates of  the earth station s , and 
the coordinate s o f  the sate l l i tes . The Senegal 
station has been included because of the 
interest o f  that location to our sponsor , 
A .  I .  D .  

We have completed a draft o f  a P lanning Flow 
Chart for assembling and tes ting the earth 
terminal , and are working on the numerous 
associated technical detail s ,  as  we l l  as 
que stions of  coordination . 

Technical Support to A . I . D .  in Deve lopment o f  
a Low Cost Televi sion System f o r  Educational 
ApPIICiit.ions . In a second area of  technical 
support  to the Agency for International Develop­
ment , ITS has awarded a contract to Battelle 
Memorial Institute Pacific  Northwest Labora­
tories for conducting feasibility and planning 
studi es  for low-cost televi s ion sys tems adapted 
to less-deve loped countries . The Batte lle 
study i s  a 9 -month study s lated for comp letion 
during l 9 B 4 . 

The obj ective o f  this 9-month study is to 
examine the cos t/benefit situation wi th a 
range o f  technical approache s that might be 
applied to reduce the cost o f  te levi sion 
receivers and transmitters .  Goals  include the 
fol lowing : 

o a value engineering study on conventional 
televis ion receivers identi fying ways  to 
minimi ze  manufacturing costs 

o cons ideration of  the added benefit that 
might come from significant departures 
from current design phi losophie s ,  based 
on combining some ear ly approaches to 
te levision des ign with more recent advan­
ces in solid state ci rcuitry and in 
signal proces sing 

o physical mode ling of a rece iver incorpor­
ating characteristics identif ied as mo st 
use ful . 

The end re sult is  expected to be a set o f  
recommendations for a new and simplified 
approach to te levis ion sys tems that are responsive 
to the needs of  rural vi l lage s and urban poor . 
Target criteria include : 

0 MODEMS/CODECS : QPSK rf MODEMS . SCPC-CVSD 0 
voice CODECS operating at 3 2  kbps . 

a cost reduction for receivers on the 
order o f  9 0 %  

Forward Error Correction (FEC ) CODECS at o a reduc tion in power requi rements to the 
range of  5-1 5  watts rate 1/2 ; convolutional encoder , sequen-

tial decoder . Required C/N = 4 9 . 6  dB-H z o 
for global beam edge ; no otRer operating 
margin . Suppl ied by COMTECH Data Corpora­
tion , Model M2 0 0-X3l MODEM and Model M6 0 0  
Alternate Date Voice CODEC . 

a design adapted to local as sembly and 
indigenous manufacture , in the develop­
ing countrie s ,  of  ma jor  elements ( such 
as picture tube s ) .  

Arrival of  the last of  the se components at ITS 
Boulder i s  expected by the end of  1 9 B 3 .  

We have identif ied four potential s ites for 
locating earth stations during performance 
verification and demon stration tests . 

�ul t_:!J2_le Kni fe-Edge Dif frac tion Studie s .  The 
reception o f  signals from a sate l lite at low 
angles o f  incidence may be affected by terrain 
obstacles near the receiving station . Even 
for a nominal radio line-o f - sight , the tops of  
obstacles near the direct ray can  produce 
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Table 2-l . INTELSAT Sate ll ite s and Earth Station Locations That Could be Used for Per formance 
Verification and Demonstration Te sts 

Earth Station Name and Coordinates 

Earth 
Station l .  2 .  3 .  4 .  

Sate llite Antenna 
Boulder Etam , WV Andover ,  ME Gandou1 

------

Name and Look 
Longitude Angles ( l 0 5 . 3° W, 4 0 . 0° N )  ( 7 9 .  7° W ,  39 .  3° N )  ( 7 0 . 8° W, 4 4 . 6° N )  ( l 7 . 0° W , l 4 .  7° N )  

IV , F 7 
( 3 0 7 . 0 ° E )  

El . Ang . 

Az . Ang . 

IV, F 1 
( 3 0 7 . 2° E )  

E l .  Ang . 

A z .  Ang . 

IV, F S  
( 3 2 2 . 0° E )  

E l .  Ang . 

Az . Ang . 

IV-A, F4 
( 3 2 5 .  5° E )  

El . Ang . 

Az . Ang . 

V , F2 
( 3 2 5 .  7° E )  

E l .  Ang . 

Az . Ang . 

1 9 . 7 5° 

1 1 6 . 4 2  

1 9 . 6 1 ° 

11 6 . 2 5 

8 .  5 9° 

1 0 5 . 0 5 

5 . 9 4 ° 

1 0 2 . 6 2  

5 . 7 9 ° 

1 02 . 4 8 
--- --- ---- - - --- -

3 6 . 7 8° 3 5 . 6 2° 4 5 . 4 0 ° 

1 4 1 . 5 5 1 55 . 4 3 - 1 0 9 . 2 5 

3 6 .  6 7° 3 5 . 5 5° 4 5 . 6 0° 

14 1 . 3 1  155 . 1 7 -1 0 9 . 3 8  

2 7 . 5 9° 2 9 .  1 7° 6 0 . 2 5 ° 

1 2 5 . 4 1 1 3 7 . 4 5 -12 3 . 4 7 

2 5 . 1 8 ° 2 7 . 2 9 ° 6_3 . 4 1° 

122 , 17 13 3 . 7 1 -128 . 8 3 

2 5 . 0 3° 2 7 . 1 8 ° 6 3 . 5 9 ° 

12 1 . 9 9  1 3 3 . 5 0 -1 2 9 . 1 7 

I 



interference effects on the propagation lo ss . 
Furthermore , var iations of atmospheric refrac­
tion in the lower part . of the atmosphere can 
alter the path of the ray and cause ma sking by 
the obstacles in an othe�wi se direct ray path . 

Al so of intere st in satel lite communication 
systems are problems of inter ference by an 
unwanted signal from another satellite or from 
nearby transmitting earth station s . These 
unwanted signals  often may be from trans­
horizon source s ,  and their strength depends 
primarily on antenna beam limitations and 
ground wave propagation ef fects . 

At the frequencies commonly used in satell ite 
communication s ,  the terrain feature s of a 
propagation path can often be characteri zed as 
a sequence of kni fe-edge s because o f  the short 
wavelengths involved and because variation s of 
electromagnetic ground constants are insignifi­
cant at  the se frequencies . Thus , the propaga­
tion loss over a particular path can be esti­
mated by evaluating the di ffraction los s  due 
to multiple knife-edge diffraction . 

work has continued on the multiple knife-edge 
(MKE ) di ffraction model that was recently 
developed at the Institute . A new derivation 
of the MKE attenuation function us ing Fresnel­
Kirchhof f  theory re sulted in the clari fication 
of certain que stion s concerning the phase of 
the complex attenuation . Also the analytical 
basis  for an improved computational procedure 
based on the partitioning of multiple integrals  
was developed . Thi s new procedure enables the 
detailed evaluation of attenuation variation 
in the interference region for any combination 
of kni fe-edge he ight s . Compari sons have been 
made of the MKE attenuation· function with 
expres sions derived from the Geometrical 
Theory o f  Dif fraction and the approximate 
solution s of Epste in-Peterson and Deygout . 
Re sults of the above studies are contained in 
NTIA Report 8 3 -12 4 . 

Two types o f  computer programs to evaluate the 
MKE diffraction los s  are available from the 
Institute . In the first type , the input data , 
consisting of a maximum of 1 0  knife-edge 
heights together with their separation distan­
ces , are read in by the user . In the second 
type , the input is a propagation path terrain 
profile provided by the user from which the 
program selects the ten ( or le s s )  most signifi­
cant terrain points to  represent the kni fe­
edge s .  In both types the output consists  of 
the attenuation ( relative to free-space ) due 
to MKE dif fraction . 

An interesting point about re fractivity 
variations is that changes in re fractivity can 
cause much more attenuation variability at 
microwave frequencies than at lower frequen­
cies . Thus , at low angles of incidence from a 
broadcasting satellite , dif fracting kni fe­
edges together with re fractivity fluctuations 
can have a significant effect on signal varia­
bility . The MKE propagation model provides a 
useful tool to assist  in predicting thi s 
variabi lity . 

Pul se Distortion Studie s .  A small study , not 
related to satellite communications , but 
uti lizing theoretical skills of a staff member 
in the Satell ite Network Analysis  Group , has 

been conducted to assess  the degree to which 
pul ses generated by the operation of electron­
beam experiments are distorted by their reflec ­
tion from the iono sphere . 

There currently i s  a substantial amount o f  
work directed toward asses sing the feasib ility 
of using charged-particle beam devices as  
weapons in military operation s . A comprehen­
sive program aimed at conducting electron-beam 
propagation experiments is under way at 
Laurence Livermore National Laboratory . In 
addition to the construction of a facility to 
generate and test electron -beam effects , 
theoretical studies are being undertaken in 
order to model the fields produced by the 
electron beam as a function of distance from 
the source . 

Prel iminary experiments indicate that the 
operation of electron-beam sources is accom­
panied by the generation of large amounts o f  
radio energy in the H F  portion o f  the electro ­
magnetic spectrum . This radio energy has been 
observed to propagate to distances greatly 
removed from the source . I t  is  natural to 
question whether or not such received signals  
can be  uti l i zed to  determine se lected charac ­
teristics of the charged-particle beam source . 
In order to answer thi s question, it is  first  
necessary to  ascertain the degree to  which the 
pulse-shape of the HF radio wave is di storted 
as it propagates from the source to a given 
reception point . The distortion o f  the pulse 
wi ll be due primari ly to effects induced upon 
it by the ionosphere . Hence , it is nece s sary 
to determine the degree to which ionospheric 
variations will di stort the HF pul ses asso­
ciated with the operation of charged-particle 
beams . It  i s  this ob j ective that is  the 
subj ect of the Pul se Distortion Studies . 

The initial phase o f  the study has consisted 
of determining an appropriate ionospheric 
mode l and deve loping the appropriate propa­
gation equations .  Differential equations for 
propagation at oblique incidence in a disper s ­
ive medium and as suming a vertical magnetic 
field have been formulated . The field com­
ponents are approximated by expressions that 
reduce to the correct functions as the propa­
gation angle of incidence decreases . Re flec­
tion coefficients have been derived for two 
ionospheric mode l s : ( 1 )  the linear pro f ile , 
and ( 2 )  the sech 2 profile . The latter prof i le 
provide s a more realistic electron density 
variation and further s tudies will be based on 
thi s model . 

The second phase o f  the work wi l l  be to 
numerically evaluate the impulse re sponse 
function through the appl ication of a Fast 
Fourier Trans form . With the introduction o f  
a given source pulse spectrum , refl ected pulse 
shapes then can be generated for dif ferent 
value s of the penetration frequency , scale 
height , col lision frequency , magnetic param­
eter , and angle of incidence . 

SECTION 2 . 3  SYSTEM PERFORMANCE STANDARDS 
AND DEFINITION 

The principal focus of the System Performance 
Standards and Definition Group is the develop­
ment and appl ication o f  national and inter­
national telecommunication standards . Two 
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pro j ects are de scribed . The first addresses a 
need within the U . S .  for uni form means of  
expressing the performance of  data communica­
tion services as seen by end users . The 
second supports U . S . partic ipation in the 
development of international standards , par­
ticularly  those dealing with public data net­
works and the Integrated Services D igital 
Network ( I SDN ) . A common objective o f  the 
two proj ects is to facilitate private sector 
development and Federal procurement of digital 
telecommunication service s .  

Data Communications . The I nstitute ' s  Data 
Communications proj ect has two overall goals .  
The first is to promote competition and technol ­
ogy innovation i n  the telecommunication equip­
ment and service industries . The second is to 
facilitate e f ficient matching of provider 
offerings with user needs in the increasingly 
diverse and competitive U . S .  telecommunications 
environment . Both goals are being pursued 
through the development , promulgation , and 
app l ication of user-oriented , network-indepen­
dent data communication performance parameters 
and measurement methods . Key end products are 
Federal and American National standards ,  
which provide a " common language " for ·perform­
ance description ; prototype test equipment 
implementing the standards ;  and technical 
reports de scribing actual measurements of  
representative public and private data communi­
cation networks . 

Two related data communication performance 
standards have been developed . The first de­
f ines the user-oriented performance parame­
ters . That standard was approved as Inter im 
Federal Standard 1 0 3 3  in 1 9 7 9 , and was subse­
quently adapted for proposal as an American 
National Standard by a task group o f  the 
American National Standards I nstitute (ANS I 
Task Group X 3 S 35 ) . The second standard de­
fines uni form methods of measuring the ANS I  
parameters . That standard was pub l i shed as  
Proposed Federal Standard 1 0 4 3  in 1 9 8 1 ,  and is 
now being prepared for formal propo sal as an 
Amer ican National Standard by the same ANS I  
group . 

A maj or . Data Communications proj ect milestone 
was achieved in FY 8 3 : final ANS I  approval 
and publ ication of American National S tandard 
X3 . 1 0 2 , " Data Communication S ystems and Ser­
vices- -User Oriented Per formance Parameters . "  
That standard i s  unique in providing a set of 
performance measures that may be used to de­
scribe the quality of  any data communication 
service , irrespective of  network technology , 
architecture , topology , or user access proto­
col .  The X3 . 1 0 2  parameters wil l  g ive users a 
way of  speci fying communication requirements 
without pre supposing any particular service ; 
and wi l l  enable provider s  to describe service 
performance in terms that are understandable 
and relevant to users , but not specialized to 
any particular appl ication . I t  is ant icipated 
that ANS I  X 3 . 1 0 2  wi l l  ultimately replace I n­
terim 1 0 3 3  as  a mandatory Federal S tandard . 

Table 2 - 2  summarizes  the 2 1  user-oriented per­
formance parameters de fined in American Nation­
al Standard X 3 . 1 0 2 . The parameters express 
per formance relative to three primary communi­
cation funct ions : acce s s , user  information 
transfer , and di sengagement . These functions 

correspond to connection establishment , data 
transfer , and disconnection in connection­
oriented services , but are also appl icable to 
connectionless services ( e . g . ,  electronic 
mai l ) . They subdivide an overa l l  data communi ­
cation session i n  accordance with the user ' s  
perception of  service and provide a specific 
focus for performance descrlption . 

In de fining the standard parameters , each 
function was considered with respect to three 
pos s ible results , or outcome s , an individual 
per formance trial might encounter : succes sful 
performance , incorrect performance , and non­
per formance .  These po ssible outcomes corre s­
pond c lose ly with the three maj o r  pe rformance 
concerns (or " performance criteria " )  most fre­
quently expres sed by data communications 
users : speed , accuracy , and reliability . 

One or more "primary " parameters were defined 
to express performance re lative to each func ­
tion/criterion pair . As an example , four 
primary parameters were defined for the access 
function : one speed parameter (Access Time ) , 
one accuracy parameter ( I ncorrect Access 
Probabi lity ) ,  and two rel iability parameters 
(Acce s s  Denial Probabil ity and Acces s Outage 
Probabi lity ) .  Fai lures attributable to user 
nonperformance ( e . g . , cal led user doe s not 
answer )  were excluded in de fining each primary 
parameter . 

The X3 . 1 0 2  parameters also inc lude four " ancil ­
lary " parameters . Each anc i llary parameter 
relates to a primary " speed " parameter , and 
expre sses the average proportion of the per­
formance time assoc iated with that parameter 
that is attributable to user delays . As an 
example , the primary parameter Access Time 
normally  inc ludes delays attributable to the 
users ( e . g . , dialing time , answer time ) as 
wel l  as de lays attributable to the system 
(e . g . , switching time ) . The ancil lary param­
eter User Fraction of Access Time expresses 
the average proportion of total Access Time 
that is attributable to the user delays . The 
anc i l lary parameters provide a method of  
" factoring out " user influence on the primary 
speed parameters to produce "user independent " 
value s  characteriz ing the uni lateral per form­
ance of the system and also provide a basi s  
for determining the entity (user or system ) 
" re sponsible"  for nonperformance fai lures 
(e . g . , access timeout s ) . 

The Institute ' s  FY 8 3  Data Communications pro­
ject had two maj or goal s :  

1 .  To facilitate completion and initial use 
of the ANSI  measurement standard by 
developing and documenting key perform­
ance measurement software systems and 
technique s .  

2 .  To conduct pilot measurements of three 
U . S .  public data networks ( PDN ' s )  using 
ITS -deve loped , microproces sor-based test 
sets conforming to the ANS I  standards . 

F igure 2 - 1 0  i l lustrates the overall structure 
of the proposed ANSI  measurement standard , 
de signated X3S35/1 3 5 . The standard i s  divided 
into four maj or parts . Sections 2 and 3 
spec ify functional requirements for the two 
maj or measurement subsystems needed to obtain 
value s  for the standard X3 . 1 0 2  parameters : 
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Table 2-2 . Sunooary of ANS I X3 . 1 0 2  Performance Parameters 
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Figure 2-10 . Overview of  the standard . 
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Data Extraction and Data Reduction . The Data 
Extraction subsystem observe s signals trans­
ferred across  the user/system interface s in 
real time , determines the performance signi fi­
cance and time of  occurrence of each interface 
s ignal , and records this information in the 
form of a chronological sequence of re ference 
event s .  The Data Reduction subsystem merges , 
correlate s ,  and proces ses  the reference event 
records to produce a set of measured X3 . 1 0 2  
performance parameter value s . These measure­
ment subsystems are de fined in functional 
terms (rather than in terms of  a specific 
implementation ) to af ford users maximum 
flexibility in applying the standard . 

Sections 4 and 5 provide general requirements 
and procedures for test de s ign and pos t-test  
data analysi s ,  respectively . The te st de sign 
procedures guide the data extraction process 
and provide criteria for se lecting measurement 
sample s i ze . The data analysis procedures 
guide the data reduction proces s  and identify 
data reduction variables which should be 
specified with the measurement results . 

To facilitate use of  the measurement standard , 
ITS has implemented procedures for accomplish­
ing the data reduction , te s t  des ign , and data 
analys i s  functions in two machine -independent 
FORTRAN computer programs . Figure 2-11  
il lustrates the first of  these , the ITS  Data 
Reduction Program . This program implements 
the Data Reduction functional speci ficat ion 
presented in Section 3 of the measurement 
standard . It  comprises three subprograms : 
PROLOG , ANALYZ ,  and EPILOG . 

Program PROLOG , the first main program to be 
executed in a data reduction run , is re spon­
sible for pre l iminary check ing and proce ssing 
of  input data.  It reads operator-de fined 
reduction speci fications and extracted perform-
ance data and subj ects these to a series of  
val idity checks .  If  no  errors are detected , 
it combines event data from the source and 
des tination overhead information files to 

I : 1rMis0Ei..IVERv- 7 
� SOURCE I I I BLOCK I I '----':!!-!.._, I 

L _ _ _ _ _ _ _  .....J 

PERFORMANCE 
DATA BATCH 

create a uni fied event history and write s  this MEASUREMENT 
to the consol idated overhead informat ion file . RESULTS 
PROLOG conclude s by writing consol idated data 
reduction specifications to a comprehens ive 
speci f ications file . F igure 2-11 . ITS data reduction progrdm 

Program ANALYZ ,  the second main program to be 
executed in a data reduction run , is  re sponsi­
ble  for  the actual per formance data analys i s  
and parameter calculations . After reading the 
specif ications file generated by PROLOG , 
program ANALYZ executes performance data 
analysis  and parameter calculations for the 
X3 . 1 0 2  acce ss user information transfer , and 
di sengagement func tions ,  specif ied by the 
te s t  operator . Performance data analysis  for 
a function consists  of ( 1 )  examining pe rfor­
mance data in the relevant overhead and user 
information files to identify  performance 
trial s and determine their outcome s ,  and ( 2 )  
recording the se outcome s in the as soc iated 
per formance outcome file and updating the 
affected asse s sment statist ic s . When the 
per formance data analysis for a function is  
complete , ANALYZ calculates corresponding 
mea sured values of the standard X3 . 1 0 2  per­
formance parameter s . When all  enabled per­
formance assessment  options have been com­
pleted , ANALYZ conclude s by wri ting the assess­
ment s tati stics and calculated performance 
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s tructure . 

parameter values to the s tatistics file and 
parameters file , respectively . 

EPILOG , the las t main program to be executed 
in a reduction run , reads reduction specifica­
tions , asses sment statistic s ,  and measured 
per formance parameter values from the corres ­
ponding files and writes this information to a 
consol idated assessment summary file . Assess­
ment results are then printed out to the 
operator . They may also be consol idated with 
previously or subsequently proces sed data to 
improve measurement confidence levels . 

The ITS Data Reduction program has proven to 
be extremely valuable in experimental data 
communication performance measurements con­
ducted at ITS . In measurements of  the ARPANET , 
that program transformed what would have been 
a mas sive data reduction effort into a few 
minutes of computer time . The program is  



coded in ANS I  ( 1 9 7 7 )  Standard FORTRAN to 
enhance its transportabil ity . It  i s  avai lable 
from ITS at duplication cost . 

Figure 2-12  i llustrate s tne second computer 
program ITS has developed to facilitate use of 
the measurement standard , the ITS S tatistical 
De sign and Analysis program . This program 
automate s critical portions o f  the X3S35/1 3 5  
te st des ign and data analysis procedures-­
speci ficall y ,  the rather complex mathematical 
proce sses of ( 1 )  determining the measurement 
sample size needed to obtain parameter esti­
mate s having a de sired stati stical precision , 
and ( 2 )  analyz ing collected test data to 
determine the preci sion actually achieved in a 
measurement .  The program is interactive and 
is normally acce s sed from a data terminal .  As 
indicated in the figure , the program is divided 
into two maj or subprograms ( top and bottom ) . 
The se automate the sample size determination 
and data analysis  proce sses , respectively . 

The sample size determination subprogram leads 
the operator through a series of deci sions 

w 
N 
;;;; 
w ..... "­
::;; .. Cl) 

_t _ _  _ 

that result in a selection of measurement 
sample size  for a particular performance 
parameter . The program begins by asking the 
operator to identify the general type o f  
parameter f o r  which a measurement sample size 
is to be determined . The operator may spec ify 
either o f  three general parameter type s : time 
delays , time rate s , and failure probabilities . 
Once a particular parameter type has been 
specified , the program asks the operator to 
select a confidence level for which the param­
eter value is to be estimated . Two confidence 
levels may be selected : 9 0 %  and 95 % .  

The third decision in each case is the choice 
of a te st limiting criterion . Two choices may 
be made , depending on the operator ' s  test ob­
j ective s  and constraints . In most cases , the 
operator wi shes to estimate a parameter ' s  
value with a speci fied precis ion . The pre ­
ci sion i s  speci fied in absolute terms in the 
case of the time parameters--e . g . ,  average 
delay +50 ms or average rate +50 bps . The 
prec ision is speci fied in relative terms in 
the case of the fai lure probabilities . As an 

* 

* If THERE ARE FEWER THA!/ TWO FAilURES ENTER p '" (If K/iOW/J I 

Fi'Jure 2-12 . Stati s tical tes t  des i gn and data analysis . 
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example , the operator might specify that 
confidence l imits for a failure probability 
should be within �5 0 %  of  the measur�g value , 
e . g . , confidence limits of � ( 0 . 5 ) 1Q6 for an 
observed failure probability o f  1 0  . 

In  the case of  the time parameters , the program 
next asks the operator whether the variability 
(maximum standard deviation , o max ) of  the 

measured value can be estimated from prior in­
formation . If so , the program proceeds to 
s imilar inquiries regarding the dependence of 
succes sive observations--e . g . , whether Block 
Transfer times for succe s sively transmitted 
blocks are more l ikely to be similar than 
those for randomly selected blocks . In each 
case , if no prior information is avai lable , 
the operator is  given parameters defining a 
prel iminary test  that wi l l  obtain the nece s­
sary information . 

The program then uses the collected information 
to calculate the number of trials ( e . g . , ob­
servations of B lock Transfer  Time ) needed to 
e stimate the parameter value o f  interest with 
the operator-speci f ied preci s ion . The program 
outputs this information to the operator , to­
gether with a l i sting of ancillary in formation 
(e . g . , return entry code , number of delays , 
total delay on each trial ) that wil l  be 
needed by the data analysis  program to proce s s  
the collected data .  

In  the case o f  the fai lure probabi lity param­
eters , the program asks the operator whether 
the degree of dependence ( conditional probabil­
i ty of  failure given a failure in the preced­
ing trial , p 1 1 ) i s  known from prior information . 
I f  so , the program uses thi s  information to 
calculate the number of  failures ( e . g . , bit 
error s )  that must be observed in order to 
estimate the failure probability with the 
de sired relative preci sion . This i s  the 
information the operator needs to del inate the 
test . I f  not , the degree of dependence i s  
e stimated b y  a worst  case ( 9 5 -percentile ) 
value , and the program give s the operator 
parameters  de fining a preliminary test . 
Anci llary information needed to organ i ze the 
te s t  and the subsequent data reduction i s  
provided i n  either case . 

Each individual entry to the S tati stical 
De s ign and Analys i s  program determine s a 
sample size  for a single parameter measure ­
ment . In  a typical test , all  parameters 
associated with a particular function ( e . g . , 
acces s )  are normally measured together , using 
a common mea surement sample . The size  of  that 
sample is determined by the particular param­
eter who se measurement precision is  most  
important or mo st di fficult to achieve . 
Sample s i z e s  for the various parameters mea­
sured in such a test may be determined by 
succe s s ive entries to the sample s i z e  determi­
nation subprogram . 

The second maj or statistical des ign and anal­
ysis subprogram , the data analysis  subprogram , 
is  entered with col lected data after a measure­
ment has been completed . I t s  function i s  to 
determine the preci sion actually  achieved in a 
measurement . Such achieved preci sions often 
differ  from the prec i s ion obj ectives selected 
during te st  de sign , s ince actual measurement 

conditions are rarely identical to pretest 
as sumptions .  

The data analysis  subprogram prompts the oper­
ator (or reads files ) to determine the ob­
served measurement results , then calculates 
the appropriate statistics from these re sults . 
In  the case o f  the time parameters , the outputs 
are sample means and confidence interval s .  In 
the case of  the failure probabi lities , the 
outputs are the ratio estimates themse lve s and 
the ir as sociated confidence limits . 

The Statistical De sign and Analys i s  program 
also enables users to determine whether data 
measured in different tests are statis tically 
homogeneous ( e . g . , de scribe the same statis­
tical population , performance condi tions , 
etc . ) . Such data can be combined to provide 
better overall confidence in an evaluation of 
communication performance . 

The S tatistical De sign and Analysis program 
wi ll substantially improve the efficiency and 
economy of performance measurements by provid­
ing a simp le method of determining quanti­
tative relationships between te st duration and 
test precision . Preliminary applications of  
thi s  program indicate that a desired precision 
can often be achieved with far le s s  measure ­
ment time ( and cos t )  than test engineers 
intuitive ly expect .  Pro j ect cost savings from 
such information can be substantial . Although 
deve loped speci fically for the X3 . 1 0 2  param­
eter s , the program can be used to determine 
measurement s ample sizes  and achieved pre­
ci sions for any delay , rate , or probabi lity 
parameter --the statistical problem is  the 
same . The program is written in machine­
independent (ANS I 1 9 7 7  standard ) FORTRAN and 
is avai lable from ITS at dupl ication cost . 

The FY 8 3  Data Communications pro j ect also 
provided an opportunity for some new re search 
on an important and little-studied problem in 
data communication performance measurement-­
that of  matching transmitted and received 
data , and detecting bit errors , deletions , and 
additions ,  when the time delay between data 
transmi s sion and reception is variable . Such 
matching i s  e ssential to comprehensive perform­
ance measurement , since the various transmi s ­
sion failure probabilities cannot otherwise be 
measured . The Institute examined thi s problem 
briefly in FY 7 9  and deve loped a s imple 
linear compari son procedure that proved to be 
ef fective in matching random binary data 
strings .  This algorithm was implemented (as  
the BITCOR subroutine ) in the ITS Data Reduc ­
tion Program , and was used succe s s fully in ITS 
measurements of  the ARPANET . 

The FY 8 3  study was undertaken with two obj ec­
tives : ( l )  to improve the performance of the 
BITCOR subroutine in processing r�ndom data 
through the use of more sophi sticated data 
manipulation and compari son algorithms , and 
( 2 )  to deve lop new compari son algorithms 
applicable to the matching of data with known 
properties or structure s--e . g . , blocks with 
known headers or "canned " te st data . 

A particularly interesting matching algorithm 
was developed for the case where the trans­
mitted data can be completely determined by 
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the experimenter ( " canned" ) .  This algorithm 
is  based on the generation and detection of a 
binary sequence cal led the Thue-Morse sequence . 
Thi s  sequence is  generated by a binary counter 
that update s for each bit of tran smitted 
data . I f  the counter at time T has the 
repre sentation 

m . 
T I: a .  2 l 

i=o l 

where a . = 0 or 1 ,  then the bit tran smi tted at 
that time is 

m 
b I: 

i=o 

"Mod 2 "  means that the 
n 

is  odd , or 0 if  I: 
i=o 

a .  l 

bit 

a .  l 

(mod 2 )  

i s  1 

i s  even . 

n 
if  I: a .  l i=o 

The Thue-Morse sequence ha� the property that 
each string of the fir�t 2 bits is complemen­
te� in the string of 2 bits starting at bit 
(2 +1 ) . Thi s properly makes the data " self 

numbering , "  which should substantially improve 
the speed and rel iability of matching . The 
Institute has developed a matching algorithm 
using the Thue -Morse sequence , published as 
NTIA Report 8 3 -133  by W . J .  Hartman . I ts imple­
mentation and testing are planned . 

Remote 
Termi nal 
Emulator 

Remote Test City 

The second maj or goal of NTIA ' s  FY 8 3  Data 
Communications pro j ect was to conduct a series 
o f  experimental performance measurements of 
public data networks (PDN ' s ) . These measure­
ments had two specific obj ectives . The 
primary obj ective was to demonstrate actual 
use of the proposed ANS I  measurement standard 
in assess ing the end-to-end performance o f  
some typical PDN services . A secondary objec­
tive was to obtain some pre l iminary data on 
the performance o f  the various network alter­
natives . It  is  anticipated that the results 
o f  the se pilot measurements wi l l  encourage 
and faci litate more comprehensive future mea­
surements , both by  data communication service 
providers and by users . 

Figure 2 - 1 3  il lustrates the overall plan of 
the PDN measurements . Two microcomputer -based 
test sets were developed : one emulating a 
network-accessible host  computer and one 
emulating a remote data terminal ( and its 
operator )  . The host emulator was located at 
ITS in Boulder and was connected to the local 
offices o f  each o f  three public data networks 
via 9 . 6  kbps leased telephone l ines . The 
terminal emulator was placed in several remote 
te st cities , where it obtained access  to the 
PDN ' s  via the local exchange telephone network . 
The terminal emulator was also able to com­
municate with the host  emulator via the direct 
di stance dial ( ODD)  telephone network , bypas s ­
ing the PDN ' s .  The switched local te lephone 
links operated at 1 2 0 0  bps .  

H ost City (Bou lder, CO) 

Leased 
Te lephone 

Lines 

t 

t 

t Host 
1------1 Computer 

Emulator 

Test 
�---

Data
-------� 

I 
Performance 

DATA 
I 

I 

DDD Telephone Network Performance 
DATA 

I 
I L _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _  _j 

Fi gure 2- 1 3 .  Overall plan o f  ITS �ub lic Data Network meas urements . 
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During actual testing , the remote terminal 
emulator e stablished connection with the host 
over each of the four available paths in 
succession , logged into a special measurement 
appl ication program in that computer ,  trans­
mitted a file of  "canned " test data , logged 
out , and di sconnected . Both the remote ter­
minal emulator and the host were programmed to 
record and time-stamp all interface events 
observed during a data communication ses sion 
in  accordance with the proposed ANSI measure­
ment standard . The data extracted during each 
test were then trans ferred ( via separate 
error-control led line s )  to a data reduction 
and analys i s  computer located in  Boulder for 
conversion into X 3 . 1 0 2  performance parameter 
value s . 

The inter face s actually instrumented during 
the te st were within the ho st and terminal 
emulator microcomputers , between the (UNIX )  
operating systems and local application 
(measurement )  programs . This se lection of 
"probe points " make s it po s sible to reflect 
the delay and error recovery e ffects of " front 
end " software in the measured parameter 
value s .  

Figures 2- 1 4  throug h 2 - 1 6  show some typical 
numerical results of  the ITS PDN measurements . 
F igure 2 - 1 4  shows overall and component va lue s 
for the X 3 . 1 0 2  per formance parameter Acces s  
Time--the total time between a n  end user ' s  
request for communication service and the 
start of actual user informat ion tran sfer . In 
thi s appl ication , the overall Acce ss Time is 
divided into three components : local tele­
phone connection time , PDN log-in and connec ­
tion establ i shment time , and ho st computer 
log-in time . Inclusions of  the latter time in 
overall Acce ss Time is j ustif ied by the fact 
that the call ing user ( terminal operator ) has 
no interest in communicating with the ho st 
computer ' s  operating system per se ; his goal 
i s  to access  a particular user appl ication 
program wi thin that computer .  Thus , the host 
computer ' s  operating system is  a part of the 
end-to-end data communication system from the 
end user point of view . Text editors ,  com­
pilers , and data base handlers are examples of  
user application programs that are acce ssed 
via public data networks . 

As Figure 2-14  indicates , the average Acce ss 
Time observed in this particular measurement 
was about 4 5  s .  On the average , the local 
telephone connection time was about 17 s ,  or 
3 8 %  of the total ; the PDN log-in and connection 
time was about 4 s ,  or 9% of the total ; and 
the host computer log-in time was about 24 s ,  
or 5 3 %  o f  the tota l .  

These re sults sugge st that a large proportion 
of  the access delay currently experienced by 
public  data network users is a result of  
factors outside the PDN boundaries ( and outs ide 
the control of the PDN service provider )  . 
Even if  host computer log - in time i s  excluded , 
the acce s s  de lays outs ide the PDN are stil1 
more than four time s  greate r than those within 
it . An obvious implication is that e fforts to 
reduce the PDN connection time ( e . g . , transit 
delay for X . 2 5 cal l reque s t  and call accepted 
packets )  will  do l i ttle to improve the custom­
er ' s  overall  perception of service qual ity . 
The Acce s s  Time experienced by PDN users can , 

of course , be reduced substantially through 
the use of leased ( rather than switched) 
terminal access arrangements . 

F igure 2 - 1 5  shows typical vi rtual circuit con­
nection times for two of the three PDN ' s  
tested . The measured time begins on completion 
of input of  the host address to the PDN , and 
ends on the terminal ' s  subsequent receipt of a 
ho st computer LOGIN prompt . For each network , 
the average virtual circuit connection time is 
about 2 . 7  s .  Comparison of  Figure 2 -15a with 
F igure 2 -1 4d suggests that under the condi tions 
of this experiment , about two -thirds of the 
total PDN delay in establ ishing acce ss is 
virtual ci rcuit connection time . The other 
one-third is PDN log-in time . The latter 
function was automated in this experiment and 
would take longer i f  performed manually by a 
termi nal operator . 

Figure 2 - 1 6  compares overall Access Time s for 
operator -to-program connections establi shed 
via a PDN with corre sponding times for connec ­
tions establi shed via the DOD te lephone net­
work . The PDN Acce ss Times are about 8 s 
longer in thi s particular measurement . Thi s 
is  a result of  two factors : 

1 .  The PDN log-in time , which has no counter­
part in the DOD network . 

2 .  A longer host computer log-in time in the 
case of the PDN connection s .  

The l atter factor is �he more signif icant one . 
I t  is  a direct re sult of longer transit de lays 
and lower throughput in the PDN . More complete 
results of  the ITS public data network measure­
ments are  being publi shed in an  NTIA Report . 

International Standards . The Institute ' s  
International Standards pro j ect has two overall 
goals . The first is to enhance opportunities 
for U . S .  fi rms to partic ipate in international 
te lecommun ication markets by promoting the de ­
velopment and international acceptance of 
broadly-based , functionally oriented , nonre ­
strictive international telecommunication 
standards . The second is to ensure that the 
interests of competing U . S .  firms are fairly 
represented , and properly coordinated , in U . S .  
contributions to international standards or­
gani z ations in which NTIA has leadership 
respons ibilities . The se inc lude the Interna­
tional Telegraph and Telephone Consultative 
Committee (CC ITT ) and International Radio 
Consultative Committee (CCIR) . 

The pro j ect involves three maj or functions . 
The f irst is to lead and coordinate u . s .  
partic ipation in key standard ization efforts 
of  the CCITT and CCI R .  Thi s work is  conducted 
under the auspices of the U . S .  Department 'of 
State . Institute personne l currently chair 
two of  the five U . S .  CCITT Study Groups : 
Study Group D and the Joint Working Party on 
the Integrated Services Digital Network ( ISDN) 
Study Group D prepares U . S .  inputs to interna ­
tional meetings of  CCITT Study Groups VI I 
( Public Data Networks ) and XVI I  (Data Trans­

miss ion over Public Te lephone Networks ) . The 
ISDN Working Party prepares U . S .  inputs to 
international meetings of CCITT Study Group 
XVI I I , which has overal l re sponsibility for 
ISDN standardization within the CCITT . In 
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addition , ITS provides international chairman­
ship of  CCIR Interim Working Party ( IWP ) 8/1 1  
( Di rect Printing Equipment i n  the Maritime 

Mobile Service ) . 

The responsibi l ities of  a U . S .  CCITT Study 
Group Chairman inc lude the review , coordi­
nation , and approval of  proposed U . S .  contri­
butions to CCITT ; coordination o f  U . S .  con­
census positions on international standards 
issue s ; and leadership of the U . S .  de legations 
to international CCITT meetings . CCIR IWP 
chairmen are re sponsible for the direction and 
coordination of international e f forts leading 
to CCIR Recommendations , which govern spectrum 
use and the design of  radiating communications 
equipment . 

Act ivities in Study Group D during FY 8 3  in­
cluded work on CCITT Recommendations in the 
following areas : 2 4 0 0 , 4 8 0 0 ,  and 9 6 0 0  bps 
full  dup lex modems , the ISDN universal phys­
ical inter face , the Open Systems Interconnec ­
tion (OS I )  reference mode l , me ssage handling , 
subaddre s sing in the world numbering plan , 
connection of private networks to public data 
networks , and connection of public data net­
works with the Maritime Mobile Sate llite 
Service . 

Work in the ISDN Working P arty included the 
development of Study Group XVI I I  inputs which 
helped shape 1 1  Draft CCITT Recommendations on 
ISDN . Maj or topic s addres sed in the se Rec­
ommendations are ISDN service s ,  the ISDN 
architectural functional mode l ,  the ISDN 
protocol re ference model , addres sing and 
number ing principles , network connection 
types , and user/network interfaces for basic 
and primary rate access to I SDN services . The 
Institute also organi zed ( and now chairs )  an 
I SDN Technical Working Group that researches 
technical i ssues and prepare s  draft contribu­
tions or ISDN as reque sted by the full Working 
Party . 

A second ma j or function of  NTIA ' s  International 
Standards proj ect is to in form intere sted non­
partic ipants of signi ficant developments in 
the various international s tandards committee s 
for which NT IA has leadership responsibi lity . 
Over a period of time , this function broadens 
and strengthens u . s .  input to the CCI ' s  ( and 
other international standards organization s )  
by adding new contributors and expanding the 
" knowledge base " from which U . S .  contributions 
may be drawn . Thi s function is accompli shed 
by several means ,  including NTIA and open 
literature publications , tutorial workshops , 
and pre sentations at professiona l soc iety and 
indus try conferences .  Spec i f ic  FY 83 results 
inc luded an NTIA Report describing the charter , 
structure , and activities of  key u . s .  Govern­
ment and industry telecommunication standards 
organ i zations (in preparation ) several open 
literature publications and conference presen­
tations on ISDN and related CCITT activitie s ;  
and the testing and documentation of a com­
puterized data base containing key informaeion 
from each of the over 9 0 0  white papers sub­
mitted to the 15  CCITT S tudy Group s  during the 
current study perj od (NTIA Technical Memoran­
dum 8 3 -9 8 )  . 

The third maj o r  function of  NTIA ' s  interna­
tional Standards proj ect is to develop u . s .  
contributions to international standards 
organizations . Such contributions are under­
taken on a selective bas i s ,  in situations 
where NTIA/ITS has special expertise or resour­
ces not readi ly available to other u . s .  par­
tic ipants . A total of 10 such contributions 
were prepared in FY 8 3 ,  each deal ing with a 
particular aspect of Quality of  Service (QOS ) 
speci fication or measurement . 

Four contributions were submitted to CCITT 
Study Groups VI I and XVI I I  on the subj ect of 
error performance speci fication . The first 
addre s sed the is sue of se lecting a unit of 
observation (e . g . , bit , block , or time inter ­
val )  to be used in defining an error ratio 
parameter . This contribution showed that no 
single error ratio parameter can adequately 
speci fy data transmi ss ion accuracy when error 
clustering exists , and sugge sted that two 
parameters (Bit Error Probabi lity and a time ­
based error ratio parameter such as Error-Free 
Seconds or Error-Free Dec iseconds ) be used in 
such spec ifications . The second contribution 
addres sed the problem of interpolating between 
error ratio spec ifications for particular 
block lengths , and showed that the entire 
curve of  B lock Error Probability versus block 
length can be determine from any two specified 
points ( e . g . , Bit Error Probabil ity and Error­
Second Probabi lity )  i f  e ither a Markov chain 
or Neyman Type A errpr dependence model is 
as sumed . ( See Figure 2 -1 7 . The parameter ;\ 
is an error clustering index . )  The third 
contribution examined the accuracy of an NTIA­
developed Markov error mode l in representing 
the error behavior of real networks , and 
showed that the mode l can be accurately fi tted 
to extens ive measurement data col lected in 
te sts of the Bel l  System switched te lecommuni­
cations ne twork (F igure 2 -1 8 ) . The fourth 
contribution app lied the Markov model in 
interpo lating between two par ticular error 
probabil ity values specified in an existing 
CCITT Recommendation ( Recommendation G . 8 2 1 ) . 
The problem of error ratio spec if ication has 
considerable economic signif icance to service 
providers , since the values specif ied in CCITT 
Recommendations inf luence future transmi ssion 
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system de signs ( e . g . , ISDN ' s )  in many coun­
tries . Accurate specifications also enable 
users to more efficiently uti lize  costly 
international data communication service s .  

Two contributions were submitted to standards 
subcommittees of the International Organi­
zation for  Standardi zation ( ISO )  , both dealing 
with the definition of QOS parameters within 
the Open Systems Interconnection (OS I )  Refer­
ence Model . One contribution , submitted to 
ISO ' s  Technical Committee 9 7/Subcommittee 
16/Working Group 6 ,  proposed a comprehensive 
set of QOS parameters for the OSI Session 
Layer Service . The proposed parameters have 
been incorporated in the I SO draft Session 
Service standard , DP 8 3 2 6 . 

The second contribution , submitted to I SO ' s  
TC 9 7/SC 6 /WG 2 ,  proposed refinements in the 
speci fication of throughput in the OSI Network 
Service (NS ) Definition , DP 8 3 4 8 . The pro­
posed changes will facilitate communication o f  
NS-user throughput requirements within PDN ' s  
(e . g . , international packet switching net­

works ) . The OSI standards are intended to 

enable the interconnection of dissimilar 
computer systems on a wor ld-wide basis . 

Four contributions were submi tted to CCITT 
Study Group VII in order to complete and 
coordinate an NTIA-developed draft recommenda­
tion de fining user-oriented , network -indepen­
dent Quality of  Service parameters for public  
data networks . The QOS parameters de fined in 
thi s draft recommendation ( designated X . l4 0 )  
are intended to be used in relating the perform­
ance capabilities of  particular network ser ­
vices with user requirements ( see Figure 2-1 9 ) . 
The network speci fic performance parameters 
defined in other X-series CCITT Recommendations 
are focused on specific service interface 
protocols ( e . g . ,  X . 2 l ,  X . 2 5 )  and specific  
network configurations , e . g . , X . 9 2 hypotheti­
cal re ference connections (HRX ' s ) . They are 
essential for network design and operation and 
component performance specification , but are 
not necessarily understandable or re levant to 
users . Similarly , performance requirements of  
user s are  often focused on particular app l i ­
cations ( e . g . ,  electronic funds transfer , text 
editing ) and may not be directly useful to 
network providers . The general parameters 
provide a " common l anguage " for relating the 
two , They enable users to specify communica­
tion requirements without pre suppos ing any 
particular service , network , or protoco l , and 
enable providers to de scribe service per form­
ance in terms that are relevant to users , but 
not speciali z ed to any particular application . 

The parameters speci fied in Draft Recommenda­
tion X . l4 0  are compatible wi th those speci fied 
in American National Standard X3 . 1 0 2 , which 
NTIA he lped to deve lop under the Data Communi ­
cations proj ect . Working Party 4 of  CCITT 
Study Group approved thi s  draft recommendation 
at its f inal meeting in August 1 9 8 3 . Its 
approval at the 1 9 8 4  CCITT Plenary As sembly 
would be a significant step forward in NTIA ' s  
efforts to enhance U . S .  telecommunications 
trade opportunities through standards . 
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FUNCTION­SPECIFIC PARAMETERS 

USER REQUIREMENTS SERVICES OF N ETWORKS 

F igure 2 - 1 9 . " Common language " function 

NETWORK­SPECIFIC PARAMETERS 

of  the general QOS parameters . 



SECTION 2 . 4  SYSTEM PERFORMANCE 
ENGINEERING ANALYSI S  

The System Performance Engineering Analysis 
Group conducts a broad program of  appl ied 
research , exp loratory development studies , 
concept studies , analysi s , and experimentation 
directed toward support of ITS program ele­
ments , NTIA off ices concerned with pol icy , 
appl ications , and Federal systems and other 
Federal agencie s .  The Group performs experi­
mental research in the area of  radio-wave 
propagation in l ine-of-sight and tropospheric 
channel s . The experiments include the testing 
of  digital radio performance over these chan­
nel s .  The Group i s  also re spons ible for the 
development of  line-of-sight , tropospheric , 
and HF channel simul ators ,  as appropriate , 
for the laboratory evaluation o f  such radios . 
The Group uses the knowledge gained from the 
experimental measurement programs as a bas is 
for developing computer models of  line-of­
sight and tropospheric channel s . These com­
puter programs are engineering too l s  useful 
for design of line-of-sight and tropo spheric­
scatter communication link s . 

In addition to the above program activitie s , 
the Group also performs systems analys i s  of  
telecommunications systems for  other govern­
ment agencie s .  The obj ectives of  these pro­
grams are to obtain improved service s , better 
re source uti l i z ation , and performance at lower 
costs in competitive markets . 

Automated Performance Predictions for Mixed 
Mode Links . I n  the operation o f  near-line -of­
sight and beyond-the-hori zon microwave l inks , 
performance may be determined by more than one 
mode of radio wave propagation . Thi s may come 
about as the result of a complete change from 
one mode to another or from two or more modes 
exi sting simultaneously . For example , a 
normal ly line-of-sight link could become a 
diffraction or scatter link or vice-versa , as 
a result of  changes in refractivity gradient 
and e f fective earth radius . The objective of 
this pro j ect  i s  to use the distribution of  the 
apparent earth ' s  radii  for a g iven area as the 
data base for the algorithms used to calculate 
link performance . The algorithms and data 
base are used to prepare computer programs and 
document them . 

To obtain a better estimate of  the long-term 
variabil ity transmi s sion loss over mixed mode 
paths , there has long been a de sire to use 
distr ibutions of  refractivity gradients . As 
pointed out by a number of  workers , the 
distributions are dif ficult to use for this 
purpose since the re fractivity gradient for a 
point location often doe s not represent the 
conditions for a significant distance along 
the path . The information needed is the 
probabili ty that a particular positive refrac­
tivity gradient i s  exceeded over a large part 
of  the transmi s sion path . A model for esti­
mating such di s tr ibutions is provided by S . A .  
Schiavone ( 1 9 8 1 , Prediction of  positive 
refractivity gradients for line-of-sight 
microwave radio paths , BSTJ , Vol . 6 0 ,  No . 6 ,  
pp . 8 0 3 - 8 2 2 ) . Thi s model i s  designed for use 
in the United State s , but many of  the param­
eters used may be found on world maps . The 
scheme used on this proj ect for obtaining an 
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estimate of  refractivity gradient time distri ­
bution for a path in any part of the world is 
a modification of  Schiavone ' s  method . 

Link analyses based on path re fractivity di s­
tributions are  particularly useful for  esti ­
mating the performance of  marginal l ine-of­
sight paths especially since the method has 
been tested . Long-term variabi lity of paths 
with larger losses (beyond-the-hor izon paths ) 
can be calculated using path re fractivity 
distributions but these estimates have not 
been tested extensive l y .  

When the average refractivity changes from its 
median value for a signif icant part of a link , 
the terrain profile also change s (change in 
effective earth ' s  radius ) as we ll as the 
antenna pointing angle . Often , only one end 
o f  a beyond-the-hori zon path may be af fected , 
especially i f  the path is very long . By 
taking these changes into account , the long ­
term variabi l ity distribution of  transmi ss ion 
loss may be calculated . 

This proj ect is sponsored by the U . S .  Army 
Communications Electronics Engineering Instal ­
lation Agency and i s  about 9 5 %  complete . 

Automated Pass ive Repeater Link Engineering . 
The need exists for an automated prediction 
technique to estimate the performance of  
pass ive repeater l inks . The need can  be 
fi lled efficiently us ing a desk-top computer 
with suitable interactive programs that pro ­
vide the design engineer with a fast turn­
around prediction presented in a report -ready 
format . The purpose of this set of programs 
would be to calculate the optimum orientation 
values for pass ive repeaters from the earth 
geometry parameter values of  the terminal and 
repeater s ites and to calculate the perform­
ance of the link based on the passive repeater 
size , antenna gains , other equipment param­
eter s , as we l l  as atmospheric and terrain 
parameters . 

Three pas sive repeater types must be consider­
ed : 

o separate interconnected parabolic 
antennas using no active elements 

o one -plane reflector 

o two-plane reflectors . 

In mountainous terrain , access to active 
repeater stations is often a problem as  i s  the 
power source especial ly during winter months . 
A solution to this problem is often the use of 
a pass ive repeater that requires no power and 
little maintenance . With the pass ive repeater 
on the hilltop , the active repeater may be 
placed near an existing road near reliable 
power at a low elevation . Although a passive 
repeater l ink generally exhibits more path 
loss than the direct l ine-of-s ight link (were 
such a l ink avai lable ) ,  the variabili ty over 
the link i s  often less  since beam angles of 
penetration through atmospheric  layers are 
sharper . Other advantage s often obtained 
using pass ive repeater systems are a signifi­
cant decrease in susceptibility to interfer­
ence and the capabil ity of supporting wide 



bandwidths compared to di f fraction , scatter , 
and even line-of-sight paths . The reasons for 
these advantages are the very narrow beam 
angles , the resi stance to mul tipath due to 
high penetration angles , and the flexibility 
o f  placing terminal sites in low terrain using 
short towers ,  thus sheltering the relative ly 
wide-beam terminal antennas f rom interfering 
sources . 

Frequency diversity may be used on passive 
repeater paths . But space diversity can only 
be used on the long leg o f  a passlve repeater 
path unless  two sets of repeaters are used . 
I f  a double passive is  placed approximately 
midpath on a long path , space diversity may be 
used at both ends o f  the path . 

De sign and calcul ation o f  a microwave path 
using a pas s ive repeater is more complex than 
that of a path without one . However ,  proce­
dure s are speci fic and they lend themselve s  
readi ly to interactive automation o n  a de sk­
top computer . 

The following steps are required to develop a 
prediction technique that is  practical , com­
puterized , and interactive : 

l .  

2 .  

3 .  

4 .  

5 .  

6 .  

7 .  

8 . 

Select an algorithm to calculate reflec­
tor and antenna orientation values f rom 
the earth geometry coordinates o f  the 
ref lectors and antennas as wel l  as median 
atmospheric parameter s . 

Des ign an algorithm to calculate and 
di splay the terrain profile and ray path 
geometry . The formats should provide a 
labeled plan view of the path , terrain 
profiles  of each leg of the path , and a 
tabulation o f  geometric parameters . 

Obtain an algorithm to calculate the 
median basic tran smi s sion loss across  the 
link and provide a tabulation of assump­
tions and parameter values . Thi s algo­
rithm mus t include near-field e f fects and 
double passive repeater c lose-coupling 
loss calculation s . 

De sign an al gorithm that calculates the 
basic transmi s sion loss  variabil ity and 
di splay thi s information in graphical and 
tabular form . 

Des ign an algorithm that calculates the 
di stribution o f  carrier-to-no i se ratio 
for the link and display thi s output in 
graphical and tabular form . 

P rovide an algorithm that calculates the 
single receiver tran s fer characteristics 
for the path and provide s a graphical 
output whenever such ,an output is appl i­
cable . 

De sign an algorithm that summarizes  and 
calculates link performance along with 
parameter values used in making the 
performance prediction . 

Prepare suitable programs coded to 
provide the calculations and outputs 
required by the various algorithms . 
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9 .  Provide suitable documentation with the 
programs including a program maintenance 
manual and a users manual . 

The algorithms must be capable of analyz ing 
per formance of a passive repeater link made up 
of 4 legs ( 3  pas sive repeaters )  where each 
repeater may be of any one of the three pas ­
sive repeater types . 

Because pass ive repeater l inks are usually  
made up o f  line-o f-s ight legs  with adequate 
terrain clearance , line-of-s ight analysis is  
used to  calculate median -s ignal l evel and 
path-loss  variabi lity . The algorithms for 
l ine -of-sight link analysis must therefore be 
examined and the best available algorithms 
chosen for the passive repeater link analys i s . 
The analys is  structure should be designed such 
that an ordinary line-of-sight link is a 
special case of pass ive repeater analysis  and 
thus greatly expands the uti l i ty of the program 
set . Some o f  the line-o f -sight algori thms 
that mus t  be included are : 

0 atmo spheric attenuation 

0 atmo spheric multipath 

o rain attenuation . 

Thi s pro j ect is  spon sored by USA CEEIA and is  
approximately 5%  complete . 

Digital Radio Performance Test s . In the 
Annual Technical P rogre s s  Report for 1 9 8 2 , 
performance tests of the Digital Radio and 
Multiplexer Acquisition ( DRAMA) sys tem were 
reported . The DRAMA radio is a military 
digital microwave sys tem , des igned for use on 
the Digital European Backbone ( DEB )  network in 
Europe . The Institute te s ted thi s radio for 
its susceptibil ity to multipath propagation 
problems , and participated in propagation 
experiments in the European theatre to deter­
mine i f  the multipath environment found on the 
coast of southern Cali fornia would exi pt on 
the European link s . The earlier tests con ­
firmed that the DRAMA radio , in  its  original 
configuration , would not meet the desired 
transmi s sion reliabi l i ty in the presence of 
multipath , and that detrimental mul tipath can 
be expected a sign if icant portion of the time 
on some European paths . 

As a result o f  these tests , the U . S .  Army 
Communications Electronics Engi neering and 
Installation Agency ( CEEIA) has ini tiated a 
series o f  performance tests de s igned to 
evaluate several proposed techniques to im­
prove the DRAMA performance in a multipath 
envi ronment . These inc lude new al gorithms for 
switched-diversity selection and newly 
designed adaptive equal i zation circuits . In  
addi tion , the te sts  wi l l  inc lude the use  o f  
predetection combining a t  the IF  level in the 
diversity receivers . 

The tests are being conducted over a microwave 
l ink at the Pacific  Mis si le Test Center (PMTC ) , 
Point Mugu , Cal i fornia , through cooperation of 
the u . s .  Navy . The test link i s  one that is  
f requently  subj ect to atmo spheric multipath , 
created by strong ducting gradients in the 
refractive profile [Hubbard , R . W .  ( 1 9 7 9 ) , 



Investigation of Digital Microwave Communica­
tions in a Strong Meteorological Ducting En­
vironment , NTIA Report 7 9 -2 4 ,  August ] .  The 
per formance o f  two digital microwave systems , 
operating at 4 4 . 7  and 1 2 . 9  Mb/s , were compared 
over brief intervals of time in a recent NTIA 
Report [Hubbard , R . W .  ( 1 9 8 3 ) , D igital Micro­
wave Tran smi ssion Tests at the P acific Missile 
Te st Center ,  Pt.  Mugu , California , NTIA 
Report 8 3 -12 6 , June ] . The performance data 
were augmented with propagation data and 
meteorological data . The mul tipath was mea­
sured and described through the use o f  the ITS 
PN Channel Probe [ Linfield , R . F . , R . W .  Hubbard , 
and L . E .  Pratt ( 1 9 7 6 ) , Transmi ssion Channel 
Characterization by Impulse Response Measure­
ments ,  OT Report 7 9 -7 6 1  Augus t ] . Thi s instru­
ment and the test radios were all multiplexed 
over the same space-divers ity path , so that a 
direct correlation between the multipath 
structure and the performance data was pos­
sible . The same configuration i s  being used 
for the current DRAMA radio te sts . A standard 
"base- line " radio is operated as a re ference 
for the performance data , and a second radio 
is used as the te st radio in which the var i­
ations of  the switching algorithms and equal­
i zation circuits are implemented . The tests 
are j ust beginning at the writing of this 
report , and are expected to continue through 
the first three quarters of CY 8 4 .  

A related pro j ect to that de scribed above is 
also being conducted over the PMTC test link . 
The program i s  sponsored by the U . S .  Army , 
Communications Systems Agency (CSA) . I t  i s  
centered o n  a new proposed method of  angle­
diversity reception for microwave radio 
transmi ssion . The technique is a proprietary 
method developed by Signatron I nc . , Lexington , 
MA .  Under contract to CSA , S ignatron has 
furnished an angle-diversity antenna to ITS 
for use in the tests . The antenna is moun ted 
to the receiver location tower at PMTC 
alongs ide a matching antenna (provided by ITS ) 
with a standard vertically-polari zed feed . 
The Institute has des igned and constructed a 
stable recording receiver to measure the re­
ceived signal level ( RSL)  on three channels . 
Two channels are be ing recorded from the 
angle-diversity antenna , and the third ( ref­
erence ) channel from the ITS antenna . The RSL 
data wi l l  be compared statistically for the 
multipath fading parameters . The te st system 
has been installed with duplexers in the re­
ceiver rf l ines so that the PN Channel Probe 
(noted above in the DRAMA te st program) can be 
used periodically to monitor the multipath 
structure in the angle and re ference paths . 
I f  the tests indicate that the angle-diversity 
technigue can improve the transmi ssion per­
formance of  a digital radio , it is anticipated 
that thi s  program wi l l  be expanded to include 
a direct measure of the DRAMA performance 
using the angle diversity receiving antenna . 
The initial tests are being conducted us ing 
one of the PMTC transmis sion ( analog radio ) 
frequenci e s  at 7 4 7 0  MH z .  

The basic data acquisition system being used 
in the se te sts is described in the report 
referenced above (Hubbard , 1 9 8 3 ) . 

Ditital Radio Per formance Data . Following 
some digital propagation measurements per­
formed by ITS in 1 9 7 9 [Hubbard , R . W .  ( 1 9 7 9 ) , 

Inves tigation of Digital Microwave Communica­
tions in a Strong Meteorological Ducting 
Envi ronment , NTIA Report 7 9 - 2 4 , August ] ,  the 
Range Communications Department of the Pacific 
Missile Test Center ( PMTC ) , Point Mugu , CA , 
procured a commercial digital microwave ( 7 3 5 0  
MH z )  radio . The sys tem was multiplexed over 
an exi sting l ink in the PMTC network and 
placed under test for an extended period . The 
Insti tute was tasked by PMTC to deve lop the 
test procedures and instrumentation required 
to evaluate the performance of the radio under 
severe multipath conditions .  The radio , sup­
p lied by a commercial vendor , was de signated 
as the MDR- 8 . It was configured for space­
divers ity reception , using a vertical antenna 
spacing of approximately 2 9  m ( 9 5 ft ) , and 
each diversity receiver used a form of adap­
tive s lope and notch equalization in the IF to 
compensate for multipath ( frequency selective ) 
fading . The obj ective of  these te sts was to 
determine i f  the radio would meet a high level 
of performance availability wi thout the use of 
frequency diversity ( as was originally recom­
mended by ITS ) . The tests were conducted 
during 1 9 8 0 -1 9 8 1 . The radio transmiss ion rate 
was 4 4 . 7  Mb/s (T3 ) , and a pseudo-random bit 
stream at thi s  rate was used to measure the 
error rate and burst-error statistics over the 
test link . 

Cursory results of the tests showed that in a 
severe multipath channel (which is dominant 
during summer and early fall months ) the radio 
would fall short of de sired performance speci­
fications . Thus , the PMTC devoted resources 
toward a configuration using both space and 
frequency diversity and improvements in the 
adaptive equalization circui try . As a con­
sequence , the detailed error. performance data 
were not completely ana lyzed by PMTC . The 
Institute retained the original data tapes 
collected during thi s program and analyzed 
only a limited amount of  the data . 

The U . S .  Army (CEEIA) uses the MDR-8 digital 
radios in a number of operating links , and 
therefore became interested in the analyses of 
the error performance statistics . The Army has 
tasked ITS to analyze the se data for the 
complete PMTC experiment . 

A list  of  the signals recorded for the digital 
radio performance tests is shown in Table 2 -3 . 
I n  the following paragraphs we will descr ibe 
the formatting of the se data and outline the 
analysis procedures to be used . 

Any long periods of  error-free performance for 
the digital radio were registered on the 
terminal/printer of the data acquisition 
system . An example of the se entries is shown 
in Figure 2- 2 0 .  A "Code 3 "  on the record 
corresponds to an error-free period , counted 
as the number of error-free sync periods as 
defined later in Table 2-4 . Error -fre5 sync 
periods could be counted as high as 1 0  before 
a counter overflow . Thus , each Code 3 message 
on the terminal represents 7 3  s of error -free 
data . Figure 2 - 2 0  shows a continuum of these 
entries , interspersed with periods of error 
data . The periods of error are indicated on 
the figure with the drafted arrows , along with 
the duration of the recorded data on magnetic 
tape . F igure 2 - 2 0  also shows a typical mes ­
sage that was printed o n  the terminal for 
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Table 2-3 . LS I-11 Minicomputer Sys tem ( CPU )  Data 

DATA SOURCE S I GNAL DESC R I P T I ON DATA RECORD 

ANALOG 
44 . 7  MB/S 1 .  RSL CHAN A ( LOWER ANTENNA ) D I G I TAL MAG TAPE 
D I G I TAL RAD I O  2 .  RSL CHAN B ( UPPER ANTENNA) 
( MDR-8)  3 .  AE SLOPE CHAN A 

4 .  A E  SLOPE CHAN B 
5 .  A E  NOTCH CHAN A 
6 .  AE NOTCH CHAN B 
7 .  RA I L  CLOC K REFERENCE 
8 .  RA I L  CLOCK DELAY 
9 .  B I T  AL I GNMENT 

D I G I TAL STATUS 
1 .  REC I N  SERV I C E  D I G ITAL MAG TAPE 
2 .  AGC/AE OFF  NORMAL A 
3 .  AGC/AE OFF  NORMAL B 
4 .  LOSS O F  FRAME A 
5 .  LOSS O F  FRAME B 
6 .  B E R > l 0- 7 A 
7 .  B E R > l 0- 7 B 
8 .  B E R > l 0- 2 A 
9 .  B E R > l 0- 2 B 

1 0 .  CONTROL SWITCH O F F  NORMAL 

D I G I TAL E RROR DATA 
MK-4 BURST E RROR 1 .  BURST ERROR STAT I STICS D I G I TAL MAG TAPE 

ANALYZER 2 .  E RROR FREE SYNC P E R I ODS TERMI NAL P R I NT E R  

P N  CHANNEL PROBE 1 .  RSL CHAN A * D I G I TAL MAG TAP E  
2 .  RSL CHAN B * 
3 .  T I LT/NOTCH S I GNAL * 

PMTC ANGLE 
D I V ERSITY 1 .  RSL CHAN l * 

2 .  RSL C HAN 2 * 

* PARALLEL DATA ON ANALOG MAGNET I C  TAP E .  

information to the system operator . In thi s  
instance , a n  end-of-tapa me ssage i s  seen , and 
the record shows that a new tape was mounted 
and the data system restarted with a data loss 
of approximately 3 minutes .  Each entry is 
identif ied with the date (month/day)  followed 
by the time of the entry ( Z ulu)  . 

During error data , two distinct protocol s  were 
used to direct the computer system to transfer 
all buf fered data to the magnetic tape . These 
were : 

o any time that error data were received in 
the storage buffer ; and 

o any change in the receiver status/alarm 
signals  at the 0 . 1  s interval s .  

Thus , at any time either of the above condit­
ions was met , the entire data file in the 
storage buf fers was written to the magnetic 
tape . The buf fers contained 5 s of data , and 
these were recorded as a single record . A 
data record i s  composed of  four distinct 
block s , organi zed as follows : 

o data and time ( Z ) , which serves to identi­
fy each record . Number of  data entries 
in Block No . 4 

0 

0 

0 

D I G I TAL MAG TAP E  

A/D data ( 1 6 x 50  grid ) 

digital rece iver status ( 1 0 0  ms inter­
val s )  

digital burst-error data ( 1 0 0  ms timing 
marks )  . 

A typical example o f  one 5 s data record , as 
read from the magnetic tape , i s  shown in 
Figure 2 -2 1 . The data blocks listed above are 
numbered accordingly in thi s figure . The A/D 
records in Block No . 2 are for the 16 channel s  
from left t o  right , and the entries printed in 
decimal values . Block No . 3 contains the 
receiver  status/alarm data , entered in an 
octal code for the 16 bits of information . 
The data in Block No . 4 are the burst-error 
data as recorded from a Tau Tron MK-4 instru­
ment . The entry " 4 0 "  represents the 1 0 0  ms 
timing mark s within the block , during which no 
error or alarm data were rerece ived . Starting 
after the 3 8th time mark ( 3 . 8  s a fter the 
record time in Block No . 1 )  the data indicate 
that either a burst of  error or a receiver 
status s ignal was received . The data entries 
are treated in groups of  three octal numbers , 
which show the digi tal status of  a l l  three I/0 
boards in thi s block . An interpretation o f  
some of the se octal entries , including details  
of the error performance data , are  given in 
Table 2 - 5 . 
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C O D E  3 1 2/22 7 :  8 :  6 
CODE 3 1 2/22 7 :  8 :  6 
C O D E  3 1 2/22 7 : 9 : 24 
CODE 3 1 �?/22 7 : 1 0 : 3 8 
CODE 3 1 2 /22 7 : 1 1 : 5 1

___. 2 : 1 6 __. MAGNETI C TAPE DATA ENTRI ES 
CODE 3 1 2 / 2 2  7 : 1 4 :  7 
CODE 3 1 2/22 7 : 1 �'i : 2 0

_. 2 : 02 
C O D E  3 1 2 / 2 2  7 : 1 7 :  22

_. 3 : 1 0 
CODE 3 1 2 /22 7 : 2 0 : 3 2 
WA I T  F O R  T A P E  T O  R E W I N D  

THEN MOUNT NEW TAP E I.. H I T  R ET U R N  K EY T O  R ES T A R T P R OGRAM 

PAUSE --· 

CODE 3 1 2/ 2 2  7 : 23 : 48
_. 2 : 02 CODE 3 1 �Y22 7 ;  2�:j : �) 0 

CODE 3 1 2 / 2 2  7 : 27 :  3
_. 1 : 38 CODE 3 1 ��/22 7 : 20 : 4 1 

CODE 3 1 2 /22 7 : 29 : 55 
CODE 3 1 2/22 7 : 3 "1 : 8 
CODE 3 1 2/ 2 2  7 :  3:.:� : 2 1  
CODE 3 1 �?./22 7 : 3 3 : 3 4 
CODE 3 1 2 /��2 7 : 34 : 48 
CODE 3 1 2 /22 7 : 36 :  1 
CODE 3 1 2/22 7 I 37 l 1 4  
C O D E  3 '1 2/22 7 : 30 : 27 
CODE 3 1 2/22 7 : 3 9 : -4 1  
C O D E  3 1 2/ 22 7 : 4 0 :  !5 4 
CODE 3 1 2 /22 7 :  4 ::.� : 7 
CODE 3 1 2 /2:= 7 : 4:� : ;�() 
CODE 3 1 ;.?. / 2 ;� 7 : 4 4 : 34 
CODE 3 1 2 /22 7 : 45 : 47 
CODE 3 1 2 /22 7 : 4 7 : 0 
CODE :� 1 �:/22 7 : 4 0 : 1 3 
CODE 3 1 2 /22 7 :  4 'i' : 27 
CODE 3 1 2/22 7 : 5 0 : 4 0 
CODE 3 1 2./22 7 : 5 1 : 5 3 
CODE 3 1 2 /22 7 : 53 :  6 
.CODE 3 1 2 /22 7 : 54 : 2 0 
CODE 3 1 2/22 7 :  5 �5 : 59 _. 1 : 3 9 

CODE 3 1 2 /:�2 7 : 57 : 1 2 
CODE 3 1 2 /:.?.2 7 : 5 0 : 25 
CODE 3 1 2/22 7 : 59 : 38 

F igure 2- 2 0 . An example  of the terminal/printer record from the 
digital data acqui s ition system .  Periods between 
entries greater than 7 3  s ( indicated by the arrows ) 
show the t imes when error data were recorded on the 
magnetic tape . 

A complete analysis  of the recorded data has 
not been made at this writing . Some ana lyses 
are in proces s  under the Army proj ect , and a 
detailed report i s  antici·pated early in CY 8 4 . 
The mater ial provided here i s  merely to indi­
cate the manner in which the data were for­
matted and the methods for compiling the 
results . It can be seen , for example , that a 
complete distribution of error-free time can 
be readily compiled by totaliz ing the time for 
Code 3 entries . In  like manner , the following 
are examples of the statistical data that wi l l  
b e  developed in future analyses from the error 
data : 

o distribution of the l engths o f  e rror-free 
sync periods ( from Code 0 and Code 1 data)  

o distribution of error-free gaps ( Code 1 
Code 2 data ) 

o distribution o f  error bursts 

o di stribution of the error-free periods 
between burs ts ( >gap length) 

o distribution o f  error-burst lengths 

o distribution of the number of errors 
within a burst 

o distribution o f  the ratio of burst length 
to error count within a burst 

o distribution o f  sync-loss counts and 
duration . 

The above list  i s  not exhaustive , but it in­
c ludes the maj or distributions that can be 
readi ly obtained with the proper search pro­
gram of the data tape s . S ince these data are 
e ssentially synchronous with the propagation­
oriented data , the potential for meaningful 
studies o f  the correspondence between these 
data is quite hig h .  As one example , consider 
the correl ation between spectral distortions 
measured by the " tilt"  and "notch" signals  in 

1 2 9  



Table 2-4 . Microwave Radio Performance Data 

PN TEST CODE = ( 2
1 5

- 1 ) = 32 , 76 7  B I TS / S EQUENCE 

TRANSM I SS I ON RATE = 4 4 . 736 MB/ S 

B I T  P E R I OD ( T )  1 /44 . 736 . 022353 - - M I CROSECONDS 

PN SYNC P E R I OD 32 , 76 7  x T = 732 . 45 - - M I CROSECONDS 

1 0
5 

SYNC P E R I ODS 7 3 . 2 45 - - S ECONDS 

E RROR GAP L ENGTH 256 B I TS 

TAU TRON MK-4 BURST E RROR ANALYZER DATA : 

CODE � F I RST BURST AFTER A NUMB ER OF ERROR-FREE SYNC P E R I OD S  
COUNTS NUMBE R  O F  ERROR - FREE SYNC P E R I OD S  

C O D E  1 - - F I RST ERROR- BURST D I ST R I BU T I ON 
COUNTS NO . OF B I TS F ROM LAST SYNC TO F I RST ERROR 
COUNTS NO . O F  B I TS IN ERROR 
COUNTS THE L ENGTH OF THE BURST IN NO . OF B I TS 

CODE 2 - - SECOND ( OR SUBSEQU ENT) BURST D I ST R I BUT ION W I TH I N  
A SYNC PER I OD 
SUBSEQUENT BURST DECLARED I F  GAP L ENGTH I S  EXCEEDED 
D I STR I BUTION DATA SAME AS CODE l 

CODE 3 - - SYNC COUNTER HAS REACHED 1 05 E RROR- FREE SYNC PER I OD S  
CODE 3 MESSAGE A N D  DATE/T I ME L I NE A R E  P R I NTED ON T H E  
DATA SYSTEM TERMI NAL 

CODE 4 , 5 ,  
6 ,  7 - - SAME AS CODES � . 1  , 2 , 3 RESPECT I VELY , I N D I CAT I NG 

THAT THE MK-4 F I FO BUFFER IS FULL 

the A/D data bank and the detailed error 
analysis li sted above . The results wil l  
il lustrate what the most important performance 
parameters are and should lead to conclusions 
toward methods o f  improving the performance . 
This aspect , coupled with an evaluation of the 
meteorological de scription o f  the transmis sion 
channe l ,  o ffers an approach to the analysis 
that encompasses all  o f  the system and propa­
gation variables . 

The status/alarm data from the experiment 
expand the concepts noted above . For example , 
distributions of the diversity switching and 
duration of time that a given receiver i s  
selected are also available from the dat a .  
Referring t o  Table 2 - 3 , other significant 
parameters for analyses are : 

o rai l c lock stati stics 

o bit al ignment characteristics 

o BER alarm distribution for independent 
diversity receivers 

o loss o f  f rame data for each diversity 
receiver . 

The above di scussion i s  pre sented here only to 
convey the methods used in both collecting 
these data and analyzing their results and 
meaning . The Institute is currently developing 

the computer routines and programs that wil l  
automatically retrieve , decode , . and display 
these results in accordance with the analysis 
summaries given above . When this proj ect is 
completed , a technical report in the NTIA 
series wi l l  be published . 

Digital Troposcatter Communi cations . The Insti­
tute has supported the U . S .  Air Force for 
several years in the test program for the 
AN/TRC-1 7 0  Digital Troposcatter Radio Systems . 
The Air Force maintains a test-bed and Tacti­
cal Communications Test Office (AFTCTO ) at 
Fort Huachuca , AZ , for this program . 

In previous years , ITS developed a pseudo ­
random noise (PN ) probe for appl ication to 
troposcatter circuits . The probe uses a 
digital bit stream , clocked at rates up to 
2 0  MHz , and deve lops an impulse response o f  a 
transmi ss ion channe l from which the delay ­
spread characteristics over a tropo channel  
may be measured . The instrument operates at 
7 0  MHz and interfaces with the tropo radio at 
that IF leve l . The instrument was used 
initially to measure the delay-spread param­
eter for several candidate test links for the 
AN/TRC-1 7 0  system . In these measurements , an 
AN/TRC - 9 7  system was used as the host radio . 
The obj ective was to determine that the del ay ­
spread over the selected links d i d  not exceed 
the design criteria for the AN/TRC-1 7 0  systems . 
The results of the measurements were presented 
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c=) DATA BLOCK NO . 

F igure 2-21 . An example of one 5 s data record read from the digital 
magnetic tape . The four independent data blocks are 
numbered in the figure ; their content is  descr ibed in 
the text . 
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Table 2-5 . Contents of the Octal Data from F igure 2 -2 

D I G I TAL DATA D ECODE : 1 2/ 22/80 7 : 24 : 37 Z 

I N D E X  NO . 

1 - 1 6  
1 7 - 1 9  

20-22  

2 3 -2 7  
28-35  
36-38 
39 
40 

4 1 - 33 
45  

46-50  

OCTAL CODE 

1 77706 
1 52706 

1 57706 

1 52706 
1 57706 
1 7 7706 
1 5 7706 
1 56702 

1 52706 
1 56706 

1 57706 

STATUS 

CODE 1 ,  REC B ,  NORMAL O P ERAT I ON 

CODE 1 ,  REC B ,  NORMAL O P E RAT I ON 

REC A B E R  > 1 o- 7  and 1 0- 2  
REC A LOSS O F  F RAME 

CODE 1 ,  REC B ,  NORMAL O P E RAT I ON 

REC A B E R  > 1 0- 7  
AS ABOVE 

AS ABOVE 

A S  ABOVE 

A S  ABOVE 

CODE 0 ,  REC B ,  NORMAL O P E RAT I ON 

REC A B E R  > 1 0- 7  and 1 0- 2  

A S  ABOVE 

CODE 1 ,  REC B 
_ 7 

and 1 0_ 2 
REC A B E R  > 1 0 

CODE 1 ,  REC B 
_ 7 

REC A B E R  > 1 0  
B U RST E RROR DATA DECODE FOLLOW I NG I N DEX NO . 38 
38+ 1 7 7302 

1 7 7020 

1 77306 
006027 
0 2 1 42 1  
1 77302 
1 7 1 043 
1 77777  
1 5 7706 
006047 
032030 

CODE 0 ,  REC A ,  NO RMAL S TATUS 

B U RST B EGAN AFTER 1 0  x 1 03 ERROR FRE E SYNC P E R I O DS 
( NO MEAN I N G )  

CODE 1 ,  R E C  A ,  NO RMAL STATUS 

B URST BEGAN 1 7  x 1 03 B I TS A FTER LAST SYNC P U L S E  
B U RST S TAT I ST I C :  1 1  E R RORS I N  L ENGTH 2 3  B I T S  

CODE 0 ,  REC A ,  NORMAL STATUS 

B U RST B EGAN A FT E R  23 x 1 0° 
ERROR FREE  SYNC P E R I ODS 

( NO MEAN I NG )  

CODE 1 ,  REC B ,  REC A B E R  > 1 0- 7  

B U RST B EGAN 2 7  x 1 03 B I TS A FT E R  LAST SYNC P U L SE 
B U RST STAT I ST I C :  1 8  E R RORS I N  L ENGTH 3 4  B I T S  
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in NTIA Technical Memorandum 8 3 - 8 4  [ Hubbard , 
R . W .  ( 1 9 8 3 ) , Delay-Spread Measurements over 
Troposcatter Link s , March ] . Subsequent to 
the se measurements ,  the AFTCTO has continued 
to use the ITS probe instrument to obtain 
additional data from other test links in 
Ari zona and F lorida . 

The mos t  recent activity in thi s  program has 
been the des ign and construction of  a new PN 
probe system for the AFTCTO . The instrument 
was designed to be used as a permanent and 
integral part o f  the test instrumentation 
as sembled for the AN/TRC-1 7 0  test program . 
The new instrument has many advanced features 
and operational improvements that were not in 
the original ITS instrument . A complete list  
o f  the characteristics and specifications are 
given in Table 2 - 6 . Figure 2 - 2 2  shows the 
transmitter panel ,  and Figure 2-23  shows the 
modular construction of the receiver and the 
ful l front pane l . 

The system was completed and delivered to the 
AFTCTO in March 19 8 3 .  

Transmission Monitor and Control (TRAMCON ) 
Re lated Programs . The initial effort in 
creating the TRAMCON system involved the 
development of a set of software to use exist­
ing ADP assets to moni tor the first stage of 
the Digital European Backbone or DEB-I . Three 
minicomputer systems were used to monitor 1 3  
microwave sites i n  thi s  first digital upgrade 
of the European communication sys tem . This 
interim system provided the field operator 
with a method to observe and manage a series 
of  communications faci lities from a central 
location . Thi s in turn af fords the opportun­
ity to establ i sh a centrali zed maintenance 
di spatch function and further to reduce the 
need for site manning . The refinements in the 
monitor and display system have evolved 
during an evaluation period when thi s system 
was in actual operation . Bene ficial feedback 
from the users of the system have signifi­
cantly improved the uti lity of  this system . 

Table 2-6 . Troposcatter Probe Characteristics 

General 

Co ns truct i o n : Dual Channel for D i ve r s i ty Appl i ca t i o ns 

S i n gl e 1 9" Rack-Mo u n t  Pane 1 Transmi tter 

Mod ul a r  Un i t  Re ce i ver 

S i gnal s P roces s e d : PRBS Correl a t i on Detec t i o n  
( 4  Channel s/Each Rece i ve r )  

Rece i ved S i gnal  Level ( RS L )  

Transmi tte r  

PRBS Generator/S e l ectabl e Cl o c k  Rates 

Opera ti n g  Fre quency 

Output S i gnal  Level 

Rece i ver 

PRBS Cl o c k  Rate 

Opera t i n g  Frequency 

Co rre l a t i o n  Channel s ( Ea c h  Re ce i ve r )  
Co -p hase 
Quad - p h a s e  
Powe r Impul se ( S um o f  S qu a re s  O u t p u t )  

T i me Di s p l aceme n t  B e tween Co rrel a tors 

Co rrel a t i o n  Syn c h ro n i za t i o n  ( Ma n u a l  Cl o c k  Con trol ) 

5 MH z 
1 0  MHz 
20 MH z 

External 

7 0  MHz 

0 dBm 

Same a s  Tx 

70 MHz 

4 
4 
1 

B i t E a c h  

0 . 1  B i t  

Cal i brati o n : I n te g ral S o u rce wi t h  Pre c i s i on Atte n ua to r  7 9  d B  Ran ge 

RS L :  Re corde r Output ( Ea c h  Re ce i ve r )  

Sen s i ti v i ty (i�1i n i mum Impul se Res po n s e ) 

1 3 3  

7 0  d B  Dynami c Range 

- 1  00 dBm 



( a )  panel view 

( b )  rear view ( protective cover removed ) 

F igure 2- 2 2 .  Transmitter chassis  o f  the troposcatter PN probe . 

1 3 4  



( a )  modular units used in the receiver 

( b )  front pane l view of the c omplete dua l receiver 

Figure 2 - 2 3 . Receiver unit of  the troposcatter PN probe . 
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Deployment of thi s  system demonstrated the 
many bene fits to enhance system operation and 
system availabi lity . -In mid 1 9 8 1 , the TRAMCON 
system was establi shed as an integral part of 
the digital European up�rade by amending the 
DEB Management Engineering Plan to include the 
TRAMCON function . A serie s o f  development and 
deployment steps were establi shed by the 
management and technical committee s for TRAMCON . 
These steps include stages o f  development and 
re finement of software capabilites for the 
master terminal , the addition o f  an intelli­
gent remote unit , and the establishment of an 
intra-TRAMCON master network . 

The TRAMCON system was established to monitor , 
collect , and di splay data that re flects the 
operational status of a digital communi cation 
system . The se data are typically tho se 
status and alarm indicators that are normally 
de signed into the hardware that make up the 
transmi s sion S¥stem and the analog and pul se 
parameters that give a mea sure of the transmi s ­
sion quality . The se alarms and parameters 
indicate which receiver and transmitter i s  
o n  line , a los s  of data stream activity , which 
multiplex is carrying the mi s si on traffic , 
what the received signal level i s ,  and the 
number of reframe attempts by the multiplex,  
as example s . 

HARD REMOTE 

COPY 
� DISPLAY 

-

\ 

.L 

-

The general functional relationship  of the 
master terminal i s  given in Figure 2 - 2 4 . The 
present master consists of a minicomputer 
system with the peripheral s  shown . The re ­
sponsibility o f  the master i s  to collect 
status and parameter information from all 
remote s within its control , to assemble these 
responses into usable di splays for the system 
manager us ing English text , and to maintain a 
near-term hi story o f  system s tatus and per­
formance . The general functional capability 
of the remote unit i s  shown in F i gure 2 - 2 5 . 
The general obj ective o f  the remote unit  i s  to 
sense electrical parameter changes that 
indicate the operating parameters of a digital 
microwave system at a location , formulate 
those changes into a re sponse ,  and transmit 
thi s change information to the mas ter upon 
request . The master - remote relationship i s  
shown i n  F igure 2 -2 6 . A segment may consist  
o f  more than one master--one with po l l ing , 
switch ,  and monitor re spons ibili ty , the other s 
with monitor responsibility . A segment may 
consist  of up to 24 remote terminal s . 

During FY 1 9 8 3 ,  a vers ion o f  the TRAMCON 
ma ster that al lowed f ield configuration of 
site and DEB segment specific  information was 
developed and installed at Donnersberg and 
Ree se-Augsburg , Federal Republ i c  of Germany , 

MINICOMPUTER 

PARTY 

LINE 

COMMUNICATIONS 

TO REMOTES 

I 
DISPLAY 

l 
POLLING 

- - - GENERATION 

= 

LOCAL 

HARD STATUS PROCESSING 

COPY DISPLAY 
= 

LOCAL 

RECORD 

GENERATI ON 

I 
SYSTEM 

PERFORMANCE 

ARCHIVE 

CONTROL 

= 

ARCHIVE 

DATA 

BASE 

= 

COMM 

PROTOCOL 

I 
EXTERNAL 

ARCHIVE 

DATA BASE 

ACCESS 

-
MODEM f--

Figure 2 -2 4 . The general functional relationship o f  the master terminal . 
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PARTY 
LINE 
COMMUNICATION 

ACCUISITION 
AND 
CONTROL 
MANAGEMENT 

RESPONSE 
FORMATTING 

MODEM AND 
PROTOCOL 

DIGITAL 
INPUT 

ANALOG 
TO DIGITAL 
CONVERTER 

PULSE 
TOTALIZER 

CONTROL 
OUTPUT } 

TWQ-STATE 
INDICATORS 
FROM 
COMMUNICATIONS 
ECUIPMENT 

ANALOG 
PARAMETERS 

PULSE 
TRAIN 
INPUTS 

CONTACT 
CLOSURE 
OUTPUT 

Figure 2- 2 5 . The general functional capabil ity of  the remote unit . 

communication fac i lities in support of  the o the need for better communications grade 
of service for administrative , logistics , 
and command and control traffic 

DEB- I IA segment . This involved the procurement 
and integration of a new-generation computer 
sys tem and peripheral s ,  the development of  
software that would not only be  compatible o the need to provide enhanced telecommuni ­

cation services to meet new class -o f ­
service requirements such a s  increased 

with the new proces s ing system but would also 
support the functions establi shed in the 
original system , and software that added 
significant , new capabilities . Initial fami l ­
iari zation and training o n  the operation of  

use of  facsimile , increased data transmi s­
sion , and po ssibly video teleconferencing 

the early version of thi s system was provided o the need for new or enhanced feature s ,  
some of which are unique to military 
telecommunication systems . 

to A�r Force and Army personnel who have been 
assigned various te st and evaluation efforts . 

Requirements Analys i s  for the European Defense 
Communications System . The Institute conducted 
a s tudy of survivabi lity , interoperabi l ity , 
reconstitution , and network per formance 
is sues in the European Defense Communications 
System ( DCS ) . The objective of thi s  study , 
which was sponsored by the u . s .  Army Communi­
cations Systems Agency , was to identify new 
hardware and software R&D initiatives that 
would lead to the enhanced performance of the 
European DCS . An improved European DCS i s  
required for the following reasons : 

0 

0 

the need to make critical telecommunica­
tion services survivable in a ho stile 
environment ( nuclear or conventional war ,  
sabotage , o r  e lectronic warfare ) 

the need for increased interoperability 
of the DCS with other networks 

Figure 2 - 2 7  depicts seve ral approaches for 
address ing the survivabi l ity issue . One 
starts with a robust network design , adds site 
hardening as appropriate , provides for post­
attack service restoration through the use of 
reconstitution package s ,  and deve lops an 
abi lity to interoperate with other networks 
for the purpose of alternate routing . Each of 
these approaches is a necessary ingredient for 
achieving the goal of communication services 
survivabi lity for the critical user . 

Interoperabil ity between the DCS and other 
networks has the additional purpose of extend­
ing network geographic coverage . Tactical 
assets could be employed to extend DCS services 
into areas not normally covered by the DCS .  
Converse ly , DCS assets could be uti lized to 
interconnect two geographically separated 
tactical operational areas if the DCS and 
tactical assets are interoperable .  
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_ RESPONSE LINE 
PR I MARY -- "" MASTER -- I POLL kiNE: 

.. REMOTE -""' -

.. - I 
-- REMOTE -
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.. 
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� �  
,� 

F igure 2-2 6 .  The master- remote relationship . 
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I SSUE 

SURVIVAB IL ITY OF  COMMUN I CAT I ON  SERV I CES 

1 1 1 1 
ROBUST POST- ATTAC K  o c s  

N ETWORK SITE 
SERV I CE  I NTEROPERABIL ITY 

D ES I G N  H A RDEN I N G  
RESTORAT I O N  W I TH OTHER 

NE TWORKS 

1 l 
oc s RECONSTITUTION 

RECONSTITUT ION OF THE OCS US ING 
PACKAGES TACT I CAL  ASSETS 

l 
O C S/TR I -TAC INTEROPERA B I L IT Y REQU IREME NTS 

F igure 2 - 2 7 . DCS/TRI-TAC interoperability as it relates 
to communications services survivabil ity . 

The study conducted for CSA resulted in 
recommendations for a number o f  new R&D pro­
grams for new hardware development , additional 
propagation measurement programs , or for 
additional studies that should be performed . 

Recommendations for the interoperabi lity is sue 
include both hardware development and addition­
al study research . The se recommendations 
correspond to two types of interoperability ,  
name ly the pipel ine level o f  interoperability 
and the end-to-end interoperabi lity . Pipe line 
leve l interoperability con s ists of interoper­
abi l i ty of transmi ssion systems while end-to­
end interoperabi lity consists of interopera­
bili ty of  all aspects of a telecommunications 
system including network management and 
control facil itie s ,  signaling facilitie s ,  
numbering plans , etc . For the digital pipe­
l ine interoperability ,  the development of a new 
multiplexer is recommended . This multiplexer 
woul d  be compatible with a variety of  tactical 
and strategic transmi s sion rate s .  For end-to­
end interoperabilit� additional study of  
network interoperability requirements i s  
recommended . This study should include inves­
tigation of  s ignaling system and system con­
trol (SYSCON ) interoperabil ity . 

Another i s sue that was ihvestigated during 
this study was the performance of  line-of ­
s ight ( LOS ) digital radios in the European 
DCS . It was concluded that the performance of  
new radios being procured for  use  in the DCS 
could best be evaluated through the use of a 
l ine-of-sight channel simulator . Theoretical 
prediction o f  digital radio performance is 
intractable for channel s  other than the addi­
tive white gaussian noise (AWGN ) channel .  
Field testing of  LOS digital radios can be 
time-consuming and expensive . Because of the 
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expense ,  testing i s  often limi ted , which may 
reduce costs , but which provides an incomplete 
picture of radio performance . The deve lopment 
of hardware capable of simulating the LOS 
channel-fading environment is therefore rec ­
ommended . Thi s would provide the capabi lity 
for exhaustive testing of  digital radio per­
formance in the laboratory . 

The radio test configuration �s depi cted in 
F igure 2 -2 8 .  The simulation i s  performed 
under the control of a microcomputer that 
steps the channel simulator through a variety 
of  channel fading conditions . Both fade 
depths and the rel ative propagation de lay of 
the refracted s ignal compared to the direct 
signa l are under the control of  the micro­
computer .  I t  i s  expected that thi s  channel 
simulator wi l l  be deve loped during F iscal Year 
1 9 8 4 . 

u . s .  Forest Service Telephone System Require­
ments Analysi s .  The Institute ha s performed a 
number of  studies for the u . s .  Forest Service . 
The earlier studies were in support of Forest 
Service Regions 2 and 4 .  The studies provided 
assi stance to these Regional Office s  in the 
asses sment of regional near -term telecom­
munications systems requirements and in the 
development of a planning proce ss that would 
addre s s  long -range telecommunications require­
ments . This effort has been expanded by the 
Forest Service Washington Off ice as will be 
discussed in the fol lowing paragraphs . 

The obj ective of  the current pro j ect  is to 
provide assistance to Fore st Service Reg ­
iona l , Supervi sor , and District Off ices , 
stations , and laboratories in assess ing tele­
communication needs , identi fying problem 
areas , developing cost-e f fective solution s ,  
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Figure 2- 2 8 .  S imulator test configuration . 

and obtaining General Services Admini stration 
(GSA) approval , as nece s sary , for any new 

equipment and services required . Thi s study 
effort take s the telecommunication problem 
areas identi fied in earlier studies and 
develops sugge sted guide lines for use by 
Forest Service personne l in addre s s ing these 
issues . I t  i s  envi s ioned that the reports 
produced during the cour se of thi s  study will 
provide a foundation for a telecommun ications 
handbook to be used by personnel at all levels  
of  the Forest Service who are re spons ible for 
voice telecommunications . 

The current study be ing conducted for the 
Forest Service Washington Office cons ists of 
four tasks . The tasks are to : 

1 .  analyze the process for requesting GSA 
approval for the acqui s ition of  telecom­
munication equipment or services 

2 .  provide guidance for conducting voice 
telecommunication needs asse s sments 

3 .  provide an overview o f  the types o f  te le­
communi cation equipment and services 

avai lable and a short survey of  sources 
of  supply 

4 .  deve lop procedures for performing vo ice 
telecommunication traffic analyses . 

The problems addres sed in thi s  study are not 
unique to the Fore st Service . Most , if  not 
all , Gove rnment agencies are facing s imilar 
telecommunications problems in thi s  era of 
deregulation , divestiture , and rapidly chang­
ing telecommunications technology . In the 
pas t ,  the telephone sys tem manager had li ttle 
choice but to go to the local te lephone com­
pany representative for all of  his te lephone 
needs inc luding the end instrument ,  the Pri­
vate Branch Exchange (PBX) , and both local and 
long-distance service . Deregulation and 
divestiture now provide an ' atmosphere that i s  
conducive t o  increased competi tion . Thi s  
makes i t  imperative that the te lephone system 
manager shop around for the bes t  buy in both 
telephone equipment and services . Starting 
with the Carterphone deci sion i n  the late 6 0 ' s  
and continuing through deregulation actions by 
the FCC and the AT&T divestiture ordered by 
the Federal courts , there have been a long 
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series of  events that have spawned new long­
di stance services and encouraged the deve lop ­
ment of the te lephone . interconnect industry . 

One problem faced not only by the Fore st 
Service , but other Government agencies and 
industry as we l l  is that more expertise is now 
required for the cost-ef fective management of 
telephone systems . With the increased avail­
abi l ity and sophi stication of  both equipment 
and services , trained personnel are needed to 
identify requirements ,  develop telephone 
system specifications , evaluate propo sed 
equipment and service s , and install and 
ef fectively manage new telephone systems . The 
obj ective of the current study is to provide 
basic reference information that will be 
available to Forest Service personnel at all  
levels . The reports are oriented toward 
personnel who have not necessarily had broad 
experience and training in telephone systems . 
This i s  a necep sary first- step in the develop­
ment of a handbook approach for telephone 
systems acqui sition and management that i s  
des igned t o  have practical utility throughout 
the Forest Service . 
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ANNEX I 
ITS PROJECTS FOR F I SCAL YEAR 1 9 8 3  
ORGAN I ZED BY DEPARTMENT AND AGENCY 

Pro j ect Title 

AGRICULTURE , DEPARTMENT OF 

U . S .  Forest Service 

9 1 0 4 5 4 2  Forest Service Communicat ion 
Requirements Ana ly s i s  

COMMERCE , DEPARTMENT OF 

Leader 

Hoffmeyer 

National Oceanic & Atmo spher i c  Adminis tration 

9 1 0 4 5 1 0  NOAA Weather Radio Update Adams 
9 1 0 4 5 3 2  National weather Service 

F ield Strength C a l ibrations Smi l ley 
9 1 0 4 5 3 9  OMEGA So lar Proton Event Data S teele 

National Telecommunications and Information 
Admini stration (NTIA) 

9 0 7 1 1 0 2  

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

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

9 1 0 8 1 0 1  

9 1 0 8 1 0 2  
9 1 0 8 1 0 8  

Minority Techn i c a l  P l anning 
Services 

Spec trum Advocacy 
Spectrum Trade-Off Research 
Common Carrier Techn i c a l  
Information Technology Pol icy 
Network Terminations/DDS 
Data Commun ications 
International Standards 
Mi l i tary Critical Technology 

L i s t  Review 
83 RARC Preparation Support 
8 5 / 8 7  Space WARC Support 
Technical Subcommittee 

Support 
Spectrum Engineering 

Development 
RSMS Operations 
RSMS Devel opment 
Spectrum Resource A s s e s sments 
RSMS Upgrade 
HF Broadcasting-WARe 
Geostat ionary Sate l l i te Orbit 

Analy s i s  Program 
MF Propagation Mode l s  & 

Data Acqui s i tion 
VHF/UHF Propagation Stud ies 
Mi l l imeter -Wave Mode l ing & 

Experimental Data 
Acqu i s ition 

DEFENSE , DEPARTMENT OF ( DoD ) 

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

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

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

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

9 1 0 4 5 2 5  

DoD Consulting 
Ionospheric Mapping 
Ground-Air Propagation 
HF/VHF Propagation Studies 
Pulse D i stortion Stud i e s  
TAEMS Consulting 
Boundary S tudi e s  

A i r  Force Systems Command ( E S D )  

Troposcatter Bench Mark T e s t s  
Advanced D E B  IV EFAS 
Digital Divers ity Comniner 
System Mon itoring Automated 

Remote Terminals 
Heath Tropospheric Tests 
TRAMCON Manual & Training 
Tropospher i c  Bench Mark Tests 

Air Force Miscel laneous 

AN/MSR- (T4 ) Receiver System 
Mobile Test & Exerc i s e  

Sy stem--Radar Upgrade 
RSMS Measurements /Ho l loman 

AFB 

O ' Day 
O ' Day 
Berry 
L i n f ield 
Salaman 
Lin field 
S e itz 
Seitz 

McManamon 
Jennings 
Jennings 

Berry 

Berry 
Matheson 
Matheson 
Grant 
Matheson 
Washburn 

Jennings 

Wa shburn 
Haakinson 

Rush 

Spaulding 
Rush 
Stewart 
Teters 
Vogler 
Mar leY 
Thomp son 

Pratt 
Skerj anec 
Skerj anec 

Farrow 
'McLean 
-6kerj anec 
Hubbard 

Barghausen 

Layton 

Matheson 
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Proj ect 

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

9 1 0 4 4 9 5  

9 1 0 4 4 9 6  
9 1 0 4 5 0 3  
9 1 0 4 5 1 8 
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9 1 0 4 5 3 3  
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9 1 0 4 5 4 1  
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Army Communication Command (USA/CC) 

HF Antenna Simulation 
Automated Predictions for 

Mixed Mode Links 
Near Ver tical Inc ident 

Skywave Antenna Ana lysis 
Army HF Propagation Study 
Rain Rate Model 
DRAMA Radio Tests 
Interconnect Facilities 

Technical Design Study 
Army Mill imeter-Wave Plan 
Army HF Propagation Study 
Meteor-Scatter Propagation 

Studies 
MDR-8 Per formance Analy s i s  
Automated Passive Repeater 

Link Engineering 
Air-to-Ground & Intermediate 

and Short D i stances -
Books 

Rush 

Hause 

Stewart 
Teters 
Dutton 
Hubbard 

P ietras iewicz 
Liebe 
Teters 

Smith 
Hubbard 

Hause 

Teter s 

Army Commun icat ions-E lectronics 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 4 7 5  

9 1 0 4 4 7 8  

9 1 0 4 4 9 7  

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

M i l l imeter wave Vegetation 
Network Communication Model 
Wideband Consultation 

Violette 
Adams 
Adams 

Army Communications Systems Agency (CSA 

European DCS Requirements 
Analy s i s  

Extended Range Communica­
t ions Study 

Defense Switched Network 
Acces s . Area Program 

DoD Noise Model 
Ang le Diversity Measurements 

Hoffmeyer 

Adams 

Linf ield 
Spaulding 
Hubbard 

Army Research Off ice (ARO) 

Mill imeter Wave Attenuation Liebe 

Defense Communications Agency ( DCA) 

DTE/DCE Standards Hull 
National Communications Sys tem 

Interoperability Study Hull 
Data Encryption Standard--

Related Standards Pomper 

Defense Nuclear Agency ( DNA) 

HF Ground Wave Measurement s , 
Part I I  

Navy Miscel laneous 

Naval Security Group 
Detection 

OTCIXS/TAD IXS Study 
EP-3 Sensor Update 

Adams 

Spaulding 
Nesenbergs 
Thompson 

INTERNATIONAL COMMUNICATION AGENCY ( ICA) 

9 1 0 4 4 7 3  HF Propagation Studies/Vo ice 
o f  Amer ica Washburn 

STATE , DEPARTMENT OF 

9 1 0 4 4 1 1  A I D  Ass i stance Jennings 

TRANSPORTAT ION , DEPARTMENT OF ( DoT ) 

Federal Aviation Administrat ion (FAA) 

9 1 0 4 5 1 5 Air Navigation Aids Johnson 

u . s .  coast Guard (USCG) 

9 1 0 1 5 3 2  Consulting USCG Adam.s 

OTHER 

9 1 0 2 5 8 6  IONCAP Requests Teters 
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1 2 5  

1 2 5  

Boundary Studies 7 1 , 1 1 0  
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Area Program 
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DoD Consult ing 
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DRAMA Radio Tests 
DTE/DCE S tandards 

* * * 
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* * * 
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Requirements Ana ly s i s  

* * * 

Geostationary Sate l l ite Orbit 
Analysis Program 

Ground-Air Propagation 

* * * 

Heath Tropo spher ic Tests 
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ANNEX IV 

GENERAL AND HI STORICAL INFORMATION OF ITS 

The Insti tute for Tel ecommunication S c iences 
( IT S ) , l argest component of the N ational Tele­

commun i cat ions and Informat ion Administration , 
i s  located at the Boulder Labor ato ries of the 
Department of Commerce and ha s ( a s  of Sept . 3 0 ,  
1 9 8 3 ) a full -time permanent sta f f  o f  8 5  and 
o ther staff of 1 9 . In FY 1 9 8 2 ,  i t s  support 
con s i sted of $ 3 . 7  mill ion of direct funding 
f rom Commerce and $ 4 . 9  m i l l ion in work spon­
sored by other Federal agenc i e s . 

The Boulder Laboratories inc lude re search and 
engineering components of the National Bureau 
of Standards , the Nat ional Oceanic and Atmo­
spheric Administrat ion , and the National Tele­
communi cations and Informat ion Adm ini stration . 
Common admini strat ive services are the rule 
in the Boulder Laboratories . The Radio Build­
ing , which hous e s  ITS , is on the U . S .  Depart­
ment o f  Commerce campus at 3 2 5  Broadway . 

The fol lowing brief hi s tory shows the Insti­
tute ' s  beginning s .  The Radio Sect ion o f  the 
Nat ional Bureau of Standard s wa s founded 
prior to World War I and played a maj or role 
in the evo lut ion of our underst anding of 
radio propagat ion . Dr . J .  H .  Dell inger , its 
d irecto r  for mo st of the period up unt i l  
World Wa r I I ,  w a s  strong ly convinced o f  the 
importance of re search and g ave it practical 
application as f irst cha i rman of the Study 
Group on Ionosphere P ropagation in the CCIR . 

During World War I I ,  the I nt erservice Radio 
Propagation Laboratory ( IRPL )  wa s organi z ed 
at the Nat ional Bureau of S tandards , under 
the direction of Dr . D e l l inger . H i s  group 
provided a common focus for military needs 
in propag at ion during the war . In 1 9 4 6 ,  the 
Central Radio Propagation Laboratory (CRPL ) 
wa s estab l i shed ,  and in its early years had 
direct ties with the Defense Department ;  for 
example , senior o f f i c i a l s  o f  DoD would 
appear before Congress to defend t he CRPL 
budget . In 1 9 4 9 , Congre s s ional concern for 
the vulnerabil i ty of Government l aboratories 
located in wa shington , DC, and the c rowding 
of the NBS Connecticut Avenue c ampus made i t  
advi sab l e  f o r  the r adio research work t o  be 
t aken e l sewhere . 

Three s i te s ,  one in C a l i forni a ,  one in Color­
ado , and one in I l l inoi s ,  were cons idered , 
and Boulde r ,  Colorado , wa s se l ec ted . The 
f irst g roup from CRPL , which at that time 
included r adio standards work , moved to 
Co lorado in 1 9 5 1 ,  and the move wa s completed 
in 1 9 5 4 , during which year P r e s ident E i s en­
hower dedicated the NBS Radio Bu ilding . The 
Radio Standards program left CRPL at the t ime 
o f  the move to Boulder , . and has pur sued a 
parallel exi stence at Boulder in NBS s ince 
that t ime . 

In 1 9 5 4 , CRPL consi sted of two res earch 
divisions : Radio Propagation Phy s i c s  and 
Radio P ropagat ion Eng ineering . The Radio 
Sys tems D ivision wa s formed in 1 9 5 9 .  In 
1 9 6 0 ,  the Upper Atmo sphere and Space Physics 

Divis ion and the Ionosphere Re search and Prop­
agation Divi sion were formed f rom the Radio 
Propagation Phy s i c s  Div i s ion . In 1 9 6 2 , CRPL 
received a full- time director , Dr . c .  Gordon 
Little . In 1 9 6 5 ,  Dr . H .  Herbe rt Hol loman , 
f i r s t  A s s i s tant Sec retary for Science ahd 
Technology in Comm�rce , imp lemented a dec i ­
s ion t o  uni fy geophysic s i n  Comme rce with the 
creat ion of the Environmental S c ience Services 
Administrat ion (ESSA ) , made up o f  the Weather 
Bureau , the Coast and Geodetic Survey , and 
the Central Radio Propagat ion Labor atory . At 
that t im e ,  the CRPL wa s r enamed the Institute 
for Telecommunication Sciences and Aeronomy 
( ITSA) . In 1 9 6 7 ,  the Inst itute for Te lecom-

mun icat ion Sc iences c arne into be ing . It con­
tained the telecommunicat ions-o riented 
activities of I TSA . Dr . E .  K .  Smith served 
as an interim director for one year and wa s 
fol lowed by R .  c .  K irby who was director for 
the ensu ing three year s .  

Meanwhile , i n  Wa shington , maj or a ttent ion wa s 
being g iven to the organ i z at ion o f  tel ecom­
munications in the Feder al estab l i shment , and 
the Department of commerce estab l i shed an 
O f f ice of Telecommunicat ions in 1 9 6 7 . Reor­
g an i z a t ion Pl an No . 1 of 1 9 7 0  and Execut ive 
Order 1 1 5 5 6  establi shed the O f f ice of Tele­
c ommunications Policy , ( OTP ) in the Execut ive 
O f f i c e  o f  the President , and a s s igned 
add itional responsib i l i t i e s  to the Secretary 
of Commerce in support of OTP . To meet these 
respons ibil ities , the O f f i c e  of Telecommun i­
cations (OT)  was g iven expanded re spon sib i l i ­
t i e s  o n  September 2 0 ,  1 9 7 0 ,  and ITS , along 
\vi th its programs , property , personnel , and 
f i scal r esources , was tran s ferred to OT . 

I n  1 9 7 1 ,  Doug lass D .  Crombie became direc tor 
of ITS . ITS ha s shi fted from its strong 
empha s i s  on rad io wave propag ation and an ten­
nas s ince 1 9 7 0 in the d i rection of applica­
tions in spec trum management and in telecom­
mun ication systems . 

In March 1 9 7 8 , President Carter s igned Execu­
t ive Order 1 2 0 4 6  which e stabli shed the Nat ional 
Tel ecommunicat ions and Informat ion Administra­
tion and merged some of the functions of the 
O f f i c e  o f  Telecommunicat ions Policy with those 
o f  the Office of Telecommunications in the new 
agency . ITS wa s a s s igned the re spons ibility 
of managing the telecommuni c at ions technology 
research programs o f  NTIA and p rov iding re search 
support to other elements o f  NTIA a s  well as 
o ther agenc ies on a reimbur sable b a s i s . Among 
other a s s igned task s ,  the I n s t i tute wa s to • 

remain " . . .  the c entral Federal Government 
l aboratories for research on transmi s s ion of 
radio waves . "  

I n  January 1 9 8 1 , Dr . Wi l l i am F .  Utlaut as surn�d 
re spons ibil ity for the direct ion o f  the In� tl­
tute . A maj or re evaluation of programmat1c 
and o rganiz at ion structure was c arried out 
under h i s  d irect ion to redefine and al ine the 
e f forts of ITS to meet chang ing requirements 
and responsibilitie s .  
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The Ins ti tute and i t s  predeces sor organ izat ions 
have a lways p layed a s trong role in pert inent 
scient i f i c  ( URS I ) , p�o f e s s ional ( IEEE ) , nat ional 
( IRAC ) , and internat iona l ( C C I R ,  CCITT ) tele­

commun icat ions activiti� s .  The director o f  
CC I R  from 1 9 6 6  to 1 9 7 4  w a s  Jack W .  Herbstre it , 
a f ormer deputy director of CRPL and ITSA , and 
the current CCIR Director is Richard C .  Kirby , 
former ly director of ITS . At the present time , 
the U . S .  preparatory work for 2 of the 11 S tudy 
Groups of CCIR is c haired by members of ITS 
( U . S .  S tudy Groups 1 and 6 ) , and staff members 
of ITS lead U . S .  de legations to 3 CCITT S tudy 
Group s (VI I ,  XVI I ,  and XVI I I )  and ac tive ly 
partic ipate in the International Organiz ation 
for Standardiz ation ( I SO) . The Institute a l s o  
actively supports the Interdepartment Radio 
Advisory Committee ( I RAC ) . 

The work ITS does for o ther agencies in the 
Government derives its l ega l author ities f rom 
15 U . S . C . 2 7 2 ( 3 )  "Advi sory Services to Govern­
ment Agenc ies 'on Sc ient i f i c  and Technical P rob­
lems " and 15 u . s . c .  2 7 2 ( f )  " Invention and 
Deve lopment of Devi ces to Serve Spec ial Needs 
of Government . "  As a matter o f  Federal pol icy , 
NTIA does not accept work more appropr iate ly 
done by other nongovernment or government 
organ izations . It is a l s o  a matter of po l icy 
tha t all sponsored work reinforce NTIA ' s over ­
a l l  program and that it b e  c lear that other 
agencies , industrie s , or univer s ities could 
not serve equal ly we l l  or better . 

Within these policy guide s , ITS aspires to 
be ing the Federal laboratory for re search in 
telecommuni cations . I t  i s  c lear that the 
Government has a respon s ib i l i ty to pur s ue long­
range studies in te lecommun icat ions that are 
not economica l ly profi table for industry . It 
is also c lear that the Government mus t  have its 
own , independent laboratories to a s s e s s  the 
s ignifi cance of research conducted e lsewhere . 
Toward these ends , ITS strives to ma intain a 
knowledgeable staff that i s  working on the 
frontiers o f  technology .and i s  in touch with 
the telecommunications problems o f  the Federal 
Government . The Department o f  Defense has long 
been the primary source o f  advanced technology . 
At the pre sent time , the largest part o f  the 
other agency sponsorship of ITS come s f rom 
needs of the Department o f  De fense . The Insti­
tute ma intains , however , a s ign ificant por t ion 
of its o ther agency work in support of c ivil ian 
Federal agencie s ,  where there is also c lear 
need for Government expertise in high technology 
areas . 
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MATHE SON , Robe r t  J ,  - C h i e f  

L i a i son 

Propag a t i on Mode l Developme n t  a nd Appl i c a t i on 
SPAUL D I N G , A .  Don a l d  - C h i e f  

Spe c t rum Ma n ag eme n t  An a ly s i s  and C o n c ep t Deve l opme n t  
ADAMS , J e a n  E .  - C h i e f  

S YSTEMS AND N E TWORKS D I V I S ION 

O ' DA Y ,  Va l M .  - A c t i ng Deputy D i r e c t o r  

s w i t ch e d  N e twor k s  Ana lys i s  
P I E T:RAS I EWI C Z ,  Va l J .  - C h i e f  

S a t e l l i te N e twork An a l :t:s i s  
J E N N I N GS , Raymo nd D .  - C h i e f  
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