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THE ITS MISSION 
* As the chie f  research and engineering 

unit of the National Te lecommuni ca­
tions and Information Admini stration, 
the Ins ti tute for Te lecommuni cati on 
Sciences ( ITS ) supports Admin i s trati on 
te lecommunications objectives such as 
e nhanced domes ti c  competition, 
i mproved forei gn trade opportunities 
for U. S .  te lecommuni cation firms, and 
more e f f i ci ent and e ffective use of 
radio frequency spe c trum . 

� ITS also s e rves as a pri ncipal Federal 
res ource for as s i s tance i n  solvi ng 
te lecommuni cation problems of other 
Federal agenci es, sta te and local 
governmen ts ,  private corporations and 
as s ociati ons, and international organ­
i z ations . 
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OVERVIEW 
The Insti tute for Te lecommuni cati on 
Sci ence s ( ITS ) ,  located in Boulder, 
Colorado, � s the chie f  research and e ngi n­
eering arm of the National Te lec ommunica­
tions and Information Admi n i s trati on 
( NTIA ) ,  U . S .  Depar tment of Commerce . I TS 
employs approximate ly 100 permanent pro­
gram s taf f . Many of these employees bring 
subs tantial engineering and scienti f i c  
backgrounds and ski lls to our technica l ly 
oriented programs . Indeed, 44% of our 
employees are e lectronics engineers, 1 1 % 
are mathematicians, 6% are phys i c i s ts ,  6% 
are computer scienti s ts, and 6% are 
compute r programers . During FY 1 98 6, ITS 
support cons i s ted of $3 . 4  M of direct 
funding from Commerce and $5 . 4  M i n  work 
sponsored by o ther Federal agenci e s . 

ACTIVITIES 
In achieving i ts mi s s i on, the Ins ti tute 
per forms s ta te-of-the-ar t  te le communica­
ti ons research, planning, and engineering 
in each of the fol lowing func tiona l a reas : 

o Spectrum Use Analysis 
Performing technical ana lys i s  of radio 
usage i n  s e lected frequency bands and 
preparing u.s. technical pos i ti ons for 
use at inte rnationa l spec trum a l loca­
tion conferences 

o Telecommunication Standards Development 
Contributi ng to and deve lopi ng Federal 
nationa l and internationa l te lecommuni ­
cation s tandards 

o Telecommunication Systems Performance 

Forecas ting how individual c ommuni ca­
tion e l ements wi l l  per form toge ther and 
then tes ti ng them in a laboratory or 
operational environment 

o Telecommunication Systems Planning 

Re lating needs of end users to the 
capabi li ti e s  of a planned network 

vi 

o Applied Research 

Mode ling the way radio waves trave l 
from point to point i n  var i ous fre­
quency bands and eva lua ting the way 
informa ti on is carried by radio 
s igna ls, inc luding modula ti on and 
coding 

BENEFITS 
The Insti tute ' s  work signif icantly bene­
f i ts both the pub lic and pri vate s e c tors 
in several areas inc luding : 

o Spectrum utilization 

Optimi z i ng Federal spec trum a l loc a ti on 
me thods, identi fying avai lable fre­
quenci e s  and potential inte r f e rence 
through f i e ld mea surements, a nd promot­
i ng technology advances aid in more 
e f f i c ient and e ffecti ve use of the 
scarce spec trum resource 

o Telecommunication negotiations 
Deve lopi ng negoti ation support tool s  
such as interfe rence predi c ti on pro­
grams and providing e xpe r t  technic a l  
leade rship improve the preparation for, 
and conduc t of, te le communication 
negotiati ons at various international 
conferenc e s  

o International trade 
Promulgating broad ly bas e d, nonres tr i c ­
tive international te lecommunication 
s tandards he lps to remove technical 
barriers to u.s. export of te lecommun­
i ca ti on equipment and s e rvi c e s  

o Domestic competition 

Deve lopi ng user-ori ented, techno logy­
dependent me thods of spe c i f yi ng and 
measuring te le communicati on pe r formance 
give s  users a practical way of compar­
i ng c ompeting equipment and s e r vi c e s  



o National defense 

Improvi ng defense network ope ration and 
management, enhanc ing survivabi lity, 
e xpand i ng network interconnection and 
inte ropera tion, and i mprovi ng planning 
for emergency communi cations restored 
c ontribute to the strength and cost 
e f fectiveness of u.s. national defense 
forces 

o Technology transfer 

Making avai lable Institute technology 
eva luations and app l ication studies 
has tens and expands the bene fi cial use 
of re search results for i ndustry in 
meeting spe c i f ic user te lecommuni cati on 
needs 

OUTPUTS 
Maj or outputs of the Institute's research 
and e ngineering activities i n c lude : 

o Engineering tools and analysis 

Predi ctions of transmi s si on med i a  
conditions and equipment pe rformance, 
te st des ign and data analys i s  c omputer 
programs, complete laboratory and f i e ld 
tests of e xpe rimental and operati ona l 
equipment, systems, or networks . 

o Standards, guidelines, and procedures 

Contributi ons to and deve lopment of 
national and i nte rnational standards i n  
such a reas as network i nterconnection 
and interoperation, per f ormance eva lua­
ti on, and i n formation protecti on . 

o Research results 

0 

Mod e l s  for electromagneti c wave propa­
gation, noi se, and interference 
characteri z ation . 

Expert services 

Training courses and 
communi cate technology 
appli cati ons to industry 
users . 

workshops to 
advances and 

and Government 

ORGANIZATION 
To carry out its activities, ITS is 
d ivided organi zationa lly i nto two mai n  
program divi s i ons- -Spectrum Re search and 
Ana lys i s, and Systems and Networks 
Re s earch and Analys i s - -and an Executive 
Office to hand le administrative matters . 
Each of the program divi s ions i s  further 
d i vided i nto functiona l ly oriented groups . 
Work performed by the Spectrum Divi sion 
i nvolves ana lyses directed toward under­
standing radio wave behavior at various 
frequencie s  and determi ning methods to 
enhance spectrum uti l i zation . The Systems 
and Networks Divi s i on focuse s  on assess i ng 
and improving the performance of Gove rn­
me nt and pri vate sector te lecommuni cation 
networks,  deve loping dome stic and inter­
national te lecommuni cati on standards for 
te lecommuni cation networks, and eva luating 
new technologie s  for appli cation to future 
needs . Activities carried out within the 
two d i vi s i ons are c omplementary and often 
s yne rgi sti c . The Executive Of fice hand les 
the Institute's budget and program plan­
ning functions as we l l  as i nteracts with 
vari ous administrative offices within 
other parts of Commerce to achieve its 
payrol l, procurement, pe rsonne l, fac i l­
ities management, c i  vi 1 a ffai rs, and 
publi cations requi rements . 

ITS Hosts International Broadcasters' Meeting 

VII 



HISTORY 
ITS had i ts organizational begi nning 
dur ing the 1 940 ' s  as , f i r s t ,  the Inter­
servi c e  Radi o  Propaga tion Labor a tory and 
then later the Central Rad i o  Propagati on 
Laboratory ( CRPL ) ,  each located wi thin the 
Commerce Department ' s  National Bureau of 
S tandards. In 1 96 5 , CRPL was transfe rred 
to the Envi ronmental Sci ence Services 
Admin i s tra tion and given a new name-­
Ins ti tute for Te lecommunication Sciences 
and Aeronomy ( ITSA ) .  In 1 96 7 , ITS and the 
" A" organi za ti on were spli t. ITS was 
trans ferred into the newly formed Office 
of Te lecommunications ( OT ) .  Fina l l y ,  under 
the President ' s  Reorgani z a tion Ac t #1 of 
1 9 7 7 ,  OT and the Office of 
Te lecommunications Policy merged to form 
NTIA. Since that time , ITS has been 
re sponsible for pe rformi ng te lecommuni ca­
tion research programs wi thin NTIA and for 
provid ing technical engineering s upport to 
other e lements of NTIA as we l l  as other 
agencies on a reimbursable bas i s. 

Dwight D .  E isenhower Dedicates 
Depar tment of Commerce Boulder Laboratories 

September 14, 1954 

VIII 

SPONSORS 
The activi ties of the Institute a re under­
taken through a combi nati on of Commerce­
sponsored and othe r-agency sponsored pro­
grams. NTIA/ITS policy provides tha t 
othe r-agency sponsored work resu l ts in 
con tributions to and rei n forcement of 
NTIA ' s  overall program and i s  directed 
toward supporting Commerce goa ls. various 
Army , Ai r Force , Navy , and o ther Depar t­
ment of Defense ( DoD ) components provide 
the maj ority of ITS ' other agency 
fundi ng. Non-DoD sponsors typi c a l ly 
inc lude the Department of Transpo r tation , 
the u.s. Informa tion Agency , and the 
Departmen t  of Agr i culture. Because of i ts 
central i zed Federal pos i ti on , ITS i s  able 
to provide a cos t-e f fecti ve , expe rt 
resource that does not require duplicati on 
throughout many Federal agencies. 

ITS Funding Sources 

Scienti f i c  research and enginee r i ng are 
criti ca l  to con ti nued u.s. leade rship i n  
the provi s ion of te lecommuni cations and 
i n fo rma ti on equipment and s e rvices. In 
the page s that fo l low , thi s  annu a l  tech­
nica l progre s s  report s ummarizes spe c i f i c  
F Y  1987 technica l contribu tions mad e  by 
ITS tha t have s igni ficance for the public 
andjor pri va te sectors. 



Bachinski 

Cahoon 

Spaulding 

Adams 

Matheson 

O'Day Rush Utlaut Seitz Sal a man 

INSTITUTE FOR TELECOMMUNICATION SCIENCES 

SPECTRUM DIVISION 
Dr Charles M. Rush. Deputy Director 

I 

DIRECTOR 
Dr William F. Utlaut 

f---

EXECUTIVE OFFICE 

Special Technology liaison 

Roger K. Salaman 

Val M. O'Oay. ExecutJVe ?ffiCer 

l 

SYSTEMS AND NETWORKS 
DIVISION 

Neal B. Se1IZ. Deputy D1rector 

Robert F Lm!ield. Associate Deputy 01rector 

Program Planning and Evaluation Budget and Administration Technical Pubfica�ons 

J 
Propagation Model 

Development and Application 

Or A Donald Spauldmg, Ch1ef 

Val M. O'Day 

I 
Spectrum Management Analysis 

and Concept Development 

Jean E. Adams. Ch1ef 

Jul1a J. Bachmsk1 

I 
Spectrum Use Measurement 

Robert J Matheson. Ch1ef 

System Pertormance 
Standards and Definition 

lenora J. Cahoon 

I 
System Performance 

Engineering Analysis 

Dr. Edmund A Qumcy. Ch1cf James A Hoffmeyer, ChiCf 

I 
Switched Networks Analysis 

Or William A. KtSSICk. Ch1ef 

Linfield 

Quincy 

Hoffmeyer 

Kissick 

Jennings 





SPECTRUM USE ANALYSIS 
The Nati onal Te lecommunications and Infor­
mati on Admi ni s trati on ( NT I A )  is respons ­
i b l e  for managing the radi o  spectrum al lo­
cated to the Federal Gove rnment . Pa rt of 
NTIA ' s  responsibi l i ty is to : " • • •  e s tablish 
pol i cies conce rni ng spec trum a s s i gnment,  
a l locati on and use ,  and provide the var i­
ous departments and agenc ies wi th guidance 
to a s sure tha t thei r  conduct of te lecom­
mun i cations activities is cons i s tent wi th 
the s e  poli c i e s . "  In suppor t  of the se 
requ i rements , ITS conducts a va riety of 
s tudi e s  and field mea surement activities 
directed toward ensuring e f f i cient,  e f fec­
tive and equi table use of the radi o  spe c­
trum res ource . A prime obj ecti ve of the se 
ana l yses i s  to increase spec trum us e ful­
ness by deve loping ways for using pres­
ently conge s ted por tions of the spec trum 
more e f fici ently and for openi ng up new 
por tions of the spec trum for produc tive 
use . 

Areas o f  E mpha sis 

In conj unc ti on wi th these spec trum ana l­
ys e s , ITS supports NTIA ' s active role of 
deve loping and advocating the Uni ted 
Sta te s ' pos i ti on at var i ous inte rnati ona l 
spe ctrum a l location conference s . Deci­
s i ons taken at these confe rences s igni fi­
cantly affect the amoun t of the spec trum 
resource , and the me thods of using i t ,  
avai lable to the Uni ted S ta te s . 

Through a variety of i ts proj ect acti vi ­
ti e s , ITS uses i ts scienti f i c  and engin­
eering research expertise to develop 
computer programs to as s i s t  the Federal 
Gove rnment in the mos t productive methods 
of uti l i z i ng thi s  avai lable spec trum . 
The se me thods are use ful for the private 
s e c tor as we l l  and , there fore , ITS has 
e s tabli shed a compute ri zed me thod of 
transferring thi s  te chnology to all 
i nteres ted par ties on a reimbursable 
basi s .  

International Radio Conference Support 
Include s pro j ec ts funded by the National Te lecommunica tions and Information 

Adminis tration and the u.s. Informati on Agency 

Domestic Spectrum Analysis 
I nc lude s proj ects funded by the National Te le communicati ons and Information 

Adminis tration 

Spectrum Usage Measurements 
Inc lude s proj ects funded by the Air Force S ys tems Command , the Nationa l 

Bure au of S tandards , the National Te lecommunications and Information 
Admi n i s tr a tion , and the Na tiona l Weathe r Se rvice 

Telecommunications Analysis Services 
Inc ludes a pr oj e ct f unded by re imbursement from subs cribe rs 



Internat io n a l  R a d io Co n f e re n c e  Su p p o rt 

Outputs 
* Mode l s  to b e  used by the United S tates 

to  de t e rmine po s i t ions at radio 
conferences 

* Techni ques and me thods to as s i s t  the ITU 
in preparat i on for radio conferences 

* Deve l o pment of  U . S .  pos i t ions and 
de fens e at radio conferences 

The Ins t i tute parti c ipated quite act ively 
in the preparat ion of and de fens e of U . S .  
pos i tions at a number of internat ional and 
re gional radio conferenc e s . Ins t i tute per­
sonnel were key players in all aspects of 
U . S .  ac t ivity leading up to and during the 
Second S e s s ion of  the High Frequency Broad­
cas t ing Conference (WARC-HFBC ( 8 7 ) ] .  Maj or 
e fforts by Ins t i tute engineers have done 
much to support preparation for the Second 
Sess ion of  the World Adminis trat ive Radio 
Conference on the Use of  the Geos tationary 
Orb i t  (WARC - ORB (2 )] .  This  inc ludes the 
deve lopment and ut i l ization of  computer 
software that will be used in allo tment 
planning and preparation and pre sentation 
of  technical papers to support U . S. pos i ­
t ions a t  the Conference . The s e  act ivities 
are coordinated within the framework that 
has been es tab l ished for preparation for 
radio conferences , name ly , with other 
offices of NTIA ( in particular with the 
Office of Internat ional Affairs ) and with 
other Government agenc ies such as the 
Department of S tate , the FCC , and NASA . 

The Ins t i tute was the primary office 
re spons ib le for the deve lopment of the 
technical cri teria for the pos i t ions put 
forth by the Uni ted S tates at the Second 
Sess ion of  the High Frequency Broadcas ting 
Conferenc e . Ins t i tute pers onne l deve loped 
a planning algori thm that was used by the 
United S tates to de termine whe ther or no t 
it could support the resul ts of the 
p l anning s tud i e s  und e r t aken by the 
International Frequency Regis tration Board 
( I FRB ) prior to the s tart of the Second 
S e s s i on .  Us ing the re sul ts o f  the ITS 
imp lementation of  its algor i thm and compar ­
ing them agains t those obtained by the 
IFRB , Ins titute pers onne l were able to 
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Proj e c t  pers onne l (1. to r. ) Jim Washburn , 
Greg Han d ,  Mary Sowe rs , Frank S tewa r t ,  
Cha rlie Rush , Jeanne Wakef iel d ,  and Les 
Berry 

demons trate that U . S .  broadcas t ing obj e c ­
t ive s would be poorly served b y  adop tion o f  
the planning cri teria that were imp lemented 
by the IFRB . In addi t ion , Ins t i tute 
sc ient i s ts were ab le to analyze the re sults 
of  the IFRB plans in de tail and were ab le 
to show a number of countries that have 
maj or HF broadcas t ing intere s ts that the 
planning cri teria used by the I FRB would 
yield resul ts that would c ause great harm 
to the ir broadcast servic e s  i f  they were to 
be impl emented . An examp le o f  the re sul ts 
of  the analys is performe d by ITS is  given 
on the fol lowing page whi ch i l lus trates the 
number of broadcas t ing requirements that 
would have been satis fied in December of 
1 9 85 if the planning cri teria used by the 
IFRB had b een adop ted . The p i e  chart shows 
the number of requirements that were satis ­
fied with an acceptab l e  l eve l of  protec ­
tion , thos e  satis fied with an unaccep table 
pro tection l eve l , tho se no t s a t i s fied at 
all , and those requirements that did no t 
mee t  the technical criteria that were 
e s tab l i shed for broadc a s t ing operations . 
This  particular chart shows the results for 
all countries who submitted requirements 
for analys is . S imilar charts for individ­
ual countr ies showed comparab le results. 

In addit ion to the technical studies 
related to p lanning , the Ins t i tute was a 
primary force in providing data to the IFRB 
that were used to determine the locat ion of 
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emi tters that j am we s te rn broadcas ts . The se 
data were ob s e rved throughout the world as  
a result o f  a large - scale ob s e rving program 
that was coordinated by ITS . A report by 
the IFRB showing the location o f  the j am­
mers was a maj or fac tor in the policy 
format ion o f  the United S tates at the 
Conferenc e . 

The dec i s ions taken at WARC - HFBC ( 8 7 )  will 
require cont inued activity on the part of  
the United S tate s . A third Conference will 
be held in the 1 9 9 1 - 1 9 9 2  t ime frame . The 
Ins t i tute is  currently addr e s s ing the maj or 
technical is sues that are likely to be of 
conc ern at tha t Conference . 

The IFRB has var ious respons ib ili ti e s  in 
prepar ing for WARC-ORB (2 ) . Among those 
respons ib ilities, the Board is  to conduc t 
planning exerc i s e s  that will guide in the 
development of  the Allo tment Plan . Very 
complex computer software i s  required to 
perform the s e  planning exerc i s e s . The 
Board dec ide d  that software provided by the 
admini s trations of the Uni te d  S tates and 
Japan would b e  inte grated and used for 

thes e  planning exerc i s e s . The Ins titute 
developed and provided to the IFRB a part 
of that software, namely, a program that 
compute s the minimum area ellip t ical beam 
from a spacecraft antenna to cover a ser­
vice area that is  de fined by a set of  
polygon po ints . So ftware provided to the 
Board by Japan has been ins talled on an 
Ins t i tute computer and used to examine 
var ious s c enar ios for p o s s ible Allotment 
Plans . Thi s  work has identified numerous 
de fic ienc i e s  in the software . We have 
worked with the Japane se, the IFRB, and 
other interes ted agenc ies in the United 
S tates to resolve these de ficiencies as 
quickly as pos s ible . Numerous technical 
papers have been prepared and presented in 
me e t ings that a r e  c oordinat ing U . S  . 
preparation for the Conference . One paper 
concerned with the characteris tics of earth 
s tat ion antenna s idelobe charac teristics 
was prepared and submitted to U . S .  Study 
Group 4 of  the CCIR; the paper sub s equently 
was approved at the nat i onal level and 
forwarded for cons ideration at the interna ­
tional mee t ings of  S tudy Group 4 and the 
j o int mee t ings o f  all study groups . 

Recent ITS Publications 

A High Frequency Spectrum Utilizat ion Model 
(by Rush, Washburn, and Berry) 

Moni tor ing of Harmful Inter ference to the 
HF Broadcast ing Service: I I I . Re sults 
of the June 1 9 8 6  Coordinated Monitoring 
Period (by Sowers, Hand, and Rush ) 

The HF Broadcast ing Planning Model: A 
Compari s on Of Two Vers ions (by Washburn, 
Berry, and Rush) 
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Dom e st i c  Spectr u m  A n a l y s i s 

Outputs 
* Report on interference from mul t iple 

emitters 

The NTIA in i ts role as manager of  the 
Federal Government ' s  use o f  the radio 
frequency spec trum undertake s a number of 
s tudies each year deal ing with spectrum 
u t i l i z a t i on , p o t ent i a l  c o mp a t ib i l i ty 
problems between sys tems of  var ious depart ­
ments and agenc ies , and conge s ted areas o f  
the spec trum .  The se s tudies , called 
s p e c t r um r e s ou r c e  a s s e s s ments ( SRA) , 
provide recommendations for resolving any 
compat ib i l i ty confl icts , recommend changes 
to improve spectrum management procedure s ,  
and recommend change s to promote e ffic ient 
use of the radio spectrum .  

One such s tudy accomp l ished in FY 8 7  was to 
inve s t i gate the present ut i l ization , areas 
of  conge s t ion , interference problems , and 
future G overnment dome s t i c  s p e c t rum 
requirements in the high frequency (HF) 
bands ( 3 - 30 MHz) . 

Unt i l  the introduc tion o f  long cables , 
microwave l inks , and sate l l ite communica ­
t ions , nearly all long-range services 
depended upon ionospher ic p ropagat ion . The 
use of the HF band is currently growing 
desp ite the large expendi tures for sate l ­
l i te dependent communicat ion sys tems . This  
has come about for a var iety of  reasons 
including the s ens i t ivity o f  mil itary 
planners to sate l l ite vulnerab i l i ty and 
system co s t . Federal emergency p repared­
ne s s  to respond to the ful l  range of 
eme rgenc i e s  ( natural , man-made , and 
nuc lear) involve s the use of a to tal 
t e l e c ommun i c at ion and data process ing 
resourc e . Again , the HF spec trum p lays a 
vital ro l l  in this  ne twork . 

The problem regarding the HF spectrum l ies  
in the fac t that both nationally and inter ­
nationally i t  has become conges ted. Inter ­
ference problems increase yearly to such an 
extent that certain subbands are regarded 
as not useful for high - re l i ab i l i ty , high­
prior i ty communication l inks. 
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Proj e c t  personne l ( l. to r. ) Bi l l  Grant and 
Les Berry 

The HF spectrum ( 3 - 30 MHz) has more as s i gn­
ments per megahertz than any other port ion 
of the elec tromagne t i c  spectrum . There are 
about 45 , 000 a s s i gnments in the Government 
Master File  ( GMF) in the HF b and . The pri ­
vate s e c tor also make s much use of  the se 
bands , particularly amateurs who use this 
band more than any other for worldwide com­
munications . 

Certain o f  the Government as s i gnments in 
the HF b and are covered by Limitation No tes 
or Special No tes as given in ANNEX A 
( Re cord Notes) of  the NTIA Manual of 
Regulations and Procedures for Fede ral 
Radio Frequency Management . Three of  these 
no tes ( L0 1 2 ,  S012 , and S l 8 9) are of 
intere s t  here . Thes e  three notes pertain 
to use o f  a s s i gnments only in emergenc ies 
regarding l i fe , pub l i c  s afety , or property 
( L0 1 2); use by Mili tary Re s ervis ts on a 
periodic bas is  ( S0 1 2); and tac t ical and/or 
training operation ( S l 8 9 ) . 

About 3 7 . 8  percent of  the as s i gnments in 
the HF band show s ome type o f  intermittent 
use . Many are for important emergency uses 
o f  the HF band and for mi l i tary uses for 
nat i onal defens e that dur ing peacetime are 
used mainly for training purpos e s . From a 
spectrum use s tandpo int , the apparent con­
ges tion in many o f  the subbands may no t be 
as serious as perce ived from assignment 
s tatis t ic s  rather than ac tual use data . 



New sys tems and technologies are having an 
impact on the use of  the high - frequency 
radio spec t rum .  To provide for the s e  new 
sys tems and to take proper advantage of the 
new technologie s , changes in the frequency 
management o f  thi s  band may be required . 
The is sues involved may b e  divided as 
follows: 

o General I s sues 
App l ic ab l e  to All Frequency Bands 
Spec ial HF Sys tem I s sues 
Normal Operations 
Emergency Cons iderations 

o Specific I s sues 
Ionospheric S ounders 
Over-the - Horizon ( OTH) Radar 
Nonl icensed rf Devices 
Wideband Sys tems 

o Technological Advances 
Spread-Spectrum Cons ide rations 
Digital Sys tems 
Networking 

The above i s sues are discussed in de tail in 
the SRA ,  and 24 conclus ions from the s tudy 
are outl ined along wi th 7 recommendat ions 
address ing future usage and spec trum man ­
agement i s sue s . 

In addi tion to the spectrum resource 
a s s e s s ment s , the I n s t i tu t e  c onduc t s  
spec trum e ffic iency s tudi e s  and develops 
analytical tools and computer mode l s  for 
spec trum engine e r ing . For examp l e , this  
year , the FCC p roposed changing i t s  Part 15 
rules regarding the operat ion of non ­
l icensed radio frequency devices .  The re 
are many household devic e s  that emit low­
l eve l e lectromagnetic radiat ion at radio 
frequenc i e s . The power o f  one o f  the se 
devic e s  may b e  too small to  interfere with 
radio receivers that are real i s t i c  dis tan­
ces from the device . Howeve r , if there are 
a great many of thes e  devices in an area 
( for example , a large urban area) the power 
from all the devices may add up to s ig ­
nificant interference to an aircraft fly ing 
over the area . Thi s  pos s ib i l i ty was 
analyzed thi s  year as part of NTIA ' s  
re sponse to the FCC ' s  p ropo s ed rulemaking . 

The locat ions o f  nonl ice.nsed devic e s  canno t 
be known , s o  we as sumed tha t  the devices 
( for examp l e, garage doo r  openers) are 
randomly d i s tr ibuted over the area of 

interes t ,  with K emitters per square 
ki lometer . Radio wave s ( l ike l i ght beams) 
are b locked by the curve o f  the Earth , so 
we as sumed that emitters beyond the l ine of 
s i ght from the a ircraft do not contribute 
to interference to the aircraft ' s  elec tron­
ics . Finally , we as sumed that all emitters 
have the s ame power and that transmiss ion 
loss  between the emitters and the aircraft 
is the same as in free space . Under the se 
as sump t ions , are some accurate geome trical 
approximat ions . A surpris ingly s imp le for ­
mula for the mean value of  interference to 
the a ircraft , E ( p) , c an be derived . I t  is 

E ( p) = ( D/f2)KPE loge ( 2 a/h) 
where 

D=l . 8 ( 10- 3) , 
PE is  the power emitted by the device ,  
f is  the radio frequency in MHz , 
K is  the number of  emitters per km2 , 
a is  the Earth ' s  radius in km , and 
h is  the aircraft alti tude in km . 

The as sump t ion mo s t  open to que s t ion in the 
above der ivat ion is  that transmis s ion loss 
is  the same as free space . To test the 
e ffec t  o f  thi s  as sump tion , the power at the 
aircraft was computed numerically us ing 
computer mode ls  previously deve loped for 
calculat ing the s tatist ical distribution of 
interference in conge s ted environments .  We 
found that the s tatistical distribut ion of 
the inter ference power had the same form as 
the one der ived , but that its mean value 
was 4 or 5 dB lower . Thus , the formula 
give s a s afe upper bound for the interfe r ­
ence from mul tiple emitters t o  an aircraft . 
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Spe ctru m  U s a g e  Measurements 
Outputs 

* Spec trum surveys 
San Diego 
Los Angeles 
San Franc i s co 

* Radar emi s s ion spectra 
* MSR - T4 tests 
*Thailand monitor ing sys tem 
* MOTES - R  improvements 

NTIA manages Federal Government use of the 
radio spec trum , a func t ion s imi lar to the 
FCC ' s  respons ib i l i ty for the use of radio 
frequenc i e s  for s tate , private , and commer­
cial purposes.  In support of  the NTIA fre­
quency management e ffor t , ITS operates the 
Radio Spectrum Measurement Sys tem (RSMS) . 
The RSMS provides 

o Occupancy measurements to show how much 
of the t ime a particular frequency is  
occup ied by radio s ignals 

o Compliance measurements to show whe ther 
observed s ignal s  are properly author ized 
and mee t  appl icable technical standards 

o Compatib i l i ty measurements to help to 
show whether s everal s ignals wi l l  caus e 
interference to e ach other 

The RSMS has been in use s ince 1 9 7 3 , pro­
viding informat ion on real -world use of the 
radio spec trum . The main func t ion of the se 
measurements i s  to gather general inform­
at ion that will he lp form a technical bas is 
for pol icy dec i s ions in frequency manage ­
ment . Al though we occas ional ly note 
s ignals that do no t match the Government 
frequency l i s t ings - - and we take appropriate 
action in the se ins tances-- the RSMS con­
tinues to be used mainly as a res earch tool 
for improved spec trum management . 

A maj or upgrading of  the RSMS was comple ted 
2 years ago . The RSMS now contains two 
separate measurement sys tems in the same 
vehicle- - one op t imized for radar measure­
ments and one op t imized to measure narrow­
band vo ice channels ( e . g . , land mobile  
radio or LMR) . The radar sys tem make s 
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Proj ect pers onne l ( 1 .  to r. ) Bob Matheson, 
Vince Lawrence, Don Layton, Frank Sande rs , 
Bob Achatz ,  Gary G i e rhart, and John Smi l ley 

measurements at frequenc i e s  up to 18 GHz 
with bandwidths of up to 3 0  MHz . Special 
hardware al lows pul se train separation , 
p e ak d e t e c t i on , automa t i c  d i r e c t i on 
finding , pul s e  b lanking , and measurement of 
radar pulse modulation characteristics . 

The LMR sys tem operates up to 1 GHz us ing 
rec tangular bandpass filters with band ­
widths in the 3 - 3 0 kHz range . The sys tem 
make s channe l occupancy measurements at the 
rate o f  120 channe ls/second . 

Both measurement sys tems c an cont inuous ly 
measure selected frequency bands , giving 
s tatistic s  on s ignal s  encountered . About 
12 radar bands and 4 LMR bands are usually 
measured for a 2 - week per iod at each s i te . 
These systematic usage me asurements are 
inc luded in a l ib rary of spec trum usage 
s tatistic s  in the fo l l owing figure that 
show which frequency b ands are crowded and 
which are not . 

The RSMS also is  used to as s i s t  other 
agenc ies in resolving interference problems 
or  measuring technical charac teris tics of  
radio sys tems . 

In the se cases , the sponsor ing agenc ies 
provide the funding to support the use of  
the RSMS . In FY 8 7  the RSMS measured a 
National Weather S ervice we athe r radar that 
was suspec ted of caus ing interference to a 



nearby po int-to-p o int microwave l ink. The 
RSMS also made effe c t ive radiated power and 
antenna pattern measurements on a series  of  
Air Force radars assoc iated with the MSR­
T4. The s e  radars are used in elec tronic 
warfare ( EW) training mi s s i ons. 

SUMMARY SPECTRUM USAGE STATISTICS 
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The experience gained with the RSMS and 
s imilar sys tems has been used to help other 
organizations to make more effective use of 
monitor ing sys tems. Personnel from the 
RSMS operation he lped the government o f  
Thailand spe c i fy radio monitor ing sys tems 
used in the i r  frequency management process.  

Exterior View o f  RSMS with Antennas 

for 150-18,000 MHz Site Survey 

We have as s i s ted the Air Force in a sub ­
s tant ial modernizat ion o f  the ir MOTES -R 
measurement sys tem , wh ich was ori ginally 
bui l t  by ITS 10 years ago. This  sys tem is 
used to ob s e rve var ious radar and EW 
sys tems under operational conditions. By 
the comp l e t ion o f  this  proj ect , ITS will 
have bui l t  s ome new rf sys tem front - end 
components ,  improved and maintained maj or 
parts of the tracking sys tem , reconfigured 
the sys tem racks , and ins talled new 
computers and s o ftware . 

MOTES-R Measurement System 

Spectrum Use Measurements personnel Bob 

Achatz (seated) and (1. to r.) Frank Sanders, 

Jane Russell, and John Smilley. 
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Telecommunic ations Analysis S ervi c e s 

Outputs 
*Easy access  for U . S .  industry and other 

government agenc i e s  to the late s t  in 
I T S  r e s e a r ch r e s u l t s  and I T S  
engineer ing model s  and data bases 

* Broad appl icat ions in telecommunicat ion 
s y s t em de s ign and evaluat ion o f  
broadcas t ,  mob i l e , l ink ,  and radar 
sys tems 

* S tandard me thod of sys tem analys is  for 
comparisons b e tween competing de s igns 
or proposed telecommunication s ervice s  

TASERVICES i s  an acronym for Telecommun� 
ications Analysis  Servic e s . I t  is  composed 
of a dynamic s e t  of  computer model s  and 
data bases that are acc e s s ed by both 
indus try and government cus tomers in the 
Uni ted S tates . The purposes  of  TASERVICE 
are to make avai l ab le the late s t  technical 
and informational advances of  the Ins t i tute 
in the shorte s t  t ime pos s ible and to give 
support to U . S .  indus tries in competing 
internat ionally . 

The service is  avai l ab le on a computer in 
Boulder , CO , and inter faces with the users 
via AS C I I  terminals or  personal computers . 
The interface is  very fr i endly and suppor ­
tive of  the user through a menu approach to 
all of  the mode l s . After completing the 
telephone connec tion and providing unique 
log - on information , the user chooses a 
mode l that i s  des igned to solve spec ific 
problems and/or give the de s ired informa ­
tion from the data bases . The user can 
choose to interac t with the mode l in a 
verbose , conc ise or  edi t mode . The verbose 
mode give s the user an explanation of  the 
input quanti ty reque s ted along with the 
range of values that would b e  reasonable 
for the input . In the conc i s e  mode , the 
us er is keyed with j us t  one or two words 
for the required input quantity. A third 
mode i s  the edit mode in which the user 
inputs the l ine i tem o f  the quant i ty to be 
changed ,  and changes only that one quan­
tity .  The programs are des i gned with a 
tree s truc ture so that only quant ities  that 
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Proj e c t  pe rsonnel ( s ta ndi ng 1. to r. ) Jean 
Adams , Susan Roths ch i ld ,  Greg Hand , Laura 
Sente r ,  Eldon Haaki nson , and ( seated ) Yeh 
Lo , Mary Luyk , and Renee Guru le 

are required for the users prob lem need to 
be entered . The mode ls  also have de fault 
values for each que s t ion that is  a reason­
abl e  value in case the user has l imi ted 
knowledge of s ome of the quant i t ies . 

After the user has entered a quantity in 
response to s ome que s t ion , the new quant i ty 
become s the de faul t value . Thi s  approach 
makes it very easy for the user to examine 
the e ffects of varying a s ingle input quan ­
t i ty such as antenna height on the output 
quant i ty such as s ignal l eve l when all 
other parame ters are held cons t ant . 

All the user needs to do after the ini tial 
run of the mode l i s  go into the edit mode, 
change the s ingl e  quant i ty , and process  the 
data again . 

An examp l e  of  one of  the mode l s  is  called 
PROFILE . Thi s  mode l acce s s e s  an ITS data 
base of topographi c  data and processes  it 
in a numbe r  of ways for the user . It is  
easy to look at the e l evat i ons o f  terrain 
between any two po ints in the Uni ted S tates 
and to have p l o ts made that correct for 
varying refrac t ive atmospheres . The figure 
following shows a profile of elevation 
values between the c i ty of Arec ibo , PR , and 
a re lay on a mountain top . Thi s  profile 
could be used in the des i gn of  microwave 
l inks or  for de termining radio l ine of  
s ight for o ther typ e s  o f  radar or radio 
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The user c an select  the radial us ing the 
incremental bear ing op tion so that PROFILE 
automatically de termine s end po ints of  the 
radial from a reference s i te on user - s elec ­
ted bear ings and dis tanc e s . The output of 

· thi s  op tion is  reproduced be low to show 
wh e r e  the t e rrain is averaged over 
dis tances from 2 to 10 miles and on radial 
spaced 45 degree s  around a transmitter s i te 
in Honolulu , HI . The user ' s  guide to 
TASERVICES i s  avai lable and des cribes the 
other 14 mode ls  currently on the sys tem as 
we l l  as the adminis trative and technical 
de tai ls  of operation . 

09 Oct 198/ U03 

sys tems . 
the user 
he i ght on 
particular 

Ano ther op tion 
calculate the 

a s e l ec ted 
location . 

in PROFILE l e ts 
average terrain 

radial around a 

PROFILE 
Heights Above Average Terrain and Average Elevations 

Tue 13 Oct 1987 09:22 

From: Honolulu HI No. 21,18,48 N 
21.3133 N 

Antenna Center of Radiation above Ground 

Antenna Base Height above Mean Sea Level 

Antenna 

158, 2, 6 w 
158.0350 w 

200.0 ft 
61.0 m 
13.0 ft 

4.0 m 

Avg Elev from Height above No. of Elev 
2 to 10 mi Avg Terrain Points Avg'd 

To: 2 to 10 mi 2 to 10 mi 
(ft) (ft) 

0.000 DEG AZ 294.5 ·81. 5 81 
45.000 DEG AZ 133.6 79.4 81 
90.000 DEG AZ .. 0 213.0 81 

135.000 DEG AZ 0.0 213.0 81 
180.000 DEG AZ 0.0 213.0 81 
225.000 DEG AZ .. 0 213.0 81 
270.000 DEG AZ 6.7 206.3 81 
315.000 DEG AZ 746.3 -533.3 81 

21.4157 158.1450 

For bearings from 0.0 to 315.0 degs,spaced every 45.0 degs, 
the average terrain height from 2 to 10 mi is 147.6 ft. 
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TELECOMMUNICATION 

STANDARDS DEVELOPMENT 
Much effort wi thin I TS i s  focused on the 
deve lopme nt a nd appli cation of nationa l 
and inte rna tional technical performance 
standards to fac i li ta te competi tion in the 
provision of enhanced te lecommunication 
products and se rvices. nddi tional l y, I TS 
deve lops standards for mi li tary communica­
tion app lications. 

Nationally, ITS e f forts address a growing 
need for efficient means of re lating the 
da ta communication performance require­
me nts of e nd users wi th the capabi l i ties 
of compe ting system and ne twork offerings. 
The I nsti tute h as pioneered the deve lop­
ment of me thods and procedures for spec i ­
fyi ng a nd measuri ng pe rformance o f  data 
communica tion systems and services as see n  
b y  the e nd use r. Maj or e n d  products are 
Fede r a l  and Ame rican standards, deve loped 
under the auspi ces of the Federal Te le­
communica tion S tandards Commi ttee ( FTSC ) 
and the Ame rican National S ta ndards 
Insti tute ( ANSI ) ,  r espective ly. 

The i nte rnational ef fort addresses the 
need for techni ca l ly strong, broad ly based 

Are as of  E mphasis 
C CIR Activities 

u.s. contributions to internationa l stan­
dards organizations. The Insti tute 
par ticipates in and con tributes to the 
ef forts of various i nternationa l S tudy 
Groups functioning unde r the aegis of the 
I nte rnati ona l Te lecommunication Union's 
I n te rnationa l Te legraph and Te lephone 
Consultative Commi ttee ( CCITT ) and Inte r ­
na tiona l Radio Consul tative Commi ttee 
( CC IR ) .  Recommendations dete rmined by 
these organi zations signi fi cantly inf lu­
ence Uni ted S tates trade in te lecommuni­
cation products and se rvices. Recently, 
for example, spe c i al emphasis has bee n  
placed o n  the deve lopment o f  technical 
standards for I ntegrated Se rvices Digi ta l  
Ne tworks ( ISDNs ) .  I SDNs a r e  the currently 
evolvi ng digital communi cation networks 
which wi ll ultimate ly provide i ntegrated 
voice, data, facsimi le, and video se rvi ces 
to subscr i be rs on a wor ldwide basis. CC ITT 
decisions affect both the implementation 
of ISDN i n  the Uni ted S tates and the size 
of our export markets for ISDN equipment 
and se rvices. 

Inc ludes proj ects funded by the National Te lecommunications and Information 
Administration 

CCITT Activities 
Inc ludes proj ects funded by the National Te lecommunications and Informa tion 

Admi nistration 

Data Communication S tandards Develop ment 
Inc ludes proj ects funded by the National Oceanic and Atmosphe ric 

Administration, the National Te lecommuni cations and I nformation 
Administration, and the u.s. Navy 

Voice Quality Standards Development 
Inc ludes proj e c ts funded by the Defense Communi cations Agency 

Development, Revision, and Assessment of Standards 
Inc ludes proj ec ts funded b y  the Defense Communica tions Agency 1 1  



CCIR A c tivitie s 

Outputs 
* Technical s tandards to suppor t  U . S .  

pos i t ions at radio conference s  
* Leadership o f  U . S .  partic ipation i n  key 

CCIR S tudy Group s  
* Coordinated U . S .  p o s i t ions o n  all  i s sues 

r e l a t e d  to C C I R  r e p o r t s and 
recommendat ions 

Th e I n t e r na t i on a l  Rad i o  C onsultat ive 
Committee ( CCIR) i s  one o f  the two consul t ­
ative committees o f  the Internat ional 
T e l e c ommun i c a t i o n  Union ( ITU) . The 
I n t e rna t i o na l  Telegraph and Telephone 
Consultative Commi ttee ( CCITT) is the other 
consultative commi ttee . Both of  thes e  com­
mittees are p ermanent organs of the ITU . 

All the member countries of  the ITU as we l l  
a s  certain p r ivate organizations c an par ­
tic ipate in the work of the CCIR . This  
work provides the bas i s  for dec i s ions 
leading to effic ient use of the spectrum 
for telecommunicat ion appl icat ions . The 
reports and recommendat ions o f  the CCIR are 
used at radio conferenc e s  to es tab l i sh 
technical c r i te r ia that can form the bas is  
for spectrum allocation dec i s ions and 
spectrum use on a global and regional 
scale . The material contained within the 
documentation o f  the CCIR mus t  be cons i s ­
tent w i th U . S .  p o s i t i ons a t  the se 
conference s  i f  the Uni ted States is  to be 
successful in de fending its p o s i t ions on 
pure ly technical grounds . 

The CCIR i s  organized into S tudy Groups , 
each S tudy Group addr e s s ing a spec i fic area 
of  radio sys tem technology . There are 13 
S tudy Groups in the CCIR ranging from such 
appl ied areas as fixed sate l l ite service 
( S tudy Group 4 )  and mob ile service opera­
tions ( S tudy Group 8) to more sc ient i f i ­
cally oriented work of S tudy Group 5 and 
Study Group 6 deal ing with propagation in 
nonionized and ionized media , re spective ly . 
A l i s t ing o f  the CCIR S tudy Group s is  given 
in the fo l lowing tab l e . 

1 2  

Proj ect pe rsonnel ( l. to r . )  Les Berry , 
Jean Adams , Marcie Geissinger, Bil l Utlau t , 
Don Spaulding; and Char lie Rush 

S tudy Groups 

1 Spectrum U t i l izat ion and Monitor ing 
2 Space Re search and Radioastronomy 
3 Fixed Service at Frequenc ies Below 

about 3 0  MHz 
4 Fixed-Sate l l ite Service 
5 Propagation in Non - I onized Media 
6 Propagation in Ionized Media 
7 S tandard Frequenc i e s  and Time - S ignals 
8 Mob ile Services 
9 Fixed Service us ing Radio - Relay Sys tems 

10 Broadcas t ing S ervice ( Sound) 
11 Broadca s t ing S ervice ( Te levis ion) 
CMTT ( j o int with CCITT) Transmi s s ion of  

Sound Broadcasting and Televis ion 
S i gnals over Long D i s tances 

CMV ( j o int with CCITT) Vocabulary 

The CCIR cyc le of ac tivity resul ts in 
approved modificat ions to its texts about 
every 4 years . The se modifications are 
approved at the Plenary As semb ly of the 
CCIR . In p reparation for the Plenary 
As semb ly , the CCIR meets at an Interim 
Meeting fol lowed by a Final Meet ing roughly 
in 2 - year intervals . At t ime s , the work 
the CCIR mus t  undertake is o f  such a 
pre s s ing nature that i t  canno t b e  de layed . 
In this  ins tance , the CCIR creates an 
Inter im Working Party ( IWP) to address the 
is sue and gene rate a report or other 



document that i s  forwarded for approval 
e i ther by correspondence or at the next 
me e t ing of the S tudy Group under who s e  
auspices the Interim Working Party fall s . 

Within the Uni ted S tate s , the organizat ion 
of work in support of CCIR activities i s  
under the purview o f  the Department o f  
S tate ( DOS) . A National Commi ttee chaired 
by DO S p e r s o nnel oversees the U . S .  
contr ibut ions to the CCIR . Because of  i ts 
preeminent po s i t ion in the field o f  
telecommunication research and deve lopment , 
members o f  the Ins t i tute partic ipate very 
ac t ively in the work of the CCIR at the 
national and internat ional leve l s . An 
I n s t i t u t e  m e mb e r  s e r v e s a s  t h e  
International Vice Chairman o f  S tudy Group 
3. Ins t i tute members serve as U . S .  
cha irpersons o f  S tudy Group 1 and S tudy 
Group 6 .  Other Ins t i tute personnel p l ay 
prominent roles in S tudy Groups 1 ,  5 ,  and 
6 .  The s e  e fforts addre s s  i s sues related to 
spec trum e ffic i ency and use , modificat ion 
of  the texts of S tudy Group s  5 and 6 ,  and 
deve lopment of  me thods to improve on the 
global repre sentat i on of atmo spheric radio 
no i s e  and ionospher i c  parame ters . 

Efforts at ITS that are directed to U . S .  
CCIR c once rns in the past year have 
emphas i z ed preparation for the upcoming 
Inte r im Mee tings . In S tudy Group 1 ,  
Ins t i tute engineers have p repared an input 
do cument for the Sp e c trum Management 
Handbook for IWP 1/2 and have coauthored a 
proposed new report on interfe rence to 
aircraft from mul tiple ground -based emi t ­
ters . I n  add i t ion , they have analyzed a 
Rus s ian conference p aper that i s  a poten­
tial input document and prepared a proposed 
U . S .  pos i t i on on that document . 

Ins t i tute activi t ie s  re lated to S tudy Group 
3 have been directed at e s tab l i sh ing the 
criteria  for shar ing the expanded AM 
broadcas t b and 1605 - 17 05 kHz b e tween the 
broadcas t s ervice and o ther services in 
preparation for the Second S e s s i on of the 
Region 2 Conference on broadcasting in the 
band 1605 - 1705 kHZ. In add i t ion , bec ause 
o f  the interna tional leadership role he ld 
by a memb e r  of  the Ins ti tute in S tudy Group 
3 (Vice Chai rman) , e fforts have been 
expended in prepar ing the s chedule o f  work 
at the Inte r im Meet ing of S tudy Group 3. 

In the area of  support to S tudy Group 5, 
the Ins t i tute has concentrated its efforts 
on the improvement of the CCIR report deal ­
ing w i th m i llime ter -wave propagation. 
Ins titute sc ient i s t s  and engineers have 
made subs tantial advances in understanding 
the p ropagation e ffects assoc iated with 
mil l imete r - wave transmi s s ion . The resul ts 
of these s tudies are of importance to the 
wor ld community , particularly as app lied to 
spec trum extens ion above 20 GHz . Al so , 
Ins t i tute pers onne l have reviewed mo st of 
the documents attributed to S tudy Group 5 
to as sure the ir currency and cons is tency 
with U . S .  po s i t ions related to the Second 
S e s s ion o f  the Conferenc e deal ing with the 
allocat ion o f  the geo s tationary orbit. 

The ac t ivity undertaken by Ins t i tute per ­
s onne l to support S tudy Group 6 work has 
been der ived primar ily to as sure sound 
technical bas e s  for U . S .  high-frequency 
broadcas t ing interes ts as we l l  as review ing 
and updat ing the texts of  S tudy Group 6 
where appropr iate . As a result of the 
dec i s ions taken at the Second Sess ion of 
the High Frequency Broadcas t ing Conference , 
an Inter im Working Party has been formed by 
the CCIR to address  the need to ob tain more 
data to ver i fy the propagation predict ion 
me thod that forms the b as i s  for frequency 
a s s i gnment and interference asses sment . 

Ins t i tute pers onne l were maj or contributors 
to the success  of the U . S .  interests at the 
Second S e s s ion o f  the High Frequency Broad­
cas t ing Conference and are participat ing in 
the work o f  the new Inte rim Working Party 
to as sure that U . S .  pos i t ions· are well 
s e rved . In ano the r  area re lated to Study 
Group 6 activity , engineers at ITS have 
undertaken the revis ion o f  two maj or texts 
in S tudy Group 6 deal ing with ionospheric 
properties and propagation e ffects due to 
the s truc ture o f  the high latitude iono ­
sphere . The se documents are of fundamental 
importance to S tudy Group 6 ,  and the ir 
us e fulne s s  depends c r i t ically on as sur ing 
that the late s t  concepts and ideas are 
incorporated into the texts . 
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CCITT A c tiviti e s  

Outputs 
* u.s. co n t r i b u t i o n s  to CCITT on Inte­

gra ted Serv i ce s  D i g i ta l  Ne twork ( ISDN ) 

standa rds 
* CCITT recommenda t ions on pac ket-sw i t ched 

serv i ce per formance 
* Lead e r s h i p  of u.s. pa r t i c i pat ion i n  key 

CCITT s tudy g roups 

The Ins t i tute con t r i butes d i r e c t ly to the 

p lann i ng , deve lopment , and coord i na t i on o f  
i nterna ti ona l standards w i th i n  the CCITT . 
Th i s  wor k  inc ludes both techn i c a l  s t ud i es 
and lead e r s h i p  act i v i t i e s . It has s t rongly 

impa c t ed CCITT r e commen d a t i o n s  on both 
I S D N s  and pa c k e t - s w i t c hed pu b l i c  d a t a  
ne twor ks . 

Techn i c a l  s t ud i es inc lude d e f i n i ng per form­
a n c e  p a r a m e t e r s , d e v e l o p i n g  sta t i s t i cal 

mea sures o f  these parameter s ,  and conduct­
i n g m e a s u r e me n t s  on r e a l  n e t wo r k s  to 

demon s t r a te data extract ion , r educt ion , and 
analys i s  techn i que s . Leadership act i v i t ies 

i n c l u d e  h e a d i n g  d e l e g a t i o n s  to CCITT 

meet ings , cha i r ing Uni ted States prepara­

t o r y  g r o u p s , and prov i d i ng internat iona l 
wor k  leaders ( Rapporteur s )  for par t i cular 

Study Groups . The ITS s tandards products 

are presented in technical  contr ibutions to 
u.s. CCITT Study Groups and r e l a ted u.s. 

t e l e c ommun i c a  t i o n  s t a nd a r d s  comm i t  t e e s  

( s uch as TlD l , TlQ l , and TlY l ) . 

The I n s t i tute strongly s uppo r t s  the u.s. 
Depar tment o f  State in lead e r s h i p  o f  the 

u.s. orga n iza t ion for the CCITT . Dur ing 

FY 8 7 , ITS p e r s o n n e l ch a i r e d  the Jo int 
Wor king Pa r ty ( JW P )  on ISD N ,  wh ich prov ides 

u.s. contr ibut i on s  on ISDN i s s ues to CCITT 

S t u d y  Groups XI ( Te lephone Swi t ch i ng and 
Signa l l i n g )  and XVIII ( D i g i ta l  Ne twor ks ) .  
I n s t i t u t e  s t a f f  membe r s  o r g a n i ze d  a n d  

c h a i r ed s i x  u.s. CCITT prepar a tory meet­
i n g s , s e r v e d  on the u.s. CCITT Na t iona l 

Commi ttee , and headed the u.s. Delegat ions 

to two ma j o r  CCITT meet i ngs dur i ng FY 8 7 . 

Ins t i tute sta f f  member s  lead and con t r i bute 

d i rec t ly to CCITT s tandard iza t ion i n  areas 

of pa r t i c u l a r  s i g n i f i c a n c e  to Commerce 
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Proj e c t  personne l 
Bob Kubiche k , Ed 

Marcie G e i s s i nge r ,  
Neal Sei tz 

( 1. to r . )  Lorna Ken t ,  
Quincy,  B i l l  U tlau t ,  

Randy Bloomf i e ld ,  and 

tr ade obj e c t i ves . Sta f f  member s  cha i r  and 
s u ppo r t the wor k of Commi ttee T l ' s  ISDN 

Tec h n i c a l  S ubcomm i t tee ( TlD l ) , wh ich has 

c o o r d i n a t i o n  r e s p o n s i b i l i t y f o r  t h e  
deve lopment o f  a l l  standa rds a f f e c t ing the 

implement a t i on of ISDN . 

The T l D l  S ubcomm i ttee a l so prov ides a forum 

f o r  t h e  p r e pa r a t i on and coord inat i on o f  

u.s. i nputs t o  intern a t i ona l CCITT meet­

i ng s . TlDl outputs des t i ned for CCITT f eed 

d i r e c t ly i n to the U . S .  CCITT JWP . Dur ing 
i t s  s i x  Plena r y  Sess ions i n  FY 8 7 , T lD l  
l o g g e d  3 4 6  d o c u m e n t s  a n d  f o r wa r ded 1 6 4  

documents t o  the JWP a s  U . S .  con t r i but ions 

to CCITT , ma i n ly for  Study Groups XI and 
XVIII . 

I n s t i t u t e pe r s o n n e l 

c o u p l ing u.s. e f for ts 

have s uc c e e d e d  i n  
to develop packet-

sw i t c h e d  s e r v i c e  p e r f o r m a n c e  s t a nd a r d s  

( un d e r  t h e  T l Q l . 3  D i g i t a l  P a c k e t  S u b ­
Wor k i ng Group ) with s imi lar interna t i ona l  

s tandards e f f o r t s  ( unde r  the CCITT Spec i a l  
Ra p p o r t e u r s  G r o u p  o n  Q ue s t i o n  2 9 / VII ) . 
Tha t  coupl i ng has improved the pace o f  wor k 

i n  both groups , and shou ld improve compa t i ­

b i l i t y  between u.s. and re lated i n te r n a ­

tiona l s tandard s . 

Th e pa c k e t  s t a n d a r d s  we r e  d e v e loped i n  

three bas i c  steps . The f i r s t s t e p  wa s to 

estab l i sh a r e f er ence mod e l  to use as the 

ba s i s  for parameter de f i n i t i on . The mod e l  



INTERACTION WITH CCITT 
NATIONAL STANDARDS 

DEVELOPMENT 

• 
Packet SWG 

Meeting 

j 
AMERICAN NATIONAL 

STANDARD T1.X 

INTERNATIONAL STANDARDS 
DEVELOPMENT 

' � • 
' • 

CCITT RECOMMENDATIONS 
X.134 - X.137 

invo lves two types o f  e lemen t s :  a packe t 

ne twor k ,  wh i ch i s  d e l i m i t ed on e ach side by 
a t h r e e - l a y e r  p r o t o c o l st a c k ; a nd t h e  
p h y s i c a l  l i n k  t h a t i n t e r c o n n e c t s  two 

n e twor k  pro tocol stacks. 

Th e se c o n d  st e p  w a s to d e f i ne spec i f i c  

p e r f o r m a n c e  p a r a m e t e r s  b a se d  o n  t h e  

r e f e r e n c e  e v e n t s . Th e commun i c a t i o n  

proce ss i s  character i zed i n  terms o f  three 

pr i ma r y  f unc t i on s :  access ,  u se r  i nforma­
t i on t r a n sf e r , and d i sengagement. Each 
f un c t i o n  i s  c o n s i d e r e d w i t h  r e spec t to 
three gener a l  outcomes that can be observed 
on any i nd i v i d u a l  per formance o f  a func­

t i o n : su c c e ssfu l  per formanc e , incor r ec t 

p e r f o r m a n c e , a n d  n o n p e r formance .  The se 
three outcomes cor r e spond to three gene r a l  

per formance concerns ( o r  " c r i ter i a " ) tha t 

a r e  freque n t ly e xpr e ssed by use r s :  speed , 
accuracy , and dependabi l i ty. 

Th e t h i r d step wa s to develop a way o f  
e x p r e s s i n g  a v a i l a b i l i t y .  In s t i t u t e  

c o n t r i bu t i o n s  sug g e st ed that the packet 
stand ards focus on the ava i la b i l i t y  o f  the 

ser v i c e  prov ided at the sec t i on boundar i e s ,  

r a ther than the ava i la b i l i t y  o f  par t i cular 
t r a n sm i ssion or  swi tc h i n g  f ac i l i t i e s  w i t h i n  
a se c t i o n .  Th i s  a p p r o a c h  m a x i m i z e s  

prov ider design options. 

The f i gure to the r ight shows the str ucture 

o f  the pac k e t - swi tched ser v i c e  per formance 

R e c o m m e n d a t i o n s  deve loped i n  coope r a t ion 
w i t h  the Quest i on 29 group. The per form­

a n c e  mod e l  is d e f i ned i n  Recommend a t ion 

RECOMMENDATION X.134 
t.ETWOOK SECTION � I CIICUT SECTlON I �� § (X.2601'X.76) § 

I I I Phyalclll Pttyaicll Phyalcal lnterfac:a kltwflc• lotttfi!Cti c-rcc-rc c-rcc-rc 
\ I I I (PACKET LEVEL REFERENCE EVENTS) 

Access 

User 
Information 
Transfer 

Disengagement 

REC. 
X.135 

REC. 
X.136 

Primary Parameter Values 
� II{' 

REC. 
X.137 

X.l 3 4 ; the speed o f  ser vi ce parame t e r s  ( and 

va lues) i s  de f i ned in Recommenda t ion X.l 3 5 ; 
the accuracy and depend ab i l i ty parameters 
( and va lues) are de f i ned i n  Recommenda t ion 

X . l 3 6 ; a n d t h e  se r v i c e  a v a i l a b i l i t y  

p a r a m e t e r s  ( a nd va l u e s ) a r e  d e f i ned i n  

Recommendat ion X.l 37. The se four Recommen­

d a t i o n s  a r e  expec ted to be a pproved for 
pub l i c a t ion a t  the CCITT Plena r y  Assembly 
in 198 8 . 

Con t r ibution to S tand a r d s  Commi t t e e s  

Er ror Probab i l i t i e s  f o r  Embedded Chann e l s  
( by Vogler and Se i t z )  

Rev i se d  Or a f t s  o f  C C  ITT Recommendat ions 
x.l 3 4 -X.l 3 7  (by S e i t z )  

R e v i se d  D r a f t R e c o m m e n d a t i o n X . l 3 5 -
Ann e x  C :  Repre sen t a t i ve End - to-End Speed 

o f  S e r v i c e P e r f o r m a n c e Obj ec t ives ( by 
Bloomf i eld and Se i t z )  

R e v i se d  D r a f t  Re c o m m e n d a t i o n X . l 3 5 -

Ann e x  D :  Me thod s for Ca l c u l a t i ng Mean 
Delays and Throughputs of Pack e t - Swi tched 

Services ( by Crow ) 
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Data Communication Standards Development 
Outputs 
* Promulga t i on o f  data standards 

* Imp l eme n t a t i o n  a n d  d e mon st r a t ions o f  
d a t a  standards 

* Pub l i ca t ions descr ibing app l i c a t i on s  

* Transfer sof tware t o  i ndust r y  

Th e t e  l e commun i c a t i on s i nd u st r y  i s  cur­

r e n t l y  u n d e r g o i n g  r a p i d  t r a n s i t i o n . 
D e r e g u l a t i on , A T& T d i v e st i t ure , and the 
e n s u i n g c o m p e t i t i v e e n v i r o n m e n t h a v e  
hastened the introduc t ion o f  new products 
and ser v i ces.  Although many bene f i t s  have 

occur r ed , so too have new i ssues ar i sen . 

One resu l t  o f  the compe t i t i ve , m u l t i vendor 

e n v i r o n m e n t  is an inc r e a sed 
te lecommun i c a t i on standards:  

empha si s  on 

stand a r d s  to 

a ssure interoperab i l i ty ,  to a sse ss per form­
a n c e , and to p e r m i t  new ser v i c e s  to be 

compa t i b l e . The Governmen t ' s  ro le in this 

stand a r d s-making process is an impor tant 

o n e . F e d e r a l  con t r ibutors a r e  un i quely 

capable o f  pro v i d i ng two e sse n t i a l  i ng r ed i ­
e n t s  t o  standard s-making bod i e s :  impa r ­
t i a l i t y  and a g lobal vi ew . The In st i tute 
c o n t i nues to suppor t indust r y  engaged in 

c r ea t ing standard means of spec i fy i n g  and 
measur ing the per formance of data commun i ­

cat ion systems . Thr e e  proj e c t s  whe r e  the 

c u r r e n t  e f f o r t  is focused are descr ibed 
be low . 

Bou l d e r, CO C l arksburg, M D  
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P roj e c t  personne l ( 1 .  to r . )  Ed Qui nc y , Ken 

Spi es,  D a ve Wor tendyke , Ned Crow, Ma r ty 
Mi les,  Bi l l  Grant , Dan Tomich , a nd Kathy 
Edgar 

S t a nd a r d s  D e ve l o pme n t a nd D e monst ra t i on 

Mea suremen t .  Inst i t ute personne l  con t i nue 

to par t i c i pa t e  in wor k i ng Group TlQ l . 3 ,  a 

c o m p o n e n t  o f  t h e  A N S I-a c c r e d i t e d  Tl 
comm i t tee . A ma j or repor t tha t  descr ibes 

the Inst i t u te ' s  mul t i year e f f o r t  conduc ted 
in coo pe r a t i on w i th i ndust r y  to spec i f y ,  
mea sur e , and a ssess the per formance o f  data 

c ommun i c a t ion ser v i ce s  w i l l  be pub l i shed 

l a t e  in 1 98 7 . Th e r e po r t d e sc r ibes a 
se r i es o f  te st s  conduc ted by the In st i t ute 

to d e mo n st r a t e t h e  im p l e m e n t a t i on o f  
mea surement method s and to chara c ter i ze the 
per formance of data commun i c a t ion ser v i ce s  

i n  a c c ordance w i th parame t e r s  d e f i ned i n  
Ame r i c a n  N a t i o n a l S t a n dard X 3 . 1 0 2 ,  Data 

comm u n i c a t i on Systems and Ser v i c e s--U se r ­
O r i en t e d  P e r f o r m a n c e  Par amete r s .  Other 
repor t s  w i l l  descr ibe the so f tware used to 

i m p l e m e n t  Am e r i c a n  N a t i o n a l  S t a n d a r d  

X 3 . 1 4 l ,  D a t a  Commun i c a t i on S y st e m s  and 
Ser v i ce s--Mea surement Me thod s.  

Measureme n t s  o f  access t ime , b lock transfer 

t i m e , t h r o ughput , and d i sengagement t ime 
w e r e  a l so m a d e  ove r an S B S- 3 sa t e l l i te 
l i nk . One e xpe r imen t a l  se tup i s  shown i n  

t h e  ad j acent f i gure . W i th th i s  con f i gura­
t ion , the round trip per formance par ame t e r s  

w e r e  mea sured over a ter r e str i a l  t e l e phone 

l i n k  w i t h  the sa te l l i te l i n k  as the r e t urn 

pa th . The obj e c t i ve of th is e xper iment was 

to obta i n  rea l-wor ld data for use i n  CCITT 



R e c o m m e n d a t i o n  X . l 3 5 , wh i c h  r e l a t ed to 

speed o f  ser v i ce for pub l i c  data networ ks 

pro v i d ing i n t e r n a t iona l ser v i c e s .  

N a v y  C AD / C AM Systems S uppor t .  The U . S .  

Navy i s  mode r n i z i ng the i r  Computer-Aided­

D e s i g n , C o m p u t e r - A i d e d - M a n u f a c t u r i n g 

( C AD/C AM ) c a p a b i l i t y  to i ncorpor a t e  the 
n e x t  gen e r a t i on of sta te - o f - the-a r t  CAD/CAM 

techno logy . S i gn i f i ca n t  t e lecommun i c a t ion 

c a p a b i l i t i e s  w i l l  be r e qu i r ed to suppor t  

t h i s  t r a n s i t i o n  t o  a c o m p u t e r - b a se d  
t e c h n i c a l  i n f or m a t ion syst em . The Navy 
there for e has contrac ted w i t h  I TS to he lp 
t h e m  i d e n t i f y  a n d  d e f i n e t h e i r  d a t a  
commun i ca t ions and ne twor k i n g  need s .  The 

o ve r a l l  co n c e p t  i s  i l l u st r a t e d  i n  t h e  

f i gure be low . 

Dur i n g  FY 198 7 , I TS prov ided con su l t a t ion 

to the Navy r egard ing C AD/CAM " Func t i on a l  
Ar e a  N e two r k "  p e r f o r m a n c e  spec i f i ca t ion 

b a se d  on t h e  X 3 . 1 0 2  and X 3 . 1 4 1  A N S I  

Standards.  I TS a lso began survey ing si t e s  

i n v o l v e d  i n  N a v y  C AD/CAM procur ement to 
a sse ss u se r  r e q u i r e m e n t s  f o r  l o n g - ha u l  

C AD/CAM t e l ecommun i ca t ions.  Lead ing area s 

o f  I TS e xper t i se ,  name ly ,  d a t a  commun ica­

t i o n  p e r f o r m a n c e , I S D N  d ev e lopmen t ,  and 

p l a n n i n g a sso c i a t e d w i t h  i n t e r g a t ew a y  

n e t w o r ks,  wi l l  d i r e c t ly suppor t the Navy 
m i s s i o n  o f  h o r i z o n t a l i n t e g r a t i on o f  

C AD/CAM systems w i t h i n  the Navy . 

D a t a  Commun i c a t i on s  for W i nd Profi ler . The 

N a t i o n a l  O c e a n i c  a n d  A t m o s p h e r i c  

Ad m i n i st r a t i on ' s  E n v i r o n me n t a l  Research 

La b o r a tor i e s  ( NO AA/ERL) have d emon stra ted 

the f e a sib i l i ty of measur ing w i nd pro f i les 

f r o m  the  E a r t h ' s  sur f a c e  up i n t o  t h e  

str a tospher e  using a Dopp ler radar system 

ca l l ed the w i nd pro f i ler . NOAA is deploy­

ing a ne two r k  of 3 1  w i nd pro f i l e r s  in 1 7  
st a t e s  t h r o ug h o u t  t h e  M i dwe st . Th e se 
r emote w i nd pro f i lers w i l l  be connec ted v i a  
data commun icat ion l i nks to a da t a  process­

ing center ( HU B )  located a t  Boulder . 

Each pro f i l e r  ha s thr ee antenna beams; one 
beam po ints i n  the ver t i c a l  d i rec t i on and 

the other two po int toward the nor th and 
e a st at ang les of approxima t e l y  1 5  degrees 

f r o m  v e r t i c a 1 . Th e p r o  f i 1 e r co 11 e c t s 

r e t u r n e d  t r a n sm i t ted r ad a r  si gna l s  sca t ­

t e r e d by t h e  a tm o spher e ,  per forms real­

t ime si gna l proce ssi ng , and transm i t s  i t s  
data to t h e  HUB . Th i s  cyc l e  requires 6 

m i n u t e s  to complete so the r e  are 1 0  data 

me ssages per hour f rom each pro f i ler . 

Because o f  the system per formance standards 

wor k a t  I TS ,  NOAA h a s  con t r a c ted the group 

to h e l p  t h e m  p r o c u r e  data commun icat ion 
se r v i c e s .  Th i s  i n v o l v e s  con d uc t i n g a 

pre l im i na r y  ana lysi s o f  the data commun ica­

t i on r equi r emen t s ,  spec i fy i ng per formance 
parame ter s ,  and wr i t ing system spec i f ica­

t ions for the sta tement o f  wor k .  I TS w i l l  

a l so a ssi st NOAA i n  the techn i c a l  eva lua­

t i on of the proposa l s  and in de f i n ing and 
c o n d u c t ing the acceptance test s  for each 

commun i c a t i on l i nk . 

�------------------------� 
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V o i c e  Q u a l i ty  St a n d a r d s  D e v e l opm e n t 

Outputs 
* Contr ibutions to s tandards comm i t tees 

* Pattern r e cogn i t ion so f tware 

* Expe r t  s ystem deve lopmen t  

The I n s t i tute i s  deve loping a methodo logy 

for obj e c t i ve mea s urement of vo ice qua l i t y  
b a s e d  on s t a t i s t i ca l pattern recogn it ion 

( PR) and e xpe r t  sys tems techn i ques . Th i s  
compu ter - ba s ed sys tem w i l l  a l low user s to 

o b t a i n  r e l i a b l e , r e p e a t a b l e , a n d  co s t  

e f f e c t i v e  measures o f  vo ice transmi s s i on 
sys tem per f ormance . 

O b j e c t i ve meas ures o f  vo ice transmi s s ion 

qua l i t y  are ur gen t ly needed by incre a s ing 

n u m b e r s  o f  p o t e n t i a l  e n d - u s e r s .  For 

i n s t a n c e , p r o v i d e r s  and p r o c u r e r s  o f  

commun icat ion s ystems requ i r e  vo ice qua l i t y  
mea s ur e s  t o  gauge the per formance o f  new 

sys tems . Also , t e lecommun i c a t ion s t andar d s  

o r g a n i z a t i on s  need impa r t i a l  method s for 

compar i ng cod i ng algo r i thms and transmis­

s i o n  s c h e m e s . B e n e f i t s  o f  the new I TS 
s ys tem include i ncr eased compe t i t ion among 

prov ider s as we l l  as better capabi l i ty of 
p r o c u r e r s a nd standards organ i za t ions to 

eva luate new sys tems . 

Tr ad i t iona l ·  techn i ques for e s t im a t i ng vo ice 
qua l i t y  are ba sed on analog mea s ur e s  s uch 
as los s , no i s e , and ta lker echo . These are 

n o t  a p p l i c a b l e t o  many new t y p e s  o f  

d i s to r t i on s  found , for e xample , i n  modern 

d i g i t a l  t r a n s m i s s i o n  s y s t e m s . I n  s uch 
c a s e s , h u m a n  l i s t e n e r s a r e  r e qu i r ed to 

s ub j ec t ive ly eva luate d i s tor t ion e f fects on 
v o i c e  q u a l i t y .  U n f o r t u n a t e l y , t h i s  
approach i s  t ime cons uming and e xpens i ve , 

and results  can var y  rad ica l ly . 

Th e I TS c o m p u t e r - b a s e d a pp r o a c h  u s e s  
s t a t i s t i c a l  t e c h n i qu e s  t o  r e move th i s  

unwan ted human var iabi l i ty from the qua l i ty 
e s t imate . Pa ttern recog n i t ion is used to 

c la s s i fy s peech into f i ve leve l s  of qua l i t y  

( r a n g i n g f r o m  1 u n a c c e p t a b l e  t o  

5 = e xce l len t )  with min imum probab i l i t y  o f  

e r r o r . Q u a l i t y  e s t i m a t e s  are based on 
" s p e e c h  p a r a m e t e r s "  t h a t a r e  m e a s u r e d  

d i rec t ly from the vo ice s i gna l .  Pos s i ble 
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pa rameter s inc lude l i near pred i c t ive cod i ng 

( LPC ) coe f f i c ien t s , cepstr a l  coe f f i c i ents , 

a n d  o t h e r  m e a s u r e s  r e l a t e d  t o  vo i c e  
qua l i t y .  

F i g u r e s  a t  f a r  r ight i ll us tr a te par t  o f  

t h i s  p r o c e s s .  Th e to p t h r e e  f i g u r e s  

r e p r e se n t  the e s t imated probabi l i ty o f  a 
g i ven qua l i t y  class  for two vo ice par ame­

ter s  labe led " feature 1" and " feature 2 . "  

Probabi l i ty func t ions for three c l a s s e s  o f  

vo ice qua l i t y  a r e  shown : good o r  e xc e l ­
lent , f a i r , and poor o r  unacceptabl e . The 

" B a y e s "  s t r a t e g y  f o r  cha o s  i n g  the mos t  
l i ke l y  qua l i t y  c la s s  i s  s imply to s e lect 

the class having the h ighe s t  probab i l i t y . 

The bot tom f i gure is a map show i n g  reg ions 

of h ighe s t  probab i l i t y and the cor r e s pond ­
ing qua l i t y  c la s s . Maps s uch a s  th i s  may 
ea s i ly be used to est imate the qua l i ty o f  

transmi tted voice . Va lues o f  fea t ur e  1 and 
f e a t u r e  2 a r e  mea s u r e d  f rom the s peech 

s i gna l . The map loc a t ion de f i ned by the se 
two v a l u e s  d i r ec t ly determines the mos t  

l i kely c la s s  o f  vo ice qua l i t y .  

Un for tuna te ly , these P R  r e s u l t s  cannot be 

e m p l o yed d ir ec t ly . Idea l l y ,  the channe l 

should be te s ted using spea kers o f  d i f f e r ­
e n t  sexes and ages , r e s u l t ing i n  separate 

q ua l i t y  e s t imates for each speaker . An 

e xp e r t sys tem can comb i ne these multi ple 

m e a s u r e s  o f  v o i c e  q u a l i t y u s i n g b o t h  



h e u r i st i c  and st a t i st i c a l r u l e s. Th e 
expe r t  system a l so i ncorpora tes r ules abou t 

percept i on .  Ad j ustmen t s  can b e  made for 

u se r  b i a se s  suc h  a s  l i st e n e r  h ea r i n g 

i mpa i rmen t , age and na t i on a l i t y .  A h i gh­

l e v e l d i a g r am o f  the comp l e t e  system is 
shown be low. 
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Vo i ce Qua l i t y  Exper t System Str uc t ure 

Pub l i ca t ions and Standards Cont r i bu t ions 

Bay e s  Techn i ques for Ob j ec t i ve Eva l ua t i on 

o f  V o i c e  Tr a n sm i ss i o n  Q u a l i t y  ( b y 

Kubichek a nd Q u i ncy) 

P a r a m e t e r  M e a su r e me n t , E v a l u a t i on and 
S e l e c t i on for D etermin i ng Vo i ce Transm i s­

si o n  Q ua l i t y U si ng an E x p e r t  Pattern 

R e c o g n i t i on S y st e m  ( by K u b i c h e k  and 
Quincy)  

P r o l o g - B a se d  E x p e r t  Pa t t e r n  Recog n i t ion 
She l l  for Techno logy I nd e penden t ,  U se r ­

O r i en t ed C l a ssi f i ca t i on o f  Vo i c e  Trans­

m i ssion Q ua l i t y  ( by Q u i nc y )  

S e l e c t i o n o f  O b j e c t i ve Vo i c e  Q ua l i t y 

Pa ram e t e r s  f or an Expe r t  P a t t e r n  Recogn i ­
t i on Syst e m  ( by Kub i ch e k  and Quincy)  

S t a n d a r d  P r o j e c t  P r o p o sa l : Techno logy-

I nd e pe nd e n t , U se r - O r i e n t e d , O b j e c t i ve 

C l a ssi f i c a t i o n  o f  Vo i c e Tr a n sm i ssi on 
Qua l i ty ( by Qui ncy and Kubi che k )  

Te c h n o l o g y - I n d e pe n d e n t  E x p e r t  P a t t e r n  

R e c o g n i t i on S y st e m  f o r  U se r - O r i en t e d  

C l a ssi f i c a t i on o f  Vo i c e  Tr a n sm i ssi o n  
Q ua l i ty ( by Q u i ncy) 
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De v e l op m e n t ,  R e vi s i o n ,  
a n d  A s s e s s m e n t o f  St a n d a r d s  

Outputs 
* Coo r d i na ted deta i l  spec i f i ca t ion for a 

s i ngle- s i ze , mu l t i mode f iber to become 

an ANS I/EIA s tandard for bu i ld ing and 
campus commun i c a t ions appl i c a t ions 

* S i g n i f i c a n t  d r a f t  G l o s sa r y  o f  Terms , 
r e l a t i ng to Te lecommun i ca t ion Ar ch i ­

t e c t u r e s  f o r B u i l d i n g a n d  Camp u s  

a pp l i c a t i o n s , t o  be adopted by the 
C anad ian Standards As soc i a t i on and the 

E l e c t r o n i c  I n d u s t r i e s  A s s o c i a t i on 
( E I A )  i n  the Un i ted S t a t e s  

* Rev i ewed status o f  pFS 1 0 4 5 ,  organi zed a 

s ubcomm i t tee , and made r ecommend a t i on s  

r e g a r d i n g  t h e  d e v e lopmen t  o f  a new 
p F S  1 0 4 5  ( Au toma t i c Link Es tabl ish­

m e n t ) H i gh F r e q u e n c y  Commun icat ions 
Standard 

D u r i n g F Y  
d a r d  ( p F S ) 
W a v e g u i d e  

1 9 8 7 ,  P r o po s e d  F e d e r a l  Stan-

1 0 7 0 , S t a nd a rd Opt i c a l  F i ber 
M a t e r i a l  C l a s s e s  and Opt i on a l  

S i z e s , wa s mod i f i ed t o  recommend o n l y  one 

mult imode f i be r  s i ze . Th i s  wor k  began w i th 
t h e  o b j e c t i ve o f  r ecommend ing a Fed e r a l  

Standard t o  b e  mandator y for a l l  Feder a l  

agenc i e s . Th i s  s tandard wou ld preve n t  a 
pro l i f e r a t ion o f  i ncompa t i ble f i be r  opt i c  
i n s t a l l a t i o n s  i n  F e d e r a l  b u i l d i n g s  and 
w o u l d  p r omo t e  t r a n s po r t a b i l i t y o f  user 

t e r m i na l s  w i th i n  or among s uch bu i ld i ngs . 

Dur ing a techn i ca l  r e v i ew o f  the new dra f t  
p F S  1 0 7 0 , i t  w a s  s ugge sted that I TS deve lop 
a p r o po s e d  i nd u s t r y  
opt i c  cables based on 

s t a n d a r d  for f i ber 
the E I A  4 9 2- se r i e s  

s p e e  i f  i c a t  i o n s  ( G e n e r i c ,  S e c t i on a l , and 

Blank D e ta i l  Spec i f icat ions ) .  The E I A  4 9 2-

s e r i e s  s p e c i f i c a t i o n s  p r o v i de a s e t  of 

parame t e r s  and mea surement me thod s that are 

c o n s i s t e n t  w i t h I n t e r n a t i on a l Q ua l i t y  
C o n t r o l  S t a n d a r d s  r e c o mm e n d e d  by the 

I n t e r n a t i on a l  Elec trotechn i c a l  Comm i s s ion 

( I EC ) . The s e  spec i f i ca t i on s  r ecommend tha t 

s pe c i a l  a t t e n t i on be pa i d  to to lerance s ,  

qua l i t y  ass uranc e , and per formance ver i f i ­

c a t i on .  Us ing i n forma t i on obta i ned from 
f i ber manufactur e r s , I TS prepared a dra f t  

D e t a i l  S p e c i f i ca t ion for the 6 2 .  5/ 1 2 5- ]Jm 
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Proj e c t  pe rsonne l (1. to 
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C o r e /C l ad d i n g  d i a me t e r  mu l t imode f i be r . 
Th i s  opt i c a l  f i ber Deta i l  Spec i f i c a t i on i s  

the f i r s t  to be deve loped w i th i n  t h e  E I A .  

I t  w i l l  b e  adopted , b y  r e ference , i n  the 
new pFS 1 0 7 0 .  

C a b l e s  c o n t a i n i ng f i ber opt i c  waveguides 

that meet th i s  D e ta i l  Spec i f i c a t ion w i l l  be 

used for on-pr emises app l i ca t ions s uch as 
Gover nment and comme r c i a l  o f f i ce bu i ld ings 
a n d  c a mpu s complexe s . The EIA plans to 
recommend s uch cable usage i n  the backbone 
e l emen t s  of the w i r i ng arch i t e c t u r e  shown 
in the accompanying f i gur e . 

Th i s  wor k  i l lustrates  a methodo logy whe r eby 

the Governmen t wor ks c lo s e l y  w i t h  i ndus try 
to obt a i n  the best te chn i c a l  s pe c i f i ca t ion 
o f  an eme r g i ng produc t .  The I n s t i tute held 

deta i l ed techn i c a l  d i s c u s s i on s  w i th each of 

f i v e  f i b e r  ma n u f a c t u r e r s a n d  o b t a i n e d  

con s e n s us o n  t h e  tec h n i c a l  cha r a c te r i s t i c s  

t o  b e  i den t i f i ed i n  the D e ta i l  Spec i f i ca ­

t i on . The res u l tant spec i f i ca t i on h a s  now 
und e r gone coord i na t ion w i t h  8 8  r epresenta­

t i v e s  par t i c i pa t i ng i n  var i o u s  standards 

comm i ttees  o f  the E I A .  Bo t h  Gover nmen t and 
ind u s t r y  bene f i t  f rom th i s  cooper a t i on . 

The above wor k  grew out o f  the de l i be r a ­
t i on s  o f  a F i ber Opt i c s  Ta s k  Group , a s ub­

commi t tee o f  the Fed er a l  Te lecommun i ca t i ons 



Stand a r d s  Comm i t tee . The s umma r y  records 

of the mee t ings o f  th i s  Tas k  Group and a 

t e c h n i c a l r e po r t de f i n ing the bas i s  for 

r ecommend ing the proposed Fed e r a l  Standard 

are con ta i ned i n  two I TS r epor t s . 

Another notab l e  ac t i v i t y  that grew out of 

the FED - S TD- 1 0 3 7 A  Glossary o f  Te lecommun i ­

c a t i o n  T e r m s , m e n t i o n ed i n  l a s t  year ' s  

r e p o r t , i s  a n e w  G l o s s a r y  o f  Te rms for 

Bu i ld i n g  Te lecommun i ca t i on Arc h i te c t ur e  in 
the E I A  TR 4 1 . 8 . 3 .  Th i s  w i l l  be adopted by 
b o t h  t h e  E I A  a nd the Canad ian S tandards 

A s s o c i a t i o n  ( C S A ) . T h i s  e f f o r t i s  

c och a i re d  by I TS and a repr e s e n ta t i ve f rom 
C SA .  The document prepa r a t ion and ed i to­
r i a l  wor k  is be i ng done by I TS .  
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Recent I TS Pub l i ca t i on s  

A S ummar y  Record o f  Presentat ions t o  the 
F e d e r a l  T e l e c o m m u n i c a t i o n  S t a n d a r d s  

C o mm i t t e e / F i be r  O p t i c s  Ta s k  Group (by 
Hanson ) 

On- Prem i s e s  D i g i ta l  Commun i ca t i ons Upgrades 
W i th Empha s i s  on F i be r  Opt i c s  ( by Hu l l  

and Hanso n )  

Re ference Manua l for Pack e t  Mode Standards 

(by G l en ) 
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TELECOMMUNICATION 

SYSTEMS PERFORMANCE 
A numbe r of activi ties are unde rtaken at 
ITS that apply the results of more bas i c  
s tudies to improve the performance and 
des i gn of te lecommunicati on sys tems . 

Through othe r-a ge nc y  spons ored proj ects , 
ITS deve lops techniques for sys tems and 

network perf ormance predic tion measurement 
and evaluation . The Insti tute us es thes e 
techniques to forecas t how indi vidua l 
communi cati on e lements wi l l  pe r form 
toge the r and the n  tes ts them in a labora­
tory or ope rational e nvi ronment . 

A re a s  of  E m p h a s i s  
A M  S tereo Receiver P erformance 

Inc lude s proj ects funded by the Na tiona l Te lecommunica tions and Informa tion 
Admi nis tration 

M F  Systems Assessment 
Inc lude s proj ec ts funded by the National Te lecommunications and Information 

Admi nis tration and the u.s. Information Agency 

H F  System Assessment 
Inc ludes proj ects funded by the Army Informa tion S ys tems Engi nee ring Suppor t  

Act i vi ty ,  the A rmy I nte l ligence and Securi ty Command , and the u.s. 
I nf o rma tion Age ncy 

Test Methodology and System Performance 
Inc lude s proj ects funded by the N a i tona l Bureau of S tandards 

Transmission System Performance Measurement, 
Monitoring, Evaluation, and Control 
Inc ludes proj e cts funded by the Ai r Force E le c tronic S ys tems Divisi on , the 

Defense Communications Age nc y  

Microwave Communications L ink Testing 
Include s  p roj ects funded by the Air Force Elec tronic S ys tems Divi s ion and the 

Army I n formation Sys tems Engine e ri ng Suppor t  Activi ty 

Transmission System Modeling 
Inc lude s pro j ects funded by the Army Informa tion Sys tems Engi nee ring 

I ntegration Cente r ,  the Army Information S ys tems Engi nee ring Suppor t  
Act i vi ty , and the Depar tme n t  o f  Defense 
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A M  Ste re o  R e c e iv e r  Pe rfo r m a n c e  

Outputs 
* Improved AM broadcas t ing band us age 
* Advancement of AM s te reo 
* Improved AM broadcasting s i gnal and 

inter ference predict ion methods 

According to a recent NTIA report , the AM 
broadcast indus try has ope rated under a 
handicap due to the l ack o f  a firm dec i s ion 
by both the FCC and the marke tplace in s e l ­
ecting a s tandard for AM s tereo broadcasts . 
In the NTIA report i t  was sugge s ted that 
the use of automated AM receivers that 
could decode any of the most popular forms 
of AM s tereo broadcasts might be a means to 
help the indus try become more compe titive 
to the other forms o f  broadcas ts . In this  
regard , ITS  was as s igned the problem of 
de termining the technical feas ib i l i ty of  
automatic mul t iple sys tem decoders . 

One way to demons trate the feas ib i l i ty of 
these decoders was to compare the perfo r ­
mance of  receivers that operated with mul ­
tip l e - system s tereo decoders to receivers 
that operated with s ingl e - sys tem decoders . 
The premise was that i f  a rece iver could be 
found that had comparab l e  performance to 
one of  the best  performing s ingl e - sys tem 
de coder rece ivers , then at a minimum , we 
could conclude that automatic , mul t iple , 
stereo sys tem decoders are technically 
feas ible . 

We began by reviewing the exis ting operat ­
ing rules and condi t ions of  the AM broad ­
casts and then des igning a series of  tes ts 
we could make on AM s tereo rece ivers . 
The se te s ts had to measure the performance 
of the rece ivers under all o f  the expected 
operating condi t ions and for condi tions 
that would tend to s tress  the automated 
decoding features of the receivers . We 
dec ided that we would us e dis tort ion as a 
pr imary measure of  receiver performance , 
and we also inc luded tests of  rece iver sen­
s i t ivity and receiver interference rej e c ­
tion a s  addit ional tes ts . W e  also dec ided 
to measure the presence of the s tereo 
indicator dur ing the tests . The s tereo 
indicator would tell us if the rec e iver 
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Project personne l ( standi ng 1 .  to r . ) Eldon 
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0 '  Day , Jean Adams , and ( se a ted 1 .  to r . )  
Greg Hand and B i l l  R idd le 

was in s tereo mode , and hence , de termine if 
it was in a wideband mode or perhaps giving 
a false  indication of s tereo . 

In actual operating condi t i ons , the stereo 
receiver would be expected to operate with 
interference from cochanne l transmitters at 
2 6  dB below the de s ired s ignal at the 
fringe o f  the de s ired s ignal and interfe r ­
ence from adj acent channels at 0 dB rela­
t ive to the de s ired s i gnal . We , therefore , 
planned the tes t ing to inc lude tes ts for 
condi tions as shown in the test  matrix 
below and for the fol l owing addit ional 
condi tions : 

modulat ion leve ls  o f  3 0 % , 9 0 % , and 12 5 %  
rf s ignal l eve ls  o f  10 mv/m , 0 . 5  mvjm , 

and 0 . 1  mv/m 
audio s tereo matr ix of  left only , right 

only , left = right , and l e ft = - right 

Thi s  comb inat ion of condi t i ons should test 
the extremes of  operation expected over all 
comb inations of  s ignal s  that could stress  
the audio decoders . 

We s e t  up an AM stereo broadcast sys tem in 
the laboratory that would generate the 
nec e s s ary s tereo s i gnals and allow a con­
tro lled repeatable environment for the 
receiver testing . The ent ire tests were 
then automated us ing the IEEE - 4 8 8  bus 
controlled ins trumentat ion . We used a 



l aboratory s ignal generator modulated with 
shaped no i s e  for an interfer ing s ignal . 
The b lock diagram o f  the measurement sys tem 
is i l lustrated below . The audio analyze r  
gene rated audio tones u s e d  t o  modulate the 
test s i gnal s ources who s e  rf output was 
connected e i ther to a s tandard loop or dir ­
ec tly to the receivers under t e s t  through 
dummy antenna networks as appropr iate . The 
audio output and s tereo indicator vo l tage 
from the rece ivers was then re turned to the 
audio analyze r  which made the dis tortion , 
s ignal - to - no i s e  ratio , and s tereo indicator 
measurements . 

We measured the performance of  eight 
receivers that used both s ingle - sys tem AM 
s tereo decoders and multiple - system AM 
s tereo decoders over all of  the input and 
output parame ters described above . 

We then analyz ed the performance data by 
f i r s t  c alculat ing the di fferences in 
measured d i s tortion between s ingl e - sys tem 
decoder receivers and those measured for 
multiple - sys tem decoder receivers for the 
s ame i dentical input parameters . This 
generated a dis tribution o f  di fferences in 
d i s t o r tion that gave key s tatis tical 
inferenc e s  to the relative performances 
between rec e ivers . 

An example showing the dec i le value s for 
the differenc e s  be tween receiver nos . 7 and 
8 is  shown below . As a resul t of  the se 
tests , we conc luded that mul tiple - sys tem 
s tereo decoders are technically feas ible . 

.--------------------------------�- -----· ------------

Receiver No . 7 minus Receiver No . 8 
for irrlividual interference corrlitions 

Distortion Signal/Noise Signal/Interference 
LD MD UD No . ID MD UD No . LD MD UD 

(%) (dB) (dB) 

No interference -3 0 1 564 -4 0 2 576 
25 Hz offset -2 0 2 527 -1 0 10 527 -5 0 5 
15 Hz offset -1 0 3 523 -3 0 1 523 -2 0 10 
-10 kHz offset -3 0 4 1  530 -1 0 3 530 -5 0 5 
10 kHz offset -3 0 14 550 -1 0 2 550 -2 0 10 

where : LD = lower decile ; MD = middle decile ; UD = upper decile ; 
No . = number of data sample 

Distortion ( % )  
Signal-to-noise (dB) 
Signal-to-interference (dB) 

Receiver No . 7 minus Receiver No . 8 
for all conditions 

Decile level 
1 2 3 4 5 6 7 8 9 

-3 -1 
-2 -1 
-3 0 

0 
0 
0 

0 
0 
0 

0 
0 
0 

0 
0 
0 

1 
1 
0 

2 10 
1 3 
3 10 

No . 

527 
523 
530 
550 

25 



M F  Systems Asse s s m e n t  

Outputs 
* Interac t ive model s  to as s i s t  the planning 

of broadcast fac i l i ti e s  in the MF band 

The Ins t i tute has been a source of the 
deve lopment of mode l s  to predict losses 
over smooth Earth at medium frequency (MF )  
and lower frequenc i e s  for homogeneous 

F r e q , ( MH z )  2 l . 6 1 B 
l lO �---�---�----,-------

1 20rr----r----t----!----j---

... c canyo n l ands 
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P roj e c t  per s onne l ( 1 .  to r . )  Jef f  Wepma n ,  
Susan Roth s c hi l d ,  Bre nt Bedford , Eldon 

Haaki ns on , and Nancy Kue s te r  

and mixed paths . The ground -wave mode ls 
have b een used in the devel opment of the 
curv e s  u s e d  by b o th na t i onal and 
internat ional organizations to compute 
coverage and interference from MF broadcas t 
transmitters . For the l a s t  dec ade , ITS has 
worked on extending the MF mode ls to 
include the e ffec t s  o f  irregular terrain 
and obs tacles such as bui ldings and fore sts 
on the propagation lo s s . 

The figures to the l e ft show a terrain path 
pro file for Canyonlands , UT , in the lower 
p l o t  and a compar i s on o f  predicted versus 
measured data along the path at 1 .  6 1 8  MHz 
in the upper plot . The measured data are 
shown by the x '  s ;  the smooth , homogeneous 
Earth predict ions are shown by the dashed 
l ine ; and the irregular terrain , homogen ­
eous Earth pred i c t ions are shown by the 
s o l i d  l ine . The predictions are no t only 
sens i t ive to the terrain at thes e  frequen­
c i e s , they are sens i t ive to changes in 
c onduc t iv i ty .  For example , i f  the 
conduc t ivity i s  changed from . 004 S/m to 
. 00 8  S/m , a factor of 2 change , the 
predi c ted field increas e d  by 8 dB at 10 km 
and by 12 dB at 5 0  km . I t  i s  evident from 
the plot that to ob tain accurate predi c ­
tions , knowledge o f  both terrain changes 
and conduct ivity changes, along the path are 
needed . 



Dur ing the dayt ime , MF sky - wave s ignals are 
abs orbed by the ionosphere ; howeve r , at 
nightt ime , the sky - wave s ignal s  are reflec ­
ted back to Earth , whi ch allows for large 
coverage areas but also many inter ference 
s i tuations. The FCC ' s  sky - wave curves are 
used throughout the United S tates regard­
less  of the transmitter lat i tude whereas 
regional and international regulators use 
models that depend upon the transmi tter ' s  
and receivers ' lati tudes. Depending upon 
which mode l i s  cho s en for the analys is , the 
transmi tter ' s  c overage and interference 
areas will  change in s iz e. In order to 
compare the mode l s , ITS has deve loped the 
algorithms for the national , regional , and 
international MF predict ion programs so 
that all c an be run with common input and 
have common outputs. 

The Ins titute has deve loped an interac t ive 
program that allows the user to select a 
ground -wave model and a sky -wave mode l from 
the model s  l i s ted above. 

The user may also select from di fferent 
transmitt ing and rece iving antennas . The 
p rogram computes the sky - wave s ignal , the 
ground- wave s ignal , and the no ise at the 
use r - selected po ints . In this  manner the 
user can te s t  var ious trade - o ffs as they 
relate to nat ional , regional , and interna ­
t i onal MF broadcas t requirements. 

Another use of the MF ground -wave irregular 
terrain mode l is to predict the coverage 
around coas tal MF transmi tters. Certainly 
over wate r , the coverage contour should be 
a cons tant radius from the transmitter . 
However , agenc ies such as the Coas t Guard 
have re spons ib i l i t i e s  to cover inland 
waterways , harbors , and other water routes 
that are protected by land . The figure 
below shows the results of applying the 
ground -wave i rregular terrain mode l to five 
Coas t Guard s tations on the East Coast 
transmitting at 5 1 8  kHz. 

East Coast NA VTEX service area 

10 

80 
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degrees 

60 
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100 nMi 
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H F  Syst e m  A s s e s s m e n t  

Outputs 
* Improved techniques to predict HF system 

performance 
* More accurate ionospher i c  specificat ion 
* Analytical techniques for Government 

agenc ies ' HF operational use 
* Interac tive HF sky -wave and ground ­

wave mode l s  
* Performance analys is  standards for HF 

broadcas t ing 

The Ins t i tute has provided support to other 
Gove rnment agenc i e s  in var ious areas 
pertaining to high - frequency ( HF) propaga ­
t ion sys tem performance and in inves tiga t ­
ing methods that can be used t o  improve the 
specific predict ion o f  the ionosphere. 
Becaus e the ionosphere is the medium by 
which HF sky waves are propagated , improve ­
ments in the ab i l i ty to predict the s tate 
of  the ionosphere p rovide corre sponding 
improvements in the ab i l i ty to predict the 
expected performance of telecommunication 
sys tems that use the HF spectrum , providing 
the lead t ime nece s s ary for equipment and 
frequency selection . 

One study that was undertaken by the 
Ins titute that re lates to high - frequency 
propagation i s  directed at asse s s ing the 
impact of gradients in the electron dens i ty 
on the expecte d  performance of  HF sys tems 
operating in and near high latitudes . 
Us ing the data that were collected during 
campaigns to determine the locat ion of  
j ammers to the HF broadcas t ing service , 
ob servat ions were grouped according to the 
magne tic act ivity index. The observations 
cons t i tuted measurements of s i gnal bear ings 
that were gathered at monitoring s tations 
located in the United S tates and Europe . 
The sources  o f  the s ignal s  were emitters 
located in the S oviet Union . Observations 
with ionospheric refle c t ion po ints located 
at high lat i tude s were analyze d .  

The se data were inve s t i gated to de termine 
to what extent the bearings from particular 
locations were changed when the magne tic 
act ivity increase d .  Change s in magne tic 
ac tivity were ident ified by the use of  the 

2 8  

Proj ec t  pe rsonne l ( 1 . to r . )  Don Spauldi n g , 

Frank S tewar t ,  Ri ta Reasoner ,  Eldon 
Haakinson , Jim Washburn , and Larry Tete rs 

Q index that relates to the p o s i t ion of  the 
auroral oval . The region in and near the 
oval is charac terized by the occurrence of  
large gradients in the ionosphere . An 
i l lus trat ion o f  the relative pos i t ion of 
the oval during quie t  magnetic conditions 
is given in the figure below . As the oval 

1 80 

0 
AURORAL OVAL NORTH POLE 

Q = 4 JULY 

moves equatorward with increas ing magne tic 
ac t iv i ty , s i gn a l s  who s e  i o no sphe r i c  
reflect ion po ints are located a t  lower 
latitude s show larger be aring deviations . 
The amount of  the deviation is  dependent on 
a number of  comp lex , interac t ive phenomena 
such as the local t ime , Q value , and season 



of the year . Thi s  s tudy is  continuing with 
emphas i s  on predi c t ing the l ikely inter ­
ference that results to o ther services when 
broadcas t s ignal s  are deviated out o f  the 
great c ircle p ropagat ion path . 

The Ionospher i c  Communications Analys is  and 
Predic t ion Program ( IONCAP ) is an inte ­
grated sys tem of  mode l s  de s igned to predi c t  
h i g h - f r e q u e n c y , s ky - w a v e  s y s t e m s  
per formance and analyze ionospheric para ­
me ters . The I ONCAP program is  provided 
with bui l t - in antenna evaluations . The s e t  
o f  antennas i s  called the ITSA- 1 antenna 
package . Ano the r  s e t  o f  antennas was 
deve loped for the HFMUFES propagation 
predi c t ions p rogram and , although there i s  
some overlap , the HFMUFES package contains 
antennas no t inc luded in the ITSA - 1 
package . The HFMUFES antenna package has 
been implemented on the I BM- PC/AT vers ion 
of IONCAP . This  implementation al lows the 
user to have acce s s  to an expanded s e t  of  
antennas from the I ONCAP propagat ion 
predict ion programs . 

The United S tates uses HF transmitters 
located all over the world to broadcas t 
news and entertainment . The broadcasts  are 
conduc ted in various l anguages bes ides 
Engl ish , such as Rus s i an or  Pol i sh . The 
organ i z a t i on s  th a t  a dm i n i s t e r  th e s e  
internat ional b roadcas ts are currently 
up grading the i r  transmi t t ing fac i l i t ies . 
By elec tronically shap ing and steering the 
antenna beam , the fac i l i ty can direct the 
s i gnal to tho se l i s teners who speak the 
language o f  the broadcas t .  For examp l e , a 
Pol ish language b roadcast would call for a 
relatively narrow antenna beam ,  whi l e  a 
Rus s i an or an Engl ish broadcast woul d  
require a wide antenna beam .  The use o f  
the e l e c t r o n i cally contro lled antenna 
increas es  the spec trum e ffic iency o f  the 
broadcas t network and in the long run i t  
save s money because l e s s  transmitter power 
is required to broadcas t with the narrow , 
high- gain antenna beams . 

Th e I ns t i tute has deve loped computer 
programs that are used to a s s e s s  the ­
broadcast p l anning problem . Thi s  s tarts 
with determining the required antenna gains 
and p o int ing angles from the transmitter to 
the recepti on area . Then antenna patterns 
such as thos e  shown in the fol lowing figure 

a r e  c ompu t e d  and p r op o s ed for the 
transmitter for a p art icular az imuth and 
takeoff angle from the transmitter for an 
HRS 4/6/0 . 5  cur tain array (4  dipoles wide 
and 6 dipoles  high )  that is steered 30 
az imuth at 8 . 7 5 MHz . Final ly , the programs 
help select which patterns and frequenc ies 
will op t imize the b roadcast schedule by 
providing the mo s t  coverage to the lis ­
teners at the l eas t cost  in transmi tter 
power . 

TaKeoff Angle Azim 0 1 2 3 4 5 6 7 6 9 10 \1 12 13 14 15  16 17 18  19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 
0 1 
2 1 ' 4 4 7 5 4 7 10 10 4 1 
6 10 7 7 10 " 13 13 7 4 
8 9 4 10 13 16 16 16 16 4 4 4 

10 16 10  7 
" 16 " 
12 16 
" 7 19 19 7 7 
14 13 16 19 19 " 
15 10  I 4 
16 19 19 16 
17  4 I 
18 7 1 19 
20 19 10 
21 10 
22 23 10 
24 22 22 
25 26 27 
28 29 
30 10 16 19 22 22 22 22 16 13 4 7 10 10 7 4 31 
" 19 
33 34 10 
35 10 
36 19 10 
37 19 16 
38 '' 7 13 16 19 19 13 10 
40 19 19 41  42 16 
" 16 44 16 " 45 10 13 16 
46 4 16 16 16 10 7 7 7 7 
47 " 
48 " 49 " 10 50 1 7 10 " " 51 13 13 7 4 52 10 10 53 10  54 4 7 10 10 10  55 10  4 1 
56 57 1 4 
58 7 7 7 1 1 
59 
60 

Recent ITS Pub l icat ions 

An Updated No i s e  Mode l for Use in IONCAP 
(by Spaulding and Washburn) 

Gain Evaluation for an Idealized Curtain 
Array Antenna (by Kues ter)  

Us er ' s  Guide for the HF Broadcast Antenna 
Des ign and Validat ion Summary Programs 
(by Haakins on , Rothschi ld , and Godwin) 
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Te s t  M e th o d o l o g y  a n d  System Pe rforman c e  

Outputs 
* I n t e l l i g i b i l i t y  o f  ampl i t ude companded 

s i d e b a n d  m o d u l a t i o n  c o m p a r e d to 
convent ional f r equency modulation 

* Recomm en d e d  r e q u i rement s  and mea s ur e ­

m e n t s  f o r  an N I J  s tandard f o r  ACS B  
r ec e iver s 

* Per f ormance par ameter de f i n i t ion s 
* An N I J  repor t on mobi le VHF/UHF a n tennas 

The Ins t i tute recen t ly comple ted a pro j ec t  

that a s s e s s ed the vo ice qua l i t y  o f  amp l i ­

t ude companded s i de ba nd ( AC S B )  - - a  nar row­
b a n d  mod u l a t i o n  t e c h n i que a l low ing more 

e f f i c ie n t  use o f  the rad io s pectrum . AC SB 
i s  c u r r e n t l y a u t ho r i z e d  for use i n  the 

1 5 0-MHz band . The FCC has i n i t i a ted a c t ion 

explor i ng whe ther ACSB should be g iven " i t s  
own spe c tr um" i n  t h e  2 2 0 -MHz band . Such 

a c t ion wou ld further increase the app l i ca­

t i on o f  AC SB i n  land mob i l e  rad io .  

The ITS wor k ,  u s i ng FM l and mobi le r ad io a s  

a r e f e r e n c e , i d e n t i f i e d  the appropr iate 

per formance mea sures for ACS B  and iden t i ­
f i ed t h e  v a  1 u e s o f  t h e s e  mea s ur e s  that 

r epre s e n t  the mi n imum leve l of acceptable 

p e r f o r m a n c e . T h a t  m i n i m um l e v e l o f  
per formance , a s  shown i n  the f i gure be low , 

i s  d e f i ned as the s peech inte l l i g ib i l i t y  
for a n  F M  s ys tem oper a t i ng a t  1 2  dB S I NAD . 

U s i n g a r t i c u l a t i o n  s co r e  ( AS )  a s  
s ubj e c t i ve mea s ure o f  inte l l i g ibi l i ty , 
conc lus ion tha t  1 2  d B  S IN AD repr e s e n t s  
same l ev e l  o f  per formance for AC SB as 

t:r------I::J. AC$8 Un1t A 
o::r----q ACSB Un1t 8 
- FM UnitC 
o----oFM Unit 0 

t h e  

the 
the 

i t  

65.�----�------�,0�-----,�2------�,.�----�.�. ----� .• 
SINAD (dB) 
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P roj e c t  per s onne l (1. t o  r . ) John Harma n ,  
Ern i e Mor r i son , N i c k  D eMinco,  Tom Jon e s , 

a nd B i l l  K i s s i ck 

does for FM i s  ea s i ly r eached . The f i gure 

to the left shows tha t at 1 2  dB S I NAD the 

a r t i c u l a t i o n  

b r a c k e t  t h e  

s c o r e s  o f  
a r t i cu l a t ion 

for FM r ec e iver s .  

AC S B  r e c e i v e r s  
scor e s  mea s ured 

G a i n / Ra n g e  P l o t s  f o r  M o b i l e  V H F /U H F  
A n t e n n a s . T h e  I n s t i t u t e  ha s a pp l i ed 

computer mod e l ing to s t ud y  the propagat ion 

of VHF/UHF mob i le rad i o  sys tems for the Law 
En f o r c e me n t S t a nd a r d s Labora tor y o f  the 

N a t  i o n  a 1 B u re a u  of Standard s .  A r epor t  

pr e p a r e d  f o r  t h e  N a t i o n a l I n s t i t ut e  o f  
Jus t i c e  uti l i z e s  mob i le antenna powe r ga i n  
r a d i a t i o n  d a t a  t o  c o m p u t e  c u mu l a t i ve 
d i s t r i b u t i o n s  o f  ga i n  versus per c e n t  o f  
a z imuth for each o f  s i x  s e parate veh i c l e  

a n t e n n a  l o c a t i on s . Th e mob i l e  antenna 

powe r ga in rad iat ion da ta is p lo t ted i n  the 

next f i gure wh i ch is followed by a plot o f  

t h e  com p u t e d  c u m u l a t i v e d i s t r ibut i on o f  
g a i n . Th e r e s u l t s  provide a conven i en t  
means o f  compar ing antenna per formanc e  and 

t h e  e xp e c t e d  p r o p a g a t i o n  r a n g e . The 
propagat ion mod e l  a l lows the pred i c t i on of  

commun icat ion ranges by con s i de r i ng a ll of  

the s y s t e m  p a r a me t e r s  i nc lud i ng antenna 

e le va t i ons and the pro f i le of the i n t e r ve n ­
i n g  terra i n . 

S t r e s s  L o a d i n g F a c i l i t y  M e t h o d o l o g y  

I n v e s t i g a t i o n s . T h e  S t r e s s  L o a d i n g 
F a c i l i t y ( S L F ) under deve lopment a t  the 

u.s. Army ' s  Elec tron i c  Prov ing Ground i s  an 
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i n t e g r a t e d  t e s t  s y s t e m  t h a t  produces a 
d e n s e  e le c tr omagn e t i c  t h r e a t  tes t  env i ron­

ment for s y s t ems und e r  te s t . Under severe 

e l e c t r om a g n e t i c  s t r e s s  c o n d i t i o n s , t h e  

s y s t e m ' s  per formance i n  terms of var ious 
r e s p o n s e  p a r a m e t e r s  m a y  b e  d e g r a d e d . 

D e f i n i n g  th e s e  p e r f o r m a n c e  p a r a me t e r s , 

deve loping tec h n i ques for mon i to r i n g  them , 

a n d  p r o v i d i n g t h e  m e t h o d o l o g y  for data 

r e d u c t ion , analys i s , and d i s play a r e  the 

ma j or obj e c t i ve s  of the I T S  program . 

A s t r u c t u r e d  a pp r o a c h  t h a t  e s t a b l i s hes 

u n i form method s for spec i f y ing , a s s e s s ing , 
a n d  compa r i n g s y s tem per formance from a 

f u nc t ional s ta ndpo int is used to deve lop 

p a r a m e t e r s  and mea s u r e s  of f u nc t i o n a l 
per formance . Th is s t r uctured approach i s  

b a s e d  o n  t h r e e  p o s s i b l e  o u t c o m e s  o f  
per forming a g i ven s y s tem f unc t ion - - name ly , 

i n  t e n d e d p e r f o r m ance , inco r r e c t  per form­
ance , or no per formance .  The s e  outcomes 

then lead to par ame ter s e l e c t ions in terms 

o f  s pe ed , accuracy , and dependab i l i ty a s  
s hown i n  the f i gur e .  
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4.  PARAMETER 

SELECTION 

Recent I TS 

(CONTROLL.EO) 
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Pub l i ca t ions 

AC S B :  Wha t  is Ade qua t e  Per formance ? 

Jones and K i s s i c k )  

Inve s t igation s  o f  Tes t Me thodo logy for 

Stres s Load ing Fac i l i ty ( by Jenn i ngs ) 
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Transmission System Performance Measurement, 
M o n itoring,  Evaluation , a n d  C o ntrol  

Outputs 
* So ftwa r e : 3 0 0 , 0 0 0  l i nes 

u sed for transmiss ion 
and control 

o f  source code 

system mon i tor 

* Tr ansmi s s i on per formance standards 
* Improved channel mod e l s  

* I mpr o ved microwave tran smi s s ion sys tem 
des ign methodology 

* I m p r o v e d  s p a c e  d i ve r s i t y sw i t c h i n g 

a lgor i thms 
* Re comm e n d a t i o n s  r e g a r d ing eng i neer ing 

changes to DC S rad ios 

A ma j or componen t  o f  the De fense Commun i c a ­
t ions System ( DC S )  i s  the D i g i t a l  European 

B a c kbone (DEB)  • The DEB i s  a microwave 

transm i s s ion ne twor k that provides m i l i tary 

commun icat ion services in I ta ly ,  Germany , 
N e t h e r l a n d s , B e l g i um ,  and the Un i t e d  
K i n g d om . Th e n e t wo r k  c a r r i e s  cr i t i ca l  
comm a n d  a n d  c o n t r o l  tr a f f i c  a s  we l l  as 

routine adm i n i s t r a t ive tra f f i c . 

WEST G ERMANY 

Linderhof 

Rothwesten 

Schwarzenborn 
,•" 

•" 
;" 

,, 
•" 

;" /Feldberg 
Frankfurt 

Proj ect pers onne l ( s tandi ng 1 .  to r . )  Jim 
Hoffmeyer, Joe Far row, Dick Skerj anec, 
Larry Hause,  Tim Ri ley, Lauren P ra tt, Bob 
McLean, Suzy Be r na l, Evi e G ray, and 
( seated ) Chr i s  Behm and Ri ck Statz 

The I n s t i t u te has provided s uppo r t  to a 

var i ety o f  Depar tmen t o f  Defense agenc i e s  
d u r i n g  the c o u r s e  of the deve lopmen t  o f  
DEB . One o f  the pr imary pro j ects ha s been 

the deve lopment of a system known as the 

Fr ankfurt Nor th Segment of the D i g i ta l  European Backbone 
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Tr ansm i s s ion Mon i tor and Con tro l ( TRAMCON ) 

s y s tem . One ma j o r  purpose o f  TRAMCON i s  to 

provide au tomated mon i tor i ng o f  the s t a t u s  

o f  the commun i c a t ion equipmen t  w i t h i n  DEB . 
A second pur pose is to provide the mea n s  

for r emo t e ly con tro l l i ng sys t em con f igura­
t ion and sw i tc h i ng i n  r ed undant equipment 

i n  the e v e n t  o f  f a i l u r e . The TRAMCON 
s y s t e m  w i l l  e v e n t u a l l y c o n s i s t  o f  2 5  

m i n i computer s that mon itor DEB equipmen t  a t  
over 2 5 0  commun i c a t i on s i t e s  i n  Europe . 

Dur ing FY 8 7 , the I n s t i t u te comple ted a new 

s o f tw a r e  ve r s i o n  o f  TRAMC O N , c o m p l eted 
e x t e n s i v e  d o c um e n t a t i o n  o f  the 3 0 0 , 0 0 0  

l i nes o f  source cod e , and a s s i s ted in the 

t e s t i n g o f  the TRAM C O N  s ys tem a t  f i e ld 

s i t e s  i n  Europe . The TRAMCON s ystem i s  
r ecogn i zed as a c r i t i ca l par t  o f  t h e  D EB 

n e tw o r k  a n d  i s  a c r uc i a l  p a r t o f  t h e  

n e tw o r k  m a n a gement and tech n i c a l  con t r o l  

for DC S .  

The TRAMCON system prov ides v i t a l  i nput to 

a l a r g e pe r f o r m a n c e  me a s urement pro j e c t  

t h a t wa s i n  i t  i a t e d  d u r i n g F Y  8 7 • Th i s  

p r o j ec t , known as the Ne twor k Per formance 

C h a r a c t e r i z a t ion/L i n k  Per formance Cha r a c ­

t e r i z a t i o n  P r o j e c t , i s  a m u l t i a g e n c y ­
f unded pro j ec t  that w i l l  prov ide valuable 
data on the per formance of the DEB ne twor k .  

T h e  N PC/LPC pro j ec t  con s i s t s  of mea s ur e ­

men t s  mad e o n  the Frank fur t Nor th Segme n t  

o f  D E B . E n d - t o - e n d p e r f o r m a n c e  

RADIO 

mea s ur emen t s  w i l l  be made on a commun i ca­

t i on channe l between Ber l i n  and a site near 

Fr ankfur t . Deta i l ed mea s urements w i l l  be 

made on one l i n k  of t h i s  cha n n e l ( the 
Schwar zenborn - Fe ldberg l i n k ) . 

Th e o b j e c t i ve s  o f  t h i s  p r o g r a m  inc lude 

va l i da t ion o f  microwave l i n k  des i gn method s 

and mod e l s , compa r i son o f  per formance w i th 

m i l i ta r y  and CC IR s tandard s , quant i f i ca t i on 
o f  long -term ( 1 2  month s )  per formance , and 
a n  i n v e s t i g a t i on o f  a l te r n a t i v e s pa c e  
d i ver s i t y  swi t ching a lgor i thms . There w i l l  

b e  several sources o f  data for the NPC/LPC 
mea s urement program in add i t ion to TRAMCON . 

B i t  error rate tes t  set ( BERT S )  data , r a d i o  
pe r f o r ma n c e  data , mul t i path fad ing dat a , 

and meteorolog ica l data w i l l  be co llec ted 

as we l l .  

The NPC/LPC pro j ec t  i s  a large mea s uremen t  

proj ec t tha t w i l l  prov ide va luable data for 

a va r i e t y  of n a t i o na l and interna t iona l 
s ta ndards groups . 

Recent I T S  Pub l i ca t i on s  

A Computer -Based Transmi s s ion Mon i tor and 
Cont r o l  System ( by Far row and Sker j anec ) 

Tr a n s m i s s i o n  Mon i t o r i n g  and 

S t r a t e g i c  C o mm u n i c a t i on 

Farrow and Sker j anec ) 

Con t r o l  o f  

S y s t e m s  ( by 

MULTIPATH METE ORO-
TRAM CON PERFORM- BERTS 

FADING LOGICAL 
DATA ANCE DATA 

DATA 
DATA 

DATA 

� \  I / 
NPC/LPC 

MEASUREMENT 
PROGRAM 

� ,/ � -----.. 
VALIDATE COMPARE 

QUANTIFY INVESTIGATE 
MICROWAVE MEASURED ALTERNATIVE 
LINK DESIGN PERFORMANCE 

LONG-TERM SPACE DIVER-
METHODS & WITH 

DEB SITY SWITCHING 
MODELS STANDARDS 

PERFORMANCE ALGORITHMS 

NPC/LPC Mea s urement Program Ob j ec t i ves 
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M i c rowave C o m m un icat ions Li n k  Te s t i n g  

Outputs 
* Chann e l  probe hardware 
* Propagat ion d a ta 

* Channe l mode l s  

* D i g i t a l  r ad i o  per formance data 

Dur i ng FY 8 7 , the I ns t i t ute ana ly z ed te s t  

r e s u l t s  f r o m  o n e  t r o p o s c a t t e r  l i n k , 
conduc ted te s t s  on one l i ne -o f - s ight ( LO S )  
m i c r o w a v e  l i nk , and planned te s t s  to be 

conduc ted dur i ng FY 8 8  on another LOS l i n k . 
Each o f  the s e  l i nk s  i s  par t  o f  the D i g i t a l  

E u r o p e a n  B a c k b o n e  ( D E B )  w h i c h  i s  a 

u . s . -owned and -oper a ted ne two r k  de s i gned 

t o  c a r r y  b o t h  r o u t i ne a d m i n i s t r a t i v e 
t r a f f i c and cr i t i ca l  command and con trol 

t r a f f ic . The l i nk s  tes ted or  ana l y z ed are 
c r i t i c a l  par t s  o f  DEB . For e xample , the 

B e r l i n - Boc k s b e r g  t r o p o  l i n k , wh i c h wa s 
t e s t e d  by I T S  dur i ng FY 8 6  a nd ana l y z ed 

d ur ing FY 8 7 , ca r r i e s  a h i gh percentage o f  

t h e  U . S .  m i l i t a r y  t r a f f i c  to a n d  f r o m  

Ber l i n . 

frequency # 
freq uency # 2 

-

Proj e c t  pe r sonnel { l .  to r . )  John Lemmon ,  
Bob Hubbard , Lauren P r a t t , and T i m  Ri ley 

Typ i c a l  f i e l d t e s t s  f o r  e i t h e r  LO S o r  
tropo s ca t ter l i nks con s i s t  o f  meas ureme n t s  

of the error rate o f  a d ig i t a l  rad i o  under 
t e s t a n d  mea s u r e m e n t s  of the amount of 
mul t i path occur r i ng on the cha nn e l at the 

t ime errors wer e  obser ved on the r ad io .  I t  

� � -------) --------------� 

�-
FAD I N G  CHAN N EL 

�'"1 

TRAN SM ITTER 
OF RAD I O  

U N D ER TEST 

;; 

TEST DATA 
GEN ERATO R 
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i s  i m p o r t a n t  to h a v e  s o m e  mea s u r e  o f  

p r o p a g a t i on c o nd i t i o n s  a t  the t ime the 

r ad io mea sur emen ts are be i ng mad e . Hav ing 
bo th sets of da ta per m i t s  one to cor r e late 

the l e v e l of rad i o  per formance with the 

amount of mu l t i path on the channe l .  

Tropo Channe l Probe Developed by I T S  

T h e  I n s t i t u t e ha s d e v e l o p ed two un i que 

i ns t r uments for the mea s urement of mul t i ­
path on microwave chann e l s - -one for use on 
L O S  c h a n n e l s  a n d  one for use on trope­

s c a t t e r  c h a n n e l s . Th e s e  i n s t r um e n t s  
prov i de the channel impulse r e s ponse by the 

c r o s s - co r r e l a t i on method . A pseudo-no i s e  

s equence is transmi t ted a t  one end o f  the 
l i nk . At the other end of the l i n k  the 

c h a n n e l  p r o b e  d o e s a c r o s s - c o r r e l a t i on 

between the rece ived s igna l and a rep l i c a  
o f  t h e  transmi tted s i gna l .  

Dur i ng FY 8 7 , a new channe l probe for use 

o n  troposca tter links wa s deve loped . The 

new probe has h igher r e s o l u t i on than the 

p r e v i o u s  p r o b e . Th i s  p e r m i t s  f u l l e r  
i n s i ght into the propagat ion env i ronmen t . 

The te s t ing and ana ly s i s  conduc ted by I TS 
o f  the Ber l i n - Bocksberg l i n k  has re s u l ted 

i n  n e w  und e r s t a n d i n g  o f  the e f f ec ts o f  

t roposca tter propag a t i on . I n  par t i cu lar , 

the dynam i c  nature o f  th i s  mode o f  trans­

m i s s ion was i nve s t i ga ted and found to have 

a dr ama t i c  impact on d i g i t a l  tropo rad i o  

p e r f o r m a n c e . T h i s  p o t e n t i a l l y w i l l  

i n f l uence f uture des i gn o f  tro po radios . 

Mea s urements on the two LOS l i nks men t ioned 

a bove ar e e xpec ted to add a vast amount o f  

d a t a  r e l evant to chann e l  mod e l i ng , channe l 

s im u l a t i on , and l i nk des ign o f  LOS micro­
wave commun icat ion systems . Th is informa­

t i on i s  r e l e v a n t to the p r ivate sector 

( e . g . , the common ca r r ie r s ) a s  we l l  as to 

the m i l i tary sector . 

Recent I TS Publ icat ions 

P r o pa g a t i o n and 

o v e r  a D i g i t a l  
Lemmon ) 

Per formance Mea s urements 

Commun i c a t i ons Link ( by 

LOS Microwave Antennas at Swingate , Eng land 
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Tran s m is s i o n  Syste m  M o d e l ing 

Outputs 
* Line - of - s i ght rad io l i n k  des ign program 

tha t incorpor ates a new a lgor i thm for 

ca lcula t i ng the e f fects  of f r e quency 

s e l e c t i v e f a d i n g on r a d i o  l i n k  

per formance 

* Wide area propagation so f tware 

Dur i ng the pa s t  seve r a l  yea r s , the I n s t i ­

tute ha s prod uced inte ract i ve programs for 

the m i l i tar y  depar tments to use i n  pre d i c t ­

i n g  t h e  per formance of terrestr i a l  r a d i o  
t r a n s m i s s i o n  s y s t e m s . Bec a u s e  o f  t h e  

con s tant upd a t ing of s tandard s ,  evo lut ion 

o f  t h e  t e c h n o l o g y , a n d  t h e  ch a n g i n g  
commun icat ion requir ements , the u.s. Army 

has reque s ted the I n s t i t ute to enha nce the 

o r i g i na l  progr ams and to deve lop new one s . 

Such programs must incorporate the f o l low­
ing features : 

o mor e  e f f i c ient rad io l i n k  de s i gn 
o des i gn a lgor i thms that are a s  accurate 

a s  p o s s i b l e  to a s s u r e  r e l i a b l e  

commun i c a t ions 
o easy-to-use programs , wh ich cut tra i n i ng 

c o s t s  a n d  d e c r e a s e  t h e  ch a n c e s  o f  

operator errors 

o c o m p a t i b i l i t y w i t h  w i d e  v a r i e t y  of 
compu ter s  inc lud ing inexpens ive mode l s  

o c l e a r  and unambi guous prog ram outputs 

M u c h  p r o g r e s s  h a s  b e e n  mad e at I TS in 
a c h i e v ing thes e  goa l s . The l i ne-o f - s i te 

l i n k  d e s ign program uses mu l t i pa th f ad ing 

data for a g i ven path , d i ver s i t y  con f i gur a­

t ion data , and the cha racter i s t i c s  o f  the 
b i t - e r r o r - ra t e  s ignature of a pa r t i cular 
rad io .  Typ i c a l  program outputs dr awn w i th 

t h i s  so f twar e  are shown i n  the f o l lowing 
f i gur e s . 

Because mi l i t a r y  per sonne l change fre quen­

t ly ,  it wa s e s s en t i a l  tha t the program be 

d e s i gned so tha t ope r a tor s can learn to use 

i t  proper ly , with a min imum of tr a i n ing . 

A r m y  p e r  s o  n n e  l mus t u s e  the prog ram to 

calculate e s t imat ions of whe ther a par t icu­

l a r  l i n k  w i l l  pe r f o r m  at an acceptable 

qua l i t y  and t ime ava i labi l i ty . The program 
is d o c umented in a manner tha t makes it 
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Proj e c t  pe rsonnel ( l .  to r . )  Ray Thompson 
and Larry Hause 

ea s i ly operated , unde r s tood , mod i f i ed ,  and 
upd a t e d . I t  c o ve r s  l i n k s  oper a t i ng at 

c a r r i e r f r e q u e n c i e s  b e t w e e n  l G H z  and 
2 0  G H z . Th e m i c r owave l i n k  eng i ne e r ing 
so f tware i s  be ing used by the sponsor ing 

u.s. Army agency to pred i c t  the per f ormance 

on l i n ks be ing deve loped a s  par t of the 

wor ldwide Defense Commun i c a t i on s  Syste m . 

Current so f twa r e  deve lopmen t  e f fo r t s  by the 
I n s t i t u t e in the area o f  m i cr owave l i n k  

d e s ign are focused o n  produc i ng an inte­
g r a t e d s e t  o f  r a d i o  l i n k  d e s i g n and 

ana lys i s  programs w i th thes e  f ea t ur e s : 

o UNIX env ironment oper a t i on 
o c o n v e n i en c e  o f  t r a n s po r t i n g b e t w e e n  

compu ter systems 
o i n c o r p o r a t i o n  o f  n e w  a n d u pd a t e d  

a lgor i thms 

o s u b s t a n t i a l l y d e cr e a sed operator time 

per l i n k  de s i gn 

o e a s e  o f  use with l e s s  ope r a tor tra i n i ng 
time 

o a p p l i c a b i l i t y  to a l l  t h r e e  t ypes of 

r a d i o  l i n k s - - l ine-o f - s i gh t , mar g i na l  

l i n e - o f - s i gh t , and ove r - the-hor i zon 

l i n ks 

In a proj ec t devoted to wide area propaga­

tion mod e l  deve lopment , a propaga t i on mod e l  

for NSA wa s deve loped that w a s  a re f i nement 

of a much mor e  de ta i l ed mode l tha t requi red 
the use of the CDC Cyber 7 5 0 computer .  The 



r e f i ned mode l  wa s de s i gned for a per sona l 

c om p u ter and i ncorpor a t e s  the e f fects  of 

f r e e - space los s , smooth-ea r th d i f f r a c t ion , 

and obs tac l e  d i f f r a c t i on for m i crowave ter­

r e s t r i a l  l i n k s . Th i s  is  a c l a s s i f i ed 

pro j e c t . 

Rece n t  I TS Pub l i ca t ions 

A D i f f r a c t ion Mod e l  for Wide Area Propaga -

t i o n  A n a l y s i s  ( U ) ( b y D u t t o n  a n d  

Thompson ) 

Add i t i o n  a 1 Re f l ec t i v i t y  Ana lys i s  
Outer R i ng Prote c t i on Zone Mode l 

D u tton and Thompson ) 

for 
( U )  

the 
( by 

Algor i thms U�ed i n  ARROWS :  �utodes ign o f  

�ad i o  �e lay Qpt imum W i deband �s tems ( by 

Haus e )  

P r o p a g a t i o n  Pr ed i c t i on s  for Mar g i na l  LOS 
M i c rowave Paths ( by Hause and Far row ) 

I .  Pri mary Fre9uency GHz 7. 4000 
2. Polari zat i on Vert ical  

3. Lati tude d/m/s 49 57 ' 37. 0"N  
4 .  Longi tude dim/a 7 38 ' 17 . 0"E  
5 .  Tower Base E l evation Above m a l  m 643. 00 
6. Beam A z i muth at SKF to MUL d/m/s 234 49 ' 09. 3 "  
7. Beam Magnet i c  A z i muth at SKF to MUL d/m/a 239 49 ' 09. 3 "  
8 .  Pri mary Beam E 1 e v  Ang l e  a t  SKF to MUL d/m/s -05 ' 49. 6 "  
9. Pri mary Antenna Vert i ca l  D i mens i on m 3. 00 

10.  D i vers i ty Antenna Vertical  D i mens i on m 3. 00 
1 1 . Pr i m  Ant Center Ht Above Tower Base m 38. 50 
1 2. D i ver Ant Center Ht Above Tower Base m 28. 50 

An tenna S i gh t i ng D i agram 
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TELECOMMUNICATION 

SY STEM S PLANNING 
The Ins ti tu te i s  tasked to s e rve as a 
central Fede ral resour ce to as s is t  other 
agenc i e s  of the Gove rnme nt in the plan­
ni ng - des i gn . mai ntenan ce , and improvement 
of thei r  te lec ommuni cations activi ties . 
In order to solve spe ci f i c  te le communi ca­
tion problems of othe r Fede ral agenc i es , 
ITS app l i es i ts expe rtise i n  pe rforming 

user requirements ana lys i s , sys tem design , 
and network arch i te c ture deve lopme nt . The 
Insti tute ' s  ef for ts are directed toward 
effective ly re lating the needs of end 
users to the capabi li ties of a planned 
network , taki ng i nto cons ideration a 
var i e ty of e nvi ronments and cond i ti ons . 

A r e a s  o f  E m p h a s i s 
Satellite Studies 

Inc lude s proj ects funded by the National Ae ronauti c s  and Space 
Adminis tration 

Planning for Special Communication Environments 
Inc ludes proj ects funded b y  the Army Electronics P rovi ng Ground , the 

Defense Communi cations Agency,  and the Nava l Ocean Sys tems Center 

Advanced Systems Planning. 
Inc lude s pro; ects funded by the Air Force E lectroni c s  S y s tems D ivi s i on , the 

Army Information S ys tems Engine e r i ng Suppor t  Activi ty , the Defense 
Communica tions Age ncy ,  and the Department of S ta te 
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S atel l ite Stud ies 

Outputs 
* P r e p a r a t i o n  for Wor l d  Ad m i n i s trat ive 

Rad io Con ference 
* F o r m a t i on and c h a i r i n g  o f  a s y s t e m  

p e r f o r m a n c e  wor k i ng group w i th NASA 

for ACTS 

* C o n t r i b u t i on to N A S A ' s  AC T S  Upd a t e  

n e w s l e t t e r  deta i l i ng the I TS system 
per formance exper imen ts 

* A p p l i c a t i on of AN S I  X 3 . 1 0 2 - 1 9 8 3  

a d v a n c e d  commun i cat i on sys tems 
t o  

l i ke 
AC TS 

* Mu l t i path effects on the land mobi le 

* A d v a n c e d  s a t e l l i t e c o m m u n i c a t i o n  
techno logy s�ud ies 

The evo lut ion o f  commun icat ion sate l l i tes 
h a s  been dr i ven by the need for i ncreased 

service capac ity and lower ser v i ce co s ts . 
A n e w  ge n e r a t i o n  o f  ad v a n c ed , " smart , "  

c o m m u n i c a t i o n s a t e l l i t e s y s t e m s  w i l l  
r e s pond to the s e  requiremen ts through the 

a p p l i c a t i o n  of on boa r d  d i g i t a l s i g na l 

proc e s s ing and sw i tch ing te chn i ques un i que 

/ . .  
I I 

/ I 
I I / I 

I I I 

Proj e c t  pers onne l ( 1 .  
Eyman ,  John Lemmon , 
Mar t i n  Nes e nbergs 

t o r . ) Bob Cass , Ear l  
B i l l  K i s s i c k , and 

to c o m  m u n i c a t  i o n  s a  t e 1 1  i t e s • Th e s e  
advanced sate l l i te s  wi l l  a l so i ncorpor a te 

s o ph i s t i c a ted hopp ing spot beam an tennas 

that prov ide coverage to re la t i ve ly sma l l  

geograph ic loc a t ion s , as i l l us tr a ted be low . 
The s e  features w i l l  a l so a l l e v i ate or b i t  

a n d  s pectrum conge s t i on and , through the 
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u s e r  o f  3 0/ 2 0  GHz ( Ka-band ) f re quenc i e s , 

pro v i de much grea ter channe l capac i t i e s . 

Th e r e  i s  a n e e d  f o r  a b r o ad r a n ge o f  

e m  p i  r i c a 1 a n d  a n  a 1 y t i c a 1 s t u d i e s to 

c h a r a c te r i ze the per formance o f  t h i s  new 
c la s s  o f  commun i ca t ion sate l l i te s  and the i r  

a s soc i a ted n e two r k s . The Na t iona l  Ae ronau­

t i c s  and S pa c e  Adm i n i s tr a t ion ( NASA) is 

deve loping and w i l l  launch an e xper imenta l 
s a t e l l i t e , t h e  Ad v a n c e d  Commun i c a t i o n s  
Techno logy Sate l l i te ( ACTS ) , t o  be a t e s t  
b e d  f o r  t h e s e  a d v a n c e d  comm un i c a t i o n  
s a t e l l i t e s . O t h e r  Gove r nmen t agenc i e s , 
u n i ve r s i t i e s , and commer c i a l  or gan i za t ions 

are be ing inv i ted and encouraged to plan 
and conduc t e xper iments us i ng ACTS . Though 

ACTS wi l l  not be launched unt i l  ea r ly 1 9 9 2 , 
I TS and abo u t  9 0  o ther organ i za t ions have 

i nd i cated tha t they plan to become i nvo lved 

in th i s  e xpe r imen tat ion e ff or t .  

W i th a large number of e xper imen t e r s  and a 

broad range o f  inter e s t s  i n  the e xper iments 

that wi l l  be p lanned , it i s  appa r e n t  tha t  
s ub s t an t i a l  coord inat i on w i l l  b e  e s s e n t i a l . 

Th i s  conc e r n  by both I TS and NASA has led 

t o  the forma t ion o f  a s y s tem per formance 
wor k i n g  group tha t is to be cha i r ed by I TS . 

Th i s  wor k ing group w i l l  a c t  a s  a means to 

prov ide for coor d i na t ion of the s e  e xpe r i ­
ment s . 

A s  a n  e xp e r i m e n t e r , I T S i s  p l a n n i n g  a 
un i que s e t  o f  end - to-end s y s t em per formance 

meas urement e xper iments us i ng the f ramewo r k  
o f  the recen t ly approved Ame r i can Na t iona l  

S t a n d a r d , A N S I  X 3  . 1 4 1 - 1 9 8 7 , Mea s ur ement 

M e t  h o d s  f o r  U s e r  - O r i e n t e d  P e r f o r m a n c e  

Eva l u a t ion . 

Sate l l i t e  Mu l t i path Mea s uremen t s . I n  the 
a r e a  o f  p r o p a g a t i o n  s t u d i e s , I T S i s  

p l a n n i n g  a m u l t i path mea s uremen t program 

f un d e d  by t h e  N a t i o n a l Ae r o n a u t i c s  and 

S p a c e  Ad m i n i s t r a t i o n  ( NA S A )  as par t  of 
N A S A ' s  Mo b i l e S a t e l l i t e  Commun i c a t i o n s  

Program . The I TS e xper imen t w i l l  invo lve 
c h a n n e  1 p r o b e  m e  as u r e m e n  t s  o v e r  e a r th ­

s a t e l l i t e pa t h s  u s i ng s i g na l s from the 

G loba l Pos i t ion i ng System ( G P S )  s a t e l l i t e s  

a nd a s u i t a b l y  mod i f i ed G P S  r e c e i ve r  in a 

mobi l e  van . The pur pose o f  the mea s ur e ­
men t s  i s  t o  prov ide a n  i n i t i a l  a s s es sment 

o f  m u l t i p a t h  e f fe c ts i n  the land mob i le 

s a t e l l i te r ad io channe l .  

Prepa r a t ion for Wor ld Adm i n i s t r a t i ve Rad io 

Con ferenc e . Other sate l l i t e  s t ud ie s  have 

been conduc ted i n  conne c t i on w i t h  s uppo r t  

b y  t h e  I n s t i t u te t o  u.s. pr e par a t ion for 

the Second S e s s ion of the Wor ld Adm i n i s tra­
t i v e Rad io Con fer ence on the Use o f  the 
G e o s t a t i o n a r y  O r b i t  and the Plann ing of 

Space Serv ices U t i l i  z ing I t  (WARC-ORB 2 ) . 
O n e  o f  t h e  p r i n c i p l e  o b j ec t i ve s  o f  the 

con ference is to prod uce an Al lotment Plan . 
The ab i l i t y  to produce t h i s  plan requires 

the d e v e l o pment and use o f  ver y  complex 
computer s o f twar e .  Some o f  this so f tware 
has been deve loped by ITS . A mode l for 

comput i ng the min imum area e l l i pt i c a l  beam 

for the spac e c r a f t  antenna is a s pec i f i c  
e xample . The spacec r a f t  antenna beam must 
cover a ser v ice area tha t is de f i ned by a 

s e t  o f  p o l yg o n  po i n t s . S u c h  a mode l ,  
deve loped or i g i n a l l y  by I TS for use dur ing 

t h e  R e g i o n  2 B r o a d c a s t i n g - S a t e l l i t e 

C o n f e rence , was improved and provided to 

t h e  I n  t e r n a  t i o n a  1 Fr e quency Reg i s tr a t i on 

Boar d  ( I FRB)  and other U . S .  or gan i za t ions 
tha t  are par t i c i pa t i ng i n  u.s. pre parat ions 

for the con fer ence . 

A computer program deve loped seve r a l  yea r s  

a g o  a t  I TS to compute a n d  p l o t  sate l l i te 

beam foo tp r i n t s  on a map o f  the Ear th (or 
por t i on ther eo f )  was rea c t i vated on the I TS 
U s e r  S e r v i c e s  Co mputer ( H P- 1 0 0 0 ) .  Th i s  

program is very u s e f u l  in produc ing graph ic 

pre s e n ta t i on s  of beam coverage and over lap 
i n  determ i na t ions of compa t i b i l i t y  between 

networ ks . 

The ana lys i s  o f  mea s ured antenna ga in data , 

obta i ned from antenna manufacturers and the 

FCC and r epor ted in last  year ' s  repor t , was 
u s e d  in s ubm i t t i ng a repor t to the U . S .  
Study Group 4 for the CC I R .  The report 

s h o w s  s t a t i s t i c a l l y  t h e  pe a k  ga i n  o f  
s i de l o b e s  i n  the antenna pattern . Th i s  

repor t  ha s been approved by U . S .  r e v i ewers 

and now w i l l  be con s i de r ed a t  internat iona l 

mee t i ngs o f  the CC IR Study Group 4 and the 

i n  t e  r n a  t i o n a  1 J o i n t  M e e t i n g  o f  S t ud y  
Groups . 

Recent I TS Pub l i ca t i on s  

Mul t i path Mea s uremen t s  for t h e  Land Mob i l e  

Sate l l i te Rad io Channe l Us i ng GPS S i gna ls 

( by Lemmon ) 
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Pla n n i ng for  
Spe c i al Co m m uni cation Enviro n m e n t s  

Outputs 
* A m u l t i t i e r  s p e c i f i c a t i on f o r  f i b e r  

opt i c  long-h a u l  sys tems t o  mee t  NSEP 
env i ronments 

* S e v e r a l  r e p o r t s  a n d  p u b l i c a t i o n s  
r e s u l t ing from the NSEP/ FOC study 

* Tr ans fer of i n forma t ion to many re levant 

i nd us t r y  groups 
* D e v e l o p i n g  c l a s s i f i e d  c ommun i c a t i o n  

s y s tem concepts f o r  U . S . Navy 

The Na t i on a l Commun i c a t ions System ( NC S )  
h a s  r e s pons i b i l i t y  for de f i n i ng reasonable 

e nh a n c e m e n t s  tha t c o u l d  b e  a pp l i ed to 

c omme r c i a l  common ca r r i er (or car r i er s ' ­

c a r r i e r ) f iber opt i c  s ys tems that wi l l  be 
leased or owned by Gover nment agen c i e s  and 

t ha t  m a y  be u sed for Nat iona l Secur i t y/ 

Emer gency Preparedne s s  ( NSEP) pur pos e s . 

I n  s uppo r t  o f  t h e  N C S  m i s s ion , I TS has 

prepared a mul t i  t ier s pec i f i c a t i on iden t i ­
f y i n g p r u d e n t  m e a s u r e s  t h a t c o u l d  b e  

i ncorpor a ted i n  to the de s ign o f  commer ­

c i a l , i n t e r c ity , f i ber opt i c  transmiss ion 

s y s t e m s  to make them more respon s i ve to 
NSEP r e qu i rements i n  e xchange for r ights­

o f -way con c e s s ions by the Governmen t .  The 

spec i f i c a t ion has been s t r uc tured in s uch a 
way tha t  i t  can a lso be used a s  a " r epor t 

c a r d  t yp e " i n s t r u men t for a s s e s s i ng the 
degree to wh i ch pre sent and fu ture , inter­

c i t y ,  f i ber opt i c  systems no t us i ng Fed e r ­
a l l y  c o n t r o l l ed r i ghts -of-way mea s ure up 
f r om a n  N S E P  s t a n d po i nt . The array o f  

s i t ua t i on s  tha t t h e  f i ber opt i c  systems 

m u s t c o pe w i t h  f r o m  a n  N SEP s ta ndpo int 

i n c l u d e  na t ur a l  d i s a s t e r s  ( e . g . , f lood s , 
e a r thquake s , f i r e ) ; local a c ts of sabotage ; 

and nuc lear a t ta c k s  ( i . e . , nuc lear rad ia­

t i o n  and e l e c tromagne t i c  pu lse e ff e c ts ) . 

T h e  d e s i g n pa r a me t e r s  a d d r e s s ed by the 
s p e c i f i c a t i on a r e  t ho s e  tha t t e nd to 

m i n im i ze i nter rupt ions of serv ice in the 

face of thes e  ha zards by proper attent ion 

to fea tures tha t  fac i l i t a t e  quick re s tora l 
o f  o p e r a t i on or b r idg ing around damaged 

term i n a l s  or repea ter s .  
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P r oj ec t  pers onne l ( 1 .  t o  r . )  Joe Hul l ,  Bi l l  

Ingram , Bob Adai r ,  B i l l  P ompe r ,  John 
Harma n ,  Mar ti n  Nes e nbe rgs , a nd D a ve Peach 

The Mul t i  t i er Spec i f i c a t i on ( s hown con cep­
tua l l y  i n  the accompany i ng f i gu r e ) concen­

t r a t e s  on the enginee r i ng and i n s ta l l a t ion 
a s pe c t s  of opt i c a l  commun i c a t ion , common­
c a r r i e r - t ype- s ys tems and recommend s thos e  

add i t iona l pra c t ices o r  a l te r n a t ives tha t 

r e s u l t  in h i ghe r  probabi l i t y  o f  s ur v i va l  or 
r e s t o r a l  i n  a b r o a d  r a n g e  o f  N S E P  

e n v i r o n me n ts . The r a t i n g  approach i s  a 

f i v e - l e v e l ,  m u l t i t i e r , r a n k - o r d e r e d 

spec i f i c a t ion . 

T h e  I n s t i t u t e  a pp l i ed t h i s  Mu l t i t i e r  

Spec i f i c a t ion to a comme r c i a l  f i ber opt i c  

l i n k  a nd i d e n t i f i ed s e ve r a l  enhancemen t s  

requi red to upgrade th i s  l i n k  t o  Leve l 4 ,  

Fiber Optic Path 



as de f i ned i n  the Mul t i t i e r  Spec i f i ca t ion . 

E s t i m a t e s  o f  t h e  co s t  o f  i n c o r po r a t i ng 

these enhancemen t s  in 
c i a l  l i n k  we r e  made . 

the s ub j e c t  commer-

One o f  the ana lys i s  too l s  deve loped by I T S  

t o  s u p p o r t t h e  u s e  o f  t h e  M u l t i t i e r  
S p e c i f i c a t i o n  i s  F I BRAM . F I BRAM i s  a 
compu t e r -genera ted mod e l  that pred i c t s  the 

b i t  error r a t i o  o f  an opt i c a l  f i ber l i n k  
t h a t  i s  e xpo s ed t o  gamma rad i a t ion f rom 
f a  l l  o u t  • Th i s  r a d  i a t  i o n  c a n  c a u s e  a 
d a r ken i ng o f  the f i be r , thus reduc ing the 

r ec e i ved l i ght leve l .  Add i t ional deg rad a ­
t ion o f  t h e  rece i ved l i gh t  s igna l c a n  be 

c aused by rad i a t i on damage at the pho to­

d iode detector . F I BRAM i s  de s i gned to run 

on a per so n a l  computer . 

The NOSC commun i ca t ions con s u lt i ng pro j ec t  

i n v o l ved pro v i d i ng commun i c a t ions sys tems 

e n g i n e e r i n g s up po r t  to th e N a v a l  Ocean 

S y s t e m s  C e n t e r  in the a r ea s  o f  s i gna l s  

i n t e l l i g e n c e  ( S I G I NT )  a n d  s u r ve i l l ance . 

E s s e n t i a l l y ,  t h e  wo r k  c o n s i s ted o f  the 
d e v e l o pm e n t  o f  concepts and des igns for 
s e v e r a l  c l a s s i f i e d , s p e c i a l - p u r p o s e  

c o mm u n i c a t i o n  s y s t e m s  t o  a i d i n  t h e  
c o l l e c t i o n  a n d  d i s s e m i n a t i o n  o f  i n t e l ­

l i gence d a t a . 

Recen t I TS Pub l i ca t ions 

A P r o g r a m  
Rad i a t ion 
Fiber s ( by 

D e s c r i p t i on o f  
Attenua t i on Mod e l  

I ngram) 

F I  BRAM : A 

for Opt i ca l  

E f f ec t s  o f  Rad i a t i on D a m a g e  i n  Opt ical 

Fibe r s - - A  Tutor i a l  ( by Eng ler t )  

F i b e r  Op t i c  N e t wo r k s  a n d  T h e i r  Service 

Sur v i v a l  ( by Nesenber g s ) 

Mul t i t i er Spec i f i ca t ion for NSEP Enhance­
m e n t  o f  F i b e r  O p t i c  L o n g - D i s t a n c e  

Te l e c o mm un i c a t i on Networks : Vo lume I :  
T h e  M u l t i t i e r  S p e c i f i c a t i o n  A n  

E x e c u t i v e S u m m a r y  a n d  Vo l u m e  I I :  

Mu l t i t i e r  S p e c i f i ca t i on Background and 

Techn i c a l  S uppo r t  In forma tion ( by Peach ) 

NSEP F iber Opt i c s  System Stud y  Bac kground 

Repor t :  Nuc lear Effects on F i ber Opt i c  

Tr ansm i s s ion Systems ( by Hu l l )  

Some Pra c t i c a l  Ideas for Increa s i ng Fiber 

O p t i c  T e l e commun i ca t i on Sys tem Stamina 
(by Peach ) 

B E R  v s  Time 
AT&T Single Mode, 1.3 microns 
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A d v a n c e d  Syste m s  Pla n n i n g  

Outputs 
* Log i s t i c  in forma t i on sys tems 

* Nodal arch i tectur e s  

* I n forma t i on po l i c y  s uppor t 

* Loc a l  a r ea networ k  plann ing 

* Meteor -bur s t  system conc epts 
* T e l e c ommun i ca t i on a s s e s sments i n  South 

Amer ica 

T h e  I n s t i t u t e  p r o v i d e s  p l a n n i n g a nd 
c o n s u l t i n g s e r v i c e s  to other Government 

agen c i e s  a s  we l l  a s  techn i c a l  s uppo r t  to 

o t h e r  groups i n  NTIA who are engaged i n  

deve lop ing po l i cy . Spec i f i c  programs a r e  
des c r i bed be low . 

Ar c h i t e c t u ra l Deve lopmen t  Suppor t .  Th i s  

p r o j e c t , s uppor t e d  by t h e  D e f ense Com­

m u n i c a t i o n s  Age n c y , i s  co n c e r n e d  w i t h 

d e v e l o p i n g  archi tectures for the we s tern 

hem i s phere por t i on o f  the D e f ense Sw i t ched 
Netwo r k  for the 1 9 9 0 ' s .  The obj e c t i ve i s  
t o  deve lop a l te r na t i ve ne twor k con f i gu r a ­
t i on s  w i th empha s i s o n  t h e  a c c e s s  nod es . A 

mul t i leve l networ k  s t r uc t ur e  i s  be ing used 

to a s s e s s  funct iona l ,  log i ca l ,  and phy s i ca l  
a r c h i t e c t u r a l co n c e p t s  a n d  t o  e x p l o r e 
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PUBL IC  or PRIVATE 
TERMINAL 

WORD PROCESSING 
DBMS 
GRAPHICS 
SPREAD SHEET 
COMMUNICATIONS 
LOW SPEED PRINTING 

LOCAL SWITCH 

ORGANIZATIONAL D B M S  
LOCAL ELECTRONIC MAIL 
HIGH SPEED PRINTING 
REMOTE GRAPHICS 
VOICE MESSAGE SERVICE 
LOCAL AO a M  

REGIONAL SWITCH 

MAINFRAME COMPUTER 
EXTENDED D B M S  
DATA STORAGE 
D C S  ACCESS 

• REGIONAL A O  a M  
REGIONAL 
CONFERENCING 

NETWORK MANAGEMENT 
A O a M 
WESTHEM VIDEO 

CONFERENCE 
SUPER COMPUTER 
800 SERVICE 
ELECTRONIC MAIL 

P ro j e c t  pers onne l ( 1 .  to r . )  Randy 
B loomf i e l d ,  B i l l  Pompe r ,  Roge r S a lama n , 

Bob Linfi e ld , Ernie Morr i s on , Joe 
Farrow, Ray Jenni ngs , and Jean Adams 

i s s ue s . An e x amp l e  o f  th i s  mul t i l eve l 

s t r u c t u r e  s ho w i n g  t h e  f unct iona l leve l s  

t h a t e x i s t  i s  s hown a t  l e f t . Ne two r k  
inte l l i gence may b e  d i s tr i buted be tween the 

d i f ferent structur a l  leve l s  i nherent i n  the 
networ k .  

U . S .  A i r  F o r ce Netwo r k  Con s u l t ing . The 

Ba t t l e  Sta f f  Managemen t  Sys tem Netwo r k  w i l l  
i n t e r c o n n e c t  e i g h t  A i r  F o r c e  l o g i s t i c  
centers and pro v i de a log i s t i c  i n format i on 
sys tem for cr i s i s  cond i t ions . The s ystem 

w i l l compr i s e  i n i t i a l l y  3 hos t  compute r s  
a nd a b o u t  9 0  t e r m i na l s  s pr ead over the 

c o n t i n e n t a l Un i t e d  S t a t e s , e ach o�e of 
wh i ch w i l l  be able to commun i ca te w i th any 

othe r . Much of the tra f f i c  to be ca r r i ed 
w i l l  be sen s i t i ve so that i n forma t i on w i l l  
b e  c a r r i ed i n  e n c r yp t e d  f o r m . I TS i s  

a c t i ng a s  a commun i c a t i on consul tant on the 

inter base c i r c u i t s  and i s  i n s t a l l i ng two ­
terminal LANs a t  Log i s t i c  Command s i te s . 

In forma t ion Techno logy Po l i cy . 
o f  NT I A ' s  r e s po n s i b i l i t y  to 

I n  s uppor t 
deve lop and 

p r e s e n t  te lecommun i c a t ion and i n format i on 

po l i c y , I TS h a s  a s s i s t e d  i n  e v a lua t i n g  
i s s ue s  t o  e xpand t h e  o f f e r ings o f  both the 

t e  1 e ph o n e  o p e r a t i n g  c o m pa n i e s  and t h e  

p r o v i d e r s o f  e n h a n c e d  s e r v i c e s . Th i s  

eva l u a t i on has cen te r ed on the prov i s i on o f  

e q u i t a b l e  a c c e s s  to the loc a l  telephone 

d i s t r i bu t ion sys tem . I TS has a lso propo s ed 



upd a t ing the 1 9 6 8  r e v i ew of te lecommun ica­

t ion po l i cy a s  required to mee t  the needs 

of the 2 1 s t  centur y .  

Techn i ca l  As s e s sment of Te lecommun icat ions 
in C h i l e a n d  Per u .  

D e v e l o p m e n t P r o g r a m  

The U . S .  Trade and 

( T . D . P . ) o f  t h e  

I n t e r n a t i o n a l D e v e l o pme n t  C o o p e r a t i o n  
Agency s ponsored a d e f i n i tiona l m i s s ion to 

C h i l e  a n d  P e r u  to eva l uate reque s t s  for 

T . D . P • f i n a n  c i n  g o f  f e a s  i b i l i t  y s t ud i e s  
conce r n i n g  impr ovements t o  the te lecommun i ­

c a t ion capa b i l i t i e s  and ser v i ce s  i n  these 
countr i e s . Two techn ica l member s  of the 
I TS s ta f f  v i s i ted Chi le and Per u  to conduc t 
a pr e l im i na r y  a s s e s sment o f  the proposed 

proj ects , to c la r i f y  each coun tr i e s ' v i ews 
on f u t u r e  n e e d s , and to r e v iew current 

t e l e c omm u n i c a t i o n  c a pa b i l i t i e s  and ser­

v i ces . Based on the se m i s s ions , a number 
o f  con c l us ion s were reached concern i ng the 

t echn i ca l  va l id i ty of con templated c e l lular 

radio and s a t e l l i te pro j ects . An in forma l 
document was prepared for use by NTIA i n  

the i r  report t o  the sponsor . 

D C A  M e t e o r  B u r s t .  The pur pose o f  th i s  
o n g o i n g  p r o j e c t  i s  to prov ide techn i c a l  

s u p p o r t  t o  D C A  i n  t h e  d e v e l o pmen t o f  

i n ter oper abi l i ty s ta ndards for meteor -bur s t  
commun i ca t ion s . See f i g ure be low . The I TS 
wor k  i n  FY 1 9 8 7  wa s pr imar i ly to d e f ine the 

commun ica t ions secur i ty (COM SEC ) por t ion o f  
the i n i t i a l  meteor bur s t  interoperab i l i ty 

s tandard . Accomp l i sh ing t h i s  t a s k  i nvolved 
a n a l y z i n g  me t e o r  b u r s t  ne two r k  secur i t y  

r e q u i r em e n t s , d e v e l o p i n g  a p pr o a c h e s  t o  
mee t i ng the s e  requ i r emen t s ,  and e xam i n i ng 

COMSEC equipment for its  poten t i a l  app l i ca­

t ion to the meteor bur s t  env ir onmen t .  The 

end prod u c ts for th i s  year included wr i t ing 
the COMSEC por t ion of the in i t i a l  inter­

o p e r a b i l i t y  s ta n d a r d  a nd developing and 
d o c ume n t i n g  a r e c ommen ded COM SEC des i gn 

tha t meets requir ements spec i f i ed i n  th is 
s tandard . 

B a t t l e f i e l d F u n c t i o n a l Ar e a  a n d c 3 I 

P e r f o r m a n c e  a n d  E f  f e e  t i  v e n e s s  Ana lys i s . 
Th i s  i s  a c o o r d inated e f for t be ing con ­

d u c t e d  b y  I TS ,  the u.s. Army , and Army 

con t r a c t o r s . The I TS p a r t i c i pa t ion i n  
F Y  8 7  i n c l u d e d  d e v e l o p i n g s i m u l a t i on 
f a c i l i t y  s pe c i f i ca t ions , s upport ing Army 

TRADOC in s t r uc tur ing operational scenar ­
i o s , d e ve l o ping commun i c a t i on and combat 

sys tem per formance mode l s , d e f i n ing combat 

e n v i r o n m e n t  p a r a me t r i c s  and l i n k age to 

pe r f o r m a n c e  mod e l s , a n d  deve loping data 

ana lys i s  procedure s . U l t imate ly a complete 

oper a t i on a l  scena r i o  and engagement mod e l  
w i l l  b e  i m p l e m e n t e d  on VAX and C RAY 

computers . Subsequent r e f inements in FY 8 8  

w i l l  e xp lo i t  par a l l e l  proce s s ing techno lo­

g i e s  pos s ibly us i ng HYPERCUBE mach i nes to 

improve t i me sca l ing . 

Re cent I TS Pub l i c a t ions 

Development of DC S/D SN WESTHEM Access Node 

Arch i tec tures for the Pos t - 1 9 9 5  Er a ( by 
Bloomf i e ld and L i n f i eld ) 

Open Ne two r k  Arch i tectures and the Defense 
Swi tched Netwo r k  (by L i n f i eld ) 

1200 M I LES 
�--- MAXIMUM 
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APPLIED RESEARCH 
The use of the e lectromagnetic spec trum , 
in te lecommunicati ons , h as g rown dramat­
ically in the la s t  f our decade s . Thi s  
growth s tems from populati on increas e s , 
new technologies , and new s e rvices . To 
accommodate thi s  growth , the limi ted 
usable spectrum mus t be expanded to highe r 
f requenci es , a nd exis ti ng spectrum mus t  be 
manage d  mor e  e f fi c i en tly . To thes e  ends , 
ITS conti nues a his toric program to bette r 
unders tand and use highe r f requencies . 

The radi o wave porti on of the e le c tr omag­
netic spectrum may be adve rs e ly affec te d  
by propagati on conditions i n  the med ium 
cons ti tuted by the Ear th ' s  surface , the 
atmospher e ,  a nd the i onosphere . The s e  
condi tions may b e  permanent or time 
var yi ng ( se as onal or spo radi c ) ,  a nd the 
s e ve r i ty of the adve rse e f fects is fre-

A r e a S  o f  E m p h a s i s  
M i l limeter-Wave Studies 

quency dependent . A prime purpose of the 
Ins ti tute ' s  app l i ed research effort is to 
s tudy condi tions in the transmi s s i on 
medium and provide models and prediction 
me thods for cos t-effecti ve and spectrum­
efficient radio sys tem des ign . Thi s  
research inc ludes both te rre s tri a l  sys tems 
as we l l  as s ate l li te-based sys tems . 

The Ins ti tute has a long his tory of radio 
wave research and propagati on predi c tion 
deve lopment tha t  provides a subs tanti a l  
knowledge base from whi ch s tate-of-the-art 
me thods for deve lopi ng , tes ti ng , and uti l­
l Z l ng te lecommuni cati on s ys tems is made 
pos s ible . Trans ferring this technology to 
the user communi ty , both public and pri ­
vate , to enhance spec trum use i s  the 
Ins ti tute ' s  ultimate aim . 

I nc ludes proj ects funded by the Army Communications E lectronics Command , 
the Army Intel ligence and Securi ty Command ,  the Army Mis s i le C ommand , the 
Army Re s earch Office , the National Te lecommunicati ons and Informa tion 
Adminis tration , a nd the Nava l Ocean Sys tems Center 

Signal Processing Studies 
Inc ludes pro j e c ts funded by the Department of Defens e , the u.s. Air Force , and 

the Naval R esearch Labora tory 

Radio E nvironment Simulators 
Include s proj ects funded b y  the A i r  Force E lec tronic S ys tems D i vi s i on ,  the 

Army I nformation S ys tems Enginee ri ng Suppor t  Activi ty, the Joi n t  Tacti ca.l 
Command , Control , and Communications Age ncy , and Rome Ai r Deve lopment Cente r 
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M i l l i me t e r - W a v e  S t u d i e s  

Outputs 
* Millimeter - wave telecommunication sys tem 

des i gn software 
* Mode l s  o f  a tmo s phe r i c  p ropagation 

e ffects  
* Measurements of  propagat ion up to 9 6  GHz 

The mil l imeter - wave program at ITS is a 
comprehensive p rogram for telecommunication 
appl icat ions . As such , i t  provide s a cen­
tral focus within the Government for 
millime ter -wave propagation s tudies . The 
program involves l aboratory measurements , 
field measurements ,  and mode l development . 
Prac t ical appl ication mode l s  in the form of 
computer programs are also produced to  
serve as des ign tool s  for other government 
agenc ies and p r ivate indus try . 

The propagat ion o f  millime ter waves is  
affected by many atmo spheric phenomena that 
can de grade the performance of telecom­
munication sys tems . Hydrome teors in the 
form o f  rain , snow , ice crys tal s , hail , 
fog , and c louds s catter and absorb the 
waves , resul ting in a loss  in s ignal power 
and interference . Water vapor and oxygen 
in the atmosphere attenuate millimeter 
waves by absorp t ion . The turbulent 
atmosphere cause s  s ignals to s c int i l late . 
The s table atmosphere , on the o ther hand , 
can have a refrac t ivity structure that 
bends the path of the radio wave s . Thi s  
may result i n  the transmi tted s i gnal be ing 
diverted away from the receiver . Echoes 
can also result from the reflection of  the 
millime ter waves from terrain features . In 
u r b a n a n d  s ub u r b a n  e nv i r o n m e n t s , 
reflections have a maj or impact on the 
characteristics  of  the received s ignal . 

S i gnificant advancement in the knowledge o f  
millime ter -wave propagation was achieved in 
FY 1 9 8 7  in several areas . The mos t  funda ­
mental was the development o f  a new model 
for the complex permittivity of  l i quid 
water at m i l l ime ter - wave frequenc ies . The 
permittivity de termine s the propagation 
veloc i ty and attenuation rate of  millime ter 

4 8  

Proj e c t  pe rsonnel ( s ta ndi ng 1 .  to r . )  Ken 
Alle n ,  Takeshi Manabe , Hans Liebe , George 
Huf ford , Evan Dutton , Dave Jone s , Kei th 
Beas ley , and ( knee ling ) Bob Neme th , Scott 
Hec tor , Chad Car r ,  and Andy Katz 

wave s in water . It has a direct influence 
on the attenuat ion rate o f  mill ime ter wave s 
in rain , fog ,  c louds , and haze . The new 
mode l uses a doub l e  Debye term and matches 
exis t ing data much b e tter than the s ingle 
Debye mode l for frequenc ies above 100 GHz . 
See the figure b e low . 
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At s ome frequenc i e s , the doub l e  Debye mode l 
results in attenuation rates that are twice 
( in dB ) thos e  o f  the s ingle Debye model . 
An analys is  o f  the dis tortion of  pul s e s  by 



the c lear atmo sphere ( oxygen and water 
vapor) ver i fied that extreme ly wide band ­
widths are avai labl e  in the millime te r - wave 
spec trum . An examp l e  of  pul s e  distortion 
is shown b e low . 
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Rain poses  the mos t  s i gnificant l imitat ion 
on m i l l im e t e r - wave t e lecommunications . 
Rain rates of  1 inch per hour are capab l e  
of  attenuat ion rates as h i gh as 1 5  dB/km at 
9 6  GHz . In previous years , ITS showed that 
the rate o f  a ttenuation in rain is  h ighly 
dependent on location and season . Newer 
measurements conducted in FY 1 9 8 7  have 
moved b eyond mere attenuat ion to the polar­
ization dependent e ffects o f  rain on phas e . 

Polarization dependent phase delay is  par t ­
icularly important for polar imetric radars 
that s e ek to derive as much information as 
po s s ib l e  about the target from the radar 
re turn . Measurements were made in Alabama 
at 96 GHz us ing c ircular polarizat ion . A 
relative pha s e  shift between righ t - and 
l e ft - hand components was obs e rved in rain 
on a 1 km path . 

A maj or s tudy o f  the propagat ion o f  mil ­
l ime ter waves in urban and suburban 
environments was c omp l e te d  in FY 1 9 8 7 . A 
report des c r ib ing s everal years o f  measure ­
ment s and m o de l ing e ffort has been 
prepared . The results are relevant to the 

growing local area ne twork communicat ion 
requirements of computers . The figure fo l ­
lowing shows an examp le o f  the variation of 
s ignal ampl i tude with dis tance . 

--�-�--. 

Dur ing FY 1 9 8 7 , the mil l ime te r - wave tele ­
communicat ion sys tem de s ign software known 
as ETSEM ( EHF Telecommunication Sys tem Eng ­
ineering Mode l )  was extended to cover no t 
only terre s trial but also Earth - space com ­
municat ion paths . The capab i l i ty to pre ­
dict performance for many types of digi tal 
modulations and t ime - divi s ion - multiplexed 
vo ice channel s  was also adde d .  This  com ­
pute r  program runs on compatible personal 
c omputers and is avai lab le through NTIA . 
The ITS mode l predicts l ink outage time 
from propagation l o s s e s  due to rain , multi ­
p a th , and c l e a r - a i r  ab s o r p t i o n  for 
frequenc ies from 1 to 300 GHz . I t  is user 
friendly and enab les the convenient evalua ­
t ion o f  the e ffec t  o f  de s ign changes on 
sys tem availab i l i ty .  

Recent ITS Pub l i c ations 

An EHF Telecommunicat ion Sys tem Engineering 
Mode l (by Al l en) 

Comp lex Permittivity o f  Water between 0 and 
3 0  THz (by Manabe , Liebe , and Hufford) 

M i l l ime ter - Wave Pul se Dis tortion by a 
S ingle Absorpt ion Line S imulat ing the 
Terrestrial Atmosphere (by Hufford) 

Ob served Phase De l ay through Rain at 96  GHz 
(by Allen) 

Obs e rvations of the Spec ific At tenuat ion of 
Mill ime ter Wave s by Rain (by Allen) 
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S i g n a l  P r o c e s s i n g  S t u d i es 

Outputs 
* S t atis tical - phys ical mode ls o f  non­

uni form , quas i - s tatic EM s ignal s and 
non- G aus s ian no i s e  fie lds 

* Measurements o f  non - Gaussian interfe r ­
ence proce s s e s  

* Locally opt imum , appropr iate suboptimum , 
and robus t nonp a r ame tr i c  s ignal 
de tection and extrac t ion s oftware 
algori thms 

* An Extended S ingl e - Error - S tate mode l for 
b i t  e rror s ta t i s t ics  

I t  has long been recognized that in mos t  
communication s i tuat ions , the addit ive 
interference i s  no t Gaus s i an in character , 
even though mos t  exi s t ing sys tems are bas i ­
cally thos e  known t o  b e  optimum in Gaus s ian 
no i s e  (when such optimality can be de ter­
mined , as in the case of  s imple digital 
systems ) .  Correspondingly , there has been 
subs tantial e ffort to de termine the perfor ­
mance , both by theoretical calculat ions and 
by measurement , o f  such sys tems . Al so , 
s ince Gaus s ian no i s e  is  the wors t kind of 
interference in terms of minimiz ing channel 
capac i ty ,  very l arge improvements in the 
performance o f  sys tems usually can be 
achieved i f  the ac tual stat i s t ical charac ­
ter i s t ics  o f  the interference are properly 
taken i n t o  a c c ount , thereby greatly 
improving s p e c t r um c o ns e rva t i o n  and 
util izat ion . 

For the ac tual non - Gaus s ian interference 
confront ing us , the overall opt imum system 
cannot be realized phys ically (or econom ­
ically) but i f  the s ignal is  " small 
enough , "  optimum threshold rece ivers can be 
real ized . Thes e  receivers general ly take 
the form of current rece ivers (based orr 
Gaus s ian no i se ) , preceded by one or more 
part icular adapt ive nonl inear i t ie s . Such 
rece iving sys tems approach true op t imal i ty 
for small s ignal l eve ls  and often perform 
subs tantially better than current receivers 
at all s i gnal leve l s . Such a rece iving sy­
s tem can be 2 0 , 3 0 , or  more dec ibels  better 
than the normal rece ivers because a s ignal ­
to - noise  ratio o f  2 0  or  more dec ibels  less  
than currently required will produce the 
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Proj ect personne l ( 1. to r. ) Don Layton , 
Don Spauld i n g ,  and Lew Vog le r  

than currently required will  produce the 
same pe rformance . Or , correspondingly , a 
20  or more decibel smaller s i gnal can be 
detected . 

Unfortunately , such gains are achievab le 
only if  the numbe r  of  independent rece ived 
waveform s amp l e s  is large for each de tec ­
t ion interval . Thi s  c an reduce information 
throughput . One way to overcome the 
requirement for a large numbe r  o f  samples 
is  to use b o th spatial and t ime s ampl ing 
rather than t ime waveform sampl ing alone . 
This  has required the deve lopment of  
de t e c t i o n  and e x t ra c t i o n  a l go r i thm s 
appropr iate for interference fie lds and the 
ex p ans i o n  o f  the e arlier , phys ical ­
s t a t i s t i c a l , no n - Gauss ian interference 
m o d e l s  t o  v e c t o r/ t e n s o r  nonun i f o rm 
elec tromagne t i c  s ignal and interfer ence 
field models .  Canonical mode ls  o f  non­
Gaus s ian , spac e - t ime fie lds have been 
developed , based on both scaler and vector 
Poisson and quas i - P o i s s on proce s s e s . The se 
models  p l ay the c entral ro le in the 
s tructure o f  opt imum thresho ld de tection , 
ex trac t i on , and es timat ion algorithms . 
B o th op t imum and " go o d "  s ub o p t imum 
proce s s ing algo r i thms have been ob ta ined 
and the ir performance evaluated in the 
g e n e r a l  w e a k - s i g n a l  r e g i me s , b o th 
theoret ically and via Monte Carlo computer 
s imulat ions . The figure fo l lowing shows an 
example o f  the per formance improvement 



achievab l e  for one sampl e  o f  narrowband 
( collect ion of interfe r ing s i gnal s )  non-
G a u s s i a n  i n t e r f e r e n c e , g iv ing the 
probab i l i ty o f  de tect ion for various fal s e  
alarm probab i l it i e s . 
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One aspect of our problem of extrac t ing 
weak s i gnal s  from highly non - Gaus s i an 
environments is  s i tuat ions whe re there is  
s i gn i f icant no i s e  ar i s ing from local 
e l e c t r omagne t ic emis s ions . This  has 
required the extens ion of the interference ­
field mode ls  to near field s i tuat ions . The 
figure below shows a sampl e  measurement o f  
maximum , minimum , and roo t mean squared 
average magne tic field s trength in an 
offi c e  environment .  The s e  areas typ ically 
include computer sys tems o f  al l typ e s , 
power and telephone l ines , local power 
s ources , and o ther measurement equipment . 

Over a dozen di fferent parame ters have been 
us e d  in d e s c r ib ing the transmis s ion 
accuracy of digital communicat ion sys tems . 
S ome of the more common one s are b i t  error 
rate , block e rror rate , burs t  tate , erro r ­
free seconds , e rrored seconds , severely 
e rrored seconds , and degraded minutes . 
O the r ,  mo re spec ial ized p arame ters inc lude 
burs t length , bur s t  we i ght , erro r - free gap 
l e ng th , bur s t  gap l en g th , and the 
probab i l i ty of m or more errors in a block 
of length n .  S ome o f  the s e  are general 
p arame ters w i th many spe c i a l izations or  
variants . The Ins ti tute has deve loped a 
b i t  e rror s ta t i s t i c s  mode l that provides 
r e l a t i o n s h i p  among th e p e r fo rmanc e 
p arame ters o f  a digital c ommunicat ion 
channe l .  The mode l , called the Extended 
S ingl e - Error - S'tate mode l , i s  appl icable to 

channel s  charac terized no t only by indepen­
dent b i t  errors , but also to those 
c ontaining e rror bur s ts . Appl icat ions of 
the mode l to switched ne twork Tl  sys tems 
and to high - speed fiber optic l inks are 
currently be ing inves t igate d .  The mode l is 
imp lemented in a computer program that cal ­
culates performance s tatistics  for use in 
s y s t em evaluat ions and error contro l 
procedures . 

K H z  

Recent ITS Publications 

A Me thod of Trans lat ing Value s Among Error 
Parame ters (by Vogler and S e i tz )  

An Extended S ingle - Error - S tate Model for 
B i t  Error S tatis tics  (by Vogle r )  

Effects of No i s e  and Interference o n  Sys tem 
Performance (by Spaulding ) 

Firs t - Order Non- Gaus s ian Class C Interfe r ­
e n c e  Mo de l s  and The i r  As s o c i a ted 
Th r e s h o l d  D e t e c t i on A l g o r i thms (by 
Middle ton) 
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R a d i o E n v i ro n m e n t  S i m u l at o r s  

Outputs 
* L O S c h a n n e l  s i m u l a to r  h a r d wa r e  a nd 

sof tware 

* Wideband HF mod e l  

The I n s t i tute has played a lead ing ro l e  i n  
c h a n n e l  mode l i ng and s imulation for many 
year s . For examp l e , the p ioneer ing wor k  o f  

C .  Wa tterson i n  nar rowband h igh frequency 

( HF )  channel s imulat i on has been adopted by 
interna t iona l sta ndards bod i es . Th i s  wo r k  

is currently be ing extended for w ideband H F  
( grea ter than 1-MH z )  app l i ca t i ons . 

The f i gure be low depicts neces sary s teps i n  

t h e  d e v e l o pm e n t a n d  app l i c a t i on o f  a 

w i d e b a n d  H F c h a n n e 1 s i m u 1 a t  o r  . The 
I n s t i tute has begun th i s  proces s  through a 
r e s e a r c h p r o g r a m whose obj e c t i ve is the 

Proj e c t  pers onne l ( 1 . to r . )  Lauren P ratt , 
Jim Hoffmeye r ,  Tim R i le y ,  a nd Chr i s  Behm 
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d eve lopment of a w i deband H F  channe l mode l .  

A mode l o f  any propaga t i on chann e l  must be 

b a s e d  on emp i r ica l data obta ined through 

p r o p a g a t i o n  mea s ur ements on the channe l .  

The I n s t i t u te has i n i t i ated a cooper a t i ve 
program w i th other Governmen t agenc i e s  to 

obta i n  the requi red data . 

Dur i ng FY 8 7  the deve lopment o f  a wideband 

HF channe l mode l  was i n i t i ated . The mod e l  
w i l l  b e  c o m p l e t e d  d u r i n g FY 8 8 .  A s  

i nd icated i n  the f i gur e , a mode l  t h a t  has 
b e e n  v a l i d a t e d  by p r o pa g a t i o n , i n t e r ­

f e r. e n c e , n o i s e  mea s urements , and s t ud i es 
can be implemented in e i ther a so f tware or 

a h a r d w a r e  c h a n n e  1 s imulato r . So f tware 

s i m u l a t i o n  o f  b o t h  the channe l and the 
modem is use f u l  dur i ng the i n i t i a l  des i gn 
pha s e  o f  transm i s s i on equ i pment . Hardware 
s i m u l a t i o n  of a p r o p a g a t i o n  chann e l  is 

u s e f u l  in the p e r f ormance eva luation of 

tr ansmi s s i on equ i pmen t  a f te r  the hardware 

has been deve loped . 

Channe l s imula tor s have been found to be a 
c o s t  e f fec t ive means for the per formance 

e v a l u a t i o n  o f  v a r i o u s  t yp e s  o f  r a d i o  

e qu i pmen t .  They have the f ur ther advantage 

o f  perm i t t ing a compa r a t i ve eva luat ion of 

r ad ios f rom severa l vend o r s  under iden t i c a l  

t e s t  cond i t ions . The l i ne - o f - s i ght ( LO S )  

c h a n n e l s i m u l a t o r  d e v e l o ped by I TS for 
t es t ing m i crowave rad ios has demon s trated 

these advantages .  

T h e  L O S  c h a n n e l s i m u l a t o r  d e v e l o pm e n t  
e f f o r t  wa s i n i t i ated dur ing the 2 prev ious 

f i s c a l  y e a r s . o u r  i n g F Y  8 7 , a s e c o nd 

c h a n n e l  s i m u l a t o r  wa s d e v e l o ped wh i c h 

perm i t s  tes t i ng o f  space d iver s i ty rad ios . 

The s imulator wa s used to te s t  a d i g i t a l  
rad i o  b e i n g  used in the D e f ense Commun ica­
t i o n s  System . D i f f e r ent space d iver s i ty 

s w i t c h i ng a lgor i thms wer e tested using the 

s imula tor . 

A p i c t u r e  o f  t h e  s i m u l a t o r  h a r d wa r e  
d e v e l o ped a t  I T S i s  s h own b e low . The 

s i m u l a to r  i s  un i q ue beca use the channel 

mod e l  wa s implemented at rf and because the 

s imulator and the ent i re te s t  proc ess i s  

f u l l y  a u t o m a t e d  t h r o u g h  m i c r o p r o c e s s o r  
contro l .  

Recent I TS Pub l icat i ons 

Me as u r e m e n  t ,  Mode l i ng , and 

L i n e - o f - S i g h t  M i c r o w a v e  
Ho f fmeyer and Vogler ) 

S imula t ion of 

C h a n n e l s  ( by 

M o d e l i n g  o f  W i d e b an d  H F  C h a n n e l s  ( by 

Ne senber g s )  

P e r f o r m a n c e  Eva 1 u a  t i on o f  LOS Microwave 

Rad io s  ( by Ho f fmeyer , Pra tt , and Ri ley ) 

W i d e b an d  H F  Mod e l ing and S imula t ion ( by 
Ho f fmeyer and Nesenbe r g s ) 

LOS M i crowave Chann e l  S imulator 
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ITS Too l s  a n d  Fa c i l i t i es 

Antenna Turntable Platform - ITS has an 
a ntenna turntable located at i ts Tab le 
Moun tai n  Rad i o  Quie t Zone faci li ty . The 
turntab le i s  37 feet in d iamete r ,  and 
i ts surface is f lush with the tes t  
range . It i s  capab le o f  r otati ng a 
2 2 , 000-pound tes t  antenna or vehi c le up 
to three revolutions per minute . The 
turntab le is the roof of a be low-ground 
equipme nt room . The re is a 1 0 0-ft 
dielectric tower that can be used to 
pos i ti on sources for tes t-s i te i l lumina­
tion . Thi s  fac i l i ty i s  avai lable for 
use by private pa rti es on a reimburs ab le 
bas i s .  

Data Communication Laboratory Test Bed -
Thi s  ITS test fac i l i ty i s  us ed as a too l  
for 

Veri fying the va lidi ty of new and 
deve loping Fede ral and ANSI data c om­
muni cation standards . It provides 
rea l is tic data and sugges ti ons for 
refinements and improvements of a 
deve lopi ng s tandard to the working 
s tandards commi ttees . 
Bui ldi ng a represe ntati ve data bas e 
of us er-orie nted performance param­
eter values for real-wor ld data 
communi cation sys tems such as the 
ARPANET , s everal pub lic data net­
works , and in the future local area 
networks , gateways , a nd alte rnate 
s e rvices ( s i nce de regula tion ) .  
Evaluating the pe rformance of a lter ­
native da ta communi ca tion technolo­
gi es , sys tems , and s e rvi ces in terms 
of specified user needs . 

Three c omputers , inc luding a transport­
able de sk- top UNIX system , c ompri s e  a 
port i on of the equipme nt used i n  the 
tes ting . Norma l ly one of the compute rs 
s e rves as the local hos t to one or more 
ne tworks and the transportable machine 
is taken to a d i s ta nt ci ty to function 
as the user of the network unde r tes t .  
Th is tes t faci lity is ava i lable for use 
by pri va te parties on a reimbursable 
bas is . 
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Laboratory Atmospheric S imulator - ITS has 
a unique labora tory a tmosphe ric s imu la­
tor faci li ty to measure the radio 
refractive i ndex of mois t a i r .  Thi s  
s i mu la tor i s  des i gned t o  provide highly 
accurate measureme nts of mi llime te r -wave 
a ttenuation in the frequency range 1 0  to 
2 20 GHz . The laboratory a tmospheric 
s imu lator pe rmi ts the pre s sure to be 
va ri ed ove r  s i x  orde rs of magni tude 
( 1 o- 3  to 1 o 3 mi llibars ) ,  the relative 
humid i ty to be va ri ed between 0 and 1 00 
percent , and the temperature to be 
var i ed between 2 7 0  to 3 2 0 d egrees 
Kelvi n .  The s i mula tor provides a mea ns 
to c onduct mi l lime te r �wave propagation 
experime nts in a contro l le d  envi r onment 
that can represent a tmosph e r i c  h e i gh ts 
from the Ear th ' s  surface to 1 20 km . 
This latter he i ght provides a rea li s ti c  
bas i s  to conduc t  expe riments tha t  are 
representati ve of s a te l li te he i gh ts for 
mos t applications . Thi s  tool is ava i l­
able for use by priva te pa rti es on a 
reimburs able bas i s . 

Microwave Line-of-S ight ( LOS ) and 

Troposcatter Channel Probes ITS has 
deve loped a unique capabi li ty for 
measuring the amount of multipath on 
ei ther line-of-si ght or troposcatter 
communic a tion li nks . Multipa th i s  the 
result of a tmosphe ric re f ra cti on of the 
s i gnal as i t  propaga tes f rom the trans­
mi tte r to the re ceive r . Multipath 
causes a de te rioration of radi o perform­
ance . Channel probes a re us ed to 
measure the amount of the dynami cally 
changi ng mul tipath during the pe riod i n  
whi ch radi o  pe rformance i s  bei ng 
measured . Thi s  permi ts a corre lation of 
the amount of multipa th wi th the pe rf­
ormance leve l of the radi o .  

Microwave Line-of-Sight (LOS ) Channel 

Simulator - ITS has deve loped thi s  tool 
to simulate channel fad i ng condi tions - in 
a -- control led envi ronment i n  orde r to 
eva luate the pe rformance of di f f e rent 
radios unde r ide nti cal condi ti ons . I TS 



de ve loped the simu la tor to perform eva l­
uati ons for the DoD ; howeve r ,  i t  could 
a l s o  be us ed for te s ting microwave 
radios us ed i n  the pri vate s e c tor . 

Mobi le Mi llimeter-Wave Measurement 
Faci li ty - ITS has a high ly s ophis ti­
c a ted , fully compute r i z ed 1 0  to 1 00 GHz 
channel probe for dete rmi ni i ng the per­
f ormance of potenti a l  communication 
paths . Each te rminal ( transmit and 
receive ) can be fixe d  or moun ted on vans 
that provide a means to pe rform path 
measurements in environments ranging 
f rom urban to i so lated locations . 
Measureme nts and analys i s  f rom remote 
termi nals ( vi a  wi re or te lephone ) can be 
c onducted to de te rmi ne occurrence of 
s i gnal fades and identifi cation of fade 
me chanism ( rain attenuation , mu ltipa th 
phase i nterfe ren ce , a ntenna beam decoup­
ling , ray defocus ing , e tc . ) as we l l  as 
channel dis torti on across a 1 . 5-GHz 
bandwidth . Ins trumentation to measure 
mete oro log i cal pa ramete rs such as rai n  
rate , refractive inde x , wate r vapor 
c onte n t ,  e tc . , is also avai lab le for 
s imultaneous observa tion . Thi s  faci li ty 
i s  ava i lab le for use by pri vate pa rti e s  
on a reimbursable bas i s . 

Portable Earth Terminal - Thi s  tool , orig­
i na l ly deve loped by NASA for use during 
the Communica tion Technology Sa te l l i te 
expe riments , has been obtai ned from NASA 
for use during the Advanced Communica­
tion Te chno logy Sate l l i te ( ACTS ) expe ri ­
me nts . Radi o  frequency components of 
the te rmi nal will be upgraded for ope ra­
tion at the 30 GHz transmi t and 20 GHz 
receive f requenci es us ed by ACTS . The 
veh i c le provide s an exce l lent mobi le 
l abora tory and is equipped wi th a roof­
mounted antenna , a ful l  complement of 
equipme nt racks , a nd two 1 2  kW motor 
genera tors . 

Radio Spectrum Measurement System - The 
s ys te m  is used by ITS to support manage ­
ment of the radio spectrum . The RSMS 
conta i ns two i ndepe nde nt c ompute r­
control led receiving sys tems capable of 
au tomatic surveys of s pe c trum us age , as 
we l l  as de tai led measureme nts on partic­
u lar s i gnals . Th is s ys tem ope rates up 

to 1 8  GHz and is eas i ly deployed in a 
motorhome type of vehi c le , c omplete wi th 
an e lectrical ly-raised antenna tower and 
a mobi le te lephone s ys tem . 

The Table Mountain Radio Quiet Zone - This 
is a ve ry unique fac i l i ty ( one of only 
two in the Na tion ) ,  whi ch is control led 
by pub lic law to keep the lowest pos s ­
ible leve ls o f  unwanted radi o frequency 
ene rgy across the spec trum from imping­
ing on the area . Thi s  s i tuation al lows 
res earch conce rned wi th low signa l 
leve ls ( f rom deep space , extra terre s­
tria l ,  low s i gnal sate l li te , ve ry sens i ­
ti ve receive r  techniques , e tc . ) to be 
carried out wi thout the ever-present 
interference found in mos t areas of the 
Na ti on . As the use of e le c tronic sys­
tems ( garage door openers , c ompute rs , 
citizen band radi os , arc we lders , appli­
anc e s , e tc . ) i ncreases and the number of 
radi o and TV s tati ons increas es a long 
wi th many new us es for the radio fre­
quency spe c trum , the ave rage leve l  of 
elec tromagnetic ene rgy acros s the spec­
trum increases . Th is occurrence is 
important to companies invo lved in 
deve loping ve ry sens i tive receive rs and 
radio s igna l process i ng equipme nt since 
the front ends of these receivers are 
often times saturated by background 
noise ( i nte rfe rence ) .  Thi s  faci li ty i s  
avai lab le f o r  use b y  private parties on 
a reimbursable bas i s . 

Propagation Measurement Van ITS use s  
th is mobi le faci li ty t o  measure the per ­
formance of radi o sys tems throughout the 
spe c trum . The re ceiver is placed on a 
mobi le van and the sys tem makes continu­
ous measureme nts of the received s i gna l 
le ve l as the van move s a long a planned 
measurement path . The measureme nt sys tem 
is capable of taking samples at many 
d i f fere nt wave lengths . ITS makes meas ­
urements us ing thi s  faci li ty to improve 
and va lidate computer mode ls that 
provide system de signers and users with 
pe r formance prediction capabi lities . 
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ITS Proj e c t s  f o r  Fi s c a l  Y e a r  1 9 8 7  
O r g a n i z e d  by D e p a rt m e nt a n d  A g e n c y 

COMMERCE , DEPARTMENT OF 

Nati ona l Te lecommuni cati ons and 
I n formation Admi nis trati on ( NTIA ) 

1 988 Space WARC Preparation Support 

Raymond D .  Jenni ngs ( 49 7 -3 2 3 3 )  - Pr ovide 
techni cal suppor t  to U . S . preparations 
for the 1 98 8  World Admi nis trative Radio 
Conference for Space Services and the 
i nte rses s i onal work that will pre cede 
the conf erence . 

Advanced Sate l li te Communication Tech­
nology Studies Wi l li am A .  Ki s s i ck 
( 49 7 - 3 7 2 3 )  - Deve lop measures of sys tem 
pe rformance appli cab le to the c las s of 
advanced s a te l li te communication sys tems 
that uses a baseband pro ces sor ( swi tch ) 
i n  the spacec raft . 

AM Broadcas ting Studies Eldon J .  
Haakinson ( 497-5 3 0 4 )  - Provide support 
to NTIA ' s Office of Policy Ana lys i s  and 
Deve lopme nt for AM broadcas ti ng s tudi es . 

Analysi s  Services ( TASERVICES ) - Jean E .  
Adams ( 49 7- 5 3 0 1 ) - Make avai lab le to the 
publi c ,  through user-friendly compute r 
programs , a la rge menu of e ngi ne e ring 
mode ls , s c i enti fic and informati ve da ta 
bases , and othe r useful c ommuni cation 
tools . 

Data Communications Edmund A .  Quincy 
( 49 7 - 5 47 2 ) Deve lop , p:r::omulga te , and 
demons trate compatible Fede ral and 
Ame ri can National S tandards for speci­
fyi ng and me asuri ng data c ommuni cation 
performance .  

BF Broadcasting WARC P lanning - Cha r le s  M .  
Rush ( 4 9 7 - 3 82 1 ) Provide support , 
through computer mode l deve lopment and 
represe ntati on at appropri ate meetings , 
to HF broadcas ting policy makers in 
preparation for the Second S es s i on of 
the HF Broadcas ting C onference . 
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International Standards - Edmund A .  Qui ncy 
( 49 7 - 5 47 2 )  Provide leade rsh ip and 
technical suppor t for u.s. pa rticipation 
i n  national and i nternational s tandards 
s e tti ng bodi e s . 

ISDN Standards/Technical International 
Conference - Edmund A .  Quincy ( 49 7 - 5 4 7 2 ) 

Provide leade rship and technical 
support to u.s. i ndus try and Government 
organi zati ons par ti c ipating i n  the 
deve lopme nt of I ntegrated Se rvi ces 
Digital Ne twork ( ISDN ) s tandards . 

ISDN Technical Edmund A .  Quincy 
( 4 9 7 - 5 4  7 2 ) Deve lop s tandards for 
quali ty of s e rvi ce for voi ce c ommuni ­
cati ons o n  ISDN ne tworks . 

Mi l limeter-Wave Mode l - Kenne th C .  A l len 
( 49 7 - 3 4 1 2 )  - Perform s tudi es and expe ri­
me nts neces sary to deve lop a user­
ori ented , mi llimeter-wave propagation 
mode l appli cab le to f requencies up to 
300 GHz tha t  wi ll be useful in assess i ng 
m i l limete r -wave te lec ommunicati on sys tem 
perf ormance . 

RSMS Engineering Enhancements - Rober t  J .  
Matheson ( 49 7- 3 2 9 3 ) I mprove the 
measurement capabi lities of the Radi o  
Spec trum Measureme nt Sys tem as needed to 
provide improved measurement data . 

RSMS Operations Robe r t  J .  Mathes on 
( 49 7 - 3 29 3 ) Provide measurements of 
spe c trum us age and other techni ca l  
parame te rs o f  radi o sys tems . 

Spectrum Efficiency Studies - Les li e  A .  
Be rry ( 49 7- 5 474 ) Apply methods for 
computing the technical spec trum 
e f f i ci ency factor for mob i le s e rvi ces to 
the land-mobi le bands . 

Note : Comme rcial te lephone users d i a l  3 0 3  
+ number shown . FTS users dial 8 - 3 2 0  + 
exte ns i on shown . 



Spectrum Engineering Mode ls - Les lie A .  
Berry ( 49 7- 5 47 4 )  - Deve lop and i mplement 
spec trum engi neering mode ls nec es sary to 
ef fe c tive ly manage the Gove rnme nt ' s  use 
of the radio spec trum . 

Spectrum Resource Assessments - Wi l li am B .  
Grant ( 49 7 - 3 7 2 9 ) - C omp lete a s tudy of 
the radiolocation bands f rom 1 6 0 5  kHz to 
above 1 7 . 7 GHz showi ng the uses , the 
i mportanc e to the Gove rnme n t ,  the con­
ti nui ng need for spe c trum , and the 
cri tica l mi s s i ons of Fede ral age ncies 
who use radio location s e rvi ces . 

Thailand Radio Frequency Allocation and 
Usage - Robert J .  Mathes on ( 49 7 - 3 29 3 )  -
Advi s e  the gove rnment of Thai land on how 
to s e t  up a modern rad i o  f requency 
management system . 

National Bureau of S ta nda rds ( NBS ) 

1 206 Tes t  Procedures John D .  Smi l ley 
( 49 7 -5 2 1 8 )  Deve lop an upda ted tes t  
procedure to evaluate the pe r formance of 
the ARMY SG- 1 206 s i gn a l  generator . 

Comparative Measurements of ACSB and FM -
W i l l i am A .  Kiss ick ( 49 7- 3 7 2 3 )  - Revi ew 
and meas ure ampli tude companded s ideband 
( ACSB )  as c ompared to FM i n  the c ontext 
of la nd-mobi le communications for law 
e nfor ceme nt ne eds . 

CUmulative Gain and Range P lots for Mobi le 

VHF/UHF Antennas - Wi l l i am A .  K i s s i ck 
( 49 7- 3 7 2 3 )  - Deve lop cumulative di s tri­
buti ons of a s et of mob i le a ntenna 
pa tte rns , and wi th certain ass umptions , 
deve lop cumu lative d i s t r ibuti ons of 
range for the same fami ly of antenna 
patterns . 

National Oceanic and Atmos pheric 
Admi nis tration ( NOAA ) 

NOAA Wind Profi ler Data Communications -

W i l l i am B .  G rant ( 49 7- 3 7 2 9 ) - As s i s t  ERL 
i n  the implementation of the da ta 
c ommunication s ys tem for the Wind 
Prof i ler Demons tration proj e c t . 

National Weathe r S e rvi ce 

NWS Radar Measurements - John D .  Smi l ley 
( 49 7- 5 2 1 8 )  Me asure the emi ss ion 
charac teri s tics of the WRS - 7 4 S  weather 
radar at Portland , Maine . 

DEFENS E ,  DEPARTMENT OF ( DoD ) 

DoD Consulting A .  Dona ld Spau lding 
( 4 9 7 - 5 2 0 1 ) Provide cons u l tation and 
advi sory se rvices on such thi ngs as 
optimum sys tem de s i gn and pe rformance 
determinati on , detection algori thms , and 
i nterference mode ling . 

MF Signal and Noise Measurement - Donald 
H .  Layton ( 49 7 - 5 49 6 )  - S tudy the s i gna l 
and noi s e  envi ronment in the 2 5 - 1 00 kHz 
range in a typical o f f i ce/bus ines s 
envi ronment . 

TAEMS Consulting Forre s t  E .  Marler 
( 4 9 7 - 5 3 2 1 ) - Provide techni cal support 
for NSA pe rsonne l i n  unde rs tandi ng modu­
lation and spec trum ana lys i s  techniques 
to further the i r  uti lization of the 
spec trum ana lys i s  van des i gned and bui lt 
by ITS . 

TDOA Support - Charles M .  Rush ( 4 9 7-38 2 1 ) 
- Provi de a s s i s tance and ana lys i s  expe r­
tise in the conduct of a time d i f fe rence 
of arrival ( TDOA ) HF expe riment . 

Wide Area Diffraction Model Ray E .  
Thompson ( 49 7 - 3 35 2 )  - Add the capabi li ty 
of speci a l  point-to-poi nt propaga tion 
analys is to the wide area propagation 
mode l .  

Air Force ( USAF ) 

MOTES-R Support Dona ld H .  Layton 
( 49 7- 3 74 1 ) As s i s t  the USAF in 
resolvi ng prob lems and improvi ng the 
operation of the MObi le Tes t  and 
Eva luati on Sys tem-Radar ( MOTES-R ) 
receive r  sys tem and upgradi ng the s ys tem 
hardwa re to accommodate improveme nts i n  
technol ogy . 
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Ai r Force--Electronic S y s tems D i vi s ion 
( ESD ) 

Feldberg-Schwarzenborn Performance Mea­
surements James A .  Hof fmeyer 
( 49 7 - 3 1 40 )  - Conduct measurement program 
on the Feldbe rg-Schwarzenborn link of 
the Digi ta l European Backbone . 

Swingate-Houtem LOS Channel Measurements -
James A .  Hof fmeyer ( 49 7 -3 1 40 )  - Pe rform 
me asurements on the Swinga te -Houtem li nk 
of the D igita l  European Backbone using 
the LOS channel probe . 

'l'RAMCON 87 - Richard E .  Skerj anec ( 49 7 -
3 1 5 7 )  Deve lopmen t ,  tes ting , and 
support for the TRAnsmis s i on Moni tor and 
CONtrol program ( TRAMCON ) whi ch is being 
deve loped to moni tor and contro l the 
digita l  transmi s i son sys tem for the 
Defens e  Communi cati on System i n  Europe . 

'l'RAMCON 87 Software Richard N .  Statz 
( 49 7 - 3 38 9 ) Continued deve lopmen t ,  
testing,  a nd suppo rt f o r  the 
TRAnsmi s sion Moni tor and CONtrol program 
( TRAMCON ) .  

'l'RAMCON Master Upgrade Richard E .  
Ske rj anec ( 49 7 -3 1 5 7 )  - Evaluate alte rna ­
ti ve s  for upgradi ng the hardware config­
u rat i on for the TRAMCON mas te r faci li ty . 

"l'roposcatter Channel Probe Deve lopment -
James A .  Hoffme yer ( 49 7 -3 1 4 0 )  - Deve lop 
a quad-channe l tropos catte r channe l 
probe and provide sys tems i ntegration 
suppor t  to ESD . 

USAF Local Area Ne twork Consulting 

Joseph E .  Farrow ( 49 7 - 36 0 7 ) - Provi de 
ESD wi th as s i s tance in the i r  e f f orts to 
i ns tall local a rea networks at some 200 
loca tions throughout the world . 

Wideband HF Channe l Mode ling and Simula-

tion S�udy James A .  Hof fmeyer 
( 4 9 7 -3 1 40 )  S tudy the wide band HF 
medium leadi ng to i ts cha racte rization 
and mode li ng . 
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Ai r Force Sys tems Command ( AFSC ) 

AN/MSR-T4 Receiver System Wes ley M .  
Bee r y  ( 49 7 - 3 38 4 )  - Provide e nginee ring 
technical suppor t  se rvices duri ng pro­
cureme n t ,  producti on , and tes ti ng of the 
AN/MSR-T4 Mu ltiple Recei ve r  S ys tem . 

RSMS AF Radar Measurements John D .  
Smi l le y  ( 49 7- 5 2 1 8 )  - Make peak effective 
radi ated powe r measureme n t  on 1 9  
s e le cted AF radar t ransmi tte rs a t  a s i te 
nea r  Be l le Fourche , SD . 

Rome Ai r Deve lopmen t  Ce nter ( RADC ) 

Wideband HF Study - James A .  Hoffmeyer 
( 497-3 1 40 )  S tudy the wideband HF 
medium leading to its characte r i zation 
and mode ling . 

Army Communications- -Elec tronics Command 
( CENCOMS ) 

MMW Studies of Propagation through 
Coni fer Vege tation - Kenne th C .  Allen 
( 49 7 - 3 4 1 2 )  Measure centime te r and 
mil limeter wave propagation through and 
around coni fer vege tation . 

Army E le c tronic s  Provi ng Ground ( EP G )  

SLF Methodology Inves tigations - Raymond 
D .  Jenni ngs ( 49 7-3 2 3 3 )  - Deve lop me as­
ures of functional pe rformance and rec­
ommenda tions for tes t methods to be used 
to s tr e s s  those radio f requency sys terns 
whose pe rforman ce is bei ng tested using 
the S tress Loading Faci lity . 

Army I nformation S ys tems Enginee ring 
I ntegrati on Center ( IS EIC ) 

Integrated Radio Sys tems Analysis 

Laurance G .  Hause ( 49 7 - 3 9 4 5 ) Update 
and enhance the inte rac ti ve computer 
programs deve loped to pred i c t  the 
pe rformance of three maj or types of 
terrestrial radi o transmis s i on sys tems . 



Army I n formation Systems Engi neering 
Suppor t  Activi ty ( IS ESA ) 

Army HF Propagation Study Larry R .  
Tete rs ( 49 7-54 1 0 ) - As s i s t  Army i n  the 
deve lopmen t  and imp lementation of 
analvt i c  techniques for tactical ope ra­
tion use . 

Berlin-Bocksberg Data Analysis - John J .  
Lemmon ( 49 7 - 3 48 5 ) - Analyze and i nter ­
pret p ropaga tion , di gi ta l performance , 
a nd meteoro logical data tha t  we re 
obtained during the li nk te s ts of the 
Ber lin-Bock sbe rg digi tal tropos catter 
sys tem . 

Communications Support Study - Erne s t  L .  
o r ri s on ( 49 7- 5 88 8 )  Deve lop traf f i c  

prof i le s  and ba s i c  communication mode l  
conf i gurati on t o  e va luate the DoD c ombat 
s uppo r t  communi ca tion capabi lities . 

DRAMA Performance Tests Jame s A .  
Hof fmeye r  ( 49 7-3 1 4 0 )  - Conduct tes ts on 
the DRAMA sys tem , seeking me thods to 
i mprove pe rforman ce i n  a mul tipath 
channe l 

Enhancements to Radio Link Performance 
Algori thms Laurance G .  Haus e  
( 49 7 - 3 9 4 5 ) Upda te the inte ractive 
c omputer programs deve loped to predi ct 
the pe r formance of three maj or type s of 
terrestrial radio t ransmis s i on s ys tems . 

EW Simula tor Design Erne s t  L .  Morri son 
( 49 7 - 5 88 8 )  Design , de ve lop ,  a nd te s t  
one f un cti onal pr ototype o f  the EW 
s i mula tor for Army communica tion 
f ac i l i ti es .  

LOS Channel Simulator - Second Channel 
James A .  Hof fme yer ( 49 7 -3 1 4 0 )  
Cons truct a sec ond channel f or the line­
of-s ight ( LOS ) channel s imula tors that 
wer e  de ve loped for the te s t  and 
evaluation of digi tal rad i os that are 
being procured by the u.s. mi li tary . 

Army I nte l li gence and S e cu ri ty Command 
INS COM 

ETSEM/PC Robe rt o .  DeBo l t  ( 49 7 - 5 3 24 ) -
Deve lop a ve rs ion of the ETSEM program , 

which pred i c ts the pe rformance of line­
of-s ight te rres trial te lec ommuni cation 
links based on the des ign speci f ica­
ti ons , for ope rati on on a pe rsona l 
compute r and enhance and extend the 
ETS EM mode l ,  data bas e , f requency range , 
and f requency modu lation techniques . 

HFMUFS Antennas Frank G .  S tewart 
( 49 7 - 3 3 3 6 ) Deve lop and implement a 
ve rs i on o f  HFMUFS antennas for use on an 
I BM PC/AT and provi de consu lti ng and 
ass i s tance i n  impleme nti ng and us i ng the 
antenna package . 

Army Mis s i le Command 

Millimeter-Wave Polarization Measurements 
- Kenneth c .  Al len ( 49 7 - 3 4 1 2 )  - Pe rform 
measureme nts of the effects of rain on 
the po la r i zation of c i rcula r ly po la rized 
wave s a t  9 6  GHz . 

Army Research Of f i ce ( ARO ) 

Mi llimeter-Wave Laboratory Studies - Hans 
J .  Liebe ( 49 7- 3 3 1 0 ) - Perform expe r i ­
mental research on mi lli me te r-wave 
prope rties of mois t  a i r  i nc ludi ng haze 
condi tions in orde r to re fine the 
a tmospheric propagati on mode l .  

Army Trai ning and Doctrine ( USA/TRADOC ) 

C3I MOE Methodology - Erne s t  L .  Morrison 
( 49 7 - 5 88 8 )  - De f i ne a gene ric me thodol­
ogy for s truc turi ng C3 I MOE hie rarchi es , 
and de tai l the ES rule s e ts and data 
support requi rements to minimi ze effec­
ti venes s  plane ambigui tie s . 

Defens e  C ommuni cati ons Agency ( DCA ) 

Architecture Deve lopment Support for the 
WESTHEM DCS/DSN Edmund A .  Qui ncy 
( 49 7- 5 47 2 ) - De f i ne the mi d-te rm to far­
te rm prefe rred conf iguration of a 
WESTHEM DCS/DSN access node inc ludi ng 
the ident ifi cation of se rvi ces , func­
tions , maj or components , and associ ated 
conne ctivi ty between compone nts at the 
node and the re la tionship to othe r 
networks . 
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DCA Meteor Burs t Wi l li am J .  Pomper 
( 49 7 - 3 7 3 0 ) As s i s t  the DCA in the 
deve lopme nt of i nterope rabi li ty s tand­
ards for me teor-burs t communica tions 
pa rticularly in the a rea of c ommunica­
tion securi ty .  

DCS Integrated Node Architecture - Randa ll 
S.  B loomfi e ld - ( 49 7-5 489 ) - Deve lop a 
DCS/DSN integrated access node 
archi tec ture for the 1 99 5  time f rame . 

DEB Performance Measurement James A .  
Hoffmeyer ( 49 7 -3 1 4 0 )  - Obtai n  long-te rm 
( 1 2  month ) user-to-use r  performance da ta 
on a 64 kb ls channe l .  

NCS Voice Quali ty - Robe rt F .  Kubichek 
( 49 7 - 3 59 4 ) - Deve lop an e xpert patte rn 
re cogni ti on sys tem a nd s pe c i fy Fede ra l 
S tandards for technology-independent 
as s es sme nt of voice tra nsmiss ion 
qua l i ty .  

NSEP/FOCS - Joseph A .  Hul l  ( 4 9 7 -5 7 2 6 ) 
Es tabli sh " bench-mark " specifica tions or 
guidelines to f a c i li tate quantitative 
e va luation of fiber optics ins ta l la tions 
in accordance wi th National Securi ty I 
Eme rge ncy P reparedne s s  requi r ements . 

NSEP/FOCS - David Peach ( 49 7- 5 3 0 9 ) - Apply 
the multitier hardening specifica tion to 
a s e le cted f ibe r optic link in 
ac cordanc e wi th NSEP goals . 

R&D/O&M Engineering Services for NCS 

Jos eph A .  Hull ( 49 7- 5 7 2 6 )  Provi de 
technica l cons ulting se rvi ces to NCS in 
areas re lati ng to deve lopme nt o f  Fede ra l 
Te lecommuni cation S tandards and areas 
re lati ng to technical e va luati ons in 
r e le vant technology areas . ·  

Joi nt Tacti cal Command , Contro l ,  and 
Communi cations Agency 

Wideband HF Channe l Simulator Feasibi li ty 
S tudy - James A .  Hof fmeyer ( 49 7 - 3 1 4 0 )  -

De te rmine the feasibi li ty of deve loping 
a wideband HF channel s i mulator tha t 
wou ld ultimate ly be us ed in tes ting 
spread spectrum HF radios . 
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Navy ( USN ) 

NAVY CAD/CAM/CAE Telecommunications 
Edmund A .  Quincy ( 49 7- 5 47 2 )  - Consult on 
FAN/CAD/CAM/CAE i ntraga teway communica­
ti ons pe rformance s pe c i f icati ons . 

Nava l Ocean S ys tems Cente r ( NOSC ) 

Mi l limeter-Wave Propagation Mode l - Hans 
J .  Liebe ( 49 7 - 3 3 1 0 ) - Deve lop a re liab le 
propaga tion mod e l  for 
t ransmis s i on window 
94 GHz . 

the a tmosphe ric 
ce ntered a round 

NOSC Communications Consulting - Wi l liam 
J .  Pomper ( 49 7 - 3 7 3 0 ) - Provide e ngineer­
ing consulting se rvi c e s  in suppor t  of  
the deve lopme nt of a c lass if i ed nava l 
space communication s y s tem . 

NOSC Spacecom Engineering Wi l l i am J .  
Pompe r ( 49 7 - 37 3 0 )  - Provide e nginee ring 
consu lting se rvi c e s  i n  support of the 
deve lopme nt of a c las s if i ed nava l  space 
communi cation sys tem . 

Nava l Research Labora tory ( NRL ) 

Noise Update A .  Dona ld Spau ldi ng 
( 49 7 - 5 2 0 1 ) - Incorporate the new a tmo­
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noi s e  mode l into the I ONCAP noi se sub­
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NATIONAL AERONAUTI CS AND SPACE 
ADMINISTRATION ( NASA ) 

ACTS Experiments Coordination - W i l l i am A .  
Kiss i ck ( 49 7 - 37 2 3 )  - Apply the data c om­
munication pe rformance s tandards to 
expe riments and demons trati ons and 
as s i s t  NASA in deve lopi ng an " Expe ri­
me nte r ' s  Handbook , "  whi ch wi l l  descr ibe 
the format of raw performance da ta as 
we l l  as provide a c oncis e ACTS sys tem 
speci f ication for a l l  e xperimente rs . 

Multipath Measurements in the Land Mobi le 
Sate l li te Radio Channe l - John J .  Lemmon 
( 49 7- 3 48 5 ) Measure and analyze 
mu ltipath propagation in the land mobi le 
s a te l l i te radio channe l .  



NAT IONAL CENTER FOR ATMOSPHERIC 
RESEARCH ( NCAR ) 

Bui ld Refractometer Kenne th c .  Allen 
( 49 7 - 3 4 1 2 )  - Bui ld a refrac tome te r wi th 
only an ana log ou tput that h as a low­
pa ss f i l te r  rol l  off about 50 Hz . 

STATE , DEPARTMENT OF ( DoS ) 

Chi lean and Peruvian Assessment - Jean E .  
Adams ( 49 7-5 30 1 ) D i scus s wi th 
gove rnment of Chi le feas i bi li ty s tudi es 
of rural and urban app li cati ons of 
c e l lu la r  radi o/te lephone technology and 
an expans i on of a Chi lean sate l l i te 
s ys te m .  Als o ,  conf e r  wi th Pe ruvian 
off i ci als concerni ng Peru ' s  te lec om­
munication capabi li ties and assess  
te chnical me ri ts of  a propos a l  for 
s tudying some te lecommunication 
improveme nts . 

TRANSPORTATION , DEPARTMENT OF ( DoT ) 

Fede ral Avi ation Admi nis tration ( FAA ) 

Air Navigation Aids Gary D .  Gi e rhart 
( 49 7 - 3 29 2 )  - Deve lop propagation models 
applicab le to paths wi th airborne 
ante nnas and implement the s e  mode ls into 
c omputer prog rams . 

u .  s .  Coast Guard ( USCG ) 

Consulting USCG - Jean E .  Adams ( 49 7 - 5 3 0 1 ) 
Dete rmine calcula tions of Navtex 

performan ce for 1 1  USCG s i tes and plot 
coverage . 

U . S .  INFORMATION AGENCY ( US I A )  

VOA Antenna Design Charles M ,  Rush 
the capabi l i ty of 

to optimize the 
for e f f i c i ent 

( 49 7 - 38 2 1 ) - Improve 
the Voi ce of Ame r i ca 
s e lection of antennas 
broadcas t pe rformance . 

VOA Interactive MF Interference Mode l -
Eldon J .  Haaki nson ( 49 7-5 3 0 4 ) - Des i gn 
and i mp lement an inte ractive MF i n ter­
f e re n ce as s es sment capabi l i ty for 

ground-wave and sky-wave broadcas ting 
purpos e s  for the VOA . 

VOA Predictions Charles M .  Rush 
( 4 9 7 - 3 8 2 1 ) - Provide Voice of America 
wi th i onosphe ric predi ctions that are 
used i n  f requency planning and coordina­
tion . 

VOA Studies and Support Eldon J .  
Haakinson ( 49 7- 5 30 4 )  - Provide Voi ce of 
Ame rica wi th the capabi l i ty to continue 
to ef fe ctive ly upgrade i ts broadcas t 
f aci li ties . 
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