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THE ITS MIS I N 
* As the ch i e f  resea rch and engineering 

uni t  of the Na tiona l  Telecommunica­
tions and Informa tion Admin i s tra ti on , 
the Ins ti tute for Telecommunica tion 
Sc iences ( ITS ) suppor ts Admi nis tra tion 
telecommunica ti ons obj ectives such as 
enhanced domes ti c  compe ti tion , 
improved foreign trade opportuni ties 
for u . s .  telecommunica tion fi rms , and 
more e f f icient a nd e ffective use of 
rad i o  frequency spectrum . 
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* ITS al so s e rves as a principa l Federa l  
res ource for a s s i s tance in solv ing 
telecommun i ca tion prob lems of other 
Fede ral agencies , s ta te and l ocal 
governments , priva te corpora ti ons and 
as soc ia ti ons , a nd interna tiona l organ­
i za tions . 
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VERVI EW 
Th e Ins t i tute for Tel ecommunica tion 
Sciences ( ITS ) ,  loca ted in Boulde r ,  
Colorado , t s the ch ief research and engin­
eering a rm of the Na tional Telecommunica­
tions and Informa tion Adminis tra tion 
( NTIA ) , u . s .  Depa r tment of Commerce . ITS 
empl oys approximately 1 00 permanent pro­
gram s taff . Many of these employees bring 
subs tantial engineering and sc ienti f i c  
backgrounds a nd skills t o  our technically 
oriented programs. Indeed , 44% of our 
employees a re elec tronics engineers , 1 1 % 
are mathema ticia ns, 6% are ph ys i c i s ts , 6% 
a re computer scienti s ts ,  and 6% are 
computer programers . During FY 1 98 6 , ITS 
support cons i s ted of $3 . 2  M of direct 
funding from Commerce and $5.4 M in work 
sponsored by o ther Fede ral agenci es . 

ACTIVITIES 
In achieving i ts mi s s i on ,  th e Ins ti tute 
per forms s ta te-of-the-a rt telecommunica­
ti ons research , planning , and enginee ring 
in each of the foll owing functi onal a reas : 

o Spectrum Use Analysis 

Performing technical analys is of radio 
usage in selected frequency bands a nd 
prepa r i ng u . s .  technical pos i ti ons for 
use at interna tional spectrum all oca­
tion conferences . 

o Telecommunication Standards Development 

Contributing to a nd developing Federal 
na tional and interna ti onal telecommuni ­
ca tion s ta ndards . 

o Telecommunication Systems Performance 

Foreca s ting how i ndi vidual communica ­
tion elements will per form togeth e r  a nd 
then tes ting them in a labora tory or 
opera tional envi ronment . 

o Telecommunication Systems Planning 

Rela ting needs of end users to the 
capabil i ties of a planned network . 

vi 

o Applied Research 

Modeling th e way radio waves travel 
from point to point in var i ous fre­
quency bands and evalua ting the way 
i n forma ti on is carried by rad i o  
s ignal s , includi ng modula tion and 
coding . 

BENEFITS 
Th e Insti tute ' s  work s igni f i cantl y bene­
f i ts both the publ ic a nd priva te s e c tors 
in several a reas including : 

o Spectrum utilization 

Optimi z i ng Fede ral spec trum all oca tion 
me thods , identi fyi ng ava ilable fre­
quencies and potential i nte rfe rence 
th rough field measurements , a nd promot­
i ng technology adva nces aid in more 
e f ficient a nd e f fec tive use of th e 
scarce spectrum resource . 

o Telecommunication negotiations 
Developing negotia tion support tool s 
such as i n te rfe rence pred i c ti on pro­
g rams and providi ng expe rt technical 
l eadership improve the prepa ra ti on f o r , 
and conduct o f ,  telecommuni ca ti on 
negotia tions a t  va r i ous inte rna tional 
conferences . 

o International trade 

Promul gating broadly bas e d ,  nonres tri c ­
tive interna tional telecommuni ca tion 
s tanda rds helps to remove technical 
ba rriers to u . s .  export of telecommun­
ica ti on equipment and service s . 

o Domestic competition 

Developing use r-oriente d ,  technology­
dependent me thods of speci fyi ng and 
measuring telecommunication pe r f ormance 
give s  users a pra c t i ca l  way of compar­
ing competing equipment and se rvice s . 



o National defense 

Improving de fense ne twork operation and 
manageme n t ,  enhanc i ng survi vabil i ty ,  
e xpanding ne twork i n terconnec tion and 
i n terope ra ti on, and i mproving pl anni ng 
for emergency communications res tored 
c on tr ibute to the s trength and cos t 
e f fec tiveness of u.s .  national defense 
forces . 

o Technology transfer 

Maki ng available Ins ti tute technology 
evalua tions and appl ica tion s tudi e s  
has tens and expands the bene fic ial use 
of research resul ts for industry in 
mee ting spec i fic user telecommunic a ti on 
needs . 

OUTPUTS 
Maj or outputs of the Institu te ' s  research 
and e ngineering ac tivi tie s  include : 

o Engineering tools and analysis 

Predictions of transmi s s i on med i a  
conditions and equipment pe rformance , 
tes t  design and data analys is c omputer 
p rograms , compl e te laboratory and f i eld 
tes ts of expe rimental and operati onal 
equipme n t ,  sys tems , or ne tworks . 

o Standards, guidelines, and procedures 

Contributions to and development of 
national and i n te rna tional s tandards in 
s uch areas as network in terc onnec tion 
and interoperation , pe rformance evalua­
tion ,  and i n formati on protection . 

o Research results 

Model s for elec tromagne tic wave propa­
ga tion , noise , and interference 
charac te r i z a tion . 

o Expert services 

Training courses and workshops to 
c ommunica te tech nology advances and 
appl icati ons to industry and Governmen t  
users . 

ORGANIZATION 
To carry out i ts ac tivi ties , ITS is 
d i vided organi zationally i n to two mai n  
program divi s i ons--Spec trum Research and 
Analys i s , and Sys tems and Ne tworks 
Res earch and Analys i s - -and an Executive 
Office to handle admin i s trative matters . 
Each of th e program divis ions i s  further 
divided i n to func tionally oriented groups . 
Work performed by the Spec trum Divi s i on 
i nvol ves analyses di rec ted toward unde r­
s tand i ng radio wave behavior at various 
f requencies and determining meth ods to 
enhance spec trum util i z a tion . The Sys tems 
and Networks Divi s i on focuses on assess ing 
and improving th e performance of Govern­
ment and pri va te sec tor telecommunicati on 
ne tworks , developing domes tic and inter­
national telec ommunicati on s tandards for 
telecommunication networks , and evaluating 
new technol ogie s  for applicati on to future 
needs . Ac tivi ties carried out wi th i n  the 
two d i visions are c omplementary and ofte n  
s ynergis tic . Th e Executive Of f ice handles 
the Ins t i tute ' s  budge t and program plan­
ning func ti ons as well as interac ts wi th 
vari ous admi nis tra tive offices wi th i n  
o ther parts of Commerce t o  ach ieve i ts 
payroll , procureme n t ,  pe rsonnel , fac il ­
i ties manageme n t ,  c ivil affairs , and 
publications requi rements . 

ITS H o s ts Work shop 

VII 



HISTORY 
ITS had i ts organizational beginning 
during the 1 94 0 ' s  as , first,  the Inter­
serv ice Radi o  Propagation Labor a tory and 
then later the Central Radio Propagation 
Laboratory ( CRPL ) ,  each located wi thin the 
Commerce Department ' s  National Bureau of 
S tandards . In 1 96 5 ,  CRPL was transferred 
to the Env ironmental Sc ience Serv ices 
Adminis tration and given a new name-­
Ins ti tute for Telecommunicati on Sc iences 
and Aeronomy ( ITSA ) . In 1 96 7 ,  ITS and the 
" A" organi zation were spl i t . ITS was 
trans ferred i n to the newly formed Off ice 
of Telecommunications ( OT ) . Fi nall y ,  under 
the Pres ident ' s  Reorganizati on Ac t # 1  of 
1 97 7 ,  OT and the Office of 
Telec ommunications Policy merged to form 
NTIA . Since that time , ITS has been 
responsible for performing telecommunica­
tion research programs wi thi n  NTIA and for 
prov iding technical engineering support to 
other elements of NTIA as well as other 
agenc ies on a reimbursable bas i s . 

Dwight D .  E i senhower Dedicate s 
Department o f  Commerce Boulder Laboratories 

Septemb er 14, 1954 
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SPONSORS 
The activi ties of the Insti tute are under­
taken through a c ombination of Commerce­
sponsored and other-agency sponsored pro­
grams . NTIA/ITS pol icy prov ides that 
other-agency sponsored work resul ts in 
con tributi ons to and reinforcement of 
NTIA ' s  overall program and is di rec ted 
toward supporti ng Commerce goal s . various 
Army , Ai r Force , Navy , and othe r Depart­
ment of Defense ( DoD ) componen ts prov ide 
the maj ori ty of ITS ' other agency 
funding . Non-DoD sponsors typicall y 
include the Department of Transportation , 
the u . s .  Information Agenc y ,  and the 
Departmen t  of Agricul ture . Because of i ts 
central i zed Federal pos i ti on ,  ITS i s  abl e 
to prov ide a cost-effec tive, exper t  
resource that does n o t  require duplic a ti on 
throughout many Federal agencies . 

ITS Fundi ng Sources 

Sc ienti fic research and enginee ring are 
cri tical to conti nued u . s .  leadership in 
the provis i on of telecommunicati ons and 
i nformation equipment and serv ices . In 
the page s that follow , thi s  annual tech­
nical progre ss report s ummari zes spec i fic 
FY 1 98 6  technical contributions made by 
ITS that have signi ficance for the publ ic 
and/or priv a te s ec tors . 
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SPECTRUM USE ANALYSIS 
The Nati onal Te lecommunications and Infor­
mation Admin i s tration ( NTIA ) is respon s ­
ible f o r  managing the rad i o  spectrum al lo­
ca ted to the Federal Gov e r nment . Par t  o f  
NTIA ' s  responsibi l i ty i s  to : " • • •  e s tablish 
policies concern i ng spec trum ass i gnment,  
a llocation and use , and prov ide the vari­
ous departments and agencies wi th guidance 
to assure tha t thei r  conduc t of te lecom­
mun i cati ons activ i ties is cons i s tent wi th 
thes e  policies ." In suppor t  of thes e  
requi rements , ITS conduc ts a variety of 
s tudies and field measurement activ i ties 
directed toward ensuring e f f i cient,  e f fec­
tive and equ i table use of the radio spec­
trum resource . A prime obj ective of thes e  
ana l yses i s  t o  increase spectrum useful­
ness by dev e loping ways for usi ng pres­
ently conges ted por tions of the spec trum 
more e f f i ciently and for openi ng up new 
portions of the spec trum for produc tiv e 
use . 

AREAS OF EMPHASIS 

In conj unc tion wi th these spec trum anal­
yses , ITS supports NTIA ' s active role of 
dev e loping and adv ocating the Uni ted 
S ta te s ' pos i tion at various i n te rnati ona l 
spectrum al location conference s . Deci­
s i ons taken at these conferences s igni fi­
cantly affect the amount of the spectrum 
resource , and the me thods of usi ng i t ,  
avai lable to the Uni ted State s . 

Through a variety of i ts proj ect acti v i ­
ties , ITS u s e s  i t s  s c ienti f i c  and engin­
e e r i ng research expe r ti se to deve lop 
computer programs to assi s t  the Federal 
Gov e r nment in the mos t productive methods 
of uti lizi ng thi s  avai lable spectrum . 
Thes e  me thods are useful for the private 
sector as we l l  and , the re fore , ITS has 
e s tablished a computer i zed me thod o f  
trans ferring this technology t o  all 
i n te r e s ted parties on a reimbursable 
basis . 

International Radio Conference Support 
Includes projects funded by the National Telecommunications and Information 

Administration and the U.S. Information Agency 

Domestic Spectrum Analysis 
Includes projects funded by the National Telecommunications and Information 

Administration 

Spectrum Usage Measurements 
Includes projects funded by the National Telecommunications and Information 

Administration 

Telecommunications Analysis Services 

Includes a project funded by reimbursement from subscribers 



International Radio Conference Support 

Outputs 
* Models to be used to determine U . s .  

posi tions at radio conferences 
* Techniques and methods to a s s i s t  ITU in 

preparati on for radio conferences 
* De termination of locations of emi tters 

that j am Wes te rn broadcas ts 

The Ins ti tute participates ac tively in 
developing and defending u . s .  posi tions 
for international radio conferences held 
under the auspices of the Inte rnational 
Telecommunication Union ( ITU ) . Prepara­
tion for radio conferences includes pro­
viding overall technical suppor t  for the 
Second S e s s i on of the HF Broadcas ting 
Conferences [WARC-HFBC ( 2 ) ]  and the World 
Admin i s trative Radio Conference on the Use 
of the Geos ta tionary Orbi t and the 
Planning of Space Se rvices Util i z i ng It 
( WARC-ORB ) • These activi tie s are h i ghl y 

c oordinated wi th other organi zations 
wi th i n  NTIA ( particularly the Of f ice of 
Inte rnational Affairs and the Office of 
Spec trum Managemen t )  and other Government 
agencies ( Department of State and FCC , for 
example ) .  

The Insti tute has been the 
agency in s tudying all the 
teria needed to develop th e 
f or WARC-HFBC ( 2 ) . The 

principl e  u . s .  
technic al cri­
u . s .  pos i ti ons 
Ins ti tu te has 

devel oped an HF broadcast planning algor­
i thm that f ollows direc tly from the deci­
s i ons taken at the Fi rst Ses s i on of the HF 
Broadcas ting Conference . It is very s imi­
lar to that implemented by the Inte rna­
ti onal Frequency Regi s tra tion Board 
( IFRB ) . Th e al gori thm enables all HF 
broadcasting requi rements to be analyzed 
and placed i n to appropri a te broadcast 
bands . The i n terference that res ul ts 
between requi rements in the same band i s  
used as the basis for determining wh ich 
requirements can be satis fied and wh ich 
cannot . 

Th e Insti tute has 
de tailed anal ys is 

2 

recentl y  under taken a 
of the re sul ts of the 

Proj ec t pe rsonnel ( 1. to r . ) Le s Berry , 
Ray Jenni ngs , Hi rosh i Akima ,  Cha rl ie Rush , 
Jim Washburn , and Mary Sowers 

IFRB pl anning algor i thms in f inal prepara­
tion for WARC-HFBC ( 2 ) . Of particular 
concern i s  the fac t  th at only 60 to 70 
percent of the u . s .  broadc a s ti ng require­
ments appear to be sati s f ied by th e pl an­
ning proc edures adopted by the IFRB . 
Plans for th ree seasons--December 1985 
( D85 ) ,  June 1 986 ( J86 ) , and March 1 988 
( M88 ) --have been anal yzed . Th e percentage 
of HF broadcasting requirements th at are 
sati s fied by the planning process for the 
u . s .  for each of the th ree seasons is 
given bel ow .  Th e resul ts are bei ng used 
to dete rmine the final u . s .  pos i ti ons th a t  
will b e  taken at WARC-HFBC ( 2 ) . 

Uni ted States 

Pe rcentage of Requi rements 
Sa ti s f i ed 

D85 J86 M88 

6 9  7 2  5 9  

A separate but related WARC-HFBC ( 2 )  i s sue 
has been th e work undertaken by th e Insti­
tute to determine the l ocati on of emi tters 
that are obse rved to j am we s tern broad­
casts . Working closely wi th many c oun­
tries th rough out the world , obs erva tions 
have been gathered and analyzed by Insti­
tute e ngineers and sc ienti s ts to determine 
the c ountries in wh ich the j amme rs are 
located . A recent f i ndi ng by the ITU 



corroborates th e resul ts tha t  j ammer s  of 
Wes tern broadcasts are l ocated in Russ i a ,  
Poland , and Czechoslavak i a . An indication 
of the l oca tions of j ammers to the HF 
broadcas ts o f  Wes tern countries i s  given 
in the map shown below . The l ocati ons of 
th e j ammers are marked by a d o t  ( 0 ) . 
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In support o f  the u.s. prepara tory e f fort 
for th e WARC-ORB , ITS has been developing 
c omputer s o f tware called GSOAP ( Geos ta­
tionary Satell i te Orbi t Analys i s  Program ) .  
GSOAP analyzes mutual i nterference among 
s a tell i te c ommunication networks as illus­
trated i n  the figure bel ow . GSOAP impl e­
ments all th e antenna and propaga tion 
prov i s i ons adopted by the ITU and h as some 
addi tional feature s . 

solid line: wanted link 

dashed line: interfering link 

Th e Insti tute developed a c omputer model 
of a shaped-beam emi s si on pa tte rn of a 
s a tell i te antenna and impl emented i t  in 
GSOAP . Th i s  model calcul a tes the antenna 
gain in the direc tion of an arbi trary 
Ear th point when several c on tour l ines for 
a s e t  of gai n  values are given graph ically 
on the surface of the Ear th . In the 
figure of Relative Antenna Gain , heavier 
l i ne s  pl ot the i nput data to the model and 
the ligh ter lines pl o t  contours based on 
the output of the model . The model was 
transferred to the International Frequency 
Regi s tration Board at th eir reque s t . 
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Recent ITS Publ ications 

6 7 8 

A Model of a Sh aped-Beam Emi s s i on Pattern 
of a Satell i te Antenna ( by Akima ) 

Moni toring of Harmful I n terfere nce to the 
HF BrQadcas ti ng Service : I .  Results of 
th e Oc tober 1 984 and March /April 1 985 
Coordi nated Moni toring Period ( by 
Sowe r s , e t  al . )  

Techn ical Bas i s  for GSOAP ( by Akima ) 
The HF Broadcast Pl ann i ng Model : 1 985 

NTIA/ ITS version ( by Washburn , e t  al . )  
User ' s  Manual for GSOAP ( by Akima ) 

3 



Domestic Spectrum Analysis 

Outputs 
* Report on spectrum efficiency 

* Report on Spectrum Resource Assessment 

Executive 

Commerce 

develop, 

Order 1 2046 and Department of 

Order 10-1 0 direct NTIA to 

in cooperation with the Federal 

Communications Commission, a long-range 

plan for spectrum use. As part of this 

planning effort, the Interdepartmental 

Radio Advisory Committee directed its 

Technical Subcommittee to develop quanti­

tative definitions of terms relating to 

spectrum efficiency and to test these 

definitions by applying them to represent­

ative systems in the fixed radio service 

and in the mobile radio service. The 

Spectrum Efficiency Studies and Spectrum 

Engineering Development projects have sup­

ported the Convenor of the Working Group 

that formulated the definition and have 

developed the computer models that tested 

the application of the definition to spe­

cific service bands. 

In 1986, a computer model for calculating 

the Technical Spectrum Efficiency Factor 

(TSEF) for the land-mobile radio services 

was specified by the Working Group and \vas 

implemented at ITS. The computer model is 

a menu-driven, interactive computer pro­

gram intended for use by an engineer 

familiar with land-mobile radio systems 

and the concept of the TSEF. The computer 

program was used to calculate the TSEF for 

three Government land-mobile radio sys­

tems, and the results are contained in the 

report "Application of the Technical 

Spectrum Efficiency Factor to the Land 

Mobile Radio Service. " 

The trial applications indicate that the 

TSEF can be computed accurately only if 

the communications requirement of the 

evaluated system is specified in suffi­

cient quantitative detail. These data 

are in fact not available for most Govern­

ment systems, either in the Government 

Master File or in the files of the user 

agencies. However, the TSEF concept 

4 

Project personnel ( l. to r. ) Bill Grant 

and Les Berry 

can be used for parametric studies of the 

sensi ti vi ty of the TSEF to system char­

acteristics, communication requirements, 

and modeling assumpt.ions. The effect of 

proposed changes in system hardware or 

traffic loads on technical spectrum effi­

ciency can be simulated using the program. 

The Institute further supports NTIA in its 

role of managing the radio frequency spec­

trum allocated to the Federal Government 

by identifying existing and/or potential 

electromagnetic compatibility (EMC) prob­

lems between systems of various depart­

ments and agencies, providing recommenda­

tions for resolving any compatibility con­

flicts, and recommending changes that 

result in more efficient and effective use 
of the spectrum and improving spectrum 

management procedures. Spectrum Resource 

Assessments (SRA) are studies of these 

areas for specific services or bands. 

This year ITS assessed the radiolocation 

services above 1605kHz. 

There are 20 radiolocation bands between 

1605 kHz and 248 GHz. At the present 

state of the art, there is very little 

activity in the radiolocation bands above 

36 GHz. Recent concern by users of the 

radio location bands in the United States 

was centered in loss of allocated 



frequency spectrum for radiolocation pur­

poses, increased sharing with incompatible 

services, and the downgrading of radiolo­

cation from a primary service to a secon­

dary service in some bands. These prob­

lems are even greater in other regions of 

the world as the erosion of radiolocation 

spectrum in the 1980s by other countries 

increasingly affects our peace-keeping 

forces that rely heavily on radar-equipped 

ground forces, aircraft, and ships. 

The Government's use of the spectrum for 

radiolocation will be a continuing prior­

ity need for the foreseeable future. The 

use of radar techniques not only for the 

older, established uses (such as air, sea, 

and land surveillance, and air traffic 

control), but for newer areas (such as 

weapon delivery and control, missile 

tracking and control, multiple target 

tracking, new air combat and airborne 

early warning radar, space radar, terrain 

following radar, Doppler weather radar, 

and others) that ar-e continually being 

updated and improved, makes this a criti­
cal service for national defense and 

national safety. The figure below shows 

some typical radiolocation uses. 

As radar technology advances (such as the 

use of solid-state devices for both signal 

sources and signal processing, including 

very large-scale integration adaptive 

antennas, airborne Doppler radar, etc. ) ,  

the amount o f  spectrum needed to support 

these systems will continue to increase. 

This is driven by the types of targets to 

be tracked. A radar used to track mortar 

rounds coming into a battlefield area and 

one used for tracking aircraft may work 

more effectively in different spectral 

bands. The introduction of stealth, 

active radar seekers, increasingly complex 

electronic counter measure environments, 

and target identification, as well as 

detection and tracking and other new tech­

nologies, has a tendency to require more 

bandwidth from radars. There are at least 

two important factors here that affect 

spectrum: (1) the need for frequency 

bands from the lowest radiolocation bands 

to the highest to support in the most 

effective way the detection tracking and 

identification of all the various modern­

day targets and (2) the use of wider band­

widths to accomplish the more sophis ti­

cated radar techniques demanded by modern 

defense sys terns whether land based, ship­

borne, or airborne. 

Federal agencies with critical missions 

such as national defense are dependent on 

radiolocation services. Under the Depart­

ment of Defense, the various military 

departments, as appropriate, organize, 

train, and equip active duty and reserve 

forces for the preservation of peace, 

security, and the defense of our Nation. 

Radiolocation is a prime element in this 

planning and training effort. 

The SRA looked at present and future 

radio location band usage, new technology, 

and future developments that impact needed 

spectrum for this important service. 

Spectrum management issues were identified 

and 14 recommendations were made, address­

ing areas that either need further study, 

improve spectrum management, or deal with 

the impact of new technology. 
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Spectrum Usage Measurements 

Outputs 
3lc Fully operational upgraded RSMS 

3lc First of Usage Notebook series 

3lc Prototype Operations Manual 

3lc Special Projects: 

Maritime mobile message statistics 

Trunking systems in Government bands 

Radar emission spectra 

One of the functions of NTIA is to manage 

the use of radio frequencies for Federal 

agencies. In support of this frequency 

6 

management effort, ITS operates 

the Radio Spectrum Measurement 

System (RSt1S). 'rhe RSMS measures 

radio signals providing several 

kinds of information needed by 

frequency managers. "Occupancy" 

measurements show how much of 

the time a particular channel or 

band of frequencies is being 

used for signals. "Compliance" 

measurements show whether sig-

nals are properly authorized 

and meet various technical and 

operational standards. "Com­

patibility" measurements help to 

show whether several signals 

will cause interference to each 

other. 

The Radio Spectrum Measurement 

System has been used by NTIA 

since 1973 to measure the real­

world radio signal environ­

ment. The computer-control of 

this system greatly increased 

the number of measure-

ments that could be 

U.S. DEPARTMENT OF COMMERCE 
National Telecommunications & Information Administrali; 

lnsli!ule for Telecommunication Sciences 
Boulder. Colorado 

Project leader Bob Matheson 

made and analyzed. For example, the RSMS 

gave NTIA its first quantitative occupancy 

data on crowding in Government frequency 

bands. Compliance measurements in radar 

bands showed that technology was available 

to tighten some technical standards, and 

compatibility measurements showed that 

tightened standards would be needed in thA 

future to minimize interference between 

radars. Early measurements also were used 

to help check the accuracy of the fre­

quency listings in the Government Master 

File (GMF). 

The original RSMS was retired recently as 

part of the development of an updated sys­

tem with substantially improved capabili­

ties. The upgraded RSMS now contains two 

independent measurement systems--one opti­

mized for radar measurements, the other 

optimi7.ed for narrowband voice channels. 

These new sys terns permit higher measure­

ment speeds (up to 10 million measure­

ments/hour), better dynamic range, wider 

bandwidths (10 Hz-30 MHz), 

greater reliability, more 

automatic operation, and 

more flexible opera tor 

control of the measure­

ments. 

Although real-·.vorld mea­

surements will always tend 



to be expensive, the cost can be mini­

mized by using a computer to perform most 

of the work. The RSMS uses calibration 

and self-check systems to allow accurate 

measurements to be made without opera tor 

intervention, in addition to allowing the 

operatoc to schedule in advance a sequence 

of 100 measurement tasks. Since the 

selected tasks can each last for many 

hours and can include system calibration 

or data transfer via telephone modems, 

many days of measurements can be made 

without having an operator present. 

On the other hand, the RSHS also does 

in which the operator must quickly 

measured data and use the results to 

trol the system. For example, 

jobs 

see 

con­

when 

unknown signals are seen, the operator can 

instantly call routines to do automatic 

direction-finding, radar pulse-train 

separation, signal demodulation, or use 

other ways to help chat:actet:'ize and iden­

tify an unknown signal. 

RSMS Radar Measurement Console 

Measurements from the RSMS are processed 

in several ways. Some measurements are 

analyzed as they are made with statistical 

data being kept instead of saving millions 

of individual data points on magnetic tape 

for later analysis. Other measurements 

are recot:'ded for later analysis in Boulder 

where they can be combined, plotted, com­

pared to expected signal characteristics, 

identified, and checked off against the 

GMF, as needed to solve the problem at 

hand. 

Hith the large number of measurements made 

each year, it is important that data be 

systematically cataloged so that needed 

measurements can be found. A major effort 

has been started to save occupancy data in 

a series of Usage Notebooks. Future work 

may see these data incorporated into a 

comput8t� data base system. He have been 
careful to meas11re data compatibly so that 

data from many locations and from many 

years can he realistically compared, giv­

ing valuable information on long-term 

trends. 

Measured Usage Library 

Over the years, 

assistance to many 

private companies. 

radio signals over 

the RS�1S has provided 

Government agencies and 

Site surveys showing 

a whole frequency range 

or occupancy measurements over a narrow 

band of interest can be ea3 i ly provided. 

Specific equipment has been measured to 

show that it meets Gover:11nent spr::cifica­

tions and tha·t it will not cause interfer-­

ence. Custom me as u rernen t techniq11es have 

been designed to study critical inter[er­

ence problems referred to us by other Gov­

ernment agencies. I�S�1S measurements have 
often been used in special stud iJ�s of 

individ11al fcequency bands. He expect 

that the RSMS will s0rve the fceciuency 
management community for many years. 

1 



Telecommunications Analysis Services 
Outputs 
* E a sy access fo r u.s. i ndustry and 

other gover nment agencies to th e 
l atest in ITS r esearch r esul t s  and 
ITS engineering mode ls and data base s 

* B road applications i n  tel ecommun i­
cat ion system des i gn and evaluatio n 
of broadcast , mobil e ,  l i nk ,  and radar 
systems 

* S tanda rd me tho d of system analy s i s  
for compari sons between competing 
d es igns or proposed tel e commun ication 
services 

Tel ecommmun ications Analys i s  Services 
( TASERVICE)  is a rel iable and eff ic ient 
m eans of providing both i ndustry and other 
government users quick acces s  to th e 
r esearch and engi neering of ITS . 
TASERVICE i s  based upon a f r iendly com­
p uter in Boul der that i s  accessible by 
ordinary telephone us ing standard modems 
a nd ASCI I characters . It cons ists of a 
large menu of engineering mode l s , scien­
t if ic and inf ormative data ba se s ,  and 
other usef ul telecommunication too l s . 

An ex ample of one of the models i s  
PROF I LE .  Thi s model is used to determine 
t he effect s of terrain on the engi neer ing 
of m icrowave links and on broadcast sta­
t ions , depending on the user ' s  inter­
actions with the model. In the case of 
m i crowave links , the use r  can input the 
locations of proposed antenna s and th e 
m odel wi l l  then provide pl ot s that are 
ma i l ed to the user showing the clearanc e 
a l ong the path fo r E arth rad i i  of 2/3 , 
4/3 ,  t ru e ,  a nd f lat Eart h .  For broadcas t  
s tations , the average terrain heights from 
2 to 1 0  m iles on radi a ls every 4 5  degree s 
a round the transmi tter s i te are of inter­
est. The PROF ILE model will calculat e 
t hese average terrain he igh t s  f o r  the user 
and print them directly on the ir compute r  
t e rm i nals . The terrain elevations are 
obtained f rom an ITS-maintained data bas e 
of terrain he ights in the Un ited States 
and Puerto Rico that i s  corrected and 
a ugmented as new data are obtained from 
ongoing ITS project s .  

8 

Proj e c t  personnel ( 1. to r . ) Yeh Lo and 
Jean Adams 

A m o re recent addi tion to TASERVICE i s  a 
model called Commun ication System Perf o rm­
a nce Model ( C SPM ) . Thi s  model wi l l  cal cu­
late the coverage of one o r  mor e  VHF/UHF 
t ransmi tters wi thin a specif i ed boundary 
and create a plot showing the area s 
c overed wi th spe cif ied s ignal l ev els . The 
f igure on the oppo s i te page shows the 
3 4 dBu c overage of a mobil e  transmi tter 
near Boulder, Colorado . Since there ar e 
m oun tains to the we s t ,  the s ignal f r om the 
antenna located on Lee Hill has better 
c ove rage to the east , although due we st 
f rom the tran smitte r ,  the s i gn al reache s 
i nto several regions wi th higher eleva­
tion s .  Plots s uch as these are used t o  
p l an installations and t o  dev e l op engi­
neering r equir ements for towers ,  and 
a ntennas and f o r  comparing the relative 
mer i t  of different potential transmitter 
s ite s .  

I n  o rder to use the serv i c e ,  a user estab­
l i shes an account with ITS with at least a 
$ 5 0 0 . 0 0 depo s i t .  The user then c al ls the 
serv ice on an ASCI I  type t e rminal and 
i nteracts wi th the TASERVICE system to 
access the particular data or mode l ( s ) of 
i nteres t wi th the costs of the use 
deducted f rom the user ' s depo s i t .  

There are cur r ently 1 7  active models in 
the system , which allow the analy s i s  an d 
e ngineering of sys tems f r om l ow-f r eque ncy 



ground wave to sy stems ope r ating at m i l li­
meter wavelength s. Thes e  models are: 

PATH PARAMTRS Cal culates great ci rcle 
d istanc es ,  bearings , etc. , and provides 
de lta H and average terrai n  he ights at 
s peci fic locations. 
RAPIT Cal cul ates basic transmi ssion l os s  
a nd s ignal l evels ove r i rregular terrain 
for broadcast and m obile radio sy stem s. 
FMFIND Li sts FM station p arame ters from 
a n  FCC derived data b a se accordi ng to user 
speci fied search param eter s. 
TVFIND Li st s TV s tation p a ram e ters from 
a n  FCC derived data base according to user 
spe c i fi ed search par ameters. 
AMFIND Li sts AM b roadcast station param­
e ters in CCIR r egion 2 according to user 
spec i fied search par ameter s. 
TOWER FIND Li st s  tower locations and 
s iz e s  from an FAA/FCC der ived data base 
according to user spec i f i ed search par am­
e ters. 
RAIN Calcul ate s  i nc reased attenua tion of 
m ic rowave and m i l l im eter-wave s ignals due 
to the prec ipitation along the path. 
BURST Cal culates wa iting t im e s  for 
m eteor-bur st com m un ication sy s tem s and 
networks. 
ITSGW Cal culates sy s tem pe rformance or 
b asic propagation path los s for sy s tem s  
that use the ground wave betwe e n  1 0 kHz 
a nd 3 0  MHz a s  the m e ans of p r opagation. 
INMOD L i sts intermodulation p roduct s  in 
r ec e iv e r  bandpa s s  ( up to 40 t r ansm i tters , 
40 receiver s ,  up to s eventh orde r ,  and up 
t o  5 concur rently op e rating transm itters) • 

PROFILE De term i nes path prof i l e s  accordi ng 
t o  user spe c i f i ed param e ters using the 
d i gitized topographic data bas e , and 
appl i e s  rad i o  refr act ive a f fects o n  the 
s ignal p ath for m icrowave path clearance. 
Optional ly r eturns av e rage terrain 
hei ghts. 
HORIZON Pl ot s  rad i o  hor iz o n  around a 
speci fied location in the Un ited S tates 
using the d i gitiz ed topographi c  data. 
SHADOW Plots the radio l ine-of- s ight 
r egions around a spe c i fied l ocation i n  the 
United S tates using the digi t iz ed topo­
g raphic data. 
COVERAGE Plots contour s of s ignal cover­
a ge o f  tran sm i tters using the FCC Broad­
c a st Rule s  or the ITS I r r e gular Terrai n 
Model and include s pop ul ation estim ates 
based on 198 0 census data. 

CSPM Com mun ication Sy stem Pe rformance 
Model determ i nes sy s tem pe rformance of 
mobile and broadcast sy stems i n  detailed 
p l ots with background po l itical bound­
aries accoring to the ITS Irregular 
T errain Model i n  po int- to-po int mode. 
FMPLOT C a l cul ates the coverage of FM 
s tations wi th user input param e ters. It 
can inc lude interference and directiona l 
a ntennas. 
SKYWAVE Ca l cul ates the pe rfonn a nce of 
r ad i o  sy s tem s that use the fr equencies 
from 3 to 30 MHz and ionospheric path s 
u sing the ITS i onospheric and radio noi se 
data. 

..John Q. Pub!lc Mon 24 Nov 1966 15:13:01 
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CSPM output showi ng 34 dBu f ie l d  str ength 
contour for a m ob ile tran smitter on Le e 
H il l  
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TELECOM 
STANDARDS 
Much effort wi th in ITS is focused on the 
deve lopment and applica tion of nati ona l 
and inte rna tional technical performance 
s tandards to fac i l i ta te compe tition in th e 
prov i s i on of enhanced telecommunication 
produc ts and se rv ices . Addi tiona l ly ,  ITS 
dev e l ops s tandards for mi l i tary communi ca­
tion applications . 

Nationa l l y ,  ITS efforts address a growing 
need for e f f icient means of relating the 
data communi cation performance require­
ments of end users wi th the capabili ties 
o f  compe ting sys tem and network offerings . 
The Ins ti tute has pionee red the dev e lop­
ment of methods and procedure s  for speci­
f ying and measuring per formance of data 
communicati on sys tems and serv i ce s  as seen 
by the end user . Maj or end produc ts are 
Federal and American s tandards , dev e loped 
under the auspices of the Federal Te le­
communication S tandards Commi ttee ( FTSC ) 
and th e American National S tandards 
Insti tute ( ANS I ) , respe c tiv e ly . 

The i nternational e f for t addresses the 
need for tech nically s trong , broad ly based 

Ill( EllS OF EMPHASIS 
CCIR Activities 

UNI C  I 
E EL N 

u.s. contribu tions to international s tan­
da rds organi zati ons . The Ins ti tute 
parti c ipates i n  and contributes to th e 
e f forts of various internati onal Study 
Groups func tioning under the aegis of th e 
International Te lecommunication Union ' s  
Interna tional Te legraph and Te lephone 
Consulta tive Commi ttee ( CCITT) and Inter­
nati onal Radi o  Consultativ e Commi ttee 
( CC IR ) . Recommenda tions de termined by 
these organiz a ti ons significantly influ­
ence Uni ted S tates trade in te lecommuni ­
cation produc ts and services . Recently , 
for example , special emphas i s  has been 
placed on th e dev e lopment of technical 
s tandards for Integrated Serv i ces Digital 
Ne tworks ( ISDNs ) . ISDNs are th e currently 
evolv i ng digi tal communication ne tworks 
wh ich wi l l  ultimate ly prov ide i n tegrated 
v oice , da ta, facs imi l e ,  and v ideo s e rvices 
to subsc r ibers on a worldwide basi s .  CCITT 
decis ions a f fect both the implementation 
of ISDN in the Uni ted State s  and th e size 
of our e xport marke ts for ISDN equipmen t  
and serv i ces . 

Inc lud e s  pro j ec t s  funded by the Nationa l T e lecommunication s  and Information 
Adm i n i strati on 

CCITT Activities 
Inc lud e s  proj ect s  funded b y  th e Nat i onal T e lecommuni cat ion s  and Information 

Admi n i s trat ion 

Data Communication Standards Development 
Includ e s  proj ec t s  funded b y  the Nat i onal T e lecommunication s  and I nformation 

Adm i n i stration 

Development, Revision, and Assessment of Standards 
Inc lud e s  proj ects funded b y  the Army I nf ormation System s  Engineer ing Support Act iv i ty 

and the Defen se Communi cations Agency 
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CCIR Activities 

Outputs 
* Technical s tandards to support u . s .  

pos i ti ons at radio conferences 
* Leadership of u . s .  partic ipati on in key 

CCIR S tudy Groups 
*Coordinated u. s .  pos i tions on a l l  

i s sues re lated t o  CCIR reports and 
recommenda tions 

The International Radi o  Consultative 
Committee ( CCIR) is one of two ( the other 
being the CCITT) consul ta ti ve commi ttees 
that are permanent organs of the Interna­
tional Te lecommunication Union ( ITU) . 

All member countries of the ITU and cer­
tai n  pri vate organi za tions can participate 
in the work of the CCIR . Thi s  work pro­
vides the bas i s  for compatible operation 
of te lecommunication sys tems and for e f f i ­
cient uti l i zation o f  the radio frequency 
spec trum . The reports and recommendations 
of the CCIR are used by regional and 
worldwide radio conferences in arriving a t  
decisions per taining to techni cal obj ec­
tives of the conferences . Thus ,  i t  is 
extremely important that the material 
contained wi thin the documentation of the 
CCIR i s  consi s tent wi th Uni ted S tate s  
obj ectives for te lecommunication us age and 
radio conference pos i ti ons . The work of 
the CCIR is carried out by 1 3  S tudy 
Groups , l i s ted i n  the table a t  right . 

To expedi te the work of S tudy Groups on 
some particularly urge n t  or very special­
i zed problems , Interim Working Par ti e s  
( IWP 1 s) a r e  set u p  b y  the S tudy Groups . 
The IWP 1 s mainly work by correspondence 
and are generally in ope ration for a 
limi ted ( 2- 4  years) period of time . 

Members of the Insti tute participate very 
active ly in the work of S tudy Groups 
1 , 3 , 5 , and 6 .  An Ins ti tute member is the 
Interna tiona l Vice Chai rman of S tudy Group 
3 ,  Fixed service at frequencies be low 
about 30 MH z .  Insti tute members serve as 
U .  s .  chairpe rsons of S tudy Group 1 ,  
Spec trum Uti lizati on and Moni toring ,  and 

1 2  

Proj ect pe rsonne l ( l .  to r .) Don Spaulding , 
Jean Adams , Les Be rry, Charlie Rush, and 
B i l l  U t laut 

S tudy Groups 
1 Spec trum Uti l i z a tion and Moni toring 
2 Space Research and Radioas tronomy 
3 Fixed Service at Frequencies Be low 

about 30 MHz 
4 Fixed-Sate l l i te Service 
5 Propaga tion in Non- Ioni zed Med i a  
6 Propagation in Ioni zed Media 
7 S tandard Frequencies and Time - S igna l s  
8 Mobi le Servi ces 
9 Fixed S e rvice using Radi o-Re lay Sys tems 

1 0  Broadcasting Servi ce ( S ound) 
1 1  Broadcas ting Se rvi ce ( Te levis ion) 
CMTT ( j oint wi th CCITT) Transmi s s i on of 

S ound Broadcas ting and Te levi s ion 
S i gnals over L ong D i s tances 

CMV ( j oint wi th CCITT) Vocabulary 

S tudy Group 6, Propagation in Ioni zed 
Media . An Insti tute mathematician plays a 
prominent role both dome s tica l ly and 
inte rna tiona l ly in tha t part of S tudy 
Group 1 activities dealing wi th spec trum 
e f f i c iency and uti l i zation . Another 
Ins ti tute mathema tician was respons ible 
for the leadership of a maj or Study Group 
6 IWP dealing w.i th deve loping me thods to 
improve the globa l representa tion of 
a tmospheric radio noi s e . 

Recent CC IR-re lated activ i ty a t  ITS has 
tended to emphasize spe c i f i c  i s sues in the 



S tudy Groups . In Study Group 1 ,  for 
example , ITS i nit i a ted and chai red a 
dra f ti ng group to revise and extend one of 
S tudy Group 1 ' s bas i c  documents , Report 
6 6 2 , "De f i n i tion of Spec trum Use and 
Efficiency ." This Report originated wi th 
the U n i ted S ta te s  and has been added to at 
every mee ting since i ts introdu c ti on .  In 
addi tion , at i n ternational mee ti ngs of 
S tudy Group 1 ,  the ITS Director chairs 
Worki ng Group 1 A , Principles and Genera l 
Appl ica tions Re lated to the Ef f icient U se 
o f  the Rad i o  Spe c trum , whi ch i s  the mos t 
ac tive Working Group . 

Insti tute activi ties rela ted to S tudy 
Group 3 have been d i rected at recommendi ng 
the requi red protecti on ratios for s ys tems 
that wi ll be sharing the expanded AM 
band . There are a number of exi s ting 
broadcas t s ys tems in the 1 60 5- 1 7 0 5  k Hz 
band tha t  wi l l  be affec ted by the expan­
s i on of the AM band . S tudy Group 3 has 
been dev eloping requi red prote c ti on ratios 
for various emi s s i ons as an ongoing 
ac tiv i ty . Curren tly ,  an ITS member i s  the 
Internati onal Chai rman of an Interim 
Working Party to complete the determin­
ation o f  protec tion ratios for every 
emiss ion type that the fixed s e rvice uses 
or shares wi th o ther service s . Af ter 
lengthy dis cus s ions wi th the o the r coun­
tries , the protection ratios for AM i n te r­
ference to the various s i ngle sideband 
voice and d i gi tal sys tems of S tudy Group 3 
were recommended for adoption. 

Suppor t  to S tudy Group 5 ,  which dea ls wi th 
propagation in non i on i zed med i a ,  has been 
primari ly in two areas . One o f  thes e  is 
the improveme n t  to a CCIR repo r t  dealing 
wi th propagation in the m i l l ime te r-wave 
por tion of the spec trum . The o ther area 
o f  S tudy Group 5 work that the Ins ti tu te 
has addressed i s  the improvemen ts to the 
ground-wave propagat i on mode ls . The 
I n s ti tute has worked c losely wi th the CCIR 
Secre tatiat in te s ting the mos t recent 
CCIR ground-wave propaga tion mode ls , and 
numerous calcu lations and graphical 
d isplays wer e  provided di rec tly to the 
Secre taria t .  

The activ i ty under taken by the Ins ti tute 
to suppor t  the work of S tudy Group 6 has 
been di rec ted in three maj or areas : ( 1 ) 
providing suppor t  for u.s. positi ons a t  
the Second Session o f  the High Frequency 
Broadcas ti ng Conference [ WARC-HFBC ( 2 ) ] ;  
( 2 )  improv i ng global maps o f  the c r i tical 
frequency of the F 2  regi on ( foF2 ) ;  and ( 3 ) 

improv i ng the representa tion of the globa l  
dis tribution of a tmosphe ric radio noise. 
In the f i r s t  of these areas , the activ i ty 
i s  di rec ted at assuring that the CCIR 
reports and recommendations contain mate­
rial that i s  cons i s tent wi th u.s. obj ec­
tiv e s  for WARC-HFBC ( 2 ) . In the area of 
improving global maps of foF 2 ,  the 
I n s ti tute has assumed the lead both 
nationally and internationa l ly i n  
deve loping new maps o f  foF 2  tha t yie ld 
improved representa ti on of the i oni zation 
d i s tribution ove r  ocean regions . This is 
particula r ly impor tant because such 
regions are inaccessible to rou tine obse r­
vation . The activity di rected a t  
improving the representation o f  the globa l  
dis tribution of a tmospheric radio noi se 
has resulted in the adoption by the CCIR 
of a maj or improvement to the report 
contained wi thi n the Study Group that 
deals wi th a tmosphe ric noi s e . Thi s  work 
was completed as par t  of the CCIR IWP 6/ 2 ,  
whi ch was chai red by an Ins ti tu te s taff 
member . Wor ld maps of atmospheric rad i o  
noise a r e  now avai lable that rea lis tically 
represent the radio noise due to lightning 
that is like ly to be encounte red by a 
high- frequency rad i o  sys tem . 
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CCITT Activities 

Outputs 
* Leadership of u.s. par t i c ipation i n  key 

i n  t e r n  a t i o nal s tandards negoti a t i ons 
of the CC I TT ( under the auspi ces of 
the Depar tment of State ) 

* P u b l i c a t i o n s , p r e s e n t a t i o n s , a n d  
wor k s ho p s  t ha t  i nform a f f ec ted u.s. 
i ndustry and gover nment organ i za t i ons 
of i nterna t i onal s tandards i s s ues 

* Proposed texts for CC I TT Recommend a t i ons 
d e f i ni ng qua l i ty of service i n  publ i c  
d a ta networks and I SDNs 

The nega t i ve u.s. trade bal ance i s  a maj or 
e c o n om i c  i s s ue conf ront i ng U . s .  i ndustry 
an d g o v e r n m e n t  p l a n n e r s  t o d a y . The 
c ompe ti t i venes s  of U . S .  telecommuni ca t i on 
p r o d u c t s  and s e r v i c e s  i n  i n t e rn a t i onal 
markets i s  s t rongly i nf l uenced by i nterna­
t i o n a l  t e l e c o m m u n i c a t i o n s t a nd a r d s - ­
p a r t i c u l a r l y  tho s e  o f  the CC I TT . The 
I n s t i t u t e  co n t r i bu te s  d i r e c t l y  to the 

Criterion 
' 

Function 

. Access 

User 
Information 

Transfer 

Disengage­
ment 

Availability F�tion 

� 
• • • 0000101001100 . • •  

Proj e c t  personne l ( 1. to r. ) Ed Q u i ncy, 

Dorothy Cerni, Ted de Haas, and Nea l  Seitz 

p l a n n i ng , d e v e l o pment , coor d i na t i on , and 
implemen t a t i on of CC I TT s ta ndard s ( Recom­
mendat ions ) i n  s uppor t of Commerce Depa r t ­
m e n t  te l e c omm un i c a t i on trade obj ec t i ves . 
Thi s  wor k  has two long- term goal s : 

• RECOMMENDATION X.213 
(OSI Network Service) 

• RECOMMENDATION X.214 
(OS I Transport Service) 

• RECOMMENDATION X.215 
(OSI Session Service) 

• RECOMMENDATION X.140 
(User-Oriented Parameters) 

• RECOMMENDATION X.135 
(PSPDN Speed of Service) 

Matr i x  Framework and Re l evant CC I TT Recommenda t i ons 
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United States National / Committee � (Chaired by Department of State) 
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Poliq und Services 

Study Group B 
World Administrative 

Telegraph and 

Telephone 

Conference -1988 

Study Group C Study Group D 
World- wide Data Transmission 

Tt:kphom: Network and ISDN 

!DN Joint Workin: / Party 

The u . s .  Organ i za t i on f or the CC I TT 

t o  e n h a n c e  i n t e r n a t i o n a l  t r a d e  
oppor t un i t i e s  for u . s .  telecommun i ca ­
t i o n p r o v i d e r s  b y  p r o m o t i n g t he 
d e v e l opm e n t  o f  b r o a d l y - b a s ed , non­
r e s tr i c t i ve , i nterna t i onal tel ecommu­
n i c a t i on s tandards 

to e n s u r e  t h a t  t he i n t e r e s t s  o f  
c o m p e t i n g U . S .  t e l e c o mmun i c a t i on 
prov i d er s  ( and u s er s )  are f u l ly repre­
s e n t e d  i n  u . s .  c o n t r i b u t i on s  to 
i nt e rnat i on a l  s tandards comm i t te e s  i n  
whi ch I T S  has l eader s hi p  respons i bi l i ­
t i e s . 

The I n s t i tute d i re c t l y  s uppor ts the U . S .  
Depar tment of State i n  leadership of the 
u . s .  Orga n i z a t i on f or the CC I TT .  Dur i ng FY 
8 6 , I TS per sonnel cha i red two of the f i v e  
permanent u . s .  CC I TT Study G roups : Study 
G r o u p  D ,  " D a t a  Comm u n i c a t i on s , "  wh i c h 
p r o v i d e s  c o n t r i bu t i o n s  to CC I TT S t u d y  
G r o u p s  VI I a n d  XVI I ,  and the I SD N  Joi nt 
W o r k i n g P a r t y  ( J W P ) , w h i c h p r o v i d e s  
con t r i but i on s  to S t udy G roups XVI I I  and X I  
o n  I SDN i s s ue s . I n s t i t u te s t a f f  member s 
o r g a n  i z e d  a n d  c h a i r e d  s e v e n  U • S • CC I TT 
p r e p aratory mee t i ng s and headed the U . S .  
D e l e g a t i on s  to s i x  maj or CC I TT mee t i ng s  
dur i ng FY 8 6 . 

The I n s t i t u t e p r o v i d e s  i nf ormat i on on a 

w i de var i et y  of CC I TT a c t i v i t i es to u . s .  
s tand a r d s  comm i t tees and the genera l  pub l i c  
to broaden and s treng then U . S .  par t i c ipa­
t i o n i n  i n t e r n a t i on a l  s tandards develop­
m e n t . D u r i ng FY 8 6 , I n s t i t u t e  s t a f f  
m e mb e r s  d e v e l op e d  co n t r i bu t i on s  o n  the 
scope and organ i z a t i on of work i n  f our key 
CC I TT Study G roups . 

S e n i o r I n s t i t u t e  s t a f f  members lead and 
contr ibute d i r e c t l y  to CC I TT s tanda r d i za­
t i on in areas of par t i cular s igni f i c ance to 
Commerce trade obj e c t i ve s . Thes e  e f f or t s  
have led t o  the adopt i on o f  a n  I TS-devel ­
o p e d  " m a t r i x " f r amewo r k  for per formance 
d e s c r i pt i on in a number of important CC I TT 
Recommend a t i ons . The matr i x  f r amework has 
a l s o b e e n  a c c e p t e d  i nterna t i on a l l y  as a 
b a s i s  f o r  t h e  d ev e l opm e n t  of n e t wo r k  
performance parameters i n  I SDNs . Other I TS 
r esearch led to promi s i ng re s ul t s  i n  the 
a pp l i ca t i on of exper t pattern recogn i t ion 
t e c h n i q u e s  to the d e v e l opm e n t  of user­
o r i e n ted , sys tem- i nd ependent voi ce trans­
m i s s i on q u a l i ty measure s . Cont r i bu t i on s  
w e r e pr e s e n t e d  to t he AN S I  Ac c r e d i t e d  
S t a nd a r d s  Comm i ttee Wor k i ng Group TlQ l . l  
deta i l i ng methodology , cand idate obj ective 
paramete r s , and perf ormance . 

DYNAMIC 
�E 

•SPEECH 
PARAMETERS 

•USER BIAS 

• PATTERN 
RECOGNITION 
RULES 

• PROBABIUTY 
FACTS 

•REASONINB 
ALGORITHM 

AUTOMATED 
TRANSMISSION 

QUAUTY EVALUATION { • EXCEu..ENT } 
•GOOD 
•FAIR 
•POOR 
• UNACCEPTABLE 

Voi ce Qual i ty Exper t Sys tem Struc ture 

Recent I TS Pub l i cat i ons 

The O S I  Ne twork Layer Addres s i ng Scheme , 
i t s  Impl i ca t i ons , and Cons i derat i ons f or 
Impl ement a t i on (by Hemr i ck )  

Con t r i bu t i on s  to Standar d s  Comm i ttees 

Rev i s ed CC I TT Recommenda t i on X . 135 , Speed 
of Ser v i ce (Delay and Throughput )  Obj ec­
t i ves for Pub l i c  Data Networks ( by Sei t z  
and Cern i ) 

P r o l o g  B a s e d  E x pe r t  P a t tern Recog n i t i on 
System She l l  for Technology I ndependent , 
U s e r - O rien t e d  C l ass i f i ca t i on of Voi ce 
Transm i s s i on Qua l i ty ( by Qui ncy ) 
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Data Communication Standards Development 

Outputs 
$ C o m p a t i b l e  i n d u s tr y  a n d  F e d er a l  

s t a n d ar ds de fining user-ori e n t e d , 
system-independent data communication 
performance parame ters 

$ C o m p a t i b l e  i n d u s tr y  a n d  F e d er a l  
standards de fining measurement me thods 
f or us er-oriented data communication 
performance evaluation 

* N T IA R e p or ts a n d  o p e n- l i t er a t ur e  
pub lications describing the technical 
basis and intended application of each 
standard 

$ M a chi n e-i n d e p e n d e n t  c omputer programs 
f or m e as ur i n g  d a t a communi c a tion 
per f orm a n c e  i n  a c c or d a nce with the 
standards--av ailab le to the public 

$ N T IA Re p or ts a n d  o p e n- l i t er a t ur e  
p u b l i c a t i o n s d e s c r i b i n g  pi l o t  
applications o f  the standards ( and the 

..... 
c Q) Q) 
0 

Proj ect personne l ( l .  to r .) Dave 
Wortendyke , Ned Crow, Ken Spi e s ,  and 
Marty Mi les 

$ NTIA- d ev e l oped measurement software ) 
i n  the m eas ur e m e n t  o f  priv a t e  and 
pub lic data communication networks 

Q) � � E E 
$ '- f= � f= Q) $ 0.. a b c d 

Access Time Trial Network 

Performance Measurements of Pub lic Data Ne tworks 

1 6  



D e r e g u l a t i on , compe t i t ion , and the rapid 

g r o w t h  o f  comp u t e r  c ommun i c a t i on s  have 
c rea ted an urgent need for uni form means of 
spec i fy i ng and mea s ur i ng the per formance of 

d a ta commun i c a t i on s y stems , s ubsys tems , and 
s e r v i c e s  a s  p e r c e i v e d  by u s e r s . The 
I n s t i t u te i s  con t r i bu t i ng s trongly to u . s .  
i nd u s try e f f o r t s  to mee t that need through 
a C a mm e r  c e - f un d e d  oa ta C ommu n i c a t i on s  
proj ect f oc u s ed i n  three ma j o r  areas : 

Stand a r d s  Deve lopment .  I n s t i t u te per sonnel 
c h a i r  the two u . s .  i nd u s t r y  s t a nd a r d s  
comm i t te e s  mos t  d i re c t l y  i nvolved i n  data 
c o m m u n i c a t i o n p e r f o r m a n c e  s t a n d a r d s 
d e v e l o p m e n t - - W o r k i n g  G r o u p  T lQ 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  T l  
( Te l e c ommu n i c a t i ons ) Comm i t tee , and Ta s k  

G r o u p  X3S 3 .  5 ,  a c o m p o n e n t  o f  the ANS I ­
A c c r e d i t e d  X 3  ( I n f o r ma t i o n P r o c e s s i ng 
S y s t e m s ) Commi t tee . I n s t i t u te personnel 
c o n d u c t  s t a t e - o f - t h e - a r t  p e r f o r m a n c e  
s pe c i f i c a t i o n a n d  me a s u r e m e n t  s t ud i e s , 
s e r v e  a s  p r i n c i pa l  a u t h o r s of proposed 
s tandards in both commi ttee s , and develop 
t e c h n i c a l  p ub l i c a t i on s  tha t exp l a i n  the 
s tandards and i l l u s t r a te the i r  use . 

Sample Size and Prectsion in 
Communtcation Performance 

Measurements 

American National Standard 
for information systems ­

data communication systems and serv!ces ­

user-oriented performance pnrameters 

r-u;er-Oriented Performar:c;-'1 
, Measurements on Publtc 

'I 
Data Networks i 

I IEEE lntemotlonal Conference on ! 

1 Comr:nunlcotlone June 23-28, 1_ �85 
I - �:O:.cc c. c= :"����� 

.,Jiala 
i 1. """ .,.omnun ca Ions "�' 

Amencan National Standard 
X3.1 02 User Reference Manual 

I Testing network 
ft:[�tl;tf��e: l, ,-_ _c_ __ N�:�a!--':�;��:u�t----, 

P r o t o type Mea s urement Sys tem Deve l opment .  
I n s t i t u t e p e r s o n n e l  d e v e l o p  e x p e r i m e n t  
d e s i g n , d a t a  extrac t i on , data reduc t i on , 
and data ana lys i s  sof twa re and proced u r e s  
cons i s tent wi th the s tand a r d s  t o  fac i l i t a te 

(f) 
"0 
c 0 
u 
(l) 

en 
c ..... 
(l) 
E ..... 

1-

10r---------------------------------------------� 
BLOCK TRANSFER TIMES - LOADING EFFECT 
Block Size: i28 characters 

Source City: Denver, CO 

Destination City: Boulder. co 

2 FTS 
/-------------------------------

Tr i a l  Number 

Typ i c a l  Mea s urement Re s u l ts 

t h e i r  use i n  actual per formance mea s ure­
m e n t s . W i t h i n  a v a i l a b l e  r e s o u r c e s , 
I n s t i t u te per s onnel a s s i s t  U . S .  i ndustry 
and Fed e r a l  Government data commu n i c a t ion 
p r ov i d e r s a n d  u s e r s  i n  d ev e l op i ng a n d  
a pp l y i n g  t e s t  s y s tems conforming to the 
s tandard s . 

D emon s t r a t i on Me a s u r e m e n t s .  I n s t i t u t e 

p e r s o n n e l  p l a n  a n d  c o n d u c t  s e l e c t i v e 
m e a s u r em e n t s  o f  p r i v a t e  a n d  compe t i n g 
p ub l i c  d a t a  commun i ca t i on ne twor k s  us i ng 
the I TS-developed per f ormance s tandard s to 

d e m o n s t r a t e  t h e i r  p r a c t i c a l i t y a n d  to 
e n c o u r a g e  te s t  e q u i pm e n t  m a n u f a c turer s ,  
d a ta commun i c a t i on suppl i er s , and users to 
implement them . In a recent exper iment , 
I T S - d ev e l o ped , m i c r o c ompu t e r - b a sed tes t  
s e t s  were u sed i n  a s se s s i ng the per formance 
o f  t h r e e  p a c k e t - s w i t c h e d  pub l i c  d a t a  
ne twor k s  and conven t i on a l  c i rc u i t - sw i tched 
te lephone connec t i on s  in trans f er r i ng user 
d a t a  b e t w e e n  f i v e ma j or Federal i n s t a l ­
l a t i o n s  a n d  t h e  I T S L a b o r a t o r i e s  i n  
Boulder . 

Recent I TS Pub l i ca t i on s  

Proposed Amer i can Nat ion a l  S tandard X 3 . l 4 l ,  
Data Commun i c a t i on Systems and Servi ces 
--Meas urement Me thod s for User-Or i en ted 
P e r f o r m a n c e  E v a l u a t i o n ( b y X3S3 . 5  
Commi t tee ; Se i t z , cha i rman ) 

Tes ti ng Netwo r k  Per formance : A Sta t i s t i ca l  
Ana lys i s  ( by M i l e s  and Se i t z )  
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Development, Revision, and 

Assessment of Standards 

Outputs 
$ S i x  propo sed or revi sed Fede r a l  

S tandards 
* Two impac t  a s s e s sments 

$ One techn i cal report 

T h e  unp r e c e d e n t e d  u s e  of comp u t e r s  i n  
g o v e r nmen t ,  b u s i n e s s  1 and industry ; the 
concur rent r apid evolut ion of new technol­
ogy such a s  f i ber opt i c  transm i s s ion sys­
tems ; and the need for wor ldwide transfer 
of informa t ion have crea ted the need for 
p r oa c t i ve ( be f o r e  i m p l eme n t at ion ) s tan­
d a r d s . The d e r e g u l a t i o n  of the common 
carr ier indus try has l e f t  the Un i ted S ta t e s  
w i t h o u t  a dom i nant producer of de facto 
s tandards that may be adopted a s  react i ve 
( recogni z ing e x i s t i ng prac t i ces ) s tandar d s . 

Na t ional and Federa l  s tandards a s s ume very 
impor tant r o le s in th i s  new evolut ion and 
m u s t  be d e v e l op e d  wi thout con f l i c t  w i t h  
e a c h  o t h e r  o r  w i t h interna t ional ( e . g .  1 

CC I TT )  s t a n d a r d s . P r o a c t i ve s t a nd ar d s  
should encourage technology evol ut ion and 
p r omo te interoperabi l i ty . Repr esenta t i ve 
examples of thes e  proact ive s tandards are 
the Open S y s t em s  I n t e r co nn e c t i on ( OS ! )  
Re ference Mode l  and the I n tegra ted S e r v i c e s  

Proj e c t  per sonne l ( 1 .  

B i l l  I ngram, Joe Hu l l ,  
Evi e  Gray 

to r . )  Don Glen , 

Glenn Hanson,  and 

D i g i tal Ne twork 
a r c h i t e c t u r e  or 
evo l u t i on . 

( I SDN)  • These provide an 
f ramework for technology 

Several pro j e c t s  at I TS involve developing 
telecommun i ca t ion s tandards in keeping w i th 
the goa l s  o f  promo t i ng in teroperabi l i ty and 
advancement of technology . Par t i c i pa t i on on 
s tandards comm i t tees s erves the se goa l s  and 
k e e p s  I T S  s t a f f  membe r s  current on the 
i s sues facing Federal as well as comme r c i a l  
u s e r s  o f  t e l ecommun i c a t ions s e r v i c e s  and 

PROJECT � DEVELOPWENT r. PUBLICATION � TECHNICAL Be 
JNlTI.A.TION OF PROPOSED IN ECONOMIC IMPACT 

BY NCS/FTSC FED. STD. .F.ED.ERAL .N.E(;l.t:S"2'ER ASSESSHENT 

J 
PUBLICATION � RELEASE � FINAL REVIEW f4- POLICY REVIEW � FINAL .APPROVAL & APPROVAL BY NC::S/F'l'SC:: BY GSA BY OMS BY GSA BY OSTP 

Devel opment P r o c e s s  f o r  Federal S t andards 
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equ i pment . Of ten I TS s ta f f  members are the 
o n l y  U . S .  G o v e r n m e n t  r e presentat i ve s  on 
Elec tron i c  I nd u s t r y  Ass oc i at i on ( E I A )  and 
Am e r i c a n  N a t i on a l  S t a n d a r d s  I n s t i t u t e  
( AN S I ) commi ttees and work i ng g roups . I n  

add i t i on , these I TS per s onnel may b e  the 
d e s i g na t e d  r e p r e s e n t a t i v e s  o f  N C S , the 
N a t i on a l  Commun i ca t i ons Sys tem . 

B e s i d e s  p r o v i d i ng Government representa­
t i on , I TS is  often deeply i nvolved i n  the 
t e c h n i c a l  a s p e c t s  of F ed e r a l  s tandards , 
i n t e r op e r a b i l i t y anal y s e s , and techn i cal 
and e c on om i c  i m p a c t  a s s e s sm e nts , or in 
s er v i ng a s  coor d i nator and edi tor . An I TS 
s ta f f  member cha i r s  the F iber Opt i c s  T a s k  
G r o u p  ( FO TG )  o f  t h e  F e d e r a l  Te l ecommu­
n i ca t i ons S tandards Comm i ttee ( F T SC ) , and 
wor k s  c l o s e l y  w i t h  the M I L- STD- 1 8 8  ser i e s  
commi t te e s  o n  tac t i c a l  and l ong-haul commu­
n i c a t i on s . Two other s t a f f  members are 
h e l p i ng develop and ed i t  the latest ver s i on 
of ANS X3 . 1 0 0  (based on CC I TT Recommenda­
t i on X . 25) , wh i ch def i ne s  the data term i n a l  
equi pment i nt e r f ace t o  pac k e t-sw i tched pub­
l i c  data ne twor k s . 

As s hown i n  the l i s t  of proposed new s tan­
d a r d s , the wor k  over the pas t  few yea r s  has 
i nv o l v e d  the d e v e l opment of modem s tan­
d a r d s , s ome development and ed i t i ng of a 
N a t i on a l  s tandard f or the U . s . ver s ion of 
X . 2 5 ,  a n d  c o o r d i n a t i on a n d  d ev e l opment 
a c t i v i t i es on high f requency radio automa­
t i c  l i nk e s t ab l i s hment and the cho i ce of 
opt i ca l  f i ber mater i al s  and s i ze s . 

One not a b l e  ac t i v i ty was the rev i s i on of 
F ED - S TD-1037 i nto FED- STD-1037 A ,  G l o s s a r y  
of Telecommun i c a t i on Terms . The pr i nc ipal 
I TS role i n  1 037A was i n  ed i t i ng and recor­
d i ng the g l o s s ary mee t i ng s . ITS a l so con­
tr i buted to the new f iber opt i c s  terms and 
d eveloped def i n i t i on s  dea l i ng w i t h  deregu­
l a t i on , computer s ,  the O S I  Ref erence Mod e l , 
and I SDN technology . 

U s e  o f  t h e  g l o s s a r y  s h o u l d  f a c i l i t a t e 

i nteroper ab i l i  ty among equ i pment and s y s ­
tems , a n d  i t  should enhance communi c a t i on 
a m o n g  v e n d o r s  a n d  p u r c h a s e r s , amo n g  
d e s i g ne r s  and user s , and among s tand a r d s  
wr i ters a t  l ar g e . 

New and Rev i s ed Stand a r d s  

FED- STD- l037A G l os s ar y  of Tel ecommun i c a t i on 
Terms 

F E D - S TD-10 0 7 A  Tel ecommuni ca t i ons : Cod i ng 
and Mod u l a t i on Requi r ements for Duplex 
9 6 0 0  Bi t/Second Modems 

P r o p o s e d  
Cod i ng 
D up l e x  
Modems 

F ED- STD-1 0 0 9  Tel ecommun ic a t i ons : 
and Modul a t i on Requi rements for 
1 4 , 4 0 0  a nd 1 2 , 0 0 0  B i t / Se c o n d  

F E D - S T D - 1 0 4 5  H F  R a d i o  Au toma t i c  L i n k  
Estab l i s hment 

Proposed ANS X3 . 1 0 0  I nter f ace Between DTE 
a n d  D C E  f o r  Ope r a t i on w i t h  Pa c k e t ­
S w i t c h e d  D a t a N e t w o r k s  ( P S D N ) 1 or 
Between Two DTEs by Ded i ca ted C i r c u i t  

P r o p o s e d  F ED- S T D - 1 0  7 0 S t a nd a r d  O p t i c a l  
F i b e r  w a v e g u i d e  M a t e r i al C l a s s e s  and 
Opt i on a l  Si zes 

Impac t As s e s sments 

F E D - S TD- l 0 0 6A Te l ecommuni c a t i ons : 
a n d  M o d u l a t i on R e qu i r ements 
B i t /Second Modems 

Cod i ng 
for 4 8 0 0  

FED- STD-10 6 5  Tel ecommun i cat i ons : Fac s imi l e  
Cod i ng Schemes and Cod i ng Control Func­
t ions f or Group 4 Fac s i m i l e  Apparatus 

Recent I TS Pub l i c a t i on s  

Loca l  Networ k  Ass e s sment ( by G l en )  

N e t wo r k s  1 S i g na l i ng 1 a n d  Sw i t c h i ng f or 
Pos t-Dives t i t ure and the I SDN (by Glen ) 
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TE L E CO M M U N I CATI O N  
SYSTE M S  P E R FO R MA N CE 

A number of acti vi ties are undertaken at 
ITS that apply the results of more bas ic 
s tudies to improve the performance and 
design of telecommunicati on s ys tems . 

Through other-agency sponsored proj ects , 
ITS deve lops techniques for s ys tems and 

ne twork per formance prediction measure­
men t ,  and evaluati on . The Ins ti tute uses 
thes e  techniques to forecas t  how individ­
ual communica tion e lements wi ll perform 
toge ther and then tes ts them in a labora­
tory or operati onal envi ronme n t .  

IIREIIS OF EMPHASIS 
HF Systems Assessment 

Inc lude s proj ect s  funded by the Board of I nternation a l  Broadc a s t ing , the Army 
Information Systems Engineering Support Ac tivity , the Army Inte l l igence and 
Secur i ty Command , and the U . S .  Informat i on Agency 

Microwave Performance Assessment 
Include s pro j ec t s  funded by the Air Force El ectronic System s  Divi s ion , the 

Air Force System s  Command , and the Army Informat ion Systems Engineering 
Suppor t  Activity 

Microwave and Millimeter-Wave 
Radio Performance Prediction 

Inc lud e s  proj ec t s  funded by the Army Communications Electronic s Command , the Army 
Information Systems Engi neering Suppor t  Act ivity , the Army Inte ll igence and Security 
Command ,  the Naval Air Systems Command , and the Federal Aviation Admin i s tr a tion 

Test Methodology and System Performance 
I nc lude s proj ect s  funded by the National Bureau of Standards and the Army Electronic s 

Proving Ground 

Systems Monitoring, Evaluation, and Control 

Inc ludes proj e c t s  funded by the Air For c e  E lec tronic Systems Div i s ion 
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HF Systems Assessment 

Outputs 
* Deve lop analyti cal techniques for 

government agencies ' operational use 
Dev e lop i n terac tive sky-wave and 

ground-wave mode ls 
* Implement sky-wave and ground-wave 

models on personal computers 
* Develop performance analys i s  s tandard 

for HF broadcas ting 

For several years , ITS has provided sup­
port to various government agencies i n  
technical areas pertaining t o  High Fre­
quency propagation s ys tem pe rformance . In 
the i n i tial planning , or in the mod i f ica­
tion of many communicati on s ys tems , there 
may be appreciable delay be twe e n  the cir­
cui t planning and the ac tual circui t con­
s truc tion or modi fication . Thi s  i s  of 
particular importance for high-frequency 
circui ts wi th marked time and geographic 
variations in optimic frequency , requi red 
powe r ,  and system performance . 

Predictions of ionospheric characte r i s tics 
and techniques may be used to anticipate 
the per formance of HF communication cir­
cui ts and provide the lead time for neces ­
sary equipment selection and frequency 
selec tion . 

The �onospheric Communications Ana lysis 
and �rediction Program ( IONCAP )

-
i s  an 

integrated sys tem of models designed to 
predict high-f requency sky-wave sys tem 
performance and ana lys is ionospheric 
parame ters . These computer-aided predic­
tions may be used in the planning and 
operati on of high frequency communi cation 
sys tems using sky waves .  The Ground Wave 
.Automated Pe rformance Analys i s  ( GWAPA ) 
computer program i s  an integrated s ys tem 
of models designed to predict high­
frequency , ground-wave performance . Both 
IONCAP and GWAPA have interactive capabi l­
i ties to allow design enginee rs and fre­
quency managers ease of use and fas t  turn­
around of predic tions . The IONCAP program 
and the Homogeneous Earth ground-wave 
model wi th GWAPA have been implemen ted on 
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Proj e c t  personne l ( 1. to r . )  N i ck DeMi n c o ,  
Frank S te wa r t ,  Carlene Me llecke r ,  Greg 
Hand , Larry Te ters , and Eldon Haaki nson 

a personal c omputer to give eve n  more 
flexibi li ty to the des ign e ngineer and 
frequency manage r .  Predi c ti on s  from the 
IONCAP program are available from ITS , and 
have been supplied to a var i e ty of govern­
ment agencies and to the private s e c tor . 

Efforts have been under taken to i n terface 
the IONCAP program input to the GWAPA 
program to obtain ground-wav e , f i e ld­
s trength pred i c ti ons that can be c ompared 
wi th the sky-wave predictions . The IONCAP 
program is also bei ng redes i gned to a l low 
for more optimal use in area coverage . 
This e f fort should allow more f lexibi li ty 
in mod i f i ca tion and replacement of various 
ana lys is mode ls and i ncorpora ti on of new 
mode ls as they are developed . 

An e f fort to deve lop a gene ra l i zed high 
frequency i nterference assessmen t  proced­
ure u t i l i z i ng the IONCAP program has been 
indicated . This should allow a me thod of 
de termin i ng propagation charac te ri s tics 
wi th cochanne l and adj acent- chann e l  pro­
tecti on ratios to determine the degree of 
interference and a method of eva luating 
the degree of interference under vari ous 
user spe c i f ied scenarios . 

The Ins ti tu te is a lso deve lopi ng me thods 
to enable summarizing the many calcu la­
tions of sys tem pe rformance f r om the 



IONCAP program . The results of this 
e f fort can be used to he lp in the de s ign 
of optima l  antennas . Other s tudi e s  
i nclude inc orpora tion of a polar iono­
spheric mode l into the IONCAP program and 
the deve lopment of a poin t- to-area version 
of IONCAP . 

The resu l ts of sky-wave propagation pre­
d i c tions have also been u s ed to s imulate 
the expec ted broadcas t coverage from 
various transmi tters a round the globe . 
Thi s  e f fo r t  uti lizes the HFBC84 computer 
program . Thi s program provides a rela­
tive ly rapid es timate of the field 
s trength of a given HF radio wave . A 

procedure has been deve loped wi th thi s  
mode l  that enables coverage maps t o  be 
produced tha t di splay the predic ted field 
s trength i n  any se rvice area . An example 
of thi s  is given below for a Radio Liberty 
transmi s s i on out of Spain on 1 1  . 9 70 k Hz 
during January 1 986 a t  0900 h UTC . 

The results of seve ral of the above 
e f fo r ts can be used to deve lop a per­
formance analys i s  s tandard for HF broad­
cas ti ng to support the maj or international 
broadca s t  organizati ons of the Uni ted 
S ta te s  in upgrading and mode rnizing thei r  
fac i l i tie s . 
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Microwave Performance Assessment 

Outputs 
* Rad io pe r formance data 
* Propagat ion data 
$ Channe l mod e l s  

* ECM equ i pment per formance d a ta 

The I n s t i tu te has long been act i ve in f i eld 
t e s t i n g  m i c r ow a v e  r a d i o  s y s t em s . One 
obj ec t ive of this te s t i n g  i s  to analy ze the 
s ys tem pe r formance in a f a d i n g  environment . 
D i g i t a l  m i c r o w a v e  radios , s uch as those 
u s e d b y  t h e  t e l e ph o n e  compa n i e s , a r e  
e s p e c i a l l y v u l n e r a b l e  t o  f r e q u e n c y  
s e l e c t i v e f a d i n g c a u s e d  by a t m o s p h e r i c  
mult ipath . In a typi c a l  microwave rad io 
f i eld te s t  progr am , sever a l  chara c ter i s t ics 
of the channe l mus t be mea sured and cor ­
r e la ted in t ime w i th the per formance of the 
r a d i o . The I n s t i tute has deve loped channe l 
p r o b e s a n d  d a t a a c q u i s i t i o n  s ys tems to 
fac i l i ta te such correla ted f i e ld tes t ing . 

Typ i c a l  Rad io Mul t i pa th Env i ronment 

The obj ect i ve of these test programs is to 
e v a l u a t e  r ad i o  pe r f o r m a n c e  i n  a fad ing 
envi ronment . To do th i s , a known d i g i tal 
b i t  s tream i s  i n j e c ted i n to the r a d i o  under 
t e s t . At the rece i ve end of the l ink , the 
r e c e i v e d  d a t a a r e  c o m p a r e d  to t h a t 
t r a n s m i t t ed . Er r or s ta t i s t i c s  are then 
d e r i ved wh ich are measur e s  of the radio ' s  
pe r f o r m a n c e . Th i s  i n f o r ma t i on i s  then 
cor rela ted w i th measures of the propagat ion 
channe l . The end obj ect ive i s  to determine 
i f  the rad io mee ts per formance s tandards 
dur ing per iods o f  poor propaga t ion . 
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Proj e c t  pe r s onne l ( 1 .  to r • )  Jim 

Hof fmeyer ,  John Lemmon , and Wes Bee ry 

Ch a n n e l p r o b e s  a r e  t h e  d e v i ces used to 
mea s ure propagat ion cha r a c ter i s  t i c s  of the 
c h a n n e l s u c h  a s  m u l t ipa th delay spread , 
rece i ved s i gna l leve l , and rate o f  fad ing . 
T h i s  i n f o r m a t i o n i s  u s e f u l  f o r  t w o  
purpo se s : 1 )  a s  a mea s ur e  of propagat ion 
c o n d i t i o n s  a t  t h e  t i m e t h a t  r a d i o  
per formance measurements a r e  made and 2 )  a s  

t h e  ba s i s of a channel mod e l  f o r  u s e  in 
c h a n n e l s i mu l a tor a n d  r ad io pe r f ormance 
pred i c t i on programs . 

The I ns t i tu te has bu i l t channel probe s for 
u s e  on m i c r ow a v e  l i n e - o f - s i g h t  ( LO S ) , 
t r opo spher ic sca tter , and m i l l imeter -wave 
transm i s s ion l inks . These i n s tr umen t s  have 
been used in both re search and deve lopmen t  
pr o g r a m s  a n d  i n  a c c e p t a n c e  t e s t i n g o f  
o pe r a t i on a l  transm i s s ion netwo r k s . They 
h a v e  b e e n  used in a va r i e t y  of t e s t s  
wor ldwide , inc lud ing some t e s t s  o f  c r i t i c a l  
Depa r tment of De fense command , cont rol , and 
commu n i c a t ions netwo r k s . 

Dur ing FY 8 6 ,  the I TS tropospher i c  channel 
probe was used as pa r t  of a test program on 
a communica tions l ink between We s t  Ber l i n  
and Boc k s  ber g , We s t  Germany . Th i s  i s  the 
f i r s t  ope r a t i o n a l d i g i t a l  t r o po s ph e r i c  
s c a t ter commun icat ions l i n k  i n  the Defense 
Commun i c a t ions Sys tem . The I T S  probe was a 
key par t  of the tes t ing o f  th i s  l i n k . 



f1 f2 
TransmUte Cha n nel Channel Receiver 

of Radio Probe Probe of Radio 
under Test TX AX under Test 
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Typical D i g i t a l  Rad io F i e l d  Tes t Con f i gurat ion 

Tropo s ca tter Antenn a s  i n  Ber l i n 

The I n s t i tute i s  in the pr oc e s s  o f  bu i ld ing 
a mor e  soph i s t i c a ted tropo spher i c  channe l 
probe for the u . s .  A i r  Force . The f i r s t  
a p p l i c a t i o n  o f  th i s  p r o b e  w i l l  b e  i n  
t e s t ing U . S .  defense commun i cat i ons l i nks 
i n  Europe . 

The LOS channel probe h a s  been w i d e l y  used 
in t e s t  programs in Ge rmany , I ta l y , Korea , 
and many loca t ions w i t h i n  the con t inental 
Un i ted S t a te s . 

The I n s t i t u t e  i s  a l s o  involved i n  t e s t i ng 
the e f fe c t i vene s s  o f  U . S .  e l e c tron i c  coun-

Tim R i ley , Lauren Pratt , and Te s t  Equ ipment 

termea sures equ ipmen t .  The I n s t i tute has 
provided techn i c a l  suppo r t  to the Air Force 
d u r ing the procurement of a new rece i ver 
s y s t e m .  The r e c e i v e r  i s  d e s i gn e d  to 
a c q u i r e , a n a l y z e , a n d  o u t p u t  k e y  
o p e r a t i o n a l  p a r a m e t e r s  o f  e l e c t r on i c  
countermea s ure equ i pmen t .  I t  i s  ba sed on a 
pro to type mod e l  deve loped a t  I TS . 

Recent I TS Pub l i c a t ions 

D i g i ta l  M i crowave Transm i s s i on Tes t s  a t  the 
Pac i f i c  M i s s i le Te s t  Center , Pt . Mugu , 
Ca l i for n i a  ( by Hubbard ) 

Re s ul t s  and Ana lys i s  o f  S ta t ic and Dynami c  
Mul t ipa th in a Sever e  Atmospher i c  
Env i ronment ( by Ko l ton ) 
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M icrowave and M il l imeter-Wave 
Radio Performance Prediction 

Outputs 
$ M i crowave radio l ink pe r formance 

pred i c t ion software 
$ M i l l ime ter-wave radio per formance 

pred i c t ion softwa r e  
$ Con s u l t a t ive ser v i c e s  f o r  rad io 

per formance pred i c t ion 

The I n s t i tute has deve loped seve r a l  s e t s  of 
p r o g r am s  f o r  p r e d i c t i n g  pe r fo r m a n ce on 
l i ne-of- s i ght microwave , beyond- the-ho r i zon 
microwave , and m i l l imeter -wave rad io l i nks . 
T h e s e  program s e t s  are eng ineer ing tool s  
u s e f u l  i n  d e s i gn i ng e i ther m i crowave or 
m i l l i meter -wave rad io transmi s s ion l inks . 
They have been imp lemented on sma l l  d e sk top 
m i n icompute r s . 

Distance (kilometers) 

Typ i c a l  Output for Pred i c t ion Program 

The microwave l ink des i gn programs can be 
used for the per formance pred i c t ion o f  both 
d i g i t a l  a n d  a n a l o g  s y s t em s  i n c l ud i n g  
t r a n s m i s s i o n l i n k s  th a t  conta in pa s s ive 
r epea ter s .  These progr ams per m i t  wor k e r s  
w i th mod e r a te s k i l l  leve ls t o  per form the 
c a l c u la t ions nece s sary for the d e s i gn of 
microwave l i nks for both ana log and d i g i ta l  
sys tems . Atmospher i c  and terra i n  mu l t ipath 
are taken i n to cons iderat ion in calculat ing 
t h e  pe r f o r m a n c e  of 1; h e s e  sys tems . The 
a lgor i thms used in pe r forming these calcu-

2 6  

P roj e c t  pe rsonne l ( l .  to r . )  Rob DeBo l t , 

Larry Hau se ,  Jean Adams , and Gary G ierhart 

lat ions a r e  based on mod e l s  der ived from 
t h e o r y  a n d  e mp i r i c a l  d a t a  f r om f i e l d 
m e  a s  u r emen t p r o g r a m s . The a l go r i t h m s  
i n c lude : 

o r epea ter l i nk Ear th geome t r y  

o pa th pro f i le data a n d  e f fe c t ive 
Earth rad ius 

o pr imary antenna height opt i m i z a t ion 
o ter r a i n  r e f lect ions 
o ray t r a j ectory 
o obs tacle d i f f r a c t i on 
o troposphe r i c  scatter 
o s i te antenna or r e f lec tor layout 
o repea ter s i te loss and an tenna ga i n  
o med i a n  ba s i c  transmi s s ion los s  
o ba s ic transm i s s ion los s var i a b i l i ty 
o l i nk car r i e r - to-no i se r a t io 

probab i l i ty d i s tr i but ion 
o analog rad io sys tem s i ngle rece i ver 

trans fer character i s t i c  
o ana log l i nk per formance 
o d i g i ta l  l i nk per formance . 

The microwave l i nk engineer i ng s o f tware i s  
be i n g u s e d  by t h e  s p o n s o r i n g  U . S .  Army 
agency to pred i c t  the pe r formance on l i nks 
be i ng developed as par t  of the wor ldwide 
Defense Commun icat ion s Sys tem . 



The s o f tware wa s a l s o  used dur i ng FY 8 6  to 
analyze a mi crowave commun i c a t ions sys tem 
b e i n g  d e s i g ned to suppo r t  the U . S .  Navy 
Tact i c a l  A i r  Combat Tra in i ng Sys tem . 

Rad io- l in k  Mod e l ing on a M i n i computer 

A n  E H F  T e l e c o m m u n i c a t i o n s  S y s t e m  
E n g i n e e r i n g  M o d e l  ( E T S E M ) h a s  b e e n  
deve loped by I TS a s  an a id i n  the d e s ign o f  
LOS commun i c a t ions sys tems from 1 0  t o  1 0 0  
G H z . E T S E M  provides tabu l a t ion o f  path 
geome try par ame t e r s  and ana l y z e s  r a y-pa th 
a n d  F r e s n e l zone c learances to he lp the 
e n g i n e e r  d e s i g n  t h e  pa t h . E T S EM a l s o 
p r e d i c t s  the per formance o f  both d ig i ta l  
and ana log sys tems ba sed o n  s t a te - o f - the­
a r t  EHF propa g a t ion mod e l s  and equ ipmen t  
s p e c i f i c a t i o n s . A t t e n u a t i o n  by r a i n , 
c l e a r - a i r  a b s o r p t i o n , and mu l t i pa th are 
m od e l e d . E T S EM has been implemented on 
d e s k top computer s .  

T h e  I n s t i t u t e ha s ,  f o r  s e v e r a l  ye a r s ,  
prov ided a propa g a t ion analys i s  s e r v ice to 
the Fed e r a l  Av i a t ion Admin i s t r a t ion ( FAA) . 
propaga t ion mod e l s  and s o f tware pr'e v i o u s l y  
deve loped a t  I T S  are be ing used as pa r t  o f  
th i s  con s u l t a t ive services pro j e c t . 

The I ns t i tute i s  provid ing con s u l t a t ion to 
the U . S .  Army on wide band VHF /UHF channe l 
m e a s u r e m e n t s  a n d  channe l mode l i ng . The 
c u r r e n t  w i d e b a n d  s y s t e m s  h a v e  b e e n  
d eve loped u s ing e x i s t ing propaga t ion mod e l s  
t h a t  co n s i d e r  on l y  n a r r ow b a n d  s i gn a l s . 
E x pe r i m e n t a l  d a t a a r e  n e e d e d  e i ther to 

val id a te the e x i s t ing mod e l s  or to deve lop 
mod e l s  v a l i d a t  t h e  b a n d w i d t h s  o f  the 
propo s ed sys tem . The propa g a t ion data w i l l  
b e  col lec ted us i ng channe l probes s imi lar 
to thos e  bu i l t a t  I TS for use on l i ne-of­
s ight m i crowave , tropospher i c  sca tter , or 
m i l l ime ter-wave channe l s . The mode l ,  wh ich 
w i l l  be der i ved from the w i deband VHF/UHF 
c h a n n e l me a s u r emen t s , w i l l  be u s e d  to 
update the l in k  eng ineer ing s o f twar e  mod e l s  
descr i bed above . 

MUL 

Automa ted Gen e r a t ion of Antenna D e s i gn 

Recent I TS Pub l i c a t ions 

Algor i thms used in ARROWS : Autod e s i gn of 
Rad io Re lay Opt imum Wideband Sys tems ( by 
Hause ) 

EHF Te l ecommu n i c a t ion Sys tem Eng ineer ing 
Mode l  ( by Allen ) 

Propa g a t ion Pred i c t ions for Mar g in a l  LOS 
M i c rowave pa ths ( by Hause ) 
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Test Methodology and System Performance 

Outputs 
* AC S l3 - -Wh a t  i s  Ad e q u a t e  P e r f o r ma n c e ?  

P a p e r  presented a t  the 1 9 8 6  I n ter­
na t ional Carnahan Conference 

* The Per formance of Amp l i tude Companded 
S i d e band I n ter im Repor t :  A Rev i ew 
and Mea surement Plan , NBS-GCR- 8 6 - 511 

P e r f o r m a n c e  tes t ing can be a pre lude to 
s t a nd a r d s  d e v e l o pm e n t  o r  u s e d  f o r  the 
d e t e r m i n a t i o n o f  a c c e p t a b i l i t y .  
P e r f o r ma n c e  te s t i n g  o f t e n  i n vo l ve s  the 
i d e n t i f i c a t ion of appropr i a te per formance 
mea s ur es ,  or " f i gures of mer i t , "  pr ior to 
the des i gn and implementat ion of a mea sure­
ment program . 

O n e  o f  the pro j ec t s  at I TS i nvo lves the 
a s s e s s m e n t  o f  t h e  v o i c e q u a l i t y  o f  
amp l i t u d e  comp a n d ed s i d e b a nd (ACSB)  --an 
e n h a n c e d f o r m  o f  s i n g l e  s i d e b a n d  
mod u l a t i o n . S i n c e  AC S B  o pe r a t e s  w i th 
channel w id ths o f  about 5 kHz , i t  can be an 
e ff e c t i ve solut ion to the spe c t r a l  crowd i ng 
in the VHF and UHF land-mobi le bands . A 
r ecent r u l ing by the FCC a l lows the use of 
" narrowband technolog i e s , "  s uch as AC SB , in 
band s tha t had been reser ved for FM us ing 
25 or 30 kHz channe l s . 

P roj e c t  pe rsonne l ( 1 .  to r . )  B i l l  Ki s s i c k  
a nd E r n i e  Morr i s on 

In the con text of land mob i le rad io , us ing 
FM as a re ference , the goa l s  o f  the I TS 
w o r k  a r e  t o  i d e n t i f y t h e  a p p r opr i a t e 
per formance mea s ures for ACSB , and then to 
determine the va lues of such mea s u r e s  tha t 
repr esent the min imum level o f  acceptable 
per formance . Tha t min imum level o f  per for­
ma n c e , a s  shown in the f i gure be low , is  
a s s umed to be expr e s sed in terms o f  the 
s p e e c h  i n t e l l i g i bi l i ty for an FM system 
ope r a t ing a t  1 2  dB S I NAD . The S I NAD i s  an 
o b j e c t i v e  p e r f o r m a n c e  me a s u r e  t h a t has 
become the de facto s tandard for FM land-­
mob i le r a d i o  per formance . 

OBJ E C T I V E  
MEA S U R E  
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U s i ng the ar t i cu l a t i on s core (AS ) as the 
s ub j e c t i ve mea s ur e  of i n t e l l i gi bi l i ty ,  the 
conc l u s i on that 12 d B  S I NAD r epresents the 
s ame leve l of per f ormance for ACS B  as i t  
does f o r  F M  i s  eas i ly reached . The f i gure 
b e l ow g i v e s  the AS vs . S I NAD f or an FM 
r a d i o  and the AS v s . S I NAD (wi th an aud i o­
to- p i l ot r a t i o  of 1 0  d B )  for each of two 
ACS B  r a d i o s -- one f rom each of the two U . S .  
manufac ture r s . The AS of one ACS B  r ad i o  
i s  a l i tt l e  h i gher than the A S  f or FM a t  
1 2  d B  S INAD , and the A S  for the o ther AC SB 
rad i o  is a l i tt l e  lower . 
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A n o t h e r  p r o j e c t  a t  I T S r e q u i r e s  t h e  
d evelopmen t  of me thods f or tes t i ng mi l i tary 
c o m m u n i c a t i o n s  s y s t e m s  u s i ng s p r e a d ­
spec trum modul a t i on . Communi ca t ions sys­
tems make use of spread- s pe c t r um techn i ques 
to enhance s i gn a l  secu r i t y  and spec t r um use 
eff i c i ency . At the s ame t ime , spread- spec­
t r um techn i ques reduce the s us cept i bi l i ty 
t o  e l e c t r o n i c  c o u n t e rm e a s ur e s  a n d  to 

d i r ect i on f i nd i ng . 

The goa l of the I TS wor k  i s  to devel op tes t  
method s t o  b e  used dur i ng the development 
ph a s e  o f  f r e q u e n c y - ho pp e d  s y s t e m s  that 
operate in the f requency s p e c t r um at HF and 

h i g h e r  f r e qu e n c i e s . The m e t h od s  be i ng 
developed wi l l  primar i l y  prov i d e  i nforma­
t i on on the s ys tem s us cept i b i l i ty to mutual 
interf erence and r e c e i ver s us cept i b i l i t y  to 
to nar rowb a nd j amme r s . 

A n  e a r l y  s t e p  i n  d e v e l o p i n g  t h e  te s t  
method s i s  to develop the ranges of s i gnal­
t o - j a mm e r  r a t i o s to b e  u s ed a n d  the 
expec ted var i abi l i ty i n  s i gnal leve l s  due 
to p r o p a g a t i on phenomena . Thes e  become 
i nputs to any s imul a t i on , done e i ther on a 
computer or w i t h  the actual equipment i n  a 
tes t f ac i l i ty ,  as shown below . 

The t e s t  des i gn and execut ion procedures 
b e i ng developed are con s i s tent w i th current 
a c c e p t e d  m e t h o d o l o g i e s .  Pe r f or m a n c e  
pro f i l e s  for both graceful and catas troph i c  
degrada t i on w i l l  b e  developed f r om the tes t  
r e s u l t s  i n  a way that allows extrapo l a t i on , 
w i th rea sonable con f i dence , i nto areas of 
extended app l i c a t i on . 

ENVIRONMENT I 
GENERATOR SCENARIO 

+ CONTROLLER 

PROPAGATION I 
EFFECTS - - -

I 
+ I 

I 
ALTERNATIVE 

ANTENNA TEST CABLE 
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I 
y I 

SPREAD 
� -' SPECTRUM 

RECEIVER 

� 
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SCORING 

� 
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Systems M onitoring, Evaluation, and Control 

Outputs 
$ Sys tem d e s i gn of TRAMCON s y s tem 

$ Sof twar e :  2 0 0 , 0 0 0  l i nes of source code 

The pr e s e n c e  of U . S .  m i l i t a r y  forces in 
a l l i ed na t i ons requ i r e s  that a command and 
control commun i c a t ion sys tem be ava i l able 
to s uppor t  these for ces and to coord i na te 
the i r  a c t i v i t i e s . For tha t purpos e ,  the 
Depar tment of Defense owns and operates an 
e x t e n s i v e  telecommun i c a t i on plant , 
i n  Europe , i s  r e f e r red to a s  the 
European Backbone (DEB) ne twor k .  

whi c h , 
D i g i t a l  

One of the new too l s  for mana g i ng the ne t­
wor k  is the TRAnsmi s s i on Mon i tor and CON­
t r o l  (or TRAMCON) system developed by ITS . 

When f u l ly deployed i n  Europe , TRAMCON w i l l  
cons i s t  o f  a netwo r k  o f  2 5  m i n i compute r s  
t h a t  mon i tor the equi pment at 2 50 commun i ­
c a t i on s i te s  acros s the con t i nent . 

Two elements cons t i tu te the TRAMCON fac i l ­
i ty :  a master un i t  and a remote un i t .  A 
master un i t  ( see photo i ns e t ) con s i s ts of a 
m i n i computer , 
a n d  d i s p l a y  

d i s k  s to r age , a tape dr ive , 
termina l s . The master un i t  

Proj e c t  personnel ( seated 1 .  t o  r . )  Ri c k  
Stat z  and Bob McLean , ( s tand ing 1 . t o  r . )  
Joe Far row and D i c k  Sker j anec 

0 

0 

0 

col l ec ts status and parameter i nforma ­
t i on from a l l  the r emote un i t s  w i t h i n  
i t s  control , 
a s s e mb l e s  the respon s e s  i nto Eng l i s h  
text d i s plays f o r  the manager , and 
ma i nt a i ns a nea r - t e rm h i s to r y  of sys tem 
status and per formance . 

A remote un i t  i s  a hard-w i r ed logi c s ys tem 
tha t 
o s e n s e s  e l e c t r i c a l  p a r a m e t e r  changes 

t h a t  i nd i cate commun i c a t i on equipment 
s t a t u s  at remote s i t e s , 

RADIO RADIO ENCRYPTION 8-PORT PCM 
RF r-- MODEM & r-- r-- r---- CHANNEL 
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samp l e s  ana log vol t ag e s , 
counts any random p u l s e s , 
formu l a t e s  r e s pons e s  f rom changes , 
transm i t s  to the master un i t  i nforma­
t i on on changes in equipment s t a t u s  at 
the remote s i te , and 
prov i d e s  r e l ay con t a c t  c l o s ure . 

By m a n i pu l a t i n g r e l a y  contact c l o s ure s , 
c omputer s  perm i t  cont r o l  of d i g i ta l  mi c ro­
w a v e  t r a n s m i s s ion systems by mon i tor i ng , 
collec t i ng , and d i s p l ay i ng da ta r e f l ec ti ng 
the s ta t u s  of remote s i t e s  in the ne twork .  

T h e  TRAM C O N  sys tem has been de s i g ne d  to 
a c c ommo d a t e  alarm , s ta tus , and parameter 
data from any form of transm i s s i on equip­
ment . The TRAMCON sys tem mon i to r s  d i g i t a l  
m i c rowave a n d  tropo s c a t t e r  rad i os , analog 
r a d i o  s y s t e m s , d i g i t a l  m u l t i p l e x e r s ,  
c r yp t o g r a ph i c  e q u i pm e n t , o p t i c a l  f i b e r  
t r a n sm i s s i on sys tems , and w i r e  span - l i ne 
d r iver s . Any s e t  of two- s ta t e  i nd i cator s , 
par ameter s ,  and sw i tch con t r o l s  that can be 

d e s c r ibed suf f i c i e n t ly to g i ve each po int 
a n  E n g l i s h  t i t l e  c a n  b e  mon i t o r e d  by 
TRAMC O N . Th e s o f twa r e  i s  d e s i g ne d  to 
h a n d l e  a n y  t r a n s m i s s i o n  mode , equipmen t  
m a n u f a c t u r e r , mod u l a t i on t e c h n i q u e , o r  
mult iplex h i er ar chy . The benef i t s  o f  the 
T R AM C O N  mon i t o r i n g and con t r o l  s y s t e m  
i nc l ude : 

improved per formance 
improved f a u l t  i so l a t i on 
improved networ k  ava i labi l i ty 
reduced ope r a t i ng cos t s  

0 

0 

0 

0 

0 

0 

centr a l i zed control and mai n tenance 
centr a l i zed d i spatch 

o reduced s i te s t a f f i ng . 

Recent I TS Pub l i c a t i ons 

A Compute r - Ba sed Transm i s s ion Mon i tor and 
Control System ( by Farrow and Sker j anec ) 

T r a n s m i s s i on Mo n i t o r i ng and C o n t r o l  of 
S t r a t e g i c  Comm u n i c a t i on S y s t e m s  ( by 
Far row and Sker j anec ) 
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TELECO 
SYST M 

M UNICAT ION 
L N lNG 

The Ins ti tute is tasked to serve as a 
central Federal resource to ass i s t  o ther 
agencies of the Governmen t  i n  the plan­
ning , design , maintenance , and improvement 
of thei r  te lecommunications acti vi ties . 
In order to solve specific te lecommunica­
tion problems of other Federal agencie s ,  
ITS applies i ts expe r ti s e  i n  performing 

user requi remen ts analys i s , sys tem des ign , 
and network archi tecture deve lopment .  The 
Insti tute ' s  effor ts are directed toward 
e f fective ly re lating the needs of end 
users to the capabi l i ties of a planned 
ne twork , taking into cons ideration a 
variety of e nvi ronmen ts and condi tions . 

AREAS OF EMPHASIS 
Near-Term Systems Planning 

Includes projects funded by the U. S .  Information Agency and the U. S .  Coast Guard 

Advanced Systems Planning 
Includes projects funded by the Air Force Electronics Systems Division , the Army 

Electroni cs Proving Ground , the Army Information Systems Engineering Support 

Activity , the Army Information Systems Management Activity , and the Defense 

Communi cations Agency 

Planning for Special Communication Environments 
Includes projects funded b y  the Army Electronics Proving Ground , the Defense 

Communications Agency , and the Naval Ocean Systems Center 
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Near-Term Systems Planning 

Outputs 
* Model of ga in pa tterns fo r cur tain 

array antenna 
* Models fo r HF b road cast coverage 

Models for MF broadcas t  coverage 
and interference analys i s  

* Analysis of H F  c ommun ication s  i n  
mar itime emergenci e s  

For many broadcas t  or c ommun ication s 
s ys tems , circum s tances can requi re the 
system operator to modify system param­
e ters . For exampl e ,  the HF band i s  
strongly in fluenced by solar activity ; th e 
t ransmi ssion fr equency that i s  best this 
month may not be opt ima l ,  or wors e , ma y 
not wo rk at al l ,  next month . For thi s  
situation , the operator wants to know i n  
a dvance what fr equency shoul d be used , 
what transmitter power i s  r equired , an d 
where the antenna ' s  ma in beam shoul d be 
pointed . As another exampl e ,  the MF ban d 
has fr eque ncies al located to internatio nal 
broadcast s .  As the United State or othe r 
a&ninistrations attempt to b ring up new o r  
modif i ed broadcast fac ilitie s ,  exi s t i n g  
b road cast signals may r ec eive intolerable 
interference . Based upon the character­
i stics of the cur rent facil i ti e s , the 
system planner would like to know wha t 
parame ters wi l l  have to be modi fied so 
that the n ew and exi s ting tran smitters can 
c oexi st wi thout i nto lerable interference 
imposed on their li stener s .  

These and many s linilar exampl e s  fal l  under 
near-term systems planning;  the telecom­
m un ications sys tem has to be able to adapt 
or evolve in response to changing environ­
m ental condi tio�ns . ITS a ids the sys tem 
planners by devel op ing engineering tool s 
t hat help answe r the "wh a t  i f  • . .  " que s­
tion s . The fol lowing paragraphs de scrib e  
s ome of these analys i s  and planning aids . 

MF Interference Model . Thi s  past year , 
ITS has been developing an interactive M F  
i nterfe rence analys i s  model that the u . s .  
In formation Agency ' s  Vo ice of Americ a 
e ngineers wi l l  use to de s ign MF b road cast 
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Proj ect personne l ( 1 .  
Nick DeMinco , Susan 
Ne senbe rgs , and Eldon 

to r . )  John Godwi n ,  
Roths chi ld,  Martin 

Haaki nson 

sys tems . The model allows the engineer to 
s elect among s everal ground-wave and sky­
wave al gori thm s , s everal transm i tter and 
rece iver antenna gain pattern algori t hms , 
the transmi tter powe r ,  and the locations 
of the tran smitter and rece iver ( s ) . Aft e r  
the engineer selects a candidate tran smi s­
s ion frequency , the program retrieves from 
n ational and international station a s s i gn­
ment data bases all cochannel and adj a­
c ent- channel transm i tters that may cause 
interference at the rece iver s i te s .  The 
i nterference l evels are compared wi th the 
desired s i gnal l evels to det ermine if the 
i nterference violates s i gnal protection 
ratios . If  the protection ratios are no t 
m e t ,  the interac t ive model lets the engi­
neer alter system parameters or change 
t ransmi ssion fr equency so that the f inal 
des ign is acc eptable in performance and 
d oes not cause harmful interference to 
other broadcast facilities .  

H F  Antenna Pattern Generato r . ITS devel­
oped an interactive HF curtain array 
pattern generato r  fo r use by the Vo ic e of 
America in determining coverage from the i r  
b roadcast antennas . Fo r any par ticul ar 
broadcast hour some portion of the iono­
s phere wi l l  suppo rt the tran sm i ssion from 
the transmi tter to the b ro adcast receptio n 
a rea better than other po rtions of the 
ionospher e .  To s ave tran smitter power and 
to efficiently use the ionospheric trans-



m i ssion channel , the VOA woul d l ike to use 
e lectron ical ly steerable HF curtain arra y 
a ntennas that can po int narrow beams at 
the r i ght portion of the ionosphere with 
j ust enough beamwidth to cover the recep­
tion are a .  The antenna generator mode l 
1 ets the engi neer de s ign the antenna and 
then produces a contour plot of the 
a ntenna pattern that can be ove rlayed on 
the r equired powe r- gain plot s .  In thi s 
m anner the engineer can optim i ze the 
antenna des ign/broadcast cover age 
t radeof f s  in response to the near- term 
changes of the ionosphere .  

Coast Guard Mar itime Emergency Commun ica­
t ions . Dur ing per iods of maritime 
emergencies , the Coa st Guard wants to 
e nsur e  wi th a high probabil ity that a 
ves sel with an emergency can commun icat e 
wi th the Coast Guard . La st ye ar , ITS 
developed a technique to analyze th e 
f easib i l i ty of using shore stations 
located throughout the world as a networ k 
o f  receiver sites ready to receive emer­
gency tran s mi s s ions from distr e s s e d  
s hips . As suming a ship wa s located i n  the 
North Atlantic with standard HF equipmen t 
a nd the network wa s composed of 2 6  shore 
s tations ,  the analy s i s  shows that i f  th e 
s hip used up to four HF fr equenci e s , then 
the probability of communicating the 
emergency wa s gr eater than 9 5  percent ove r  
a l l  hour s ,  season s ,  and s unspot condi ­
t ions . I f  other shore s tations we re added 
to the exi sti ng network ,  the communica­
t ions probabi l i ty coul d be increased . By 
analyz ing only the near-term ionospheri c 
c ondi tion s ,  the Coast Guard coul d pub l i sh 
those frequenc ies that would offer th e 
m os t  rel iab l e  me ans of commun ications 
during emergencie s  ove r ,  say , the n ext 3 
m onth s .  The analys i s  woul d be r epeated 
each s uccess ive 3 months as the n ew iono­
s pheric conditions become known , and the 
results would be pub l i shed for the mari ­
t ime shippe r s . 

B ecause of the cost of t ime ( dur ing eme r­
gencie s ) ,  of power ( of h i gh power tran s ­
m i tters ) ,  of los t commun ications ( due to 
i ntolerable interference ) , or of any othe r 
m easur e that i ndic ates inef ficiency , 
system planners need engineeri ng tool s 
that al low them to make ope rational deci­
s ions based upon near-term conditions . 

I TS has been instrumental 
those tool s .  

in developing 

Curtain array wi th conducting sc reen 
( 2  bays , 4 stack s )  

Recent ITS Pub l i c ations 

C ommun ication probabil ity for the u . s .  
Coa s t  Guar d  Digital Selective Calling 
System in the North Atl antic ( by Adams 
and Cavcey) 
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Advanced Systems Planning 

Outputs 
* Noda l  arch i tectures 
* Antenna t e s t  f ac i l i ty 

* Loca l  area ne twork cons u l t i ng 

The I n s t i tu te conducts a number o f  programs 
relat i ng to future plans in the i nforma t i on 
s e r v i c e s  a r e a . Th i s  i n c l u d e s  De f e n s e  
swi tched Ne twor k  ( D SN )  access s tud i e s  for 
t h e  D e f e n s e  Commun i ca t i ons Agency , Loc a l  
A r e a  N e t wo r k  s t ud i e s  f o r  the U . S .  A i r 
Force , antenna t e s t  fac i l i ty plann i ng for 
t h e  u . s .  Army , a n d  i n f o r m a t i o n  po l i c y 
s tud i e s  for NTIA . The fol low i ng paragraphs 
descr ibe spec i f i c  programs i n  these area s . 

Nodal Arch i tecture Development .  The Sys tem 
Per formance Standards and Def i n i t i on Group 
i s  cur rently conduc t i ng long-range telecom­
mun i c a t i on plann ing s tud i e s  for the Defense 
Commun i c a t i ons Agenc y . The future D e f ense 
Swi tched Network in the con t i nent a l  Uni ted 
States is expec ted to cons i s t  pr ima r i ly of 
two p a r t s - - a  pr i vate l i ne network and a 
v i r tual pr i v a te l i ne network a s  shown i n  
t h e  f i g u r e  b e l ow . The I TS s tud i e s  are 
foc used on de f i n i ng cand i da te ar c h i tec tures 

VPLN 
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Proj ect pe rsonne l  ( l .  to r . ) Joe Far row , 

Bob Linfie l d , Randy B loomfi e l d ,  a nd Ernie 
Mor r i son 

for the swi tc h i ng nodes that wi l l  i n te rcon­
n e c t the s e  l o n g - h aul netwo r k s  wi th base 
commun i c a t i on fac i l i t i e s . 

I n  per formi ng the DSN wor k , the I n s t i t ute 
h a s  v i s i t e d  a numb e r  of m i l i ta r y  bases 
( F t . Monmo u th , NJ ; Ft . Huachuca , A Z ;  and 

Scott AFB ,  IL)  where the future plans are 
b e i n g d ev e l oped for mi l i tary i nform a t i on 
services . The I n s t i t ute has a l so v i s i ted 
n o nm i l i t a r y  i n s t a l l a t i on s , s uc h  as the 
Univer s i t y  of Colorado , where new swi tches 
and cable f a c i l i t i es a r e  be i ng i n s ta l l ed to 
provide i nteg rated voi c e , data , and v i deo 
services repre senta t ive of an i nformat i on­
i n t e n s i v e  " c am p u s  of t h e  futur e . "  The 
r e s u l t s  of t h i s  wor k  wi l l  be documented i n  
two i nter im repor t s  and a f i na l  report to 
be i s s ued in 1 9 8 7 . 

A n t e n n a  Te s t  F a c  i 1 i t y . D e v e l o pm e n t a l  
m i l i t a r y  c omm un i c a t i on-elec tron i c s  ( C - E )  
systems explo i t  advanced antenna techno l ­
o g i e s  be c a u s e o f  comp l e x  a n d  c onges ted 
elec tromagnet i c  ( EM )  env i ronments and the 
r e l a ted spec trum management i s s ues . The s e  
antenna appl i c a t ions pr imar i ly concern beam 
swi t ch ing and s i gn a l  s e a rch , low or u l tr a ­
low s i de lobe , a n d  mul t i ple null capab i l i ­
t i e s . Ar r a y  a n t e n n a s a r e  r e q u i r e d  to 
p r o v i d e  th e s e  f u n c t i o n a l f e a t u r e s  f o r  
r a d a r , commun i c a t i on s , E M  a n d  w e a p o n s  
con trol sys tem appl i c a t i on s . 



Th i s  program , sponsored by the u . s .  Army at 
F t . H u a c h u c a , a d d r e s s e s  a n t e n n a  t e s t  
requ i r ement s ,  des i gn concepts , and ana lys i s  
for mea s u r i ng antenna sys tem per formance . 
Spec i f i c tasks i nc l ude : 

o ana ly z i ng Army developmen t  C-E sys tems , 
emphas i z i ng antenna func t ional charac­
ter i s t i c s  and oper a t i on a l  EM env i ron­
ments 

0 

0 

0 

0 

0 

d e v e l op i n g a n t e n n a  s y s t e m  pa rameter 
meas urement requ i r ements based on C-E 
s y s t e m  p e r f o r m a n c e  and e n v i r o nme n t  
var i a t ions 

developing spec i f i c a t i on s  for a Compact 
Antenna Tes t  Range (CATR) 

c o m p a r i n g  p a r a m e t r i c  s e n s i t i v i t y 
b e tw e e n  s i n g l e  p a r a b o l o i d  and dual­
cyl i ndr i c a l  CATR geometr i e s  

a s s e s s i ng concepts f o r  mul t i ple s i gnal 
i l l um i n a t i on of a tes t  system through a 
CATR 

a n a l y z i ng a n t e n n a  
r e q u i reme n t s  uni que 
t i o n s  d e f i n e d  i n  
I n i t i a t i ve S t udy . 

sys t em meas urement 
to the C-E f unc­
t h e  A r m y  S p a c e  

L o c a l  A r e a  N e t w o r k  C o n s u l t i n g . The 
I n s t i tute i s  prov i d i n g  a s s i s tance to the 
A i r  F o r c e  f o r  1 )  t h e  M i s s ion Essent i a l  
I n f o rma t i on T r a n sm i s s i on Sys tem (MEl TS ) , 
2 ) t h e  L o g i s t i c  Command , Contr o l , Commu­
n i c a t i o n , a n d  I n t e l l i g e n c e  ( L OG c 3 r 
Netwo r k )  , and 3) the I nter im Hos t - to-Host 
Loca l  Ar e a  Networ k  ( LAN ) • 

T h e  i n t e n t  o f  t h e  ME l T S  p r o g r am ( s e e  
f i g ur e )  i s  t o  dev e l op a loca l  and wide area 
n e tw o r k  a r c h i t e c t u r e  a nd equ i pment l i s t  
t h a t  w i l l  a l l ow i n f or ma t i on tr a n s f e r  
n e twor k s  to i nterconnec t  and interact w i th 
a m i n i m u rn  o f  c o n v e r s i on h a r d w a r e  a n d  
s o f tware . 

The LOG C 3r Ne twor k wi l l  i nterconne c t  the 
e ig h t  A i r  Force log i s t i c  centers and w i l l  

provide a log i s t i c  i n f orma t i on sys tem for 
c r i s i s  cond i t ions . The sys tem i n i t i a l l y  

w i l l  compr i se 3 hos t  computer s  and about 
9 0  t e r m i n a l s  spread over the con t i nental 
U n i ted S t a te s . 

MElTS ARCIIITECfURE 
Building I Functional Cluster NODE Facility 

PACKET 
DATA 

-1-----------1 MODULE 

MEl TS Ar ch i tec ture 

II---

The I n ter im Hos t- to-Ho s t  LAN task i nvolves 
i ns t a l l ing two termi na l  LANs a t  Ai r For ce 
L og i s t i c  Comm a n d  s i t e s . O f f - t he - s he l f  

equi pment bu i l t  t o  t h e  I EEE 8 0 2 . 3  s tandard 
w i l l  be i n s t a l l ed between two computers at 
W r i g h t - Pa t t e r s o n  AFB i n  Dayton , OH , and 
T i nker AFB in Oklahoma C i ty ,  OK . 

I n f ormat i on Technology Pol i cy . Under th i s  
Comm e r c e  pr ogram , I T S  per forms techn i c a l  
s t ud i e s  a n d  a n a l y s e s  to s up p o r t  NTIA ' s  
domes t i c  pol i cy goal s .  Spec i f i c  obj ec tive s  
are t o  enhance the offer i ng s  of i ntellec­
t u a l  p r o p e r t y , t o  i m p r ove i nternation a l  
t r a d e  f o r  the informat i on i nd u s try , and to 
e x p r e s s  a d m i n i s t r a t i o n v i e w s  i n  t h e  
regula tory arena . I n  one recent pro j ec t , 
I TS d eve loped i n  par t  the " bu i l d i ng bloc k "  
concept , whi ch the FCC c a l l s  Bas i c  Ser vice 
Elemen t s  ( BSEs ) . The prov i s ion of BSEs by 
the domi nant car r i er s  will help to ensure 
that potent i a l  compet i tors have comparably 
e f f i c i e n t  i n t e r c o n n e c t i on to p o t en t i a l  
b o t t l e ne c k  f a c i l i t i e s  i n  t h e  domi n a n t 
c a r r i e r n e t w o r k s , t h e r e b y e n h a n c i n g 
c o mp e t i t i on . Th i s  prov i s i on should also 
make i t  pos s i ble to r e l a x  l i ne -of -bus i n e s s  
r e s t r i c t ions on thes e  carr i e r s  t o  further 
enhance compe t i t ion . 

Recent I TS Pub l i ca t i on s  

Mi l i tary Acc e s s  Area Char a c te r i zat ion ( by 

L i n f i e ld and Ne senbergs ) 
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Planning for Special 
Communication Environments 

Outputs 
* Tr e n d s  Tow a r d  a More S t r e s s - Re s i s tant 

F i b e r  O p t i c  T e l e c o m m u n i c a t i o n  
I n s t a l l a t i o n , N T I A  T e c h n i c a l  
Memorandum by David F .  Peach 

$ Br i e f ing for the Command ing General and 
s ta f f  of U . S .  Air Force Space Command 
in Colorado Spr ings 

$ B r i e f i n g  for t h e  DoD Jo i n t  S t e e r ing 
Comm i t tee on Long-Haul and Tac t i ca l  
Standards 

Wh e t h e r  n a t u r a l  or ma n - ma d e , c e r t a i n 
c o n d i t i o n s  o r  a s p e c i a l  e n v i r o n m e n t ,  
coupled wi th certa in per formance requ i re­
ments , can requ i r e  innova tive telecommun i ­
c a t i o n  t e c h n i qu e s . T h e  cond i t i o n s  o r  
environmen t  can be d e f i ned as s tres s , and 
s ys t e m  pe r f ormance can be quan t i ta t i vely 
a s s e s sed a s  change s in the values of sys tem 
performance me tr i c s . Several ITS proj ec t s  
invol ve t h e  deve lopment of sys tem per for­
ma n c e  me t r  i c s , e n v i r o nme n t  d e f i n i t ions , 
and/or the use of the per formance metr i c s  
to a s s e s s  t h e  e f f e c t s  o f  s t r e s s  on a 
commun icat i on sys tem . 

O n e  
f o r  

pr o j e c t  involves 
a me t e o r - b u r s t  

end- to-end secur i ty 
n e t wo r k  a n d  s e e k s  

INDUSTRY ENGINEERING 
AND INSTALLATION ---...._ 
PRACTICES � 

E M P  TEST RESULTS� I-----1' AND STUDIES 

Proj e c t  per s onne l ( s tand i ng 1 .  to r . ) Ray 

Jennings , Dave Peach ,  Joe Hul l ;  ( se a ted l .  
to r . ) B i l l  Pomper and Mar t i n  N e s e nbergs 

answers to spec i f ic que s t ions . Transmi s ­
s ions i n  such a networ k  are random i n  both 
t ime of occurrence ' and duration , and the 
average d a ta rate i s  low . How is c r ypto­
graph i c  synchron i za t i on ach i eved w i th very 
low overhead ? How is a plain text message 
h e a d e r  p r o v ided for routing , and a t  the 
same t ime , the header in forma t ion protec ted 
from d i sc losur e  dur i ng transm i s s ion ? 

A spec i a l  envi ronment of na t iona l pr i or i t y  
i s  tha t  caused b y  nuclear weapons , s pec i -

CONNECTIVITY 
AND TOPOLOGY 
STUD IES  

...._ GAMMA RADIATION 
. � TEST RESULTS AND 

STUDI E S  

Mul t i t ier S p e c i f i c a t ion f o r  Na t ional and Re g ional Fib e r  O p t i c  Communicat ion S y s t ems 
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f i c a l l y e l e c t r oma gn e t ic pulse ( EMP ) and 
g amma rad i a t ion . To enhance , or at leas t  
t o  a s s e s s , the sur v i vab i l i ty o f  commerc i a l  
l o n g - h a u l  f i b e r  opt i c s  ne tworks , I TS i s  
deve lop i ng a mul t i t ier spec i f ic a t ion o f  
m i t ig a t ion factors for networ k s  that mus t  
o pe r a t e  i n  a spe c i a l  environment .  Many 
pa rameter s are def i ned in the spe c i f ic a t ion 
a n d  e a c h  t i e r  o f  t h e  s p e c i f i c a t i o n 
r e pr e s e n t s  a n  i n c rea sed leve l of system 
hardne s s  or res i s tance to nuclear ef fec t s  
and to a var i e ty of na tur a l  d i sa s ter s . 

T h e  m u l t i t i e r  spe c i f i c a t ion wi l l  provide 
t h e  i n f o r ma t i o n  n e e d e d  b y  d e s i gn e r s  to 
e n s u r e  t h a t  t h e  n e two r k  me e t s  a g i v e n  
degree of hardnes s .  The mul t i t ier spe c i f i ­
c a t io n  can a l so be used a s  a r a t i ng tool by 
Government agenc i e s  or othe r s  who mus t  pro­
c ur e  ser v i c e s  or capac i ty on such commer­
c i a l  n e two r k s . I f  i n t e r s t a t e  h i g h w a y  
r i g h t s - o f -way are of fered to car r i e r s  i n  
r e turn f o r  Na t ional Secur i ty/Emergency Pre­
pa r ed n e s s  e nhancement s , then the network 
survivab i l i ty and connec t iv i ty are enhanced 
as we l l .  

One of the analys i s  too l s  deve loped by I T S  
t o  s uppo r t  t h e  use o f  t h e  mu l t i t i e r  spe c i ­
f ic a t ion i s  a mode l  tha t  pred i c t s  the b i t  

z w 
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e r ror r a t i o  on a f ibe r opt i c  l i nk that i s  
e x po s ed t o  g amma r a d i a t ion . The gamma 
rad i a t ion causes a darkening of the opt ical 
f i b e r , thus r e d u c ing the r ece i ved l ight 
l e ve l . I n  a dd i t i on , t h e  rad i a t ion can 
a f f e c t  t h e  pho t o d i o d e  d e t e c t o r . Th i s  
par t icular tool runs on a pe r sonal compu­
ter . 

I n  another approach , a spe c i a l  environment 
can be s imula ted-- for te s t  and evalua t ion 
purpo s e s . An example of th i s  i s  the Stress 
Load ing Fac i l i ty ( SLF ) opera ted by the U . S .  
Army Elec tron ic Provi ng Ground . The SLF 
syn the s i ze s  and emi t s  ( in a c losed envi ron­
men t )  many i n ter fer i ng , or e lectron ic war­
f a r e  ( EW)  s igna l s . An I T S  pro j e c t  seeks to 
def i ne envi ronment c l a s se s , tes t  me thod s 1 

a n d  me a s u r e s  o f  pe r formance for sys tems 
th a t  c a n  be t e s t e d  w i t h  the SLF . The 
e n t i r e  proce s s  of env i r onment clas s i f ica­
t i o n  a n d  t h e  d e f i n i t i o n  o f  s y s t e m  
fun c t ions , i n  terms o f  user s ' perceptions 
of pe r fo r m a n c e  1 a n d  the p a r ame t e r s to 
c h a r a c t e r i z e t h e  s y s t e m  p e r f o r m a n ce is  
i l l u s t r a t e d  b e l o w . T h e  f o u r  parame ter 
developmen t  s teps are app l i ed to any sys­
t em ; the parameter s and the ir values are 
chosen to s u i t  the spec i f i c  sys tem be ing 
t e s ted . 

PARAMETER 
DEVELOPMENT 
STEPS 

1. SYSTEM 

INTERFACE 

DEFINITION 

2. FUNCTION 

DEFINITION 

3. PERFORMANCE 

OUTCOME 

ANALY S I S  

(CONTROLLED) 
BY SLF 

SIGNAL 

ENVIRON MENTAL 
CONDITIONS 

SYSTEM 

UNDER TEST 

FUNCTIONS DEFINED 

PERFORMANCE TRIALS 

I 
PERFORMANCE OUTCOMES 

INTENDED INCORRECT NONE 

4. PARAMETER S � DETECTION 

SELECT ION � ¥ I.::S.::':I G�N:.;:Ac-
L C::..:..:.-----l-----,/ 

t 6 CHARACTERIZATION 

M 
N 

SIGNAL 

S IDENTIFICATION 
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I 
The use of the elec tromagne tic spec trum , 
in te lecommunicati ons , has g rown drama t­
i ca l ly in the las t  four decade s . Thi s  
growth s tems f rom populati on i ncreases , 
new technologie s ,  and new s e rvi ces . To 
accommodate this growth , the l imited 
usable spec trum mus t be expanded to higher 
frequencie s ,  and exi s ti ng spec trum mus t  be 
managed more efficiently . To these ends , 
ITS continues a his toric program to be tter 
unders tand and use highe r frequencies . 

The rad i o  wave por ti on of the electromag­
netic spec trum may be adve r s e ly affected 
by propagation condi tions in the medi urn 

cons ti tuted by the Earth ' s surface , the 
a tmosphere , and the ionosphere . These 
cond i t i ons may be permanent 
var ying ( seasonal or sporadi c ) , 
severi ty of the adverse e f f e c ts 

or time 
and the 

is fre-

AREAS OF EMPHA 'S 
Mil l imeter-Wave Studies 

quency dependent . A prime purpose o f  the 
Insti tute ' s  applied research e f fort i s  to 
s tudy condi tions in the transmis sion 
med i um and provide mode ls and predi ction 
me thods for cos t-e f fec tive and spectrum­
e f f ic ient radio sys tem des ign . Thi s  
re search i nc ludes both terre s trial s ys tems 
as we ll as s a te lli te-based sys tems . 

The In s ti tute has a long h i s tory of radio 
wave research and propagati on predicti on 
deve lopmen t  that provides a subs tantial 
knowledge base from which s ta te-of-the-art 
m e thods for deve loping , tes ti ng , and util­
i z i ng telecommunication sys tems is made 
poss ible . Trans ferring this technology to 
the user commun i ty ,  both pub lic and pri ­
vate , t o  enhance spectrum use i s  the 
Ins ti tute ' s  u ltimate aim . 

Inc lud e s  pro j ec t s  funded by the Nationa l Te lecommunications and Informat ion 
Adm i n i s tration , the Army Communications Electron i c s  Command ,  the Army Mi s si l e  
Command , the Army Re search Offic e ,  a n d  t he Naval Ocean Systems Center 

VHF /UHF Propagation Studies 
Includes proj ects funded by the National Te lec ommunication s  and Informat ion 

Admi n i s tration and the Department of Defense 

H F  Studies 
Inc ludes pro j ec t s  f unded by the Department of De fense 

Signal Processing Studies 
Includes proj ects funded by t h e  Department o f  Defen s e , the Air Force Systems Command , 

and the Naval Re search Laboratory 

Satell ite Studies 
Includes pr oj ects funded by the National Te lecommuni ca t ion s and Informat ion 

Admin i s tration 

Radi o  Environment S imulators 
Inc ludes proj ects funded by t h e  Army Informa·t ion System s  Eng ineering Support 

Activity and the Joint 'Tact ical Comman d ,  Con trol , and Communi ca t ion s Agency 
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Mill imeter-Wave Studies 

Outputs 
* A Mi ll ime ter-Wave Propagation Model 

con taining an improved mode l of the 
wa ter vapor continuum absorption 

$ A new technique for inferring the 
raindrop size dis tribution from 
measured attenua tion rates 

* Meas uremen ts of the climatic dependence 
of spe c i f ic attenuati on of mi llime ter 
waves by rain 

$ A mi llimeter wave telecommunication 
sys tem engineering design model 

The mil limeter-wave program at ITS i s  a 
comprehensi ve program for te lecommunica­
tion applicati ons . As such , it provides a 
central focus wi thin the Government for 
millimeter-wave propagation s tudies so 
that duplicati on of e fforts by separate 
governmental agencies can be avoided . The 
program provides informati on to a variety 
of users for purposes that inc lude govern­
mental regulati on of the radio spectrum , 
deve lopment of defense sys tems , and design 
of te lecommunication s ys tems by U . s . 
indus try to be sold at home and abroad . 

The program involves laboratory meas ure­
ments , field measurements , and mode l 
deve lopment . The measurements and mode ls 
are avai lable to the res t  of the 
millime ter-wave communi ty through publi­
cation of the results . Application models 
in the form of computer programs are a lso 
produced to serve as tools for other 
gove rnmental agencies and priva te i ndus try 
in the design of millime ter-wave telecom­
munication sys tems . 

The propagation of mi llimeter waves 
includes many effects that can degrade 
the performance of te lecommuni ca tion 
s ys tems . Hydrome teors in the form of 
rai n ,  snow, i ce crys ta ls , hai l ,  fog and 
c louds sca tter and absorb the waves , 
resulting in a loss of signal power . 
Water vapor and oxygen in the atmosphere 
attenuate mi l l imeter waves by absorption 
due to molecu lar resonance . The turbulent 
atmosphere causes signals to scinti l late . 
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Proj e c t  pe rsonne l ( top to bottom ) Rob 
De Bo l t ,  Ken Allen,  and Hans Liebe 

atmosphere causes signals to scinti l la te . 
The s table a tmosphe re , on the o ther hand , 
can have a refractivity struc ture that 
bends the path of the radio wave s . Thi s  
may result in the transmi tted signal bei ng 
d i verted away f rom the rece i vi ng ante nnas . 
Echoes can also result from the reflection 
of m i l l ime ter waves from te rrain features 
along the path . In some envi ronme n ts , 
such as urban and suburban areas , the re 
may be many potential surfaces for 
re f lecting the waves a long the pa th . 
Other propagation effects of concern 
include the e ffec ts of vege ta tion on 
propagating mi llimeter wave s . 

Mi llime ter Wave Program S ta f f  



Very high a t tenua tion rates of mi llimeter 
waves occ ur in rai n .  Rain is the primary 
inf luence limiting the performance capab­
i l i ti e s  of m i l lime ter-wave te lecommunica­
tion applications . In FY 198 5 ,  ITS made 
measuremen ts of the a ttenuation rate on 
shor t paths in Cali fornia and Colorado . 
In FY 1 9 8 6 ,  these meas urements were 
exte nded to a third clima tic regi on , 
Alabama . The results are s igni f ican t .  A 
s trong dependence on the type of rai n ,  
conve c ti ve vs . orographic , was found . For 
example , for a rain rate of 3 0  mm/h , the 
expec ted a ttenuation rate of 9 6  GHz i s  6 . 5 
dB/km i n  Colorado ( convec tive ) ;  whi le in 
Cali fornia ( orographic ) ,  i t  i s  1 6  d B/km . 

The equipment used for these measurements 
i nc ludes transmi tters and receivers at 
1 1 . 4 ,  2 8 . 8 ,  5 7 . 6 ,  and 96 . 1  GHz whi ch are 
contai ned in mobi le vans . The receiving 
s i te of the Alabama insta l l a tion i s  shown 
in the photograph be low . 

Although the a ttenuation rate s  due to rain 
can exceed those of c lear air abs orpti on , 
the e f fe c ts of water vapor and oxygen 
cannot be ignored . These e f fe c ts result 
in a s igna l loss that i s  a lways pre s en t . 
Frequencies where the a ttenuation rates 
are lower are the mos t like ly loca tion for 
mos t te lecommunication applicati ons . The 
attenuation in these regions is dominated 
by the wa ter vapor continuum caused by 
extremely s trong infrared lines . An 
example of how thi s  attenua tion behaves i s  
given i n  the figure in the next column . 
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F R E Q U E N CY ,  G H z  

ITS has deve loped mode ls tha t  are specifi­
c a l ly forma ted for use by sys tem des ign 
engineers . The EHF Te lecommunication 
Sys tem Eng i neering Model ( ETSEM ) predicts 
the pe rformance of a mi l l imete r-wave 
s ys tem des i gn so that the des i gner can 
conveniently eva luate des ign a l ternatives . 
The model i s  described i n  more detail in 
the Microwave and Millimeter-Wave Radio 
Performance Prediction section . 

Recent ITS Publications 

An Updated Model for Mi l lime ter-Wave 
Propagation in Mois t Ai r ( by Liebe ) 

Effec ts of Drop-s i ze Di s tribution and 
C limate on Mi l limeter-Wave Propagation 
Through Rain ( by Dutton ) 

EHF Te lecommuni cation Sys tem Engin eering 
Model ( by Allen ) 

Obs e rved Wide-Band Digi tal Performance at 
30 . 3  GHz ( by Allen et a l . )  

Ra i n  Attenuation Measureme n ts a t  28 . 8 ,  
5 7 . 6 , and 9 6 . 1  GHz on a 1 -km Path ( by 
Espe land e t  a l . ) 

The Mi l Lime ter-Wave Behavior of Rain 
Attenuation Based on Recent Experi­
mental Data ( by Dutton ) 
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VHF /UHF Propagation Studies 

Outputs 
$ Deve l op and implem e n t  a land-mobi le 

path loss meas ur ement system 
$ Implement improvements to the ITS 

Irregular Terra in Model 

The ITS Irregular Terrain Mode l , ITM , 
( fo rmerly referred to a s  the Langl ey- Ric e 
m odel ) wa s devel oped to provide a me ans of 
predicting radio system performance in a 
g iven envi ronment . Thi s  model i s  based on 
a large set of measur ements over a w id e  
r ange of fr eque ncies , time s ,  and loca­
tion s , although all of the measur ement s 
were made using f ixed pa ths . Th i s  ye a r ,  a 
n ew approach has been taken i n  making th e 
m e asur ements . In stead of maki ng spot 
meas ur ements with the tran smitter and 
r eceiver in a fixed l ocation, the receiver 
was mounted in a mobile veh ic l e .  Thi s 
p rovided a new pe rspect ive from which to 
evaluate the perfo rmance of the I TM .  

The measur ements were made using em i s s ions 
from local 8 0 0  MHz c e l l ular telephon e 
t ransmi tters ove r several routes near 
Boulde r ,  Colorado. A p icture of a typica l 
c el lular ba se station i s  shown bel ow .  

The vehicle used in the meas ur ements wa s 
e quipped wi th instrumentation that woul d 
record the rece ived s ignal l evel a s  a 
f un ct ion of the vehic le ' s  relat ive loca­
tion . The s ignal data were processed i n  
a n  ef fo rt to smooth the mult ipath fluctu­
ations without di sturbing the terrai n  
i nduc ed characterist ics . 
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Proj e c t  pe rsonne l ( 1. to r . )  Ray Thompson , 
Eldon Haakinson , Brent Bedford , and B i l l  
Ridd le ( atop vehic le ) 

Pr edictions of the expected s ignal s were 
generated by the ITM for the s ame route s 
over which the vehic le wa s driven . Then 
the predicted s i gnal data were plotte d 
a long wi th the me asur ed data on the same 
graph produc ing a compari son as shown i n  
t he figur e below .  

1 70 

� 1 60 
m u � 1 50 
(f) 
� 1 40 
_J 
z 1 30 
0 
t\ 1 20 
2 
(f) 1 1 0 
z 
<( 
e: 1 00 

� 90 
<( 
m so 

70 ��·���� 

0 5 1 0 1 5  20 25 30 
D I STAN C E  ALO N G  TH E PATH (km)  

,-

I n  this figur e ,  the da shed curve shows the 
ITM-predicted median s i gnal l evel and th e 
s olid curve shows the measur ed data . The 
meas ured data were taken approximate l y  
e very wavelength ( one-thi rd meter ) al ong 
the path .  To r emove the multipath, th e 
m edian of the data in each 2 0-me ter sec­
tion of the path ( about 60 value s ) wa s 



calculated and pl otted on the figur e .  The 
ITM was used to make a prediction o f  
s ignal level over the intervening terrain 
from the tran smitter to the same 2 0 -mete r 
path section and the pr edicted s ignal wa s 
plotted . 

These measur ements were made over terrain 
that can best be de scribed as rol ling 
h il ls . As the vehicle traveled over the 
top of the hil ls ,  the propagation mod e 
woul d  change from line- of- s ight mode to 
di ffraction mode . The ITM model ' s  ability 
to fo l low the change in signal level in 
most terrain is  generally very good . 
However , in the wo rst case of the compar­
ison s ,  the model predicts a 3 0  dB change 
in the s ignal level that is not pr esent in 
the data.  This variation between predic­
t ion and measur ements is  due to the di f­
fer ences between actual terrain along th e 
p ath and the terrain obta ined from the 
topographic data base used in the predic­
tions . The topographic data base that wa s 
used has point el evation value s  on a gri d  
with spacing of 3 0  seconds i n  longitude 
and latitude ( approx imately every 92 5 
meters ) .  The terrain el evations used in 
the ITM are interpolated from the four 
c los e st data ba se gr id el eva tions at each 
point along the pat h .  

I n  order to il lustr ate the model ' s  per­
formance in a quantitat ive way , a cumu­
lative di str ibution of the di f ference 
between the predicted and mea s ured value s 
o f  transmi ssion l os s  wa s compil ed as  shown 
below .  
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Thi s  di str ibution represents the perform­
ance of the model over nine of the meas ­
urement routes . The expected di f ference 
for 8 0  percent of the time ranges from 
+ 7 . 5  dB to - 1 9  dB . The di str ibution is 
skewed toward the negative value s .  Thi s 
i s  due to the environmental c lutter that 
i s  not explicitly accounted for in the 
m odel . The ITM user shoul d consider this 
when making predictions for environment s 
c ontaining vegetation or man-made obstruc­
tions , neither of which are inc luded i n  
the topographic data base . A typical 
output of the ITM model for the s igna l 
f rom one transmitter is shown below .  

Predicted 11\3.Ximum basic transmission loss (dB) 
Prediction with a minimum reliability of: 
Confidence 10% 50% 90% 95% 99% 

10% 
50% 
90% 

118 
120 
127 

122 
131 
139 

134 
143 
152 

137 
147 
156 

143 
153 
164 

This shows the expected spread of the dat a 
a s  a function of rel iabil ity and the 
prediction confidence for a mobile case . 
The pr ediction confidence is  a me asur e of 
how the model ' s  prediction compares with 
the me asured data upon which the model 
itse lf  is based . In other words , a pre­
d iction confidence of 1 0  percent means 1 0  
percent of the model ' s  measured situation s 
h ad losses that we re less than the predic­
tion; 5 0  perc ent means half of the situa­
t io ns had los ses that we re less  than the 
prediction,  etc . For this study , a pre­
d iction conf idence of  5 0  percent wa s 
chosen . The value s  are read from the 
table a s ,  for example , " fo r  a pr ediction 
conf idence of 5 0  percent or for half o f  
the paths that are from simi lar situ­
ation s ,  the basic tran smi ssion loss wil l 
n ot exceed 1 3 1 dB for more than 5 0  percent 
of the time/locations nor will the los s 
e xceed 1 5 3 dB fo r more than 9 9  percent of 
the time/locations . "  Again,  for thi s 
c omparison of me asured data with predic­
tion s ,  the rel iability of 5 0  percent ha s 
b een chosen . 
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HF Studies 

Outputs 
* Improved technique s 

s y s tem performance 
to predict HF 

* More accurate ionospher i c  specification 
* Reports describing application to HF 

sys tem assessment 

Along wi th the deve lopments to improve 
high frequency propaga tion asses sment 
capabi li ties di scussed earli e r ,  ITS has a 
long his tory of inves tigating methods that 
can be used to improve the specific 
pred ic ti on of the ionosphere . Because the 
i onosphere is the medium by which HF sky 
waves are propaga ted , improvements in the 
abi l i ty to forecast and predict the s tate 
of the ionosphere yie ld corresponding 
improvements in the abi l i ty to predict the 
expected pe rformance of te lecommunica tion 
systems that use the HF spectrum . 

One maj or effort under way at ITS involves 
improving the predicti on of the globa l 
variation of the critical frequency of the 
F2 regi on, f oF2 . The parame ter is a key 
parameter relating to the s tate of the 
ionosphere . It dete rmines the highe s t  
frequency that can b e  propagated via the 
i onosphere between two points on the 
Earth . Maps of foF2 de te rmined from 
numerical coe fficients form the basis for 
many HF prediction programs . An example 
of s uch a map is shown at r i gh t . Contours 
of foF2 ( in megahe r tz ) are shown for a 
time pe riod corresponding to average 
condi tions during March 1 9 76 , 0600 h UTC . 

The maps are generated f rom data obse rved 
at locations throughout the wor ld . These 
locations are not evenly d i s tributed over 
the globe . This results in maps of ques­
tionable accuracy in data-sparse areas , 
such as oceans . In an attempt to improve 
the accuracy of the maps and make them 
more physi cally reali s tic , ITS scienti s ts 
and engineers have used s ophis ticated 
theore tical ionospheric models to supple­
ment the avai lable data . The map shown 
was generated from data that were observed 
at specific locations as we ll as data tha t 
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Proj e c t  pe rsonne l ( s tand i ng l .  to r . )  
Charlie Rush , Mary Sowers , La rry Te ters , 
and Terryll Nemeth ( sea ted ) 

were derived from theore tical calcula­
tions . The features seen on the map accu­
ra te ly represent the known ionospheric 
s tructure . A companion e ffort re lates to 
improvi ng the predicted s truc ture of the 
polar i onosphere . The polar i onosphe re i s  
a highly variable medi um charac teri zed by 
dynamic processes of i onospheric and 
magne tospheric origin . Many of the fea­
tures of the polar i onosphe re-ioni zati on 
troughs , e lectron den s i ty enhancements , 
and i rr egulari ties in i onospheric s t ruc­
ture are associated wi th the auroral ova l . 
Thi s  ova l is the regi on in whi ch there i s  

1 80 

0 
AU RORAL OVAL 

Q = 4 
NORTH POLE 

JULY 



a high probabi l i ty of the occurrence of 
visible aurora . The auroral oval move s 
wi th time , season , and magneti c  ac tivity . 
An i l lus tration of the locati on of the 
oval in the Nor thern Hemisphere i s  given 
in the fi gure be low . It shows the ova l 
location dur i ng July a t  1 200 h UTC for 
mode rately dis turbed ( Q=4 ) magne tic 
condi tions . 
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Change s  to the i onospheric representa tion 
given i n  the IONCAP HF propagation pre­
d i ction program wer e  made to i nc lude the 
a uroral ova l-re lated features . Thi s  has 
e nabled the results of the IONCAP program 
to be used to assess changes to propa­
gation cond i tions that are like ly to be 
a s sociated wi th the pass age of radio waves 
through the polar ionosphere . Changes to 
the maximum us able frequency ( MUF ) that 
can propagate be tween two poi nts i s  bei ng 
s tudi ed to de termine the impact of the 
highly var i able polar ionosphere on the 
per formance of i n te rnational short-wave 
broadcas ting service s . Broadcas t c ircui ts 
that are typical of those currently bei ng 
oper a ted by the Voice of America have been 
chosen for s imulation us i ng the IONCAP 
computer prog ram in i ts unmodi fied s ta te 
and wi th the polar i onospher i c  features 
i ncorpor a ted . 

\ 

The figure be low i l lus trates the resu l ts 
that have been obtained for the circui t 
Wooferton , England , to Moscow , USS R .  
Calculations of the MUF were pe rformed i n  
this case f o r  the month o f  January 1 986 
for a level of solar ac tivi ty equal to 1 0  
units . va r i ous leve ls of magnetic ac tiv­
i ty ( Q  va lue s ) were taken i n to account i n  
s imulating the e ffects o f  the polar i ono­
sphere on thi s  broadcas t  ci rcui t .  It can 
be seen that between the hours of 2 2 00 and 
0200 UT, the �mF is depres sed s igni f i ­
can tly when prope r account i s  taken of the 
polar i onosphe ric s truc tur e . This 
depressed MUF wi l l  result in a narrower 
range of frequencies that can be used to 
provide the requi red program to the 
se rvi ce area . Fur ther ,  s tudies re lated to 
accounting for the polar ionospheric 
s tructure i n  Voice of America broadcast 
planning activi ties are continui ng . 

WOOFFERTON ,  ENGLAN D ,  TO MOSCOW, USSR 
JAN 1 98 6  SSN = 1 0 . 
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Recent ITS Publi cati ons 
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Ionosphe ric Radio Propaga tion Mode ls and 
Pred i c ti ons--a Mi ni-Revi ew ( by Rush ) 

Some Ionosphe ric Fac tors Affecti ng the 
Cove rage of an HF/VHF Direct Broad­
cas ting S a te l l i te Servi ce ( by Rush e t  
a l . )  
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Signal Processing Studies 

Outputs 
* Statis tical-phys i cal models of non­

uni f orm , quas i - s ta tic EM s i gnal and 
non-Gaus s ian noi s e  f i e lds 

* Locally optimum threshold signa l 
de tection software algori thms 

$ Monte Car lo simulation performance 
results for parametri c ,  nonpara­
me tric , locally optimum, and sub­
optimum nonlinear de te c tors 

$ An extended signal-error- s tate mode l 
for bi t error s tatis tics 

The real-world interference environment is 
almos t never Gaussian in characte r ,  ye t 
recei ving sys tems in general use are those 
des i gned to be optimum for whi te Gaus s ian 
noise . Since Gaussian noise is the worst 
kind of interfe rence in terms of minimiz ­
i ng channel capac i ty ,  very large improve­
ments in the performance of systems can be 
achieved if the actual s ta ti s tical charac­
teris tics of the interference are prope rly 
taken into accoun t ,  thereby greatly 
improving spectrum conservation and uti li­
z a ti on . For the actual non-Gaussian 
inte rfe rence confronting us , the overall 
optimum s ys tem cannot be rea li zed phys i­
cally ( or economical l y ) , but i f  the signal 
i s  " small enough , "  optimum threshold 
detectors can be reali zed . The resultant 
nonlinear receive rs take the gene ral form 
shown be low . 

X; 

I I 
Non- Linear Functioool � Matched Filters - Zero Memory 

" Matched to Interference" "Matched to Signal " j 1st/2nd Degree I Non- Uneorily 
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P r oj ect personne l ( 1 .  to r . ) Don Spaulding 
and Lew Vogler 

Such a receiving sys tem can be 20, 30, or 
more decibe ls be tte r  than the norma l 
linear receiver in that a s ignal - to-noi s e­
ratio of 20 or more decibe ls less than 
currently requi red wi l l  produce the same 
per formance . 

Unfortuna tely,  such a ga in i s  achievable 
only if the number of i ndependen t , 
received waveform sample s  i s  large for 
each detection i n te rval ( baud ) . This can 
greatly reduce information throughpu t .  

One way to overcome the requi rement for a 
large number of samples is to use both 
spatial and time sampling . Thi s  requi res 
the deve lopment of de tection algori thms 
appropriate f or interference f i e lds and 
the extension of the earlier phys ical­
s tatistical non-Gauss ian i n terference 
mode ls to vec tor/tensor nonuni form e lec­
tromagnetic interfere nce f i e ld mod e ls . A 
canonical theory of thre s hold de tection in 
non-Gaussian space-time f i e lds has been 
deve loped and implemented for general 
mode ls . Both optimum threshold and " go od "  
suboptimum process ing algori thms have been 
obtai ned and thei r  pe rformance evaluated 
in the genera l weak-s ignal regimes . The 
maj or extensions to recent s tudies at ITS 
inc lude the e ffects o f  nonuni fo rm , 
spati a l  noise fie lds on beam forming and 



s i gnal detec tion with arbi trary arrays . 
Such a receiver s tructure i s  shown be low . 
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The charac teriza tion of error s ta ti s tics 
i n  digi tal communicati on channe ls i s  
essential f o r  the inves tigation of error­
control s chemes and in sys tem pe rformance 
s tud ie s . An impor tant charac teristic of 
digi ta l  communicati on channe ls is the fact 
that changing phys ical condi tions wi l l  
a l te r  the channel bi t e rror rate ( BER ) . A 
s tatis tic such as the block error rate 
[ BLER ( N ) ] --the probab i l i ty of one or more 

errors in a block of N bi ts - - i s  a func tion 
of BER and wi 11 change as channel cond i ­
tions change . Mos t  predic tion mode ls 
pre s ent equati ons and algori thms for 
obta ining the s ta ti s tics of intere s t ,  but 
the models are limi ted to a s i ngle long­
term or " averag e "  BER that presumab ly 
cha racte r i zes the channe l under con s ide r ­
ation . The only mode l that has exis ted f o r  
e valua t i ng s tatis tics at o ther BER i s  that 
based on the binary symmetric channe l 
( BSC ) . Unfor tunate ly, the BSC is not an 
adequate model for many real channe ls . 

A new model has been proposed by ITS that 
o ffers a more rea l i s tic descrip tion of 
channels and that a lso a l lows the evalua­
tion of s ta t i s tics as a fun c ti on of BER . 
The model is an exten s i on of Fri tchman ' s  
single-error- s ta te ( SES ) model by whi ch ,  
a t  a par ticular BER, the chann e l  i s  s ta t­
i s tica l l y  described by a s e t  o f  " fi tting "  
parame ters , Ai and pi . From the s e  para­
meters , any s ta ti s tic , e . g . ,  the block 
error rate or the e rror burs t dis tribu­
tion , can be calculated for the channe l at 

that BER . The extens ion provides a method 
for determi n i ng the Ai and Pi for any 
other des i red value of BER . The procedure 
for characte r i z i ng the error s ta ti s tics o f  
a channe l us i ng the extended S E S  model i s  
outlined i n  the block di agram be low . 

CUMULATIVE DISTRIBUTIONS 

OF B E R  A N D  B L E R ( N )  

(EXTENDED S E S  MO\)Ell r - - - - - - - - - - ,  

I ��� I 
I I 
I I 
I I 
I I 
I BLOCK E R R O R  R AT E S  ERROR BURST D I S T R I B U T I O N S  I 
I ERROR-GAP DISTRIBUTION COUN T I N G  D I S T R I B U T I O N S  I e t c .  
L _ _ _ _ _ _ _ _ _ _ _  _j 

Maj or bene f i ts of the new mode l wi l l  be in 
i ts use for the des i gn of error control 
s t ra tegies and as an ana lytic tool in 
per formance eva luations of d i gi tal sytems 
and network s . 

Recent ITS Publications 

A Tutorial Review of Elemen ts of Weak 
Signal Detec ti on in Non-Gaus s ian EMI 
Environments ( by Midd le ton & Spauldi ng ) 

An Extended 
Bi t Error 

Comparisons 
Fri tchman 

Single-Error- S tate Model 
Stati stics ( by Vogle r )  

of the Two-State Markov 
Mod e ls as Applied to 

for 

and 
Bi t 

Error Stati s tics in 
Channe ls ( by Vogle r )  

Communication 

Locally Optimum and Suboptimum De tec­
tor Performance in a Non-Gaus sian 
I n terference Envi ronmen t  ( by Spaulding ) 

Space-Time Proce s s i ng for Weak Signal 
De tec ti on in Non-Gauss ian and Non­
uni form Elec tromagnetic Inte r fe rence 
( EMI ) Fi e lds ( by Middle ton ) 
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Satellite Studies 

Outputs 
ale o u t l i n e o f  proposed exper iments us ing 

ACTS 
ale E x p e r iments plann ing coor d i na t ion with 

NASA 
ale O p e r a t i o n a l  s a t e l l i t e i n t e r f e r e n c e  

analys i s  model 
ale Anal ys i s  of earth s t a t ion antenna s ide­

lobe cha r a c ter i s t i cs 

The evo l ut ion of communi cat ion sate l l i te s  
has been dr iven b y  t h e  need for i ncreased 
s e r v i ce capac i t y  and lower service cos t s . 
A new gene r a t i on o f  a d v a n c e d , " s ma r t , "  
commun i cat ion s a te l l i te s ys tems , now i n  i t s  
e m b r yo n i c  s t a g e  o f  d e v e l o p m e n t , w i l l  
r es pond to these requ i r emen ts through the 
appl i c a t ion of d i g i tal technology that i s  
compa t i ble wi th onboard s i gnal proces s ing 
and swi tch ing capab i l i t i e s  and the use of 
hopping spot beams tha t provide coverage to 
r e l a t i vely smal l  geograph i c a l  loc a t i ons , a s  
i l l us tr a ted below . 

T h e s e  features also wi l l  a l l e v i a te or b i t  
and spec trum conges t ion and , through t h e  
u s e  o f  3 0 / 2 0  G H z  ( K a-band ) frequenc i e s , 
prov ide much greater channel capaci t i e s . 

A CTS 

50 

Proj e c t  leader Ray Jennings 

Th e r e  i s  n e e d  f o r  a b r o a d  r a n g e  o f  
e m p i r i c a l  a n d  a n a l y t i c a l  s t u d i e s  t o  
character i ze the per formance of th i s  n e w  
c l a s s  o f  commun i c a t i o n  s a t e l l i t e s  ( and 
the i r  as soci ated networ k s ) • The Nat i onal 
Aeronaut i c s  and S pace Adm i n i s t r a t ion ( NASA ) 
i s  d e v e l o p i n g a n d  w i l l  l a u n c h  a n  
exper imental satel l i te ,  wh i ch i s  cal led the 
A d v a n c e d C o m m u n i c a t i o n s  T e c h n o l o g y  
S a t e l l i t e ( AC T S ) . O t h e r  G o v e r nm e n t  
a g e n c i e s , un i v e r s i t i e s , a nd c omme r c i a l  
o r g a n i z a t i o n s  a r e  b e i n g  i n v i t ed a n d  
e ncouraged t o  plan a n d  cond uct exper iments 
u s i ng the sate l l i te .  Though the s a tel l i te 
p r o b a b l y  w i l l  n o t  b e  l a u n c h e d  u n t i l 
somet ime in 1 9 9 2 , I TS and about 9 0  o ther 
organ i zat ions have i n d i ca ted that they plan 
to become involved i n  exper imentat ion us ing 



W i t h  a l a r g e  numbe r o f  
e xper imenters and a br o a d  
range of interests in the 
e xper i m e n t s  tha t w i l l  be 

In other sate l l i te studies , ITS has used 
m e a s u r e d d a t a  o b t a i n e d  f r om a n t e n n a  
manufactur e r s  and the FCC to analyze the 
s idelobe character istics o f  earth s tation 
antennas tha t  operate at 14/ 1 1- 1 2  GHz ( Ku­
band ) . Ana lys i s  has i nvolved d i g i t i zation 

11.950 GH� 
ALL ANTEWlAS 

1 ! .950 GHl 
ALL ANTENNAS 

p 1 a nned , i t  i s  appa r e n t  -w+,---+-�.---'---!,c-'--;-,_Lj_.:,"'---,:,�o · 
tha t s ubs ta n t i a l  expe r i -

A N G L E FROM BORESITE \de9ree5l 

m e n t s  c o o r d i n a t i on w i l l  be e s s en t i a l . 
Mutual concern by both ITS and NASA has led 
to plann ing , tha t w i l l  cont inue , for I TS to 
provide thi s  coord inat ion functio n . Th e 
be n e f i t s a r e  tha t redundancy in e xpe r i -
m e n t a l  e f f o r t s  w i l l  b e  r e d u c e d  
s u b s t a n t i a l l y  a n d  t h e  c o o r d i n a t e d  
e x p e r i m e n t a l  r e s u l t s  w i l l p r o v i d e  
a g g r e g a t e d  be n e f i t s  th a t  e x c e ed the 
benef i ts of the individual contr ibution s . 

As a n  e xpe r i m e n t e r , I T S  i s  p l a n n i n g  a 
uni que complement o f  e xper iments that w i l l  
cha r a cter i ze netwo r k  ( system ) per formance 
us i n g  pa r ame t e r s  that d e s c r i b e  u s e r s ' 
per ceptions of the sys tem per formance and 
service provided . The I n s t i tute also plans 
to upd a t e  the P o r t a b l e  E a r th Te r m i n a l  
(origina l ly developed by NASA for use with 
the Advanced Technology Sate l l i te s e r i e s  of 
exper iments ) for use in the e xpe r i m e n t s  
that w i l l  be conducted us ing ACTS . 

P o r t ab l e  Earth Terminal 

of ana log patterns to form sets of data 
that have been s tat i s t i ca lly analyzed and 
p l o t t e d , i n  a c c o r d a n c e  w i th te c h n i ques 
recommended by the CC I R ,  as shown . 

Another element o f  the sate l l i te stud ies 
has been the development of a s a t e l l i t e 
network interference analys i s  model known 
as GSOAP ( Geostat i o n a r y  S a te l l i t e O r b i t  
Anal ys i s  Model ) .  More descr iption of thi s  
model is given i n  the International Radio 
Conference Support Section of thi s  repor t .  

Recent I TS Publ ications 

A Model of a Shaped-Beam Emi s s ion Pattern 
of a Sate l l i te Antenna for Interference 
Analysis ( by Akima) 

S idelobe Gain Characte r i s t i c s  for Ku-Band 
Ear th- Station An t e n n a s  ( by H a r m a n  and 
Jennings ) 

T e c h n i c a l  
Satell ite 
Vers ion 2 

B a s i s  f o r  the G eo s ta t i o n a r y  
Orbi t Analys i s  Program (GSOAP ) 
(by Ak ima ) 

User ' s  Manual for GSOAP Ver s i o n  2 . 6  ( by 
Akima ) 
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Radio Environment Simulators 

Outputs 
$ Microwave LOS channel s imulator 

* EW threat s imulator 

Th e need for c h a n n e l  s imula t i on become s 
apparent when one con s i d e r s  the complexity 
of a n a l y t i c a l l y  eva l uat i ng d i g i ta l  rad i o  
performance o r  the d i f f i cu l ty and expense 
in f i eld tes t i ng d i g i t a l  radios . Th i s  i s  
t r u e f o r  m a n y  d i f f e r e n t  t y p e s  o f  
t r a n s m i s s i on med i a  i n c l ud i n g  m i c r ow a v e  
l i ne-of - s i g h t  ( LO S ) , tropospher i c  s c a t ter , 
and h i gh f requency ( HF )  channel s .  

Fr e q u e n t l y , o n e  i s  c o n f r o n t e d  w i th the 
problem of compar i ng the per formance of two 
o r  mo r e  r a d i o s . Th e evaluation of t:ne 
r ad ios ' perf ormance in a fad i ng propaga t ion 
c h a n n e l i s  a ma j o r p a r t o f  t h e  to t a l  
t e s t i n g p r o c e s s . I t  i s  d i f f i c u l t  a n d  
e x p e n s i ve t o  per form such eva luat i ons in 
the f i e ld because one cannot control the 
t e s t c o n d i t i o n s , i . e . , t h e  f a d i n g 
c ha r a c t e r i s t i c s  o f  t h e  c h a n ne l . As a 
r e s u l t , f i e l d  t e s t i n g r e q u i r e s  t h e  
s i m u l taneous t e s t i ng o f  a l l  rad i os being 
compared . Of ten th i s  i s  not pos s ible . I t  
i s  a l s o  not pos s i ble to te s t  the rad i os 
under a full range of fad i ng cond i t i ons . 

Simu l a t i on of channe l f ad i ng cond i t ions i s  
a mo r e  c o s t - e f f e c t i ve approach to r ad i o  

1.!1!1®1111 » 
- - .. Computer Control 

Signals 

Proj ec t  per sonnel (1 . to r . )  J i m  Hof fmeyer 
and Ern i e  Mor r i son 

per formance eva lua t i on . For d i g i ta l  rad i o  
t e s t s , a k n o w n  d i g i t a l  b i t  s t r e a m  i s  
i n j e c t e d  i n t o  t h e  r a d i o  u nd e r  t e s t . 
Simulated channel f ad i ng causes d i s tor t i on 
i n  the rece ived s i gnal . Th i s  d i s tor t i on 
can cause errors to occur i n  the d i g i ta l  
b i t  str eam output f r om the rad i o  r e c e i ver . 
B e c a u s e  t h e  f a d i n g c o n d i t i on s  c a n  b e  
p r e c i s e l y  c on t r o l led , t h e  performance o f  
d i f f e r e n t  r a d i o s  c a n  be evaluated under 
iden t i ca l  cond i t ions . 

Dur i ng FY 8 5  and FY 8 6 ,  an LOS s imul a tor 
was developed . Th i s  s imulator has a l r eady 
been used to eva l uate the performance o f  a 
d i g i tal rad i o  that i s  an in teg r a l  par t of 
t h e  D e f e n s e  C o mm u n i c a t i on s  S y s t e m  i n  
E u r o p e . I t  w i l l  be used i n  the fu ture 
eva l ua t i on of LOS mi c rowave rad ios used in 
e i t h e r  t a c t i c a l  o r  s t r a t e g i c  d e f e n s e  
c omm un i c a t i on s  s y s t e m s . The s i m u l a tor 

.................. l1 1formation Signals Microcomputer 

Func t i onal Di agram of I TS Simulator 
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could a l s o  be used for tes t i ng mi crowave 

radios used in the pr ivate sec tor ( e . g . ,  
r a d i o s  used by the te lephone compan i e s ) . 

T h e  I n s t i t u t e  h a s  l o n g  b e e n  a c t i v e i n  
narrowband ( l e s s  than 1 2  kH z )  HF channel 
s i mu l a t i on . D u r i n g  FY 8 6 , a s t udy to 
d e t e r m i n e  t h e  f e a s i bi l i ty o f  bu i ld i ng a 
w i d e b a n d  H F  c h a n n e l  s i m u l a t o r  w a s  
under taken . 

The I n s t i t u te i s  a l s o  cond uc t i ng a program 
i n  e l e c t r o n i c  w a r f a r e  s imula t i on . Many 
d e f e n s e  c o mm u n i c a t i o n s  s y s t e m s  a r e  
s usceptible to var ious elec tron i c  war fare 
( EW )  t h r e a t s . The s e  t h r e a t s  i n c l ud e  

v a r i o u s  a c t i ve and pas s i ve a c t i ons hav i ng a 
r ange of soph i s t i ca t i on . As a r e s ul t , EW 
s u s c e p t i b i l i t y a n d  e l e c t r o n i c  c o u n t e r ­
c o u n t e r me a s u r e  ( ECCM ) r e q u i r e me n t s  a r e  
i nc l ud ed i n  t h e  e n g i n e e r i ng d e s i gn and 
development pha se s  of commu n i c a t ions sys tem 
acqu i s i t i on programs . Th i s  leads to a need 
f o r  a m e t h o d o l o g y  f o r  ev a l u a t i n g t h e  
e f f ec t i vene s s  o f  t h e  ECCM d e s i gned i n t o  the 
s y s t e m . Th i s  n e e d , l i k e t h e  n e e d  for 
eva l u a t i on of rad i o  per formance in a fad i ng 
environment , i s  bes t  met through the use of 
a s imulator . In the EW s cenar i o , the need 
i s  to s i mu l a te the j ammi ng threat rather 
than f ad i ng propagat ion . 

T h e  E C M  ( e l e c t r o n i c  c o u n t e r m e a s u r e s )  

s i m u l a t o r  u n d e r  d e v e l o pm e n t  a t  I T S 
a dd r e s s e s  t h e  ECM t e s t i ng of u . s .  Army 
d e v e l op e d  commun i c a t i on s  s y s t e m s . The 
s imulator coup les j ammer s i gna l s  i n t o  the 
t e s t  s y s tem antenna ( s ) . Jammer an tenna s 
are pos i t i oned w i t h  m i n i mum separ a t i on from 
the tes t  sys tem antenna . Compens a t i on i s  
made for the nea r - f i e ld rather than f a r ­
f i e l d  c o u p l i n g o f  t h e  s i g n a l  b e t w e e n  
a n te nnas . Con t i nuous wave spot j ammer s , 
n a r r ow b a n d  and w i deband j amme r s , r a i l i ng 
j a mme r s , a nd fr equency modulated j ammer s  
c a n  b e  s imulated . Jammer output par ameters 
for each te s t  are programmed to be wi th i n  
t h e  s i g n a l - t o - j amm e r  r a t i o  spec i f i ed by 
m i l i tary EW threat def i ni t i ons . 

Recent I TS Pub l i ca t i ons 

L i n e - o f - s i g h t  Ch a n n e l S i m u l a t i on - - A  New 
App r o a c h  ( by H a r t m a n , H o f fmeyer , and 
Pra t t ) 

LOS Mic rowave Channe l Simulation--A Survey 
of Mode l s ,  Rea l i z a t i ons and New Concepts 
( by Hof fmeyer and Har tman ) 

P e r f o r m a n c e  E v a l u a t i on o f  LOS M i c rowave 
Rad i o s  U s i n g a C h a nnel Simulator ( by 
Hof fmeyer , Pratt , and Ri ley)  

SIGNAL 
GENERATOR MODULATOR 

+ + + r--------------� 
I CONTROL SIGNALS I 
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CONTROL/ 

PARAMETER 
SELECT 

DISPLAY 
PRINT 

TEST SYSTEM 
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ITS Tools and Facilities 
Antenna Turntable Platform - ITS has an 

antenna turntable located at i ts Table 
Mountain Radi o  Qui e t  Zone facili ty . The 
turn table i s  3 7 feet in diame te r ,  and 
i ts surface is flush wi th the tes t  
range . I t  i s  capable o f  rotating a 
2 2 , 000 -pound tes t  antenna or vehic le up 
to three revolutions per minu te . The 
turntable i s  the roof of a be low-ground 
equipment room . There i s  a 1 00-f t 
dielectric tower that can be used to 
pos i tion s ources for tes t-si te i llumina­
tion . Thi s  fac i l i ty is avai lable for 
use by private parties on a re imbursable 
basis . 

Data Communication Laboratory Test Bed -
This ITS tes t  fac i li ty i s  used as a tool 
for : 

Veri fying the validity of new and 
deve loping Federal and ANS I data com­
munica tion s tandards . It provides 
rea l i s tic data and suggestions for 
re finements and improvements of a 
deve loping s tandard to the working 
s tandards commi ttees . 
Bui lding a representative data bas e  
of user-oriented performance param­
e ter values for real-world da ta 
communication sys tems such as the 
ARPANET, s everal public da ta net­
works , and in the future local area 
networks , ga teways , and a l terna te 
services ( s ince deregu lation ) .  
Eva luating the pe rformance of a lter­
native data communication technolo­
gie s ,  sys tems , and services in terms 
of specified user needs . 

Three computers , i ncluding a transpor t­
able desk- top UNIX s ys tem , compri s e  a 
portion o f  the equipment used in the 
tes ting . Norma l ly one of the computers 
se rves as the local host to one or more 
ne tworks and the transportable machi ne 
is taken to a d i s tant c i ty to func tion 
as the user of the ne twork under tes t .  
This tes t  fac i l i ty i s  ava i lable for use 
by pri vate par ties on a reimbursable 
basis . 
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Laboratory Atmospheric Simulator - ITS has 
a unique laboratory a tmosphe ric s imula­
tor fac i l i ty to measure the radio 
re fractive i ndex of moi s t  a i r . Thi s  
s imula tor is des igned to provide highly 
accura te mea suremen ts of mi l lime ter wave 
attenuation i n  the frequency range 1 0  to 
2 2 0  GHz . The laboratory a tmospheric 
s imulator pe rmi ts the pressure to be 
varied over s ix orders of magni tude 
( 1 0-3 to 1 0 3 m i l libars ) ,  the re la tive 

humidi ty to be varied be tween 0 and 1 00 
percent, and the tempera ture to be 
varied be tween 2 7 0  to 3 2 0  degrees 
Ke lvi n .  The s imu lator provides a means 
to conduct m i l l ime ter wave propagation 
expe riments in a controlled envi ronmen t  
that can repre sent a tmospheric he i ghts 
from the Ea rth ' s sur face to 1 2 0 km . 
Thi s  latter he i ght provides a rea l i s ti c  
bas i s  t o  conduc t expe riments that are 
representative of s a te l l i te he ights for 
mos t applica tions . Thi s  tool is ava i l­
able f or use by private parties on a 
reimbursable bas i s . 

Microwave Line-of-Sight ( LOS ) Channel 

Simulator - ITS has deve loped thi s  tool 
to s imulate channel fading condi tions in 
a control led envi ronment in order to 
eva luate the pe rformance of d i f fe rent 
radios under identical condi tions . ITS 
deve loped the s imu lator to pe rform eval­
uations for the DoD ; however ,  it c ould 
a lso be used for tes ting microwave 
radios used in the priva te secto r .  

Mobile Millimeter-Wave Measurement 
Facility - ITS has a highly soph i s ti ­
cated , fully computerized 1 0  to 1 00 GHz 
channe l probe for de te rmi n i i ng the per­
formance of potential communications 
paths . Each te rminal ( transmi t and 
receive ) can be f ixed or mounted on vans 
that provide a means to pe rform path 
measureme n ts 
from urban 

in envi ronmen ts rangi ng 
to i solated locations . 

Measurements and ana l ysis from remote 
te rminals ( via wi re or te lephone ) can be 
conduc ted to de termine occurrence of 
s i gnal fades and identi f i cati on of fade 



mechanism ( rain attenuation , mul tipa th 
phase i n terference , antenna beam decoup­
l i ng ,  ray de focusing,  e tc . ) as we l l  as 
channel dis tor ti on acros s a 1 . 5 GHz 
bandwid th .  Ins trume n tation to measure 
me te orological parame ters such as rain 
rate , refractive index , water vapor 
con te n t ,  e tc . ,  is also avai lable for 
s i mu l taneous observa tion . Thi s  fac i l i ty 
i s  avai lable for use by priva te par ti e s  
on a re imbursable bas i s . 

Portable Earth Terminal - Thi s  too l ,  orig­
i nally deve loped by NASA for use during 
the Communication Technology Sate l l i te 
expe riments , has been obtained f rom NASA 
for use during the Advanced Communi ca­
tion Technology Sate l li te ( ACTS ) exper i ­
ments . Radi o  frequency components o f  
the terminal wi ll be upgraded f o r  opera­
tion at the 30 GHz transmi t  and 20 GHz 
rece ive frequencies used by ACTS . The 
vehi c le provides an excellent mobi le 
labora tory and i s  equipped wi th a roof­
mou n ted antenna , a full compleme n t  of 
equipment racks , and two 1 2  kW motor 
generators . 

Radio Spectrum Measurement System - The 
s ys tem is used by ITS to support manage­
ment of the rad i o  spectrum . The RSMS 
c on tains two i ndepe ndent computer­
con trol led recei vi ng sys tems capable of 
automa tic surveys of spec trum usage , as 
we l l  as detai led measurements on partic­
u lar s i gnals . Thi s  s ys tern operates up 
to 1 8 GHz and is eas i ly deployed in a 
motorhome type of vehicle , complete wi th 
an e le c trica lly-raised antenna tower and 
a mob i le te lephone s ys tem . 

The Table Mountain Radio Quiet Zone - Thi s  
i s  a very unique fac i l i ty ( one o f  only 
two in the Na tion ) , whi ch is con trol led 
by public law to keep the lowe s t  pos s­
i ble leve ls of unwante d  radi o frequency 
e ne rgy across the spec trum from i mping­
i ng on the area . Thi s  s i tua tion a l lows 
research concerned wi th low s igna l 
leve ls ( from deep space , extrate rres­
tri a l ,  low s ignal s a te l li te , ve ry sensi­
tive receiver technique s , e tc . )  to be 
carried out wi thout the eve r-presen t 
i n terfe rence found i n  mos t areas of the 

Na tion . As the use of e lectronic sys­
tems ( garage door opene rs , computers , 
c i tizen band radi os , arc we lders , appli­
ance s , e tc . )  increases and the number of 
radio and TV s ta ti ons increases along 
wi th many new uses for the radio fre­
quency spe c trum , the average leve l of 
electromagnetic energy across the spec­
trum increas e s . Thi s  occurrence i s  
important t o  companies i nvolved i n  
developing ver y  sensi tive receivers and 
radio s ignal proces s i ng equipment s ince 
the fron t ends of these receivers are 
of ten times saturated by background 
noi se ( interference ) • This faci l i ty i s  
avai lable for u s e  b y  private parties o n  
a reimbursable basi s . 

Telecommunication Analysis ( TA) Services -

ITS offers an on- line , ful ly-automated 
s e rvi ce that provides subsc ribers wi th 
access to many ITS-developed compute r 
programs . Thi s  s e rvi ce has been deve l­
oped as a condu i t  for appli ed research 
and engineering and i s  avai lable to both 
Gover nment and priva te sector enti ties 
on a reimbursable bas i s . The TA Servi ces 
menu inc ludes models that provide data 
on transmi tters , s ignal coverage , topo­
graphical profiles , population dens i ty ,  
rain rates , a tmospheric radio noise , 
i onospheric spatial parame ters , and 
o ther da ta affecti ng radio propaga tion . 

UHF Propagation Measurement Van - ITS uses 
this mobi le fac i l i ty to measure the per­
formance of UHF sys tems . The recei ve r  
i s  placed on a mobi le van and the trans­
mi t te r  antenna i s  fixed . The receive r  
sys tem makes continuous measurements o f  
the received signal leve l a s  the van 
moves a long a planned measurement path . 
The measureme n t  sys tem is capable , i n  
the UHF band , of taking samples at eve r y  
wave length . ITS makes measurements 
using thi s  fac i li ty to improve and val i ­
date a computer mode l  that provides UHF 
sys tem des igners and users wi th 
per formance pred i c ti on capabi li ties . 
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ITS Projects for Fiscal Year 1 986 
Organized by Departmen t  and Agency 

BOARD OF INTERNATIONAL BROADCASTING ( BIB ) 

BIB Analysis Standards - Gregory R .  Hand 
( 49 7 - 5 2 5 8 ) - Deve lop a performance anal­
ys i s  s tandard for HF broadcas ting to be 
used by Radio Free Europe and Radio 
Liberty in the i r  faci l i ty uti l i za tion 
s tudies . 

COMMERCE ,  DEPARTMENT OF 

National Te lecommunications and 
Information Admi nis trati on ( NTIA ) 

1 988 Space WARC Preparation Support 

Raymond D .  Jenni ngs ( 49 7 - 3 2 3 3 ) - Provide 
technical suppor t to U . s .  preparati ons 
for the 1 98 8  World Adminis trative Radio 
Conference for Space Servi ces and the 
intersess ional work that wi ll precede 
the conference . 

Advanced Satellite Communication Tech­
nology Studies Raymond D .  Jennings 
( 49 7 -3 2 3 3 ) - Deve lop experiment planning 
and equipment design in preparation for 
participation in the NASA sponsored 
Advanced Communicati ons Technology 
Sate l l i te program . 

Data Communications Edmund A .  Quincy 
( 497-5 4 7 2 ) Deve lop ,  promulga te , and 
demons trate compatible Fede ral and 
American Na tional Standards for speci­
fying and measuring data communi ca ti on 
performance . 

HF Broadcasting WARC Planning - Charles M .  
Rush ( 49 7 - 3 82 1 ) Provide support ,  
through computer mode l deve lopmen t  and 
representati on at appropriate mee tings , 
to HF broadcas ting policy makers i n  
preparati on f o r  the Second Ses s i on o f  
the H F  Broadcas ting Conference . 

International Standards - Edmund A .  Qui ncy 
( 4 9 7 - 5 4  7 2 )  Provide leadership and 
technical suppor t  for u . s .  participation 
in nati onal and internati onal s tandards 
se tting bodies . 

56 

ISDN Technical 
( 49 7 - 5 47 2 ) 

Edmund A .  Quincy 
Develop s tandards for 

Qual i ty of Service for voi ce c ommuni­
cations on ISDN networks . 

Millimeter-Wave Model - Kenne th C .  Allen 
( 49 7 - 34 1 2 )  - Perform s tudies and exper i ­
ments neces sary to deve lop a use r­
oriented mi l lime ter-wave propagation 
model applicable to frequencies up to 
300 GHz that wi l l  be useful in assess ing 
mi llime te r-wave te lecommunicati on s ystem 
pe rformance . 

Spectrum Efficiency Studies - Le s li e  A .  
Be rry ( 497-54 7 4 )  - Me thods for c omputing 
the technical spec trum e f ficiency fac tor 
for mobi le servi ces wi 11 be applied to 
the land-mobi le bands . 

Spectrum Engineering Development - Le s l i e  
A .  Berry ( 49 7 - 54 7 4 )  - Lead and partici­
pate i n  Working Group 1 3  of IRAC ' s  
Technical SubCommi ttee wi th the purpose 
of planni ng for improved spec trum man­
ageme n t ,  and e f ficient and e f fec tive use 
of the spectrum resource . 

Spectrum Resource Assessments - Wi l li am B .  
Grant ( 497- 3 7 2 9 ) - Complete a s tudy o f  
the radiolocati on bands from 1 60 5  k Hz to 
above 1 7 . 7  GHz showing the us e s , the 
impor tance to the Governmen t ,  the con­
tinuing need for spec trum , and the 
critical mi s s ions of Federal agencies 
who use radiolocati on se rvice s .  

RSMS Engineering Enhancements - Rober t  J .  
Ma the s on ( 49 7 - 32 9 3 )  Impro ve the 
measureme n t  capabi li ties of the Radi o  
Spec trum Measurement Sys tem as needed to 
provide improved measureme n t  data . 

RSMS Operations 

( 4 9 7 -3 29 3 ) 
Rober t  J .  Ma theson 

Provide measureme nts of 
usage and other techni c a l  spectrum 

parame ters of radio sys tems . 

Note : Commercial users di a l  3 0 3  + numbe r 
shown . FTS users dial 8 - 3 2 0  + extens i on 
shown . 



VHF/UHF Propagation Studies Eldon J .  
Haakinson ( 497-5 3 0 4 ) Perform UHF 
mobi le pa th loss measurements be tween a 
mobi le receiver and a f i xed transmi tte r 
i n  rura l ,  suburban , and urban envi ron­
ments . Compare the mea s urements wi th 
predi c ti ons made by the ITS Irregular 
Terrain Mode l .  

Nati onal Bureau of S tandards ( NBS ) 

Comparative .Measurements of ACSB and FM -
Wi lli am A .  Kiss ick ( 4 9 7 - 3 7 2 3 ) - Review 
and measure ampli tude companded sideband 
( ACSB ) as compared to FM in the context 
o f  law enforceme n t ,  land-mobi le communi­
cations needs . 

DEFENSE, DEPARTMENT OF ( DoD ) 

DoD Consulting A .  Donald Spaulding 
( 49 7 - 5 2 0 1 ) Provide consultation and 
advis ory se rvices on s uch things as 
optimum sys tem de s ign and performance 
de terminati on , de te c ti on a lgori thms , and 
inte r fe rence mode ling . 

DoD HF Propagation Studies Larry R .  
Te ters ( 49 7 - 54 1 0 )  - Deve lop simpli f i ed 
ground-wave conside rations utiliz ing the 
IONCAP sky-wave i nput to permi t assess­
men t  of received s i gnal s trengths of 
d i s tances too short f or s ky-wave propa­
gation . 

foF2 Solar Cycle Predictions - Charles M .  
Rush ( 4 9 7 - 3 82 1 ) Deve lop numerical 
coe f f icients of foF2 and appropriate 
solar activi ty inte rpolation procedure s 
tha t can be di rectly i ncorporated i n to 
HF propagation predicti on programs . 

MF Signal and Noise Measurement - Donald 
H .  Layton ( 49 7 - 5 4 9 6 ) - S tudy the s igna l 
and nois e  envi ronment i n  the 2 5 - 1 00 k Hz 
range in a typi cal offi ce/busi ne s s  
e nvi r onment . 

TAEMS Consulting Forre s t  E .  Mar le r  
( 4 9 7 - 5 3 2 1  ) - Provide technical suppor t  
f o r  NSA personnel i n  under s tand i ng modu­
lation and spectrum analysis techniques 
to fur ther thei r  u ti l i z a ti on of the 
spec trum analysis van de s igned and bui lt 
by ITS . 

TDOA Support - Charles M .  Rush ( 49 7 - 3 82 1 ) 
- Provide assis tance and analys is exper­
tise in the conduct of a time difference 
of arrival ( TDOA ) HF expe riment .  

Wide Area Propagation Model Ray E .  
Thompson ( 49 7 - 3 3 5 2 ) - P rovide a va lida­
tion of the Wide Area Propagation ( WAP ) 
model and sof tware and dete rmine the 
changes i n  reception probab i l i ty in the 
presence of surface and e levated a tmos ­
pheric duc ts a t  4 and 6 GHz from thos e  
va lues predicted by the WAP mod e l ,  and 
i ncorporate thos e changes into an 
e n larged WAP mode l .  

Ai r Force- -Electronic Sys tems Divi s i on 
( ESD ) 

AFGL/LYT Refractometer Consultation 

Forrest E .  Marler ( 49 7 - 5 3 2 1 ) - Re furbish 
and update AFGL ' s mi crowave refractome­
ter .  

TRAMCON 86 Ri chard E .  Skerj anec 
( 49 7 -3 1 5 7 )  - Deve lop , tes t ,  and suppor t  
the transmi s s i on moni tor and control 
program ( TRAMCON ) that is being deve l­
oped f or the moni tor and control of the 
digi tal tran smi s s ion system for the 
Def ense Communication Sys tem in Europe . 

TRAMCON Master Upgrade Ri chard E .  
Ske rj anec ( 49 7 - 3 1 5 7 ) - Eva luate a lterna­
tive s  for upgrading the hardware config­
urati on for the TRAMCON mas ter fac i li ty . 

Troposcatter Channel Probe Development -
James A .  Hof fmeyer ( 49 7 -3 1 4 0 ) - Deve lop 
a quad-channe l troposca tter channe l 
probe and provide sys tems integration 
suppo r t  to ESD . 

USAF Local Area Network Consulting 

Joseph E .  Farrow ( 49 7 - 360 7 )  - Provide 
ESD wi th a s s i s tance in thei r  efforts to 
i ns tall local area ne tworks at s ome 200 
locations throughout the wor ld . 
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Air Force Sys tems Command ( AFSC ) 

AN/MSR-T4 Receiver System Wes ley M .  
Beery ( 4 9 7 - 3 3 8 4 ) - Provide e ngineeri ng 
technical suppor t  servi ces during pro­
curement,  producti on, and tes ti ng of the 
AN/MSR-T4 Mul tiple Receiver Sys tem . 

Error Statistics Modeling Lewi s E .  
Vogler ( 49 7 - 3 5 56 ) - Deve lop and analyze 
a mode l for the error s tati s tics of dig­
i tal communication channe ls . Perform­
ance criteria from the mode l wi l l  be 
derived for use in des i gning terres trial 
and airborne communication ne tworks . 

Army Communicati ons- -Electronics Command 
( CENCOMS ) 

Millimeter-wave Studies of Propagation in 

Urban-Suburban Environments - Kenne th c .  
Allen ( 49 7 - 34 1 2 )  - Dete rmine m i l l ime ter­
wave propagation characteri s ti cs in 
order to deve lop a model for pred icting 
channe l performance for LOS communi ca­
tion terminals located on urban-suburban 
s tree ts . 

Wide-band Consultation Je an E .  Adams 
( 497- 5 3 0 1 ) - Provide technical support 
in applicati on and modi ficati on of the 
Ground Network Communicati on Mode l 
deve loped by ITS , and provide technical 
support to Army ' s  measurement of " wide­
band " propaga tion charac teris tics in the 
UHF/VHF f requenci es . 

Army Elec tronics Proving Ground ( EPG ) 

CATR Configuration Study Ernes t L .  
Morri s on ( 497-5 888 ) - Def i ne configura­
tion and optimum tes t  zone parameter 
sets f or a compact antenna tes t  range to 
provide mul tiple e lec tromagne tic envi­
ronments requi red for tes ting adaptive 
communications-electronics sys tems . 

SLF Methodology Investigations - Raymond 
D .  Jennings ( 49 7 - 3 2 3 3 )  - Deve lop meas­
ures of func tional per formance and rec­
ommendations for tes t  me thods to be used 
to s tress those rad io frequency sys tems 
whose pe rformance is being tes ted using 
the S tress Loading Fac i l i ty . 
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Spread Spectrum Communi cations 'l'est Meth­

odology - Erne s t  L .  Morrison ( 49 7 -5888 ) 
Deve lop the me thodology to eva luate 

the pe rformance and operati onal support 
capabi li ty for spread-spec trum c ommuni­
cations sys tems . 

Army Informa tion Sys tems Engi nee ring 
Suppor t  Ac tivi ty ( I SESA ) 

Army HF Propagation Study Larry R .  
Te ters ( 4 9 7 - 5 4 1  0 )  - As s i s t  Army i n  the 
deve lopment and implementation of 
analytic techniques for tac ti ca l  opera­
tion use . 

Berlin-Bocksberg Data Analysis - John J .  
Lemmon ( 4 9 7 - 3 4 8 5 ) - Ana lyze and i nte r­
pre t  propagati on ,  digi tal pe rformance 
and me teorological da ta that were 
obtai ned during the link te s ts of the 
Be rlin-Bocksberg d i gi tal troposca tte r 
system . 

Communications SUpport Study - Erne s t  L .  
Morri s on ( 497-5888 ) Deve lop traf f i c  
prof i les and bas i c  communicati ons mode l 
conf i guration to evaluate the DoD combat 
support communications capabi li ties . 

DRAMA Performance 'l'ests James A .  
Hof fmeyer ( 49 7 -3 1 4 0 )  - Conduct tes ts on 
the DRAMA s ys tem , s eeki ng 
improve pe rformance in a 
channe l .  

me thods to 
multipa th 

Enhancements to Radio Link Performance 
Algorithms Laurance G .  Hause 
( 49 7 - 3 9 4 5 ) Update the inte rac tive 
computer programs deve loped to pred i c t  
the performance of three maj or types of 
te rre s trial radio transmi s s i on s ys tems . 

EW Simulator De�ign - Ernes t  L .  Morrison 
( 497-5888 ) - Design , deve lop , and te s t  
one functional pro totype of the EW 
simulator for Army communi ca tions 
faci lities . 

HF Ground-wave Model Nicholas DeMi nco 
( 4 9 7- 3 6 6 0 ) - Deve lop an interac tive HF 
ground-wave propagati on pred icti on pro­
gram to ope rate on a desk-top compute r .  



LOS Channel Simulator Development - James 
A .  Hoffmeyer ( 49 7 - 3 1 40 )  - Deve lop line­
of-s ight ( LOS ) channe l simulators that 
a re needed for the tes t and e valuation 
o f  digital radi os that are being pro­
c ured by the u.s. military . 

Revision of Fed-Std 1037 James A .  
Hoffmeyer ( 49 7 - 3 1 40 ) - Provide edi tori a l  
suppor t  f o r  a maj or updating and revi­
s ion of Fed-Std 1 0 3 7 ,  Gloss ary of Te le­
communication Terms , the authori ta ti ve 
s ource of defini tions for terms used in 
procurement of te lecommuni cation ser­
vices and equipment by Fede ral agencies . 

Army Info rmation Sys tems Management 
Ac tivi ty ( ISMA ) 

Access Area Engineering Services - Robe r t  
F .  Linfield ( 49 7- 5 2 4 3 ) - Deve lop expe r i ­
men t  s trategies for the Experimental 
Integrated Swi tch Ne twork ( EISN ) , assess 
the impact of s tandards and regulati ons 
on the De fense Swi tched Ne twork ( DSN ) , 
and conduct s tud i e s  of Loca l Area 
Networks ( LANs ) .  

Army Intel ligence and Secur i ty Command 
( INSCOM ) 

ETSEM/PC - Rober t  O .  DeBolt ( 497- 5 3 2 4 ) -
Deve lop a vers i on o f  the ETSEM program , 
whi ch predicts the per formance of line­
of-s ight terres tria l telecommunications 
l i nk s  based on the des ign specifica­
tions , for operation on a personal 
computer ;  and enhance and extend the 
ETSEM mode l ,  data base , frequency range , 
and f requency modulation techniques . 

IONCAP/PC - Frank G .  S tewa r t  ( 49 7 - 3 3 36 ) -
Deve lop a vers i on o f  the HF propagation 
predi c ti on program, IONCAP , for opera­
tion on a personal compute r , and deve lop 
a gene ralized HF i n terference asses sment 
a lgori thm for ope ration on a mai nf rame 
compute r .  

Army Mi s s i le Command 

Millimeter-Wave Polarization Measurements 

- Kenneth c .  Allen ( 49 7 - 3 4 1 2 )  - Pe rform 
measurements of the effects of rain on 
the polari zation of ci rcula r ly polari zed 
waves at 96 GHz . 

Army Research Off ice ( ARO ) 

Millimeter-Wave Laboratory Studies - Hans 
J .  Liebe ( 49 7 - 3 3 1 0 )  Pe r form experi­
mental research on mi l l ime ter-wave 
prope r ti es of moi s t  a i r  inc luding haze 
condi tions , in order to refine the 
a tmospheric propagation mode l .  

De fense Communi cations Agency ( DCA ) 

Archi tecture Development SUpport for the 

WESTHEM DCS/DSN Edmund A .  Quincy 
( 49 7 - 5 4 7 2 )  Def i ne the mid-term to 
f a r - te rm pre ferred configuration of a 
WESTHEM DCS/DSN access node inc luding 
the identification of se rvices , func­
ti ons , maj or components , and associ ated 
connectivi ty between components at the 
node and the relationship to other 
ne twork s . 

NSEP/FOCS - Joseph A .  Hul l  ( 49 7 - 5 7 2 6 ) 
Es tablish " bench-mark" spe c i fications or 
guid e l i nes to fac i li tate quanti tative 
e va luation of fiber optics insta llations 
in accordance wi th National Securi ty/ 
Emergency Preparedness requi reme n ts . 

R&D/O&M 

Joseph 
Engineering Services 

A .  Hull ( 49 7 - 5 7 2 6 ) 
for NCS 

Provide 
technical consulting s e rvices to NCS in 
areas re lating to deve lopment of Federa l 
Te lecommuni cation S tandards and areas 
relating to technical evaluations in 
re levant technology areas . 

Joint Tac tical Command , Control ,  and 
Commun icati ons Agency 

Wideband HF Channel Simulator Feasibility 

Study - James A .  Hof fmeyer ( 4 9 7 -3 1 40 )  -
De termine the feas ibi l i ty of deve loping 
a wideband HF channel s i mulator that 
would ultimately be used in tes ting 
spread spectrum HF radi os . 
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Nava l Ai r Sys tems Command 

Navy Microwave System Study James A .  
Hof fme yer ( 497-3 1 40 ) Ana lyze a new 
mic rowave communica tions sys tem and pe r­
form predicted link availabi l i ty calcu­
lations for each of three mic rowave 
links . 

Nava l Ocean Sys tems Center ( NOSC ) 

Millimeter-Wave Propagation Model - Hans 
J. Liebe ( 49 7 - 3 3 1 0 )  - De ve l op a reliable 
propaga tion mode l for the atmospheric 
transmis s i on 
94 GHz . 

window cente red around 

NOSC Communications Consulting - Wi l liam 
J .  Pomper ( 49 7 - 37 30 ) - Provide enginee r­
ing consulting services in suppor t  of 
the deve lopment of a clas s i fi ed Naval 
space communications sys tem . 

Naval Research Laboratory ( NRL ) 

Noise Update A .  Donald Spaulding 
( 4 9 7 - 5 20 1 ) - Incorporate the new atmo­
spheric noi se mode l and the man-made 
nois e  mode l into the IONCAP noise sub­
routines and make other needed improve­
ments and corrections . 

U . S .  INFORMATION AGENCY ( US IA )  

HIM/HER Mary w .  Sowers ( 49 7 - 3 8 2 0 ) 
Provide technical suppor t  to Voice of 
America in moni toring the e f fe c ts of 
harmful inte rfe rence on U . S .  broadcas t­
ing ope rations . 

MF Ground-Wave Model -

( 49 7 - 3 6 6 0 ) Modify 
Nicholas DeMinco 
the Ground Wave 

Automated Pe rformance Analys is computer 
program to satisfy VOA ' s  ground-wave 
analysis requirements for pe r f ormance 
predicti on for MF broadcasting purposes . 

VOA Antenna Design Cha r les M .  Rush 
the capabi l i ty of 

to optimi ze the 
for e fficient 

( 4 9 7 - 3 8 2 1 )  - Improve 
the Voi ce of America 
se lection of antennas 
broadcast performance . 
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VOA Interactive MF Interference Model 

Eldon J .  Haakinson ( 49 7 - 5 30 4 ) - Des ign 
and impleme n t  an inte rac tive .MF inter­
fe rence asses sment capabili ty for 
ground-wave and sky-wave broadca s ting 
purposes for the VOA . 

VOA Predictions Car lene M .  Me l lecker 
( 49 7 -3 3 3 0 )  Provide Voi ce of America 
wi th i onosphe ric predictions that are 
used in frequency planning and coordi na­
tion . 

VOA Studies and Support Eldon J .  
Haakinson ( 49 7 - 5 3 0 4 ) - Provide Voi ce o f  
Amer ica wi th the capabi l i ty to conti nue 
to e f fective ly upgrade i ts broadcas t 
faci l i ties . 

TRANSPORTATION , DEPARTMENT OF ( Do T )  

Federal Avi ation Admi n i s tration ( FAA ) 

Air Navigation Aids Gary D .  Gie rhart 
( 4 9 7 - 3 29 2 ) - Deve lop propaga tion models 
applicab le to paths wi th ai rborne 
antennas , and implemen t  these models 
into computer programs . 

u .  s. Coas t Guard ( USCG ) 

Consulting USCG - Jean E .  Adams ( 49 7 - 5 3 0 1 ) 
De termine calcu lations of Navtex 

pe r formance for 1 1  USCG s i te s , and plot 
coverage . 
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