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INTRODUCT ION 

This annual report r ev iews t he activities and 
ac comp l i shments of th e Inst itute for Te lecom
municat ion Sc ienc e s  for the f i scal year ending 
September 3 0 ,  1 9 8 0 .  I t  i s  intended to serve 
a s  a report ing mechanism to the agency manage
ment , to our other agency s ponsor s ,  and to 
interested membe r s  of the pub l ic . 

The Inst i tute for Te lecommun ication Sc ienc e s  
( IT S )  i s  t h e  chief research a n d  eng ineering 

arm of the National Telecommunications and 
Information Administration ( NTIA ) ,  U . S .  
Department o f  Commer ce . I t s  m i s s ion may be 
d i vided into two ma j or e lement s :  l)  to pro
v ide direct support to the NTIA Admini strator 
and the Secre tary of C ommerce and 2 )  to serve 
a s  a central Federal resource to a s s i s t  other 
agenc i e s  of the Government in t he planning , 
des ign , maintenanc e ,  and improvement o f  their 
telecommunications activit ie s .  The work 
performed in carrying out the l a tter re spon
s ib i l ity is reimbur sable , i s  r e levant to 
national goals and commitment s , cannot be 
read i ly performed by the private secto r ,  a nd 
contributes to NTIA ' s  goal s .  

In order to meet the re spons i b i l i t i e s  
a s s igned to i t- by the D epartment a n d  r equests 
from other agenc i e s , the I n s t i tute i s  divided 
into four technical division s , each of which 
has spe c i f ic a l l y  a s s igned ro l e s  as outl ined 
below: 

D i v i s ion l - Spectrum U t i l i zat ion 
John P .  Murray , Assoc iate Direc tor 

Develops knowledge to more intensively 
use the capacity o f  the e l ec tromagnetic 
spectrum to meet rapidly g rowing communi
cations demands by Government , indu str y ,  
and t h e  publ ic . The D i v i s ion conducts a 
s e l e c t ive program of re search direc ted 
toward obtaining more e f f ic ient u se of 
available spectrum re source s ,  whi c h  is 
pr imar i ly related to interactions between 
radio systems and the elect romagnetic 
environment . The work i nvo lves mea sure
ment and evaluat ion of spec trum con suming 
p roperties of receiver s , transmitt er s , 
antennas ;  spectrum occupancy ;  and devel
opment o f  spectrum planning techn iques 
and relates to NTIA r o l e s  in spec trum 
management . 

H ig h l ights for FY 8 0 :  

o Potentially increased b roadcast capacity 
in congested markets was defined for FM 
and TV services . 

o Automated procedures for proc e s s ing FM 
l i cense appl ications were d eveloped and 
provided for use by the FCC . 

o Optimum techn ique s for the selection o f  
broadcast f requenc i e s  w e r e  deve loped . 

D i v i s ion 2 - Systems Tec hnology and Standard s  
J o s e p h  A .  Hul l , Assoc iate Director 

Perform s  engineer ing stud i e s  which result 
in use r-oriented te lecommun ication per
formance criteria and deve lops a nd 
app l i e s  measurement methods required for 
Federally or publically o perated systems . 

This invo lves activities such a s  opera
tions re search , system architecture 
de f in i tions , and system d e s ig n  and eval
uatio n .  

Highlights for F Y  8 0 :  

o Def ined end-to-end performance require
ments for the f uture digital Defense 
Communications Sys tem (AUTOD IN I I ) , 
u s ing Federal S tandard 1 0 3 3 . 

o P repa red an a s s e s sment of computer and 
telecommunication needs of the Northern 
Region ( Reg ion l )  of the N at ional Forest 
System . 

o Developed proc edures by which des ign 
eng ineer ing work for l ine-of-s ight 
microwave systems may be performed on 
desktop calcu lator s .  

o Developed propo sed Federal Standard 
1 0 4 3 ,  " Standard Measurement Method s , "  
whic h  defines a per formance measurement 
system capable of determining values 
for the parameters defined in Federal 
S tandard 1 0 3 3 .  

Divi s ion 3 - Appl ied Electromagnetic Sc ience 
Dona ld L .  Luca s ,  Associate D irector 

Obtain s ,  develop s ,  and evaluates atmo
spheric propagation character i s t i c s  and 
develops models of these character istics 
app l icable to communication networks , 
system per formance pred ictions and analy
s i s , and for optimi z ation of spec trum 
u s e ;  maintains a l ibrary of adequately 
documented propagation models and 
d i s s eminates and app l i e s  these mode l s  to 
spec i f ic problems as required . Work i s  
both exper imental and theoretical and 
relates to the NTIA role of providing 
broadly applicable basic knowledge of EM 
propag ation . 

H i g h l ights for FY 8 0 : 

o Comp l eted elec tromagnetic compatibil ity 
s tudy of Solar Power Sate l l ite e f f ects 
on other sate l l i te system s .  

o C harac ter i z ed the power dens ity d i stri
bution o f  VHF signals in an urban area 
to a s s i s t in predict ing VHF/UHF s ignal s 
in urban congest ion . 

o Comp leted the final des ign package for 
the U . S .  Air Force to procure a number 
of mul tiple rece iver systems prototype d 
by ITS . 

o Conclud ed the I onospheric Heating por
tion of the SPS Environmental Assessment 
and the el ectromagnetic compatibi lity 
analys i s  of SPS eff ects on other satel
l ite systems for the D epartment of 
E nerg y . 

o Conducted research into the propag ation 
c haracter i s t i c s  of mi l l imeter waves 
under a variety of prac tical environ
ments to help meet growing demand for 
communication capacity . 



Divis ion 4 - Advanced Communication Networks 
Dr . Peter M. McManamon , As sociate Director 

Conducts the technical program in support 
of NTIA ' s  re spon s ibi l i t i e s  for telecom
municat ion protection ; inve stigates tech
nology a lternatives for d evelopment o f  
competit i ve , lower co s t ,  communication 
networks providing improved services and 
better resource utili zation; a nd conducts 
research and analysis o f  advanced net
works incorporating technical , economic , 
market ,  regulatory , and pol icy f actors 
in an integrated fas hion . 

Highl ights for FY 8 0 :  

o Completed the first a s s e s sment o f  the 
techn ical requirements protection 
applications o f  unc l a s s i f ied information 
in nonde fense agenc i e s . 

o In cooperat ion with the FCC and other 
NTIA e l em ent s , developed and coordinated 
the U . S .  recommended c hang e s  to the I TU 
frequency al locations f rom 1 1 . 7  to 
1 2 . 7  G� z .  

o Approval of the u.s. Postal Service 
el ectronic ma i l  program ECOM for which 
the Division had provided technical 
a s s i stance . 

International Telecommunications 

Continui ng a long history of i nvolvement in 
inte. rna t ional telecommunicat ions activiti e s , 
the Inst itute staff ha s been actively 
involved in work for the I nternational Tele
communicat ion Union and its major subdivi
sions such a s  the CCIR and the CCITT . 
Accomp l i shments during the f i scal year in 
support o f  these i nternational commitments 
are reported within the succeed ing chapters. 
Spec ific ment ion s hould be made of the 
Institute ' s  contr ibut ions to the technical 
preparatio n for WARC ' 7 9 ,  CCIR Interim Meet
ing s for Study Groups l ,  5 ,  and 6 ,  and the 
Reg ion 2 conferences on MF broadcasting. 

Add itional copies of this annual report may 
be obtained by contact ing the Publications 
and Technical Information O f f i c e , NTIA/ ITS , 
Rm. 3 0 1 1 ,  3 2 5  Broadway , Boulder , CO 8 0 3 0 3 . 
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CHAPTER 1. EFFIC I ENT USE OF 
THE S PECTRUM 

The rad io , or ele ctromagne t i c ,  spec trum has 
seen dramatic g rowth in d emand and use s i nce 
the beg inni ng of Wor ld War I I .  A great rang e 
of new spectrum-dependent serv ices has 
evolved . Amer ican industry , g overnment , and 
pr ivate c i t i zens have put the s pec trum to work 
i n  such prof us ion that now saturation appe ars 
imminent and , in s ome cases , has already 
o c curred . To prov ide for new and expanded 
use , two maj or a l ternat ives e x i s t .  One is to 
e xpl o i t  new reg ions of the spe ctrum at 
prog r e s s ively h igher frequenc i e s .  The second 
i s  to prov ide phy s ical pr i nc iples upon wh ich 
spectrum use d e pends and , compl ementing thi s 
understand i ng , prov ide for mor e  effect ive 
means of manag ing spectrum use . 

S pectrum use by the u.s. Government al one i s  
grow i ng n i ne �ercent annual ly in those fre
q uency reg ions wh ere equ i pment is read ily 
ava i l able . Embryon ic e f forts are be ing mad e 
to use the even higher frequencies above 
1 0  GHz where equipment s t i l l  r ema ins to be 
d eveloped for many appl icat ions . 

The National Telecommunicat ions and I n forma
t i on Adm i n i s trat ion , I n s t i t ute for Te l e com
municat ion Sc iences ( NT I A/ I TS ) ,  conduc ts a 
p rogram of re search and devel opment wh i ch ad 
dresses both of the se alte rnat ives . Much of 
the work be ing done to e x tend the use o f  the 
s pec trum to h igher frequencies is d i scus sed i n  
Chapter 3 o f  th i s  repo r t ,  El e c tromagnetic Wave 
Transm i s s ion . That chapter a l so provides 
b r ie f  me ntion o f  some of the work be ing done 
to improve our und e r s tand ing of propagat ion 
p roblems in those reg ions of the rad io spec
trum that are already e x tens ively used . 

I n  th i s  chapter , some h ighl ights of the 
NT IA/ITS prog r am d irectly conce rned w i t h  
s pe c trum eng inee r i ng a r e  reviewed . Many o f  
the se s pec trum eng inee r i ng proj ects draw 
heavily on exper ience from other prog rams in 
I T S ,  includ i ng antenna d e s ign and meas urement , 
c hannel characte r i zat ion and sys tem per for
mance , and the many propag ation related 
e f forts . 

S EC TION 1 . 1 .  S PECTRUM ENG I NEERING 
TECHNIQUES 

We are concerned here w i th those te chn ique s 
wh ich can be used by pol i cy maker s ,  frequency 
m anag e r s , system des igners and pl anners , and 
others concerned w i th the use of spec trum 
d ependent systems in the increas ingly con
g e s ted real world . The se are techn iques tha t  
d e f i ne the extent to wh ich real i s t i c  sha r i ng 
of f requenc i e s , t ime , and space i s  poss ible . 
They also add r e s s  problems i n  op t imum cho ice 
of frequenc i e s  and rat ional trade-o f f s  betwe e n  
l im i ts on broad classes of equ ipment ( l im i ts 
on factors s uch a s  ante nna he ight or powe r ) , 
the ab i l i ty of a sys tem to provide a r equ i red 
serv ice , and the e f f i c i ency w i th which ava i l
a bl e  spectrum i s  used . Techn iques of th i s  
k i nd are e x treme ly var i ed and mu st add ress a 
w id e  range of problems from the very s pe c i f ic 
( for the d e s igner of a spec i f ic system at a 
part icular locat ion ) to the very general ( for 
the pol i cy maker and r egulator who must con-
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s i der nati onal or reg ional cons equences in a 
s i ngle action ) .  

Trad i t i onally , spec trum eng ineer ing techn ique s 
have been d eveloped to evaluate a spec i f i c  
s i tuation , usually w i th a s e r i e s  o f  "sa fe" or 
"conservat ive" a s sumpt ions . Con servatism 
a l l owed for some s impl i c i ty in the se tech
n iques , but even so , they were arc ane enoug h 
s o  that relat ively few peopl e used them , and 
even fewer understood them . 

Our goals in th i s  part of the prog ram are to 
d evelop a family of such techn i ques that i s  
b a sed on a sound knowl edge o f  the phys ical 
characteri s t i c s  of the problem,  the techn ical 
p r ope r t i e s  o f  equ ipment involved , the practi
cal way in which that equ ipment i s  used , and 
the influence of the natural env ironme nt.  I f  
we are succe s s f ul in developing such tech
n ique s , they are nec essar ily complex and , in 
the i r  i n i t i al form , d i f f i cult to use and 
understand . We are ag g r e s s ively working to 
overcome these bar r i e r s  to e f fe c t ive use by 
c areful documentation and by deve l oping com
puter methods that are eas i ly used and provide 
r e sults in the user ' s  conte x t .  

Conserva t i sm i n  many cases equate s to wasted 
s pectrum .  We add ress th i s  problem by bu i l d i ng 
technique s wh ich incorporate a comprehen s ive 
s tati s t i cal analys i s  of the many var i ab les 
( and the i r  complex in ter actions ) which affect 
the resu l t s .  By so doing , we allow the users 
to be as l i beral or con servat ive as they 
choose . 

For over a decad e , government , academ i c , and 
indus trial g roups have advoca ted d evel opmen t 
o f  method s for improv ing the overall effec
t i vene ss of spectrum use ( a s oppo sed to the 
o p t im i zat ion of ind ividual sys tem per for
manc e )  . This concern para l l e led and even 
p redated s im i l a r  real i z a t i ons that ideal 
common use of environmen tal re sources su ch a s  
a i r and wa ter may not coincide w i th econom i c  
max imi zat ion of a n  ind ividual user ' s  pro f i ts . 

The d eve l opme nts repor ted here are d i scussed 
w i th current appl i c a t ions in m i nd . But the i r  
tr ue value l ie s  i n  the i r  general char acter . 
I n  most cases , the se methods can be adapted to 
meet many new requ i reme nts invol vi ng a broad 
r ange of tele commun icat ions needs and ser
v i ces . The presentation of �ummary results in 
g raph ic form ( partic ularly as maps and map 
overlay s ) ,  the deve lopme nt of demographic 
resul t s , and the d e s ign of interact ive 
c omputer prog rams that make it easy to ask 
"what i f ?" que st ions are i nd i c a t ive of ou r 
cont1nUfng e f fort to bridge the gap between 
technology and the pl anne rs and pol i cy makers . 

I n  prev i ous years we have d eveloped a computer 
program ,  COMAP , which look s at the telev i s ion 
b road cast sta t i ons of the Un ited S tates and 
est imates the total populat ion served . The 
p rog ram is flex ible and al lows a var iety of 
cho i ces of what s tations are to be cons idered 
a nd what d e f i n i t ion of "se rv ice" i s  used . In 
add it ion , the program will prov ide a g raph i c a l  
d i splay showing the Un i ted States and the 
areas that rece ive the ind i ca ted service . I n  
t h i s  year ' s  proj ect , TV Coverage Maps , we 
i ncreased the prog ram ' s  flex i b i l i ty even 
f urther . For e xampl e ,  to help in the st udy of 



UHF comparab i l i ty ( of great concern to the 
FCC} , we have prov ided the map reproduced i n  
Figure 1-1 . Th i s  shows those areas o f  the 
country that are " UHF only " - - i . e . , that can 
receive UHF stat ions but th at cannot rece ive 
any VHF stat ions . We compute that there are 
4 , 4 8 9 , 0 0 0  + 6 9 , 0 0 0  people who l ive in these 
areas . We-have also found that 4 7 , 5 7 0 , 0 0 0  + 
2 0 0 , 0 0 0  people can receive only VHF stat ions , 
wh ile 1 4 4 , 7 0 0 , 0 0 0  + 2 0 0 , 0 0 0  people can rece ive 
s t at ions in both band s .  

The objective of the TV Broadcast S pectrum 
S trateg ies pro j ect i s�o def ine opt imum stra
teg ies for TV channel a s s ignment and determine 
the influence of ex i s t ing and alternat ive 
taboos on the number of stat ions that can be 
a s s igned . A techn ical goal of frequency 
a s s ignment in general is to prov ide for a s  
many stat ions as pos s i ble arranged so that 
there is no inter ference between stat ions . 
T he obj ec tives of �max imum number of stat ions " 
and " no inter ference" are mutu ally exclus ive; 
these ideals mu s t  be traded off at the marg ins 
to reach a prac t i cal compromise.  

T he li cens ing author ity of ten forma l i zes the 
comprom i se in a set of frequency-d i s tance 
rules , wh ich in UHF telev i s ion are called 
" taboos . "  Table 1 - 1  shows the UHF taboo s , 
where frequency separat ion i s  shown as channel 
separation and the requi red d i s tance separa
t ions are g iven in miles . Notice that the 
a s s ignment of one channel in a spec i f ic loca
t ion denies the a s s ignment of 18 other 
channels w i th in a rad ius of 2 0  miles --and some 
of the channels are taboo for even g reater 
d i s tances . Such sets of taboos are used i n  
a s s igning frequenc ies in many d i f ferent rad io 
serv i ces , although the UHF-TV taboos are 
perhaps the mos t  elaborate . 

Table 1 -1 .  UHF TV Taboos 

Required D i s tance 
Channel Separation Separation 

0 ( co-c hannel} 
1 
2 
3 
4 
5 
7 
8 

1 4  
1 5  

1 5 5  miles 
5 5  miles 
2 0  m iles 
2 0  miles 
20 miles 
20 miles 
60 m iles 
20 mile s  
6 0  m iles 
75 mile s  

Once the taboos are determined and the likely 
( or ac tual} stat ion locations are known , two 
p roblems rema i n :  

1 .  How many channels are neces s ary to s a t i s fy 
the requirement s ?  

2 .  How d o  we a s s ign spec i f i c  channels to 
spec i f ic stat ions us ing the min imum 
b andwidth without v iolat ing any taboos? 

Although these are fund amental problems of 
s pectrum management ,  no pract ical method of 
solution has heretofore ex i s ted ,  except for 
very small numbers of stat ions . 

In the TV Broadcas t Spectrum Strateg ies 
proj ect- , - it  has been established that many 
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frequency a s s ignment problems ( includ ing the 
UHF-TV ca se} are equ ivalent to generali zed 
graph color ing problems . Th i s  ident i f icat ion 
is important because there is an extens ive 
l i terature on th i s  famous problem . One res ult 
of the ident i f ica t ion i s  that we know tha t 
many frequency a s s ignment problem s are 
"N P-hard . "  Th i s  means that the computer t ime 
requi red by exact algor i thms for solv ing the 
problems increases exponent ially w i th the 
number of stat ions , so that large problems 
( l ike UHF-TV a s s ignments} cannot be solved 

ex actly . However , ef f i c ient ( f ast} heuer i s t i c  
algor i thms wh ich produce almo st-opt imum 
s olu tions have been developed by the graph
color ing mathema t i c ians . The best of thes e 
have been ex tended to apply to frequency 
a s s ignment pr oblems and have been implemented 
on our HP-1 0 0 0  computer . A paper des c r ib ing 
the research , " Frequency Ass ignment : Theory 
and Appl ications , "  by W . K .  Hale will be 
publ i s hed in the December 1 9 8 0  Proceed i ng s  o f  
the IEEE . 

In a set of taboos , the co-ch annel separation 
d i stance res ults from the type and qual ity of 
s erv ice des i red and uncontrollable factors 
like propagat ion los s and var i a b i l i ty . The 
rest of the taboos are i n i t i ally desc r ipt ions 
( later s pec i f icat ions} of rece iver s . Eac h 
non-co-channel taboo i s  intended to prevent 
some k i nd of interference that would not ex i s t  
i n  a theoreti cally - ideal rece iver . Each taboo 
i s  a conces s ion to e i ther the state-of- the
eng ineer ing -art or to economics . That i s ,  
some taboos may res ult from the inab ility to 
manufacture hardware that rej ects the relevant 
kind of inter ference . However , most taboos 
are econom ic tradeof f s .  The add it ional 
f ilter s , or qual ity control, or wha tever i s  
requi red to red uce or el iminate the d i s tance 
separation at a par t i cular channel separation 
r a i ses the pr ice of the receiver . Small pr ice 
increases in items as ub i q u i tous as TV 
receivers can represent a large na tional cos t .  

The algor i thm developed for opt imum frequency 
a s s ignment i s  now be ing used to determ ine the 
spec trum cost of var ious taboos . By runn i ng 
the program w i th the ex i s ting taboos , and w i th 
some taboos relaxed or el iminated , we can 
d i scover how many more stat ions could be 
a s s igned in the s ame band w id th--or how muc h 
bandwid th could be released wh i le st ill 
li cens ing all stat ions . T h i s  informa t i on w i l l  
b e  valuable f o r  d i rec ting research o n  improved 
rece ivers . 

T he pro j ect goal of FM/UHF TV I ncreased 
Capac ity has been to es tablTSh the bas 1 s  f o r  
more spec trum-ef f i c ient and serv ice-or iented 
broadcast spec trum a s s ignment criter i a . For 
Broadcast FM , we believe more a s s ignments are 
pos s i ble , even in the large markets , i f  some 
or all of the following recommendat ions are 
adopted : 1} protec tion is granted to ex i s t ing 
f a c i l i t ies ra ther than to leg ally max imum 
facili t ies , 2} the effects of terrain on 
s ignal coverage and inter ference are 
cons idered , 3} d i rec tional antennas are used 
to control both coverage and interference , 
4} reasonable changes to the s ignal-to 
interference protect ion ratios for co-ch annel 
and adj acent-channel operat ion are adopted , 
and 5} co- s i t ing of second - and th ird
adj acent channel transm i t ter s w i th ex i s t ing 
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F igure 1 - 1 . Areas in the United States with " UHF-only"  telev i s ion service . 



transmitters i s  permitted . To demonstr ate the 
approach of add i ng new a s s ignments to a satu
r ated ma j or market ,  an NTIA report (NT IA-R-8 0 -
4 4 ) shows how the number o f  FM broadcast sta
t ions i n  the Dallas-Ft.  Worth reg ion (the 
f i fth densest market ) could be i ncreased from 
the pr es ent 2 1  stat ions to 3 8  stat ions . 
F ig ure 1 - 2  shows an ex ample of the 5 9  dBuV/m 
s e rv i ce contour from a propo sed fac i l ity on 
channel 2 0 9  i n  Dal l a s - Ft .  Worth . F ig ure 1 - 3  
s hows the pred icted service coverage from a 
co-channel stat ion (KGCC ) and a second 
a d j acent cha nnel station (KERAFM ) that are 
near our proposed fac i l ity . The sol id con
tour s are the service contours and the dashed 
l i nes are the pred icted interference contour s 
o f  S/I = 2 0  dB for the co-channel stat ion and 
S/I = - 2 0  dB for the se cond-ad j acent-channel 
s tation . The cross -hatched area shows the 
reg ion that is with i n  the service contour but 
a l so rece ives unacceptable i nter ference from 
the proposed fac i l ity . F igur e  1 - 4  shows th e 
i nte rference reg ion i f  more real �stic i nter
ference cr iter ia were adopte d ; i . e . , S/I =· 1 4  
d B  for co-channel stat ions and S/I = - 5 0  dB 
for second-ad j acent channel stat i ons . (The s e  
r ev i sed cr iter ia a r e  based upon inter ference 
prote ction measurements a s  d e scr ibed in pop 
u l ar aud io magaz ines and as mad e for an FCC 
f i l i ng . ) Note that there st i l l  e x i sts a 
r eg ion of unacceptab l e  inte r ference with i n  
KGCC ' s  service contour . W e  could red uce the 
p roposed station's power and/or antenna he ight 
to e l iminate the i nterference reg ion . I nstead , 
we choose to use a d i rectional ante nna for 
proposed fac i l ity . F ig ur e  1 - 5  shows the are a 
and population that are w�th � n  the new serv ice 
contour . F igure 1 - 6  shows the i nterferenc e 
area u s i ng the present i nter ference cr iter ia , 
and F igure 1 - 7  shows the i nterference area 
u s i ng the propo sed i nter ference c r ite r i a ;  in 
both case s ,  the proposed fac i l ity uses a d i 
r ectional antenna . I n  the f inal f igure , note 
that no unacceptable i nterference is pre d i cte d 
to occur with i n  the e x i st i ng stations ' service 
conto ur s . We bel i eve the se techn iques coul d  
be used in most other maj or markets with a 
s im i l ar i ncrease in the n umbe r  of compat ibl e 
F M  a s s ignments . 

One example of the te chniques des ig ned to 
a s s i st operat ional frequency manag ement i s  
prov i d ed by the FM L i cense Proce s s i ng pro j e ct 
i n  s upport of the FCC . Appl i cations for 
l i censes in the non-comme r c i a l  FM band from 8 8  
to 9 0  MHz are handled d i f fe re ntly from other 
a ppl ications . In that band there is no tab le 
of a l l ocation s ,  but i nstead , a r ule that 
computat ions should show no i nte rference (9 0 %  
o f  the t ime ) to o r  from any e x i s t i ng sta 
t ion . Done by hand , the necessary computa
tions are long and ted ious . T h i s  is on e 
r e ason why there i s  a large backlog in the 
proce s s i ng of th i s  set of app l i cations . We 
h ave devi sed a computer program wh ich can be 
operated by FCC personnel u s i ng remote 
term i nal s .  The program produces tabul ated and 
graph i cal d i splays descr i b i ng the serv i c e  
contours and the " inte r ference contour s "  of 
the appl i cant stat ion and of those e x isting 
stat ions wh ich are co-channe l , or f i r st ,  
second , or third ad j acent channel . The idea 
is  that no interference contour should 
i ntersect a service contour . I n  F igure l -8 , 
we reprod uce a s imul ated and annotated sample 
of the graph ical output . Note how one can s e e  
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at a g l ance that the appl i c ant (KOHL ) does not 
violate here any of the cond itions . 

Two years ag o ,  Berry and Haak i nson showed 
spread-spectrum land-mob i l e-rad i o  s ystems are 
s pe ctr um i n e f f i c ient if the per formance g a i n  
o f  the s pread-spectrum s y stem i s  equal to the 
" process i ng g a i n . "  Th i s  cond ition appe ars to 
be true for d irect-seque nce spread-s pectrum 
s y stems , but there is ev idence that it i s  not 
tr ue for s imultaneously-operat i ng frequency
hopp i ng systems , at l e ast not for i nterest i ng 
numbers of sy stems . Thus , the question 
a r i se s : wou l d  a land-mob i l e-rad io serv ice al
located to frequency-hopp i ng spread -spe ctrum 
s y stems be spectrum e f f i c i e nt ;  that i s ,  wou l d  
it ac commodate l arger numbers of users than a 
c hanne l i zed serv ice without unac ceptab l e  
inter fere nce ? The F C C  i s  con s id er i ng s uch a 
s e rv i ce , and the 9 0 0  MHz Technology proj ect i s  
i nvestigat i ng the spectrum- e f fic i e ncy q ue s 
t ion . 

As a mod e l , we postul ate a vo ice system of 
arb itrary mod ulat ion in wh i ch the carrier fre
q ue ncy i s  pse udo-randomly hopped from 
frequency to frequency w ith i n  a l arge set o f  
f reque nc i e s  accord i ng to a code a s s ig ned to a 
part icular user networ·k (a base stat ion and 
its as soc iated mob i l e s ) .  The large set of 
freque nc ies (the spread-spectrum band ) i s  
s hared by many networks a s s ig ned to the 
serv ice , each with its own code . A user 
transmits whe never he has a me s sage because he 
cannot te l l  i f  others are u s i ng the channe l , 
s o  that user turn-ons are a s s umed to be 
random ,  and po i s son d i str ibuted . We a s s ume 
that a l l  networks are synchron i z e d  so that a l l  
freque ncy changes a r e  made a t  e x a ctly the same 
t ime , but not so that cod e  r epetit ion patte rns 
beg i n  at the same t ime . 

Now cons ider how i nte rference occur s . I f  two 
or more transm i s s ions occ upy the s ame 
f requency -time s l ot ,  and if the power in the 
unwanted s ignals is s u f f i c i e ntly l arge , the 
i nformat ion in the wanted s ig nal is lost . I f  
the t ime-slot i s  s u f f ic i e ntly short , a n  i so
l ated event o f  th i s  k i nd may not be a problem; 
a very short i nterrupt ion of speech is not d e 
te cted by the human ear . S o  the t ime slot o f  
s uch a system should b e  made s hort e nough that 
an i s o l ated loss of i nformation does not 
impa ir i nte l l ig ib i l ity . 

However , i f  the t ime slot i s  very short , many 
hops are made dur i ng a me s s age and there are 
many chances for a " h it" (two or more s ig nal s 
i n  the s ame t ime- f reque ncy s l ot ) . I f  the t ime 
s l ots are too short , the number of h its may be 
in the a ud ible range--that i s ,  1 0 0  to 
3 0 0 0  h its per second . I n  th i s  case , wh i l e  the 
hits may not be heard i nd ividual ly , the i r  
repetition i s  aud ible n o i s e , wh ich may degrade 
the service . Thu s ,  the mutual i nterference o f  
f requency hopp i ng sytems depe nds o n  the i nter
action of the hopp i ng rate (wh ich controls the 
l e ngth of the t ime s l ot ) ,  the probab i l ity of a 
h i t ,  and the probab i l ity that the unwanted e n 
e rgy i s  s u f f i c iently strong . Paramete rs that 
a f fect the se are the tra f f ic i nten s ity of each 
network , the transmiss ion loss var iab i l ity , 
and the number of networks .  The probab i l ity 
has been der ived i n  th i s  pro j ect,  and i s  
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k 
P ( deg rad ing hit ) =  L P[s/ i <rlj hits ] x 

j =2 
-

P 0 ( kU ) m m! ( N -1 ) m- j ] 
( 1 )  

j !  ( m- j ) !  Nm 

whe re 

s/i is the ratio of the power in the wanted 
s ignal to the power in all the unwanted 
s igna l s ,  

r is the s ignal -to-noise ratio required to 
avoid degradatio n ,  

k is the number of networks operating in the 
service are a , 

u 

N 

is the probab i l ity that none of the net
works are tran smitting d ur ing a time s lot , 
g iven that each network has tr affic inten
s ity ( ut i l i zatio� factor ) U ,  

i s  the average tr a f f i c  inte ns ity o f  a net
work , and 

is the number of frequencies in the common 
set. 

The probabil ity , P[s/i <rlj hits] , can be com
puted with a program d evel oped at ITS in pre 
v i ous ye ars , g i ven the system cha racte r i sti cs , 
propagation laws , and station d i str ibutions , 
so ( 1 )  is computable. Th is computat ion can 
then be u sed in conj unction with empir ical 
d ata on the inte l l ig ibil ity of interr upted 
s peech to determine the extent of interference 
as a function of tra f f i c  intens ity , number of 
networks , and hopping frequency. 

As an exampl e  of the spectrum e f f i c ie ncy and 
trad eoffs involved , cons ider a l and mob i l e  
r ad io service i n  a band conta in ing 1 0 0  
channe l s. As s ume that the aver age network i n  
the band transmits 0.1 o f  the time and 
mainta ins per fect d i s c ipl ine within it s 
network. Calculations with ( 1 ) show that if 
the band is a s s ig ned to freque ncy-hopp ing 
s y stems that change frequencies 1 0 0  time s per 
s econd , 4 0 0  networks can use the band wh i l e  
mainta in ing over 9 5 %  inte l l ig ibil ity in spoken 
messages. The networks have in stant acce s s  to 
the band. On the other hand , ass ume that the 
4 0 0  networks use conventional rad ios and are 
a s s ig ned uni formly in the band so that there 
are four networks per channel. If we a s s ume 
p e rfect circuit d�sc ipl ine , there is no 
inter ference wh ile a network is us ing its 
c hannel. However , the probab il ity that a 
network will have to wa it be fore tran smitt ing 
( because someone e l s e  is u s i ng the channe l ) is 
0.3 9 4 .  The average waiting time is 0.2 2 time s 
the average me ssage l e ngth. We do not know 
whether users would rather g ive up some 
i nte l l ig ibil ity in e x change for instant 
commun ication s ,  or would rather wait a short 
while in exchang e for a cl ear channel , but the 
spread-spectrum s ystem is spectrum-e f f i cient 
e nough that perhaps they should be a l l owed to 
make the choice. 
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A knowl edge of service and interference rang e s  
as soc iated with e x i st i ng a n d  future air navi
g ation aids is an important part of the FAA's 
s pe ctrum pl ann ing e f fort. Coverag e ,  interfer
e nce , and propag ation pred iction capab i l ities 
d eve loped by NTIA as part of the Air Naviga
t i on Aids proj ect are util ized to provld e much 
of th is information. 

During 1 9 71 - 1 9 7 3 , an ai r/g round propag ation 
mod el appl icable to irregular terrain was 
d eveloped by ITS for the FAA and wa s docu
mented in detail. This I F - 73 ( I TS -FAA- 1 9 7 3 ) 
p ropagation mod e l  has evolved into the I F - 7 7  
mod e l , which i s  appl icable to ai r/ground , a i r /  
a i r , ground/ sate l l ite , and a i r/sate l l ite 
path s. It can a l so be u s ed for ground/g round 
p aths that are l i ne-of-s ight , smooth earth , or 
have a common hor izon. Techniques developed 
in th is proj ect a l l ow a wide range of coverage 
and interference situations to be eval uated 
f or aeronautical services. Air/ground commun
ications ,  aeronaut ical nav igation , and s u r 
v e i l lance services a r e  a l l  treated b y  th is 
capab il ity. 

As part of a continu ing e f fort to better 
under stand and improve the r e l iab il ity o f  
s pectrum planning technique s ,  ITS h a s  prod uced 
an atlas of curve s of general a i r/ground and 
a i r/air interest with d i r e ctions on how to 
apply them in a particular case. An e x ampl e 
o f  the s e  curve s is shown in F igure 1 - 9. 

The handbook recently p ub l i shed by the FAA 
e x empl ifies continuing cooperation betwe e n  
ag encies. I TS d id all the calc ulations t o  
produce the many curves in the hand book. 

Two tasks are currently underway on the 
proj ect : 

1 .  Prod uction o f  computer-generated propag a 
tion-of- inter ference pred ictions a s  
r eque sted by the FAA. Part of th is work 
is be ing used by the FAA to develop new 
standard s and to pub l i sh new handbooks. 

2. Ongoing compari son of pred ictions with 
e xper imental data and with other mod e l s. 

JAMMER is an interact ive computer program 
d e s ig ned to cal culate j amme r-to- sig nal ratios 
f or use r-de f i ned scenar ios. It a l l ows the 
u s er to inve stigate the e f fe cts that chang ing 
various par amete rs of a j amming sy stem have o n 
the j amme r-to- s ig nal ratios computed at 
sel ected locations. JAMMER wa s developed for 
the u.s. Army Sig nals War fare Laboratory to 
a id in the d e s ig n  of e l ectronic war fare 
s y stems. 

JAMMER may be used to analyze systems for 
wh ich s everal l evels of deta i l ed input infor
mation are av a i l able. The most general case 
al lows the u s er to enter only the l i nk d i sta n 
c e s , type o f  terrain a t  the s ite , and a qual i
tative s iting mea s ure for the ante nnas. I f 
the e l evation and average terrain he ight at 
the tran smitting ante nna s i te s are known , 
these va lues may be e ntered instead of the 
qual itative s iting , and JAMMER will determine 
the e f fective ante nna he ig ht more accu
rately. I f  the l atitude and long itude of th e 
a ntenna site are entered , JAMMER wi l l  cal
culate the l i nk d i stances. I f  a topograph i c  
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data base i s  ava i l able for the area in wh ich 
the system i s  located , JAMMER will use the lo 
c at ion d ata for each s ite to extract the aver
ag e el evation and terrain irreg ular ity needed 
f or each path . Th i s  method produces the most 
accurate pred ictions . 

JAMMER prod uces two d i f fer ent types of 
output . The f i rst type o f  output i l l u strate s 
the sens itiv ity of one parameter to changes i n  
two other sy stem par ameters . For example , 
j ammer ante nna he ight and j ammer-to -rece iver 
d i stance might be allowed to vary over spec i 
f i ed range s . The matr i x  output wou l d  the n  
d i splay another parameter ,  s uch as j ammer 
powe r ,  as a function of the two i ndependent 
var i abl e s . JAMMER a l so prod uces tabl es of 
i ntermed i ate propagation pre d i ction val ue s ,  
s uch a s  free-space los s ,  together w ith the 
c al culated value for one parameter for a range 
of values of one i ndependent var i abl e . Th i s  
o utput format i l l ustrate s the e f fe cts that 
changes to the j amming sy stem have on propa
g ation . 

Trave l e r s  I n format ion Sy stems (T I S ) have been 
implemented at many a i r ports i n  the Un ited 
S tates . The se systems operate at 5 3 0  kHz and 
prov ide important i n format ion about the a i r
p ort term inal (locat ions of park i ng , a i r l ine 
terminal , rental car return areas , etc . ) to 
the trave ler . Al so , Non-D i rective-Beacons 
(NDB ) may be in stalled at or near the a irports 
as an aid to air nav igat ion . The se NDB may 
also operate on 53 0 kHz and could cause 
i nterference to the T I S . 

The Fed eral Systems and Spectrum Management 
(FSSM ) O f f ice of NTIA po i nted out the problem 
and determ i ned that me asurements were needed 
of the amount of i nter ference that could be 
tol er ated by the TIS when rece ived i n  
a utomob i l e  rad ios . 

I TS has made me asurements on e ight common 
automob i l e  rad ios . The mea s urements made o n  
e ach rece iver incl uded : 1 )  selectiv ity , 2 )  
a ud io mod ulat ion re spon se , 3 )  the ratio of 
s ignal to i nterference-p l u s - no i se and 
d i stortion (S INAD ) ,  4 )  d i stort i on , and 5 ) 
a rt i culat ion score . The me asurement proce
dures and the me as ured data were descr ibed i n  
a l etter report to FSSM , who w i l l  make recom
mend at ions to the I RAC for min imum s ig nal-to 
i nte rference requ irements i n  s it i ng T I S  near 
NDB . An exampl e of meas ured S INAD values for 
v ar ious l evels of d e s i red T I S  and undes i red 
NDB s ignals is shown i n  F ig ur e  1 - 1 0 .  The 
thre shold shown at the bottom of the f igure i s  
the j u st-per cept ible threshold dete ctable by 
l i steners of the rece iver output . 

Another task compared two methods of comput i n g  
t h e  probab i l ity of i nterference i n  conge sted 
l and -mob ile envi ronments : an analytical for 
mula deve loped by Dr . Dav id M id d l eton under 
contr act , and a numer ical program d eveloped by 
L . A .  Be rry . The research is deta i l ed in " Com
par i sons of Analyt ical and N ume r ical Calcula
t ions of Commun ications Probab i l ity , "  NTIA 
Report 8 0 -4 1 .  

F igure 1 - 1 1  shows a compar i son of the proba
bil ity o f  non- i nter ference computed with the 
two method s for a part icular set of identical 
i nputs . The analyt ical mod el requ ires that 
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the i nte rfer ence be represented by the canon
i c al mod el for Class A noise (NT IA CR- 7 9 - 4 ) ,  
the probab i l ity dens ity f unction of the wanted 
path l e ngth must have a part i c ul ar analytical 
f orm , and the propagation law must be d eter
m i n i stic wi th rece ived power i nversely propor
t i onal to d 2 Y . The Class A no i se paramete rs 
are 

� ,  the me an of the non-gaus s i an compo nent of 
the i nte rf erence , 

(1, th e ratio of the me an of the non-g a u s s ian 
no i se to the mean of the gaus s i an noise , 
and 

A, the " over l ap index , "  wh ich is the average 
d uration of an interfer i ng em i s s ion mult i 
p l ied by the ave rage number o f  em i s s ions 
per second . 

The absc i s s a , y ,  i s  proportional to the trans
mitter power and i nversely proport ional to th e 
mean noise and the requi red s ignal -to-noise 
rat i o . As F ig ur e  1 - 1 1  shows , the two method s 
g et id entical results for identical input. 

The n ume r i c al mod el a l l ows greater f l e x i b i l ity 
a nd real i sm i n  the i nput paramete rs than the 
analytical formula (NT IA-CR- 7 9 -4 ) .  For exam
p l e , the nume r ical model al lows the propag a
t ion law to have a real i stic var iab i l ity . 
F igure 1 - 1 2  compar es the probab i l ity o f  non
interfe�e with (a s = 8 dB ) and w itho ut 
( a 5 = 0 )  propagation loss var iab i l ity . The 
ma 1 n  d i f ference i s  that the probab i l ity of 
s at i s factory recept ion i s  cons i d erably less at 
rel i ab i l ities h igher than 9 0 %  under the real
i st i c  cond itions of var iable propag at i o n  
loss . T h e  analyt ical mod el prov ides a n  ad e 
q uate approx imat ion at l owe r rel i ab i l it i e s . 

To use the analyt i cal formul a ,  the Class A 
n o i s e  parameters that mod e l  the interference 
must be known . It i s  more l i kely that the l o 
cations , powe r s , and characte r i st i c s  of the 
tran smitters operat i ng in a g i ven area are 
known . So a way of gett i ng C l a s s  A paramete rs 
from a scenario must be ava i l ab l e . They can 
b e  approx imated by run n i ng the numer ical mod el 
for the scenar io to prod uce the probab i l ity 
d ens ity f unction of i nterference , and f i tt i ng 
th i s  f unction u s i ng techn iques d e s c r ibed i n  
N T IA Report 8 0 -4 1 .  F igure 1 - 1 3 shows a com
par i son of the actual probab11llty of commun i 
c at i ons for a g i ven sc enar io and the probab i l 
ity computed with the analyt ical formu la us i ng 
C l a s s  A no i s e  paramete rs e st imated as d e scr i
bed . The analyt i cal formula ser iously over
e st imate s the probab i l ity of commun i cations 
for probab i l ities greater than 9 0 % .  F u l l  
d eta i l s  o f  the compa r i sons c a n  b e  found i n  
NTIA Report 8 0 -4 1 .  

TOPOG i s  a computer i zed system for generat i ng 
and retr iev i ng worldwide terr a i n-elevat ion 
d ata . It cons i sts of so ftware to generate 
TOPOG tapes from De fense Mapp i ng Ag ency 
terrain-elevation data tape s ,  to create 
aux i l iary random-acce s s  d i sk f i l e s  conta i n i ng 
TOPOG data for a user-def i ned area , and to e x 
tract path pro f iles from the a u x i l i ary d i sk 
f i l e s . The data base and so ftwa re are 
d e s ig ned for a CDC 6 0 0 0  s e r i e s  computer w ith a 
NOS or NOS/BE ope rating system . The pro j e ct 
was s pon sored by USACEEIA to prov ide an impro-
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ved d ig ital terr a i n  elevation da ta base for 
use with the Commu n i c a t ion Sys tem Per formance 
Model and other related sof tware th at calcu
l a te propagat ion pred i c t ions ba sed on path 
p r of i l e s .  

The TOPOG da ta base i s  composed of a set of 
f i les s tored on mag ne t i c  tape wh ich conta i n  
terr a i n  ele vation values at the intersection 
poi nts of a g l obal gr id on the Wor l d  Geode ti c 
S y s tem reference sphero id . The grid i s  
compr i sed o f  par a l l e l s  and mer id ians and 
s egme n ts of mer id ians . To achi eve a cons i s 
tent data dens ity , the par a l l e l s  i n c l uded i n  
the gr id are un i formly spaced at 3 -second 
i n tervals wh ile the me r id i a ns spac i ng var i e s  
f rom 3 to 2 4  seconds depend i ng o n  the l a t i 
tude . Th is g r id sys tem a l l ows a poss i b i l ity 
of more than 6 6  b i l l ion d i s t i n c t  data po i n ts 
with a max imum l i near separ a t ion of 1 2 9  me ter s 
to be conta i ned i n  the TOPOG d a ta bas e .  
Because o f  the l arg e n umber o f  te rra i n  e l e 
v a t ion values invol ved , the TOPOG d a ta base i s  
des ig ned a s  a h i erarch i c al sys tem of i nd i c e s  
a nd d a t a  record s that m i n im i z e s  the to tal 
s torage requ i red and fac i l i tate s  data 
r e tr ieval . By denot i ng ocean areas in the 
i nd i ces as we ll as in the data records , 
s ubstan t i a l l y  more than hal f  of the terr a i n  
e l evation val ues c a n  b e  i n ferred to b e  zero 
w i thout act ua l l y  sto r i ng the zero elevat ion in 
the d a ta base . To m i n imi ze the amount of 
s torage occupied by the te r r a i n  elevation 
v al ue s  that are incl uded i n  the data record s , 
TOPOG represents each val ue as an integer 
n umber of i n terv als above the min imum e l e 
v a t ion in that d a t a  b l o c k .  The interval s i ze 
i s  a funct ion of terra i n  roughness . The 
i n teg ers represe n t i ng the sca l ed terra i n  
e l evat ion val ues for a l l  the g r id po i n t s  
w i th i n  the b lock a r e  packed into the data 
re cord u s i ng the smal lest n umber of b i ts tha t  
w i l l  conta i n  the l argest v a l ue . The min imum 
e l evation , i n terval s i ze ,  and pack i ng factor 
a re recorded in each data re cord so th at the 
actual e l evation val ue can be recons truc ted 
u pon retr ieva l . 

F igures 1 - 1 4  and 1 - 1 5  show compar i sons of path 
profil e s  extrac ted from a 3 0 - s econd TOPO data 
b a se , from the TOPOG d a ta base , and from data 
read from 1 : 2 5 0 0 0 0  s c a l e  maps . The path i n  
F i gure 1 - 1 4  i s  across Mt . Hood and shows the 
d i f f erences that f i ner-gr a i ned data make i n  
r epresen t i ng pro f i l e s  across isol ated peaks . 
F ig ure 1 - 1 5  shows a path across Orcas I s l an d  
i n P u g e t  Sound . 

The cont inu i ng pro j ec t  on the study of the 
Theoret i c a l  Per forma nce of FM Rece ivers i n  
I n terference has been e x tended to 1 n c l ud�the 
1mpor tant practical s i tuat ions where , i n  
add i ti on to the h ighly non l inear e f fects of 
the l imi ter-d i s cr iminator comb i nation , 
d i stortion i s  introd uced by presence of the 
f i n i te-b andw idth fron t-end ( i . e . , RF X I F ) 
f i l ters of typ i c a l  rece ivers . As before 
( FY 7 9 ) ,  a f u l ly-general approach has bee n 
u s ed , wh ich i s  analyt i c a l ly and computa
t ionally much eas ier to use than the conven
t ional treatme nts wh i c h employ d irect harmon i c  
ana l y s i s  a b  i n i t i o .  T h i s  general approach 
permits imme d i ate red u c t ion to spe c ial cases 
of i n te r e s t ,  wi thout l o s s  o f  the key mod el 
s tr uc ture or the i n j ect ion of s impl i s t i c  
ass umpt ions , to the p o i n t  where d i rect comp u -
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tations of the var ious ana l y t i c  express ions 
are carr ied out . 

The i n terference results obtai ned earl ier are 
extended to i n c l ude the e f fects of front-end 
f i l ter d i s tortion , wh ich prod uces an unwanted 
ampl it ude modul at ion , as we l l  as a d i s tortion 
of the d e s i red FM s ignal i n  th e receiver i n  
add i t ion to s imilar e f f ects in the accompany 
i ng interfe r i ng s ignal s .  Expl i c i t ,  manageable 
general re s u l ts for the i n s tantaneous envelope 
( E )  and frequency ( 0 )  of the rece iver output 
are obta i ned when mul ti ple ( AM or FM ) inter
f e r i ng s i g n a l s  are present i n  various comb i na
t i ons--co-channel and " o ff t ime . " 

I n  ad d i t ion to the above general but deter
m i n i s t i c  approach , a para l l el e f fort has bee n 
i n i tia ted to ex tend th e " c l a s s i c al " analys i s  
of F M  recept ion i n  Gaus s i an no i se to i n c l ude 
r a nd om ,  non-Gauss i a n  i n te rference mode l s  
recently deve loped a t  ITS . W i th the i n trod u c 
t i on of randomne s s , a broader spectrum of 
real i s t i c  ope rational cond i t i ons can be 
i n cl uded to add to the neces sary re s u l ts of 
the determ i n i s t i c  mod el curre ntly under study . 

SECTION 1 . 2 .  SPECTRUM ENGI NEERING 
FOR EFFI C I ENT S PECTRUM USE 

In add i tion to the devel opme nt of new analy
t i cal and meas ureme nt techniques , I TS appl ie s 
the results of such work to spe c i f i c  problems 
of concern to var ious agenc ies . One important 
f a c tor i n  pl ann i ng for new devel opments i s  our 
exper ie n ce with s uch proj e cts where the prac
t i cal need s of operational agenc ies must be 
recogn i z ed . 

Rad io Coverage of the Ve s s e l  Tr a f f i c  Serv ice 
in the Puget Sound-.--The Puget Sound , Stra i t  

CYf Juan�uca , and th e env i rons of the sea
port of Seat tle , WA , are active shipping and 
b o a t i ng are a s .  The Canad i a n  seaport of Van
couver , Brit ish Col umb i a ,  is a l so served by 
s ome of these s h ipp i ng lane s .  The Th irteenth 
D i s t r i c t  of the u.s. Coast Guard i s  re spon s i 
b l e  for ensur i ng the s a fety o f  the sh ips and 
boats , both commerc ial and pr ivate , that use 
these waters . 

The Ve s s e l  T r a f f i c  Service ( VTS ) make s use of 
a VHF commun i cat ion ne twork that the Coast 
Guard uses to ma inta i n  a real - t ime knowl edge 
of each l arge vessel ' s  pos i t ion on the water s 
o f  the Puget Sound are a .  Th i s  system , it 
should be emphas i z ed , i s  not used for vessel 
tra f f i c  control . Rather ,  i t  i s  used for ves
sel tr aff i c  i n formation . The s h ips and boats 
e n te r i ng the Str a i t  of Juan d e  Fuca from the 
open sea or those beg i n n i ng a voyage from , 
s ay , a dock at Seattle voluntar i l y  prov ide the 
Coa st Guard VTS operator with certa i n  data-
s i ze and type of vessel , current location , 
speed , and pl anned course . These data are re
corded at the VTS commu n i c a tion center by lo
c a t i ng a model vessel on a " c hart tab l e "  and 
u pdat i ng its pos it ion at per iod i c  interva l s .  
The VTS opera tor w i l l  req uest or rece ive new 
d a ta from the ve s s e l  a s  necessary . 

As me nt ioned above , the ve s sel tr a f f i c  is not 
c ontrol l ed , but the potential problems and 
course confl icts that can be eas ily observed 
on the chart tab l e  are brought to the at ten-
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F igure 1- 1 4 . Compari son of path pro f i l e s  acro s s  Mt . Hood . 
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Figure 1 - 1 5 . Compari son o f  p ath pro f i le s  acro s s  Orcas I s l and . 
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t i on of the ve s s e l s  i nvolved . For exampl e ,  a 
part i c ular ship may be not i f ied that it w i l l  
b e  overtaken b y  anothe r ,  a n d  i t  and the over
tak i ng s h ip may be reque sted to establ i s h  
r ad io contact to arrange the ma neuve r .  At 
other t imes , when v i s ib i l ity is poor , small e r 
b oats may be warned of a large ship about to 
pass through a part icul ar area . 

S i nce the present VTS uses only one channel , 
one oper ator must handle all of the commu n i c a 
t ions tra ff i c .  Of course , there are other 
personnel who s upport the VTS - - some to ma i n 
t a i n  the chart tab le and some to watch the 
radar images of the area , for exampl e .  
Although the system i s  ope rat i ng we l l  i n  its 
pre sent con f igurat ion , a l arge i ncrease i n  
v e s sel tr a f f i c  may i ncrease the d i f f i c u lties 
tr eme ndously . I n  ant i c ipat ion of th i s  i n 
c reased tra f f i c , th� Coast Guard i s  i n  the 
proce s s  of upgrad i ng the VTS and commu n i catio n 
t r a f f i c  handl i ng te chn ique s .  One ma j or te le
commu n i cations ch ange i s  b e i ng cons id ered : 
d e f i n i ng sectors or subsector s  of the water
way s ,  with each sector served by a part i c u l a r  
g roup of VTS s i te s . It i s  there fore des irable 
that the coverage with i n  each se ctor be 
c omplete and that mutual i nterference between 
sectors be min imi zed . 

I n  ord er to develop the se ctor scheme e f f i 
c i e ntly , the Coast Guard reque sted the I T S  t o  
p rov ide VHF coverage pred i ctions for (1 ) the 
pre sent VTS s ite s , (2 ) the present s ite s with 
var ious mod i f ications (e . g . , d irectional 
antenna s ) ,  and (3 ) proposed VTS s ites . An 
N T IA Techn ical Memorand um (NTIA-TM-8 0 -3 5 )  
descr ibes the pred ict ion techn iques us ed and 
s ome of the results (cove rage maps for the 
present VTS s ites ) .  

The part of the system that we need to examine 
i s  the rad io l i nk from tran smitter to r e 
c e iver . W e  w i s h  t o  make an e st imate of the 
cover age of each stat ion and must make several 
a s s umption s .  F i r st ,  we a s s ume that the re
ce iver sens itiv ity i s  0 . 5  �v and that the a n 
t e n n a  i s  a 5/8 wavelength wh ip a t  1 . 8 3 m 
( 6  ft ) above the sea . Second , we ass ume that 
t he f i xed shore stat ion is the transmitter 
w ith a rad iated power of 1 W and an omn id i r e c 
t ional ante nna with 6 d B  of g a i n  over an i so
trop ic source . Last , we a s s ume that there i s  
a n  add itional 2 dB of loss somewhere i n  the 
l i nk wh ich represents losses s uch as tran s 
m i s s ion l i ne and mi smatch loss e s . 

F igure 1 - 1 6  i s  one of the coverage maps from 
the Techn 1cal Memorand um . Shown i n  the f igure 
is the 1 . 3 6  �V/m contour for the VTS s ite at 
P e arson Creek . 

The u . s .  Coast Guard Consulting pro j ect pro
v i d e s  " qu i ck react ion" propagat ion pred iction s 
a nd short-term stud i e s  as needed by the Coast 
Gu ard in the operation of the ir la rge networ k 
o f  MF and HF commun icat i on systems . I n  add i
t i on , fou r-t ime s-a-year propagat ion pred i c 
t ions are s uppl ied to s upport the AMVER { Auto
mated Mutual-as s i stance VE s sel Re scue ) sy s 
tem . The se pe r iod i c  pred ictions are d i str ib
uted to the many AMVER part i c ipants to a i d  
t hem in choos i ng the best freque ncy and Coast 
Guard commu n i cation stat ion with wh ich to log 
the i r  AMVER reports pred ictions for 
Well i ngton , New Zeal and ; McMurdo Stat ion , 
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Antarctica ; or Palmer Station , Antarctica , 
were s uppl i ed to the San Franc i sco commu n i 
c at i on station . The se propagation pred ictions 
were u s ed to choose the frequencies for 
" operation deep-fre e z e "  commun ications . 

In ad d ition to the " q u i ck re act ion"  propag a 
t ion pr ed ictions , a rad io cove rage study wa s 
completed th is year . The coverages for two 
maritime d i stre s s  commun i c at i o n  systems we re 
calculated for those u . s .  Coast Gu ard stat ion s 
l ocated in the contig uou s  Un ited States . The 
two sy stems are the MF d i stre s s  channel (on 
2 1 8 2  kHz ) used for med i um-range coverage al ong 
all coast l i nes and the VHF d i stress channel 
(on 1 5 6 . 8 MHz ) used for short rang e s  ( < 3 7  km ) 
al ong all coastl i nes and nav igable inland 
water . Th i s  work supp l i e s  the Coast Guard 
with informat ion needed to r emove those sta 
t ions who se coverage i s  i n s u f f i c ient or redun
d ant . 

The MF and VHF coverage maps w i l l  be pub l i shed 
i n  an NTIA Techn ical Report entitled " The Cov 
e r ag e s  of the MF and VH F Mar itime D i stress 
Commun icat ions Systems . "  F ig u r e  1 - 1 7 is an 
e x ample of the MF rece ive coverage for those 
stations i n  the El eve nth Coast Guard D i str i ct 
f or the expected annual max imum of atmosphe r i c 
n o i s e . F igure 1 - 1 8 i s  an e x ample of the VHF 
rece ive cove rage for two stat ions i n  the Sev
e nth Coa st Guard D i str ict . The smaller con
tours on th i s  map represent a l owe r transmit
ter ante nna he ight and a l ower rad i ated powe r 
than the l arger contour s .  

The Broadcasting Spectrum Technology Pol ic� 
Analysis project prov 1ded te chnical analys 1 s  
and comme nt i n  s upport o f  a var i ety o f  NTIA 
pol i cy i s sues . Some res ulted in d i rect re
s pon ses to Federal Commu n ications Comm i s s io n  
i s sues such a s  procee d i ng s  t o  revise frequency 
a s s ig nment pract i ce s  for FM r a d i o  and for 
various aspects of UHF telev i s ion ope ra
tions . Other work prov ided tec hn ical base s 
f or future regul atory or pol icy cons id eration . 

The Powe r Line Carr i e r  I nter f ere nce proj ect 
has determ1 ned the e xtent to wh 1ch rad io s ig 
nals i ntent ionally transmitted al ong h igh
voltage power l i nes can interfere with the 
proper operation of automat ic d i rection f i nd e r  
(ADF ) rad io compa s s e s  u s e d  f o r  aeronaut i c al 
nav igation . Car r i e r  c urrent sy stems are 
w idely used by power compa n i e s  for commun ica
t ions us i ng s ignal structure s vary i ng from 
s i ngle pul s e s  for fault d ete ction to FSK mod u 
lation for remote meter i ng a n d  c ontrol . SSB 
v o ice i s  often used for commun ic ations . There 
i s  a trend for some ut i l ities to use h igher 
powe r s  for the i r  powe r l i ne carrier (PLC ) 
sy stems so that h igher freque nc i e s  can be u s e d  
o v e r  greate r d i stances . ADF rad i o  compa s s e s  
operate i n  the s ame freque ncy band . 

The e f fe cts of PLC rad i ation on the ADF rad i o  
compass systems are not well known . In fact , 
the degree to wh ich PLC s ig n a l s  rad iate i s  not 
well known . Some of the obse rved ADF errors 
have been correctly attr ibuted to PLC rad ia
tion ; there have been some notable examples i n  
E urope . The n ,  too , some o f  the observed ADF 
errors that have been attr ib uted to PLC 
r ad i at ion may , i n  fact, have been caused by 
rerad iat i on of the nond irectional beacon { N DB ) 
s ig nal by the nearby power l i nes . Due to the 
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F ig ure 1 - 1 7 . 2 1 8 2  kH z receive coverage for F i fth D i strict U . S .  Coast 
Guard stations , a s suming the expected annua l  maximum 
atmo spher ic no i s e . 
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F igure 1 - 1 8 . 1 5 6 . 8  MH z receive coverage for two s ta tions in the Seventh 
U . S .  Coast Guard D i s tric t .  The s tation loc ations are 
marked with a p l us s ign and the map center with the asteri sk . 
The sma l ler contour represents a lower transmi tter antenna 
height and a lower radiated power than the large contour . 
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above factors and unknown s ,  the Federal Avia
tion Adm i n i s trat ion i n i t i ated th i s  st udy at 
the ITS to help answe r the question : Do the 
power l i ne car r i e r  sys tems rad iate s u f f i c i e n t  
e nergy to prod uce s ig n i f i cant rad io compa s s  
error s ?  

I n  order to an swe r the que st ion , th i s  work 
covered the following top i c s : the s u s cep t i 
b i l ity o f  the ADF rad io compass , review o f  the 
theor ies d e s c r i b i ng PLC propagat ion and r ad i a 
t io n ,  act ual me asurement of PLC rad i a t ion , and 
an a s s e s sme nt of the pote n t i al for interfer
e nce . 

Rad io compa s s  rece iver suscept i b i l i ty was 
me asured on two types of rece ivers : 
Rece iver A ,  wh i c h  ut i l i ze d  a gon ime ter and i s  
u s e d  mos t ly by comme r c ial av iat ion , a n d  
Rece iver B ,  wh i c h  conta i n s  an e l e c tronic 
d i r e c t ion- f i nd i ng c i r c u i t  and i s  u s ed mos tly 
by general av iation . The se laboratory 
measurements were made at the FAA aeronau t i c a l  
c enter i n  Okl ahoma C i ty .  S imul ated d e s ired 
and undes ired s ig nals were presented to the 
test rece iver as arr iv i ng from the same or 
orthogonal d i rect ions . The fol lowing 
c onclus ions can be summar i zed from the 
meas ured results : 

The bear i ng error i s  i nd epend ent of 
frequency i n  the 2 0 0  to 4 0 0  kHz range for 
both rece ivers . 

The bear i ng error observed on the B 
rece iver was more dependent upon the abso 
l u te und e s i red ( U )  s ig nal level than on 
the undes ired-to-d e s ired ( U/D ) ra t i o .  
S ig n i f i c ant bear ing error s we re observed 
at 4 4  to 54 dBu and above for the U s ignal 
l evel . The d e s i r ed ( D )  s ignal level 
ranged from 3 0  to 6 0  dBu . 

The bear i ng error observed on the A 
rece iver was more dependent on the U/D 
ratio than absol ute s ignal leve l s .  S ig n i 
f i cant bear i ng errors were observed a t  U/D 
r a t i o  of 4 to 1 0  d B .  The D s ig nal level 
ranged from 3 0  to 60 dBu . 

Both the A and B r e c e ivers we re l e s s  s us
ceptible to the interfere nce from the U 
s ignal at very high leve l s  of the D 
s igna l s .  

L i t tle or no bear i ng error was obs erved 
for a U and D s ig nal frequency separation 
of 3 . 5  kHz for the B rece iver and 2 . 0  kHz 
for the A rece iver . 

The aspect of PLC sys tems that we are i n te r
e s ted i n  for th i s  work i s  not how poorly or 
how we l l  PLC s ignals propag ate along power 
l i ne s ,  but how much of the PLC s ignal is p r e s 
e nt i n  the a i r space above t h e  power l i ne s .  
The PLC s ignal , whe n propag a t i ng along th e 
p ower l i ne , can be v iewed as a g u ided-wave and 
as s uch has some f i eld d i s tr i bution s u r 
r ound i ng the power l i ne . Th i s  k i nd o f  g u id ed 
wave i s  pred i c table i f  the geometry of the 
p ower l i ne and its environme nt ( the earth ' s  
s ur f ace and the s upport tower s )  i s  s impl e ;  
e . g . , conductors a t  a l l  time s paral l el to a 
planar earth . This k i nd of an analy s i s  doe s 
not po rtray the real world very we l l , however . 
The point we wish to make i s  th i s : There i s  
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some f i eld struc tur e due to the g u ided wave 
nature of the propag a t ion , a nd there is some 
r ad iati on d ue to the departures from ideal 
geometry . Th i s  rad iat ion i s  very d i f f i c ul t  to 
p red ict and may be the dom i nant source o f  s ig 
n a l  i n  the a irspace above the power l i ne . 
Note that there can be some conf u s i o n  as to 
the mean i ng of " PLC rad i a t ion . "  T h i s  term i s  
o f ten used to mean all of the f ields that sur
round the power l i ne regardl e s s  of geome try 
a nd d i stance . Str i ctly s peak i ng ,  PLC rad ia
t ion ought to d e s c r ibe only those f i elds tha t 
w i l l  propag ate i ndepe nd entl y  after be i ng 
la unc hed by the power l i ne .  The se rad iated 
f ie l d s ,  the n , are not a part of the g u ided 
wave mode of propagation . 

None of the theor i e s  account for the many 
anomal ies in geome try s uch as l ine sag and 
b e nds so they are i n s u f f i c ient for our 
purpo ses . Actual measurements of PLC rad i a 
t ion we re used to de termine the f i el d s  
s urround i ng the power l i ne s .  A review of a n y  
p r ev ious me asurements wa s made , and , as part 
of this pro j ect , mea s urements we re mad e ove r  
p owe r l i nes o f  the Tenne s s e e  Va l l ey Au thor ity 
( TVA ) . 

To make the measureme nts over TVA power l i ne s ,  
an FAA fl ight i nspect ion a i rcraft was used . 
That a ircraft i s  e q u i pped wi th a var iety o f  
avion i c s  and a g e nera l-purpose spectrum 
a nalyz er/data record i ng sys tem . One great 
advan tage of th i s  par t i cular sys tem i s  that i t  
i s  i n te rfaced with the a i rcraft inert ial 
navigation system ( INS ) .  Th i s  means that dat a 
s uc h  as the location ( l a ti tude and l ong i t ude ) ,  
head i ng , and ground speed could be recorded a t  
e s sentially the same time as the s ig nal l evel 
data were be i ng recorded . The a i rcraft i s  
e q u i pped with dual ADF rad i o  compass sys tems 
with an i ndependent set of antennas . Th i s  
prov i d ed the opportun ity to use one o f  the ADF 
sense antennas to make the d e s ired mea s u r 
ments . Th i s  e q u i pme nt a n d  a few ad d i t ional 
i tems form the me asurement sys tem that we 
used . 

For our purpo se s ,  i t  wou l d  be mo st i n forma t ive 
to meas ure the actual f ield s trength of the 
P LC s ig nal . To do so , however , we must 
cal ibrate the a i rcraft and rece iv i ng sys tem a s  
a un i t .  Th i s  i s  because the only th i ng we can 
really me asure i s  the s ignal l evel present at 
the antenna term i nal s ( a  voltage or power ) .  
So , the cal ibration we s e ek i s  a relation s h i p  
between the f i e l d  strength ( i n vol ts/me ter ) 
e x ternal to the a i rcraft and the rece ived s ig 
nal level as observed wi th the spe ctrum 
analyzer ( i n wa tts ) .  Th i s ,  in itsel f ,  is n o  
t r i v i al exerc i se . A b r i e f  d e s c r iption i s  
g iven here . 

I n  order to per form the a ir craft cal ibrat ion , 
a known e l e c t r i c  f i e ld i s  needed through wh i c h  
t h e  a i rcraft c a n  be fl own . Th i s , i n  e f fe c t ,  
i s  the crux o f  the cal ibrat ion proced ure . The 
known f i e l d  wa s obta i ned by ident i fy i ng 
several s u i table NDB ' s , then mea s ur i ng the 
g round level f i eld strengths with a cal ibrated 
f ield s trength meter , and l a s tly , pred i c t ing 
the f i eld streng th at some f i x ed a l t i tude in 
the a i r space above the beacon s . An ideal bea
con for th i s  proced ur e is one that has a c i r
cul arly symme tr i c  ( vertical ) ante nna ; no 
n earby obs tr u c t ions ; and i s  l ocated on flat , 



homogeneous earth . Of course , id eal beacons 
are i mpo s s ible to f i nd ,  but one with excellent 
c ond i tions and two with reasonab l e  cond i t ions 
were found i n  the Texas panha ndle and 
O k l a homa , respective l y .  

The two power l i ne s that were chosen for th e 
P LC r ad i a t ion me as urements have d i f f erent 
character i s t i c s  and feature s . Both l i nes are 
hor i zonta l l y  d i sposed three-phase transm i s s ion 
l i nes with s h i eld wires above the phase con
d uctor s . The re l evant character i s t i c s  of 
these l i nes are l i sted in Table 1 - 2 . For eac h 
l i ne , several te st con f i g urations-are 
spec if ied , and for each conf iguration , fl igh t 
paths over wh ich me asureme nts are taken are 
a l so spec i f ied . The te st con f igurations 
i nvol ved d i f f erent freque n c i e s , mod u l a t ion 
type s ,  and powers of i n j ected PLC s igna l s . 
T he fl ight paths incl uded l ong it ud i n al paths 
d i rectly over the power l i ne from s ub s tation 
to subst at ion , transverse path s , and g r i d s  
above both transm i tt i ng and rece i v i ng s ubsta
t i ons . 

The re s u l t s are pr esented i n  two way s . The 
g r id data are handled stat i s t i c al ly and the 
transverse or long itud i nal path data are 
plo tted on a g raph showing the f i eld s trength 
v e r s u s  the per cent o f  the path . Th i s  means 
that all of the data taken al ong a par t i c u l a r  
path a r e  plotted seque n t'i a l l y .  I t  was planned 
that the INS location data would be us ed to 
d e term i ne the d i s tance al ong the l i ne for the 
long i t ud i nal paths or the l a teral d i st anc e 
f rom the l i ne for the transverse path s . How
ever , due to software or interface probl ems , 
the INS l ocat ion information wa s not recorded 
properly dur i ng the PLC rad i a t i o n  measure
ments . The f l ight paths ar e ,  however , f a i r l y  
we l l  def i ned . The l ong it ud inal path d a t a  
b eg i n  about 3 n m i  ( 5 . 6 km ) before one sub
statio� a nd cont i n ue to about the s ame d i s 
tance beyond the other substatio n .  

F ig u r e s  l - 1 9  and l - 2 0  are ex amp l e s  o f  the 
r e s u l t s  of the PLC meas urements . F igure l - 1 9  
i s  the s i gnal strength for a long i tudinal path 
a nd F ig ur e  l - 2 0  i s  the s ig n al s treng th for a 
transverse path . The u n i t s for the s igna l 
s trength are dBu/W ; i n  other word s ,  dec ibel s 
above l �V/m norma l i zed to l W of i n j ected PLC 
p ower . 

PLC systems , i n  prac t i ce , operate with 
i n j e c ted powers that range from a fract ion o f 

a wa tt to te ns of wa tts . We used powers of 2 0  
and 1 0 0  W s o  that we would have a strong , 
r e l iable s ig n al to me asure . The se h igh powe rs 
are not meant to represent typ i cal u s age . For 
the purpose of compa r i son to other me asure
me nts or pred ict ion s ,  the me asurements we mad e 
we re normal i z ed to l W of i n j ected PLC power
a conv e n i ent re ference l evel . 

The fol l owing are some observations rega rd i ng 
the PLC rad iat ion mea s uremen ts . 

There i s  about 5 to 1 0  dB more r ad i ation 
from the l ower frequency s ignal ( coupled 
phase-to-ground on the 1 6 1 -kV l i ne ) than 
from the h ig her frequency s ig n al ( couple d 
phase-to-phase on the 5 0 0 -kV l i ne ) .  

The transm i t t i ng s ubstat ion s hows a strong 
peak in f i eld strength d i rectly above the 
s ub s tat ion wh ich drops 1 0  dB or more i n  
t h e  f i rst few k i l ometers of hor i zontal 
d i s tance i n  any d i rect ion . 

The transverse runs i n d i cate tha t  the 
f i eld s trength decreases with l a tera l 
d i s tance at the rate of 1 8  to 2 2  dB per 
decade . T h i s  represents a 1/r dependence 
for the field strength .  

S ome o f  the res ult s i nd i c ate that the 
s i g nal d i rec tly above the power l i ne may 
be l e s s  than at some d i s tance to the 
s i de . The transverse runs d id not s how 
th i s  behav ior . The reason may be that the 
f i eld is not ver t i c a l l y  pol a r i zed d i rectly 
above the l i ne . 

A s imul ated fau l t  on the power l i ne was 
used for some of the meas urements ; i t  
c a used l i t tle ( about 2 o r  3 dB ) i n c rease 
i n  the rad iated f i elds in the v i c i n i ty .  
T h i s  i s  only a s i ng l e ,  isolated te s t  of 
rad iat ion from a faul t ,  and the conc l u s i o n  
s hould not b e  cons idered general ; b u t  we 
feel th i s  i s  a strong ind icat ion that any 
f a u l t  would have l i t tle e f fect , e x cept 
perhaps a fault i n  or very near the tran s 
m i t ti ng subst ation . 

The h ighest leve l s  of f i eld strength that 
we measured were about 4 0  dBu . The se ar e 
i n  good ag reeme nt wi th the f i eld strengths 
that others have mea s ured . 

Tab l e  l - 2 . Charac te r i stics of the TVA Power Lines 
Used for the PLC Mea surements 

L INE 

Vol tage 

Terrain 

Tower type 

Span length 

Line length 

Location 

PLC Coupl ing 

GREAT FALLS - SPRING C ITY 

1 6 1  kV 

Re latively rugged 

Wood po l e  

Variable 

About 72  km 

80  km N o f  Chattanooga 

Center phase -to-ground 
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JOHNSONVILLE - CUMBERLAND 

5 0 0  kV 

Re l ative l y  level 

Steel structure 

Relative l y  constant 

About 48 km 

1 0 0  km W o f  Nashv i l le 

Phase-to-pha se 
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The following are concl us ions regard i ng the 
i n terference that the rad io compass coul d 
r e ceive from PLC rad iation . These conc l u s ions 
are based on the a s s ump tions that the i n j ec te d 
PLC power i s  1 W and that the a ircraft i s  
located about 4 0 0  m ( �1 3 1 2  f t )  above the 
transmi tting substation ( where the PLC 
rad iat ion is the greate st ) .  

The PLC f i e l d  streng ths for 1 W o f  i n 
j e cted power a r e  not s u f f i c ient to a f fec t 
the B rece iver unless the NDB s ig nal ( the 
des i red s ignal ) i s  very weak ( 3 0  �V/m ) and 
a t  the upper end of the NDB band 
( 4 0 0 kHz ) .  

A s s uming that the min imum NDB s ignal ( the 
des i red s ignal ) i s  3 6 . 9 dBu ( 7 0 �V/m ) ,  the 
P LC f ie ld strengths for 1 W of i n j ec ted 
power are not s u f f i c ient to affect the A 
rece iver . 

If the inj ected PLC power were i ncreased 
by 6 dB ( to 4 W ) , perceptible i n te rference 
to the rad io compass would occur . Th i s  is 
true for the locations where the PLC 
r ad i a t io n  i s  greatest . 

The la teral d i s tance depende nce of the PL C 
f i eld streng ths , based on our me asure
ments , was obse rved to be no more than - 1 8 
d B/decad e .  The he ight depe ndence of the 
PLC f ield s treng th may be the s ame as the 
l a teral d i s tance dependence if no sur face 
wave propagation mode is prese n t .  How
e ver , for that portion of the PLC s ig nal 
that propagates as a s ur face wav e ,  ther e 
w i l l  be very l i t tle decrease in f ield 
strength with he ight for those he ights 
below one or two wavel eng ths ; then i t  will 
decrease rap i d ly . 

The work descr ibed here was pub l i shed as an 
FAA Te chnical Repor t,  Number FAA-RD- 8 0 - 3 0 , 
e n titl ed " Power L i ne Carr ier Rad i a t i on and the 
Low- Frequency Rad io Compas s , "  dated May 1 9 8 0 .  

SECTION 1 . 3 .  ADVANCED INSTRUMENTATION AND 
S PECTRUM MEASUREMENTS 

Many forms of sys tem des ign , spectrum eng i 
neer i ng , and even tac t i cal use o f  electron i c  
systems depe nd o n  a real i s t i c  understand ing of 
the electromag netic environment i n  wh ich the 
s y s tems will be oper a t i ng . Unfortunately , 
envi ronmental me asurements of spectr um usage 
c annot of ten be made s imply , because of re
quirements for l arge amounts of data need e d  
f or a rel iable sta t i s t i cal model , because o f  
very deta iled me asurements needed to d e s c r ib e  
technic al sys tem i n teractions , etc . Some of 
the se problems can be overcome with the a id o f  
computer-control l ed me asurement sys tems . 
The se computer-controlled mea s urement sys tems 
can prov ide several advantag e s  over earl ier 
manual sys tems incl ud i ng economical measure
me nt of mas s ive amounts of data , real-t ime 
me as urement and analy s i s  of high-speed phe 
nomena , and soph i s t i c a ted proce s s i ng o f  data 
to prov ide a relat ively untrai ned operator 
w i th answers that are not otherwise obv ious . 

Three maj or programs concern i ng the develop
ment and use of computer-controlled sys tems to 
measure the elec tromagnetic env ironme nt have 
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been underway a t  ITS i n  the past several 
years . The Rad io Spectrum Meas ureme nt Sys tem 
( RSMS ) wa s des 1g ned to collect data for NTIA 
frequency management work , with the f i rst u s e  
o f  the sys tem s ta r t i ng i n  1 9 7 3 .  The two other 
ma j or van-deployed me a s urement sys tems , TAEMS 
a nd AN/MSR-Tl to be d i scussed later in th i s  
section , s ubstan t i ally exte nded the RSMS 
c apab i l i t i e s  i n  several d i f ferent d i rections 
and will soon be prov id i ng add it ional mea s ur e 
ment capab i l i ty for the user age nc ies . 

The Rad io Spec tr um Measurement Sys tem ( RSMS ) 
c ontinues to provide data on the use of the 
Federal Governme nt por t ions of the rad i o  
s pectrum ( F igure 1 - 2 1 ) .  In operation s i nce 
1 9 73 ,  th i s · computer-control led me asureme nt 
s y stem routinely make s mea s ur eme nts o f  
spectrum occ upancy in a d o z e n  band s o f  
i n terest between 3 0  MHz a n d  1 2  GHz . I n  the 
l a nd mob ile rad io ( LMR ) band s ,  the RSMS take s 
u p  to 1 0  mill ion samples of occupancy a day 
and compares me as ured occupancy ag a i n s t  
f r equency a s s i g nment l i s ts . In the rad a r  
band s , the RSMS h a s  s ubs tan tial capab i l i t i e s  
i n  various pulse-sor t i ng mode s  used to 
iden t i fy radars and to i sol ate them from the 
r e st of the radar env ironment for deta i l ed 
me asurements . De ta iled meas ureme nts typ i c a l l y  
i nc l ude spectrum , pulse shape , and antenna 
pattern . 

T h i s  year the RSMS has completed general occu
pancy meas urements in the New York C i ty metro
p o l i t an area and in Denve r .  A second set of 
measureme nts has begun i n  the Los Ang e l e s  
area , repe a t i ng a set of me asureme nts mad e i n  
1 9 74 - 7 5 . The flat geography of the New York 
a rea pre sented d i f f i c u l t i e s  i n  obta i n i ng a 
relat ively h igh rece i v i ng s i te from wh i c h  
r e l iable coverage of most o f  the New York area 
was ava i l able . For th i s  reason , the RSMS wa s 
l i fted to the top of a 7 -story b u i l d i ng on the 
New Jer sey wa terfront, u s i ng a sh ipyard cr ane 
f rom the ad j acent d rydock f ac i l i ty 
( F igure 1 - 2 2 ) .  Th i s  s i te g ave an excellen t 
v iew of the New York water f ront and many o f  
the activ i t ie s  i n  th i s  area wh ich were 
important to our me asurements . 

Over the year s , the RSMS has been con t i n u a l l y  
u pgraded , and th i s  y e a r  was no ex ception . 
D ig i tal interfaces were add ed to a roof-top 
antenna ped estal to al low antenna or ie ntat ion 
to be read by the computer . Programs we re 
wr it ten to allow g reater flex i b i l i ty in graph
i ng ed ited radar data from mea sur emen t s  
r e corded on mag n e t i c  tape . One of the ma j or 
improveme nts in software this year was the 
add i t ion of a d i rection- f i nd i ng capab i l i ty to 
the ge neral search program used for radar me a 
s u rements . Th i s  program now has 2 parts - -one 
used for mak i ng a s pec tr um search across a 
f requency band ( F igure 1 - 2 3 ) and one u sed to 
ident i fy a d i rect ion-of-arr ival for that radar 
s ignal ( F igure 1 -2 4 ) .  This  program comb i ne s  
several RSMS capab 1 l i t ies wh ich have b e e n  
a v a i l able before , b u t  whose u t i l i ty wa s 
somewhat l imi ted by be i ng d i s j o i nted p i eces . 

The general s pectrum search part of the pro
gram ( F igure 1 - 2 3 ) is  u sed to see what rad a r  
s ig nals c a n  b e  rece ived i n  a frequency band . 
In th i s  example ( not real data ) ,  the operator 
i s  look i ng at the 2 7 0 0 -2 9 0 0  MHz band , u s i ng a 
1 0 0 0  kHz bandwidth , and d iv i d i ng the frequency 



F igure 1- 21 . Radio Spectrum Measurement System ( RSMS ) . 
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F igure 1 - 2 2 . RSMS being rai sed to top of bui lding for New York measurement s .  
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range into 2 0 0 s teps ( each step 1 MHz apart ) .  
At each frequency step , the sys tem r ema ins for 
1 3  second s  gather ing peak s ignal data from 
whatever radar may be encountered . Th i s  t ime 
i s  chosen to ma tch or e x ceed the rotation time 
of radars known to be in that band , so tha t 
the radar w i l l  have poi nted d i rectly at the 
RSMS s ome t ime d ur ing the " dwel l "  per i od . The 
d a ta i s  p lotted as i t  i s  me asured , afte r  var i 
ous cal ibration f actors have been added . A 
c u r sor , shown by a "+ " near the lowe r r ight 
corner of the f ig ure , i s  used w i th other con 
trols to allow the operator to in teract with 
the sys tem wh ile the me a s ur ements are in pro
g ress . 

At any time d ur ing the me as urements , the ope r 
ator c a n  p l a c e  the cursor ins ide the graph , 
p ush " Trap 1 , "  and tune to the frequency where 
the cur sor was pl aced . Mov ing the cur sor o u t 
s id e  the graph and pushing " Trap 1 "  w i l l  cause 
the me asur ement to be r e s umed where it l e f t  
o f f .  A " menu " a t  the bot tom of the graph al
lows add i t ional control of the meas u reme n t  
p roce s s . R F  attenuation c a n  b e  inserted when 
s trong s ignals are encountered by pos i t ioning 
the cursor over the d e s ired attenuat ion ( the 
numbers 0 to 70 on the r ight end of the me nu ) 
a nd pushing " Trap 1 . "  Meas ureme nt parame te r s  
can b e  changed b y  po s i t ioning the cur sor ove r 
" PARAM . " The box labeled " D F  LBL" cause·s the 
sys tem to exec ute a d i rect ion-f ind ing rou tin e 
( d e sc r ibed below ) at a selected frequency , 
d i splay i ng a calcul ated d irect ion of arr ival 
above the graph in the space ne x t  to " DI R ( P ) . "  

I f  more accurate DF informa t i on or mor e 
d e tailed radar me asurements are needed at a 
par t i cu l ar frequency , the opera tor can use th e 
c ursor to select the " DF GRF " mode . In th i s  
mode , the frequency scan graph i s  repl aced by 
a polar plot ( F igure 1 - 2 4 ) ,  d e s igned for easy 
in terpretat ion of DF information . 

Two d i rect ion- f i nd ing proce s s e s  are used in 
the RSMS . One process uses a set o f  4 c av i ty 
b acked spiral ( CB S ) antenna s ,  a imed 9 0 °  apart 
from each other . The se antennas are loca ted 
i n  the wh i te box par tway up the ante nna tower 
in F ig ur e  1 - 2 1 .  A s ignal i s  me a s ured on each 
of the four antenna s ;  the r e l a t i v e  levels 
allow a d irec t ion-of-arr ival to be calcul a 
ted . S i nce P I N -d iode swi tche s are used to 
select the measurement ante nna , the s w i tc h i ng 
a nd me asurement proc e s s  w i l l  typ ically take 
only a few m i l l i seconds for each ante nna . 
T h i s  i s  fast enough in mos t  cases to a l l ow the 
a s s ump t ion that the measureme nts on all four 
antennas are take n s imul taneous l y , wh ich means 
that a s i ng l e  radar antenna rotation pe r iod i s  
s u f f i c ient for a calculat ion o f  d i rection-o f 
arr ival . Al though th i s  proc e s s  i s  f a s t ,  i t s  
typ i c al accuracy i s  o n l y  about 1 0 ° .  The other 
DF proc e s s  u s e s  a narrow-be am , h igh-g a i n  d i sh 
a n tenna on a rotor at the top o f  the antenna 
tower . Th i s  proce s s  is much sl ower than the 
C BS proc e s s , s i nce only one me a s urement o f  
relat ive ampl i t ude can be taken every radar 
antenna rota t ion pe r iod , and many such 
relat i ve me a s urements may be needed . Howeve r , 
i t i s  much more accur ate in d i rection , and i t  
prov ides a relat ively h ig h-level radar s ignal 
for mor e deta i l e d  analys i s .  

The polar plot al lows e f f i c ient interact ion o f  
b oth o f  these D F  mod e s .  I f  the ope r a tor uses 
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the cursor to select the " D F "  mode , the CBS 
antennas g ive rap id ind i cat ion of approx imate 
d i rect ion of arr ival . Success ive DF me asure
ments are plotted as sol id rad ial l i nes on the 
g raph , w i th the l eng th representing rece ived 
s ignal ampl it ude and the angle equal to the 
c omputed head ing of the s ignal source . If the 
opera tor selects the " D I S H "  mode with the cur
s or , the rece ived s ignal ampl itude i s  plot ted 
v s .  the d i sh pointing ang le . The d i sh head ing 
g iv ing the max imum ampl itude is the d i rect ion 
of arr ival of the s ignal . A dot ted l i ne from 
the center of the gr aph cont inuously ind i cates 
the cu rrent poin t i ng angle of the d i s h  
a n tenna . The actual gr aph shown here i s  made 
in the " ALTERN "  mode , wh ich alternates between 
the "DF" and the " DI S H "  mode . Th i s  mod e g ives 
advantages in tracking a mov ing radar . When 
the cursor is pl aced on "RETURN , " the sys tem 
re turns to the or ig inal frequency scan mod e 
( F igure 1 - 2 3 ) ,  p i ck i ng up the me a s ureme nt at 
the frequency it last meas ured . 

T h i s  program i s  a good exampl e  of the amount 
of help wh ich a compute r-control led me a s ure 
ment sys tem can prov ide in e f f i c i e ntly me a
s u r i ng the rad io envi ronment . 

A number of proj ects are going on at I TS in 
s upport of the Transportable Automated Elec
t romagnetic Measureme nts Sys tem ( TAEMS )-,----

developed and b u i l t  by I TS for the u . s .  Army 
C ommun i c a t ions Electronics Eng ineer ing I n stal
lation Ag ency ( C E E I A ) .  This compact , sel f 
c onta ined , computer-control led me asurement 
system has the capab il i ty to make meas ureme nts 
betwe en 0 . 1  kHz and 4 0  GHz with state-of-the� 
art sens i t i v i ty from a d i rect ional antenna 
s ubsys tem 5 0  f t  in the a i r .  F igure 1 - 2 5 shows 
the TAEMS Data Acqu i s i t ion Vehicle irliD1 
operating conf iguration w i th the antenna tower 
parti ally erected . An aux i l i ary s upport ve
h i cle ( MCV ) is in the background . Al though 
much of the work has been completed and ha s 
been repo rted in detail in past year s , the 
following proj ects are s t i l l  underway . 

Mob i l e  Automatic Re ce iver Sys tem . Th i s  pro
j ect is d e s ign ing several new cir c u i t  board s 
to upd ate the TAEMS down converters and 
fabr icat ing one add it ional down-converter 
s ubsystem . Th i s  pro j e ct i s  approx imately 5 0 %  
completed . 

EMC Van , Part I I ,  and Part I I I . Each TAEMS i s  
compriSed-or-two vehicle s ,  a da ta acqu i s i t ion 
v an ( DAV ) and a ma i ntenance and cal ibration 
van ( MCV ) . TAEMS 1 DAV was del ivered 
o verwe ight and s ubsequently returned to the 
vendor to be refurbi shed to meet we ight 
s pec i f i c at ions . TAEMS 1 w i l l  be f i n i shed when 
DAV 1 is returned from the veh icle vendor . 
TAEMS 2 i s  now conf igured and is re ady for 
opera t ional te s t i ng . 

D u r i ng the past year , both TAEMS 3 and 4 were 
completed and are now ready for operat ional 
test ing . TAEMS 3 w i l l  be f i eld te sted in 
November 1 9 8 0 .  

Appl ication Software . The maj or por tion of 
this proj ect involved wr i t i ng appl icat ions 
s o ftware for the Transportable Automated EMC 
Meas urement System ( TAEMS ) .  Dur ing the pa s t  
year the software for the Satell ite Sce nar io 
was completed . I t  i s  used wh ile s urvey ing an 



F ig ure l- 2 5 . TAEMS Data Acqu i s it ion Vehic le . 
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actual or a pote nt ial s ate l l ite rece iver s ite 
f or s ignals wh ich may cause i nterference to 
the s ate l l ite rece ive r .  There are three pro
grams wh i ch measure the electromag netic e nv i 
r onment . One me as ureme nt prog ram looks i n  the 
reg ion of the sate l l ite for s ignals . Another 
l ooks for s ignals orig inat i ng on or near the 
e arth ' s  sur face . The th ird mea s urement pro
g ram u s e s  some spec ial tec h n iq u e s  to me asure 
pote nt i a l l y - i nter f e r i ng radar s .  Any s ignal s 
d etected by these prog rams ar e paramete r i zed 
and re corded on mag netic tape . The frequen
c ie s  o f  concern i n  the s e  programs are the ma i n  
s ate l l ite operat ions band o f  7 2 5 0  MHz to 
7 7 5 0  MHz and the corre spond i ng rece iver image 
band . 

The me a s ured electromag net i c  env i ronmental 
d ata is proces sed through a mod e l  of the s at
e l l ite rece iver . Th i s  mod el w i l l  calcul ate 
whether a particular s ig nal causes i nter fer
e nc e  i n  the rece ive r .  The type s  of i nterfer
ence that are cons idered are co-channe l , 
a d j acent channel , i ntermod ulat i o n , and image 
freque ncy i nter ference . 

I f  a part icular s i g nal causes interference , a 
g u ard band i s  calculated for that s ignal . By 
c hoos i ng a sate l l ite operat i ng frequency 
outs ide o f  the guard band , the interference 
p roblem can be avo ided . 

A new proj e ct (TAEMS Appl ication So ftware For 
S ate l l ite Me asurement and Analys i s ) i s  cur
r e ntly und erway wh 1ch i s  ad d i ng many new fea
tures to the s ate l l ite sce nar io . New measure
m e nt and analys i s  method s are b e i ng devel
oped . I n  s ome e n v ironments a l arge amount o f  
d ata i s  measured . Improved methods of data 
r e d uction and analy s i s  are be i ng formulated . 

Voltage Track i ng F i lter . When u s i ng a spec
trum analy z er to make me a s ur ements with a 
mob i l e  system , rf s i g nal s can be encountered 
that are so strong and numerous that the s ig 
n a l s  o f  i nter e st are h i d d e n  i n  the i ntermod u
l ate d i stortion caused by the other s ignal s 
w i th i n  the area of concern . 

A Voltage Track i ng F i lter (VT F ) was develope d 
to be placed betwee n  a rece iv ing ante nna and a 
spe ctrum analy zer to g ive a narrow band f i l
t ered i nput betwee n  2 0  MHz and 5 0 0  MHz wh ich 
would enable the system to make measur eme nts 
i n a conge sted rf envi ronme nt . Th i s  part icu
l ar hardware was d eve loped to operate as part 
o f  TAEMS or a s  a part o f  a portable mea s ure
ment sy stem util i z i ng a conventional spectrum 
a n a l y ze r .  

The spectrum analy zer (or TAEMS ) generate s a 
voltage proport ional to its tuned freque ncy . 
T h e  VTF conta i n s  a bank of 6 varactor-tuned 
f i lter s ,  e ach cove r i ng sl ightly l e s s  than an 
o ctave i n  bandwi dth . Log i c  i n  the VTF senses 
the tun i ng-voltag e , d ete rm i n e s  wh ich f i lter 
s e lection to use , and tunes the sel ected 
f i lter to track the spectr um analy z e r  
f requency . 

Ve r i f ication Test Set . Th i s  pro j ect was 
started in 19�a�the obj ect ive wa s to 
d evelop one test set to be u s ed in conj unct ion 
w ith the Army TAEMS proj ect . As the proj ect 
p rog ressed , it was determ ined that two 
complete test sets were needed in the deploy 
ment o f  the four TAEMS systems . 
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The test s ets are to b e  u s ed to val idate key 
per formance parameters and to per iod ically 
cal i brate the automatic rece iver systems . The 
rece iver system cons i sts of an ARS -4 0 0  system 
a nd the down conve rters d eve loped by ITS . 

The pert i ne nt key parameter s  to be ver i f i e d  
f or the ARS - 4 0 0  sy stem we re e stabl i s hed as 
follows : 

1 .  refere nce os c i l l ator freque ncy and 
ampl itude , 

2 .  tun i ng accuracy , 

3 .  compos ite sel ectiv ity , 

4 .  relat ive ampl itude accur acy , 

5 .  sens i t iv ity , 

6 .  i nput port isolation , and 

7 .  i ntermod u l at ion d i stort ion . 

The key per formance par amete r s  to be ver i f ied 
for the down conve rters are : 

1 .  n o i s e  d iode source l evel , 

2 .  r f  atten uator ver i f ic at ion a nd wid e-band 
ampl i f i e r  g a i n  compr e s s ion test , 

3 .  low noise ampl i f ier g a i n  compress ion te st , 

4 .  i ntermod u l ation d i stortion , and 

5 .  down-converter g a i n  ve r i f icat i on u s i ng 
prev iously ver i f ied no i s e  sour ce s .  

The te sts are s emi-automated ;  the te st 
i nstrumentat ion i s  und er computer control with 
act ive i ntervent ion by the operator . 

The AN/MS R-Tl i s  a mult ipl e rece iver system 
that per forms f unctions related to s pec i f i c  
d ata req u ired by the Air Force (TAC , SAC ) in 
s upport of Operat ional Tra i n i ng ,  Test i ng and 
Eval uat ion (OTT&E ) dur i ng e l ectro n i c  warfare 
(EW ) tests and exerc ises at Air Force 
operational rang e s .  The I nst itute for 
Telecommun i cation S c i e nces was tasked by the 
A i r  Force Systems Command to develop ,  d e s i g n , 
and test a f irst art icle preprod uction mod el 
of the AN/MS R-Tl wh ich would serve as a bas i s  
for prod uction proc urement o f  s imilar 
s y stems . The deve lopment/d e s i g n  goals we re to 
prov ide a system that would eval uate a i rcrew 
o pe r at ional sk i l l s , the operat ional status of 
a irborne el ectronic countermeasures (ECM ) 
e q u i pme nt , and ground -based thre at radars 
wh ich are employed d u r i ng comp l e x  EW miss i o n  
a ct i v it i e s . 

I n  the dynam i c  world of EW , ECM te chn ique s and 
tact ics are attempt i ng to keep pace with the 
r a p i d  growth and d ivers i f ication of the 
ground-based thr eat radar environment . Cur
r e nt tact i c s  req u i r e  succe ssful penetration 
and w ithd rawal i n  the se complex multi-threat 
e nv ironments with the a id of soph i sticated ECM 
techn i q ue s .  There is a need for eval uat ion o f  
E C M  s k i l l s  a n d  equ i pme nt capab i l ities i n  
operat ional and tra i n i ng scenar ios . The sys-



tern ' s  des ign mus t meet the se current need s as 
an ECM eval uat ion tool , and have the capa
b i l ity and flex i b i l i ty to be used in develop
ment te sts and evaluat ion of new , more comple x 
ECM sys tems . The ab i l ity to me asure and 
assess the per formance of a i rborne ECM equip 
ment and how it i s  employed by a i rc rews in a 
far- f ield env i ronment on a day- to-day ba s i s  i s  
a pr imary requ ireme nt of the A i r  Force to 
ins ure the operat ional read iness of i t s  
d e fens ive/str ike forces . 

The program was started in FY 7 6 .  Deve lop
ment , d e s ign , and fabr icat ion we re completed 
in FY 7 8 ,  and Qual i f icat ion Operat ional Te s t  
and Eval uation ( QOT&E ) was cond uc ted and 
completed in the f i rst half of FY 7 9 . The 
QOT&E plan wa s prepared and cond ucted by the 
user s , SAC and TAC , to determine the opera
t ional e f fect ivenes s and s u i tabil ity of the 
pre prod uction AN/MSR-T l .  The knowledge , 
e xper ience and les sons le arned dur ing the 
QOT&E w i l l  be u sed to reduce procurement and 
technical r i sks for the prod uction sys tems 
sched uled in FY 8 0 - 8 1 .  

T he AN/MSR-Tl conta ins f ive rece iver/analys i s  
channe l s , each capable o f  independent opera
t ion at any frequency in the range 0 . 5 -1 8  GHz , 
with one channel ex tended to cover the fre
q uency range 0 . 1 - 0 . 5  GH z .  One rece iver chan
nel has a 5 0 0  MHz IF bandwidth and is used 
w i th an acous to-op tic processor that prov ides 
1 0 0  percent probab i l ity of in tercept of any 
s ignal in its freque ncy rang e .  Th i s  rece iver 
channel is rap idly tuned ( 2 5 0 s )  to any 5 0 0  
M H z  band i n  the range 0 . 5 - 1 8 G H z  and 
e s tabl i s hes s ignal frequenc ies of intere st for 
f urther anal y s i s  by the other four rece iver 
channel s .  

The system i s  f u l ly automated . A central 
computer interf aced to two sate l l ite m i n i 
computers and mi croproce s sors prov ides 
command/control for all rece iver channe l 
f unct ions , antenna selecti o n ,  and d irect ional 
antenna po s i tion via s l ave command s from an 
e x te rnal ident i f icat ion , F r i end or Foe ( I F F ) 
airborne target track ing system, and bl ank ing 
of local threat em itters via pretr igg er 
pul ses . Ex tens ive sof tware programs wer e 
d eveloped to comb ine command/control funct ions 
with s pe c ial s ignal analys i s  routines . The 
programs are EW miss ion scenar io d ependent and 
prov ide use r-or iented data necessary to asses s 
the operat ional per formance of a wide var iety 
of ECM e q u i pment and the a i rcre w ' s e x per t i se 
i n  ope rat ing the equ ipme nt d ur ing tac t i cal in
fl ight de ployment . 

The QOT&E of the AN/MSR-Tl determined tha t ,  
wh i l e  the des ign concept was operat ional ly 
e f fect ive and s u i table to meet the user 
req u i rements , the f ive independent rece ive r 
c hanne l s  cou l d  be reduced to three . One wide 
IF bandwidth ( > 5 0 0  MH z )  rece iver channel and 
two narrow I F  bandwidth ( < 2 0  MHz ) rece iver 
channel s ,  can perform all

-
operat ional 

f unct ions in a time ly and e f f i c ient manner . 
This  change plus other user requests for ( 1 )  a 
f requency extens ion of one narrow I F  bandwidth 
rece iver cha nnel to 3 0  MHz and ( 2 )  an optiona l 
autonomou s  I E F  a irborne targ et track i ng �apa
b i l i ty w i l l  be incl uded in the fol l ow-on 
AN/MSR-T l prod uction units . 
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The I n s t i tute was tasked to prepare the 
tec hnical spec i f ications for the AN/MS R-T l 
prod uct ion sys tems , a s s i s t  in source s e l e ct ion 
of an appropr iate contrac tor , and prov ide 
f o l l ow-on cons ul tation and te st and eva l uat ion 
of all prod uct ion units throughout the A i r  
Force procurement cycle . The reque s t  for 
proposal was i s s ued in July 1 9 8 0  by AFSC/A D  
Eg l i n A FB , FL , and contract award wa s made in 
September 1 9 8 0 .  

To me et an immed i a te ope rat ional req u i rement 
for a sys tem with AN/MSR-Tl capab il i t i e s , the 
A i r  For ce ( TAC ) S ignal Analys i s  Sys tem wa s 
developed by ITS . Because of fund i ng con
s tr a i n ts , the TAC/SAS i s  o f  l im i ted 
soph i s t icat ion compared to the AN/MS R-T l 
product ion units . 

The TAC/SAS i s  not f u l l y  au tomated ; certain 
funct ions must be performed manu ally . The 
f r equency range is 5 0 0  k H z - 1 8  GHz and includes 
antenna s , 2 - rece iver channe l s , ( one with 
5 0 0  MHz I F  bandwidth and an acou s to-op t i c  
processor ) ,  a computer , a s ignal proce s sor , 
data d i spl ay/storage un i t s , and s upport eq u i p
ment . To prov ide an a i rborne targe t-trac k i ng 
capab i l i ty ,  the d irect ional antenna sys tem 
incl udes an e l e ctro-optical ( narrow f i e l d - o f 
v i ew ) TV tracker subsys tem f o r  au toma t i c  
track ing of a target a i rcraft a t  a range o f  
2 0 - 2 5  nau t i c al m i l e s . Tests have s hown that 
the performance of th i s  sys tem is l im i ted whe n  
TAC a i rcraft employ low l evel h ig h - s peed 
mane uvers . I n i t ial acqu i s i t ion and reacqu i s i 
t ion are almost impo s s ible even wi th the a id 
of a co-located , wide f i eld-of-view TV sys tem , 
wh ich wa s added to the TAC/SAS . 

The TAC/SAS was compl eted , tested , and d e l i v 
e r ed in June 1 9 8 0  and i s  now be i ng d i spl ayed 
on the Nel l i s AFB EW range . 

The I n s t i tute has developed smal l ,  low-cost 
sys tems that produce d ig i tal records of 
val uable mea s urements so that they can be 
analyzed extens ively . The f i eld per formanc e 
o f  the se sys tems i s  a great improvement over 
present manual method s .  S uch e q u i pme nt f i nd s 
wide appl icat ion in the me asurement of 
coverage , interference , propag a t i on , sys tem 
p e r formance , and spectrum- consuming prope r t i e s  
of equipment . One s uch deve lopment i s  the 
A u tomated F i e l d  I n tens i ty Meas urement Sys tem 
which w�ll�sed to make ord �nance and 
p e r sonnel hazards me asuremen ts . The f i e l d  
intens ity rece ivers u sed b y  the sys tem a r e  
a u tomat ically cal ibrated . T h e  oper ator then 
s pec i f ie s  frequency scan width , rece iver 
b andwi d th , detec tor , etc . , to the sys tem 
contro l l er . The controller sets the spec i f i e d  
parameters , collects the me asured data , s tores 
it on mag- ne tic tape , and computes s ta t i s t i c s  
o f  the col lected data . The sys tem h a s  been 
des ig ned to operate unattended for long t ime 
p e r iod s ( 2 4 hou rs , one week , etc . ) ,  depend ing 
upon how often d a ta are to be collec ted . The 
ma j or contr ibut ion from th i s  pro j e c t  is the 
devel opment of appl icat ion software wh i c h 
could be used by other agenc i e s  hav ing s im i l ar 
ord inance hazards measurement requ i r emen ts . 

The prev ious pag e s  have d i sc u s s e d  some l arge 
automated spectr um me as urement sys tems . The 
DM-4 descr ibed nex t  wa s or ig inally d e s igned to 
operate as part of TAEMS . More recent work 



with the DM- 4 , however , has developed so ftware 
to use the DM- 4  as a separate calc ulator
c ontrolled me a s ureme nt system . 

The DM -4 ( F ig ur e  1 - 2 6  and F ig ur e  1 -2 7 )  i s  a n  
i nstrume nt de sig ned and bu1lt by ITS spec i f i 
cally for the Army at Ft . Huachuca to make 
ampl i tude probab i l ity d i str ibution ( APD ) and 
average cro s s i ng rate ( ACR ) meas urements on 
impu l s ive no i s e  and other phe nomena wh ich are 
best descr ibed in stat i st i cal terms . A year 
ago, ITS f i n i shed constr uction of a copy o f  
the DM- 4  for the Army , prov id i ng a TAEMS No i s e  
Measurement Fac i l ity. Th i s  year I TS has -----

cont l nued its work on the DM- 4 by d e s ig n i n g  
a n d  impleme nt i ng software o n  a de sktop calcu
l ator to operate with the DM- 4 . The DM- 4  is  
d e s ig ned to be connected to a logar ithm i c  
v i deo output from TAEMS o r  from a spectrum 
a nalyzer or a f i eld i nte n s ity meter in the 
range of 0 to 1 volt or 0 to -1 vol t .  
Although the DM -4 me asures the stat i s t i c s  of 
the s ignal at 31 evenly-spaced voltage l evel s 
w ith i n  th i s  rang e , the se levels corre spond to 
3 1  l evels spaced evenly i n  d e c i bels at the 
r e ce iver i nput . S i nce the end po ints asso
c i ated with the 31 l evels can be ad j u sted any
where i n  the 0 to 1 volt rang e ,  various trade
offs can be made between resolut ion and 
d ynamic range . Video bandwidths up to 1 0  MHz 
are accurate ly meas ured u s i ng a max imum s am
p l i ng rar2 of 2 0  m i l l ion sampl e s  per second . 
Up to 1 0  samples can be stored at each o f  
t h e  3 1  l eve l s , mak i ng p o s s i b l e  long sampl i ng 
pe r i od s ,  even at the max imum s ampl i ng rate . 
An i nternal pre c i s ion ramp generator make s it 
almo st tr i v i a l ly easy to cal ibr ate each of the 
3 1  q uant i z i ng leve l s . 

Although the DM-4 offers many advantag es i n  
bandwidth , cal ibrat i on ease , and i nput rang e 
f l ex i b i l ity whe n  compared to ear l ier i n str u
ments wh ich meas ure APD ' s  and ACR's , its ma j o r 
ad vantag e come s from mic roproces sor control . 
The use of two mi croproces sor cards a l l ows 
c onven ient programm i ng of the DM-4 from its 
front panel keyboard or from its IEEE-4 8 8  b u s  
port . Th i s  makes it e a s y  t o  compl etely con
trol the DM- 4 meas urement f u nctions and data 
r e ad out from a number o f  de sktop calcul ators 
or m i n i c omputer systems , or to use the DM- 4  as 
a manual , stand - alone me asurement system . 
More deta i l s  on DM- 4  operat ion can be found i n  
the DM- 4  i n str uction manual , to be p ub l i shed 
soon as an NTIA Techn i cal Memorandum by 
R . J .  Mathe son . 

The I n st itute has wr itte n a numbe r of cal i 
brat i on , mea s ur ement , and ana lys is programs 
for the Army wh ich incorporate the DM-4 and a 
spectrum analyzer ( or a f i eld i nte n s ity mete r ) 
i nto a me as urement system control l l ed by an 
H-P 9 8 2 5  d e s ktop calculator . Th i s  DM- 4 /9 8 2 5  
s oftware i s  descr ibed i n  a NTIA Techn ical 
Memorandum by G . D . Falcon , which will be 
p ubl i shed in the near future . Th i s  so ftwa re 
i n c l ud e s  complete cal ibrat ion o f  the sy stem 
w ith a s ignal gene rator and a no i s e  d iode , 
mea s urement and graph i ng of APD's and ACR ' s  at 
a number of freque n c i e s ,  record i ng of the data 
on mag netic tape cartr idge s ,  and comb i n i ng of 
r e corded data f i l e s  at a later t ime . The 
programs are ar rang ed so that the d ata can b e 
g raphed on a 4 -color x -y pl otter at the same 
t ime that the next set of data i s  b e i ng 
measured . Some add it ional work i n  the 
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fol lowing year w i l l  adapt the se programs to 
the HP8 5 calculator . 

T he H-P 9 8 2 5  s o ftwa re wa s te sted in a set of 
f i eld measurements made for the Motor Veh i c l e  
Manuf acturers As soc iat i on ( MVMA ) in the spr i ng 
of 1 9 8 0  as part of the work on Obj ect ive 
M e a s urement of Land Mob i l e  Vo ice Per formance . 
The OM 4 mea s ur ements will soon be publ 1 shed 
a s  an NTIA Re port by R . J .  Mathe son . The 
e l ectromag net i c  no i s e  from the ig n it i on 
s ystems of two conf i g urations of cars wa s 
meas ured . One con f ig uration i ncluded a set o f  
1 2  cars from the var ious U . S .  car manufac
turers' 1 9 8 0  l i ne .  The other conf igurat i o n  
was a so-cal l ed " super-no ise ve h i c l e "  who se 
ign it ion s uppr e s s ion had been removed . 
Measurements we re mad e  at 5 frequenc ies 
between 3 0  MHz and 4 5 0 MHz , with vertically
and hor i zonta l l y -pol a r i zed antennas located 
about 3 m from the ce nter of the nearest 
c a r .  At each freque ncy , APD's and ACR ' s  we re 
meas ured , ex cept at h igher frequenc i e s , a n  
equ ipment mal f unct ion pr eve nted the ACR 
meas urement from be i ng made . F ig ur e  1 - 2 8 
s hows a pl ot of APD meas urements made at 
3 0  MHz with the DM- 4 .  This f ig ure is a 
r eprod uction of the f ig ure drawn on the x-y 
pl otter immed i ately a fter that me asurement wa s 
c ompleted . The APD has been numer ically 
i nteg rated to g ive various we ighted averag e s  
s uch as the rms averag e ,  the ave rage voltage , 
and the average logar ithm . The se numbers are 
p l otted on the l owe r edge of the gr aph a s  rms , 
Vd , and Ld ( rms i s  in d Bm ,  Vd i s  the dB rat i o  
b etween the rms and the average voltage , L d  i s  
the dB ratio betwe en the rms and the average 
l ogar ithm ) . 

F igure 1 - 2 9  shows a plot of ave rage cross i ng 
rate ( ACR ) data for the same measureme nt 
cond it i ons a s  F igure 1 - 2 8 .  Th i s  f ig ure i s  
plotted o n  a sca�e who se ord i nate is l abeled 
" N , "  denot i ng 10 cros s i ng/s ec . One can see 
that the max imum cro s s i ng rate on the plot i s  
about 8 0 0 0  cjs , wh ich occurs near the 5 0 %  
l evel o f  the APD i n  F igure 1-2 8 .  Altogether , 
the DM-4 repre sents a major�rovement in APD 
and AC R mea s ur ement capab i l itie s--partly 
bec ause of its greater me as urement capab i l ity , 
and partly because of the ab i l ity to prod uce 
h igh qual ity pl ots of APD ' s  and ACR ' s  on an 
almost-real-t ime bas i s ,  wh ich g ives the 
operator an opportun ity to i nte ract with the 
me as ureme nts . 

Over the past two year s , me as urements have 
been made at the ITS on home te l ev i s ion 
r e ce iv i ng ante nnas and ante nna components . 
Many of the se measurements were reported last 
y e ar . The purpose of the measurements wa s to 
develop a techn ical b a s i s  for e st imat i ng the 
p e r formance of antenna systems be i ng used . 
Our most r ecent work has been a Stat i st i c a l  
Analys i s  o f  Telev i s ion Broadcast Data from 
Chicago and Peor 1 a , I l l 1 no 1 s , Area . The s e  
d ata we re obta 1ned a t  5 1  locat ions by 
meas ur i ng the rece ived s ignal l evel s from 
s e l ected te l ev i s ion broadc asts ( two VHF and 
three UHF stat ions from Ch ic ago and two UHF 
stations from Peor i a )  us i ng se condary standard 
antennas and the home ante nna sy stems . The se 
two types o f  data al lowed calculations of 
el ectr i c  f i eld stre ngths and the home antenna 
s y stem gain at each te st frequency . 
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The me a s ureme nts at a g i ven freque ncy and lo
cation produced a set of 5 0 0  value s . Cumu
l a tive d i str ibut ions , scaled for home antenna 
system g a i n ,  have been produced for each set 
o f  data . Med ian and dec ile value s of g a i n  
have b e e n  tabulated from the cumul ative 
d i str ib utions . A typ ical plot of rec e i ved 
s ignal level vs . d i stance is shown i n  
F igure 1 - 3 0 for measureme nts at location 1 0  
for channel 2 6 ,  5 4 3 . 2 5 MHz . The cumul ative 
d i str ibution of the se data is shown i n  
F i gur e  1 -3 1 .  

Table 1 - 3  i s  a summary of tabul ated results . 
Frequency rang e s  and locat ion cla s s i f ications 
a re shown wh i c h  d e f i ne the c r i ter ia for 
subgroups of med ian g a i n s  ( the se are med i a n  
v a lues for the tabul ated med i an g a i n  for the 
d e f i ned s ubgroup ) .  The se cond and third 
c olumns show lower and upper decile rang e s  i n  
the tabulated med ian g a i n  da ta . T h e  e s t imated 
e rror in the me asureme nts is shown by the 
fourth column . 

C ommonly as sumed value s ( O ' Connor , Robert A . , 
Unders tand i ng Tel e v i s ion Grade A and Grade B 
S e rv i ce Contour s , IEEE Tr an s .  on Broad c ast i ng , 
Vol . BC-1 4 ,  No . 4 ,  De c .  1 9 6 8 ) for home antenna 
system gain vs . d i s tance from the broad cast 
source ( s hown as urban and suburban or fr ing e  
a reas ) are shown i n  the f i f th column of 
Table 1 - 3 . The s ixth column shows the frac
t 1on of our data for wh ich med ian gain e qualed 
or e x ceeded the as sumed g a i n . 

The da ta in Table 1 - 3  def i ne a mod e l  of home 
antenna sys tem g a i n  for i n-serv ice antenna 
systems . The mode l  will prov ide conservative 
e s t ima te s ( upper d e c i l e  value s ) ,  typ i c a l  
e s timate s ( med ian value s ) ,  and l iberal 
e s t imates ( l ower d e c i l e  value s ) of sys tem 
g a i n .  The se e s timate s are wi thout reg ard to 
the type of tran smi s s ion l i ne or other d e v i ce s 
( such as balun s ,  s ignal spl it ters , and/or 
mul ti coupler s )  that may be used i n  the system . 

Our data have been exami ned to determine 
antenna sys tem per formance a s  a function of 
type of transmi s s ion l i ne and type of antenna . 
The data we re grouped accord i ng to antennas 
f or the VHF -only reception , 7 5-ohm or 3 0 0 -ohm 
tran smi s s ion l i ne ; antennas for UHF -onl y 
r e ception , 7 5 -ohm or 3 0 0 -ohm tr ansm i s s ion 
l ine ; and comb i nation VHF and UHF reception , 
7 5 -ohm or 3 0 0 -ohm tran smi s s ion l i ne . Our da ta 
s how that for a g iven type of antenna c l a s s i f 
i c ation , the sys tems u s i ng 7 5 -ohm transmi s s ion 
l ine had better per formance than sys tems u s i ng 
3 0 0 -ohm transmi s s ion l ine . Th i s  was a 
surpr i s i ng observa t ion s i nce " g ood " 3 0 0 -ohm 
transm i s s ion l i ne has l e s s  attenuation than 
" g ood " 75-ohm transm i s s ion l i ne ( F i t zGerrell , 
R . G . , R . D .  Jenn i ng s ,  and J . R . Juroshek , 
Tel e v i s ion Rec e i v i ng Antenna Sy stem Component 
Measur ements , NT IA Report 7 9 -2 2 , June 1 9 7 9 ) .  
We bel i eve this observat ion can be expl a ined 
by recog n i z i ng two cond i t ions of the antenna 
systems we mea s ured . 

1 .  The systems us i ng 3 0 0 -ohm transmi s s ion 
l i ne often were very old--older on th e 
average than sys tems us i ng 7 5 -ohm trans
m i s s ion l i ne . 
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2 .  The qual i ty o f  3 0 0 -ohm tr ansmi s s ion l i ne 
used for antenna sys tem i nstal l a t i o n s  
o f ten will degrade i n  per formance qu i te 
rapidly due to weather and ag i ng . 

W i th regard to per formance vs . type of 
antenna , we ob s e rved s ig n i f ican tly poore r  
per formance , on the averag e ,  for sys tems us i ng 
comb ination VH F/UHF antennas compared w i th 
sys tems us i ng ante nnas for VH F-only and UHF
only reception . 
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Frequency 

VHF 

UHF 

* 

Table 1 - 3 . S ummariz ation of Measured Home Antenna System Performance 

Decile Values 
of Median Gain* , dB Median 

Data Location Median Median Es timated Assumed 
Classi fication Gain* , dB Lower Upper Error , dB Gain* , dB 

Urban locations - 1 . 4  - 2 3 . 6  3 . 8  1 . 9  0 

Suburban and fringe area 0 . 7  - 1 8 . 3  8 . 3  2 . 5  6 
locations 

All VHF data 0 . 5  -19 . 9  5 . 9  2 . 0  

Urban locations - 9 . 5  - 3 4 . 4  1 . 3  2 . 8  8 
(Chicago and Peoria) 

Suburban and fringe area 0 . 9  - 6 . 1  10 . 7  2 . 1  1 3  
locations (Chicago and 
Peoria) 

Al l UHF data -3 . 6  - 2 4 . 2  7 . 7  2 . 7  

Peoria data 0 . 6  - 8 . 8  1 0 . 4  1 . 8  13  
( urban and suburban locations ) 

--

Reported gains are relative to the gain for a tuned , half-wavelength dipole . 

Fraction of Median 
Values > Assumed Value 

0 . 3 7  

0 . 1 6 

0 . 0 1  

0 . 0 5  

0 . 0 8 





CHAPTER 2 .  SYSTEMS ENG INEERING 
AND EVALUAT ION 

The obj ective of this program s ubelement is to 
provide telecommunication system oriented 
s tudies that include sy stem requi rement , defi
n ition , cost trade-of f ,  design and evaluation , 
or ac ceptance criteria . The se studies are user 
oriented where the user i s  a F e deral mi s s ion 
agency or a pub l i c  service user . Consulting 
services to meet the s e  user requi rements take 
the form of analyses , measurement s , and per
formance eval uations with the results generally 
pub l i s hed in NTIA reports or , when applicable , 
in technical j ournal s .  The resultant per form
ance criteria and measurement methods are used 
by Federal agen c i e s  in planning , des ignin g ,  
s pec i fying , procuring , leasin g , and operating 
telecommuni cation systems . 

Se ction 2 . 1  addresses those pro j ects which con
s i s t  o f  communi cation sy stems and services 
e ng ineering , S ection 2 . 2 .  presents tho se 
pro j ects or iented toward terrestrial radio 
system per formance and monitoring studies , 
Se ction 2 . 3  deals with standards activities , 
and S ection 2 . 4  pre sents related work on 
g uided wave commun ication s .  

SECT I ON 2 . 1 .  COMMUN I CATI ON SYSTEMS 
AND SERV I CE S  ENG INEE RING 

Some o f  the systems technology pro j ects relate 
to e s tabli s hed or planned communi c ation ser
v ices . The services are either o f fered or 
leased by miss ion agencies , and the engineering 
described here relates to the evaluation , 
performance criteria , or new techno logy re
quired for e f fic ient , cost-ef fective procuring , 
leasing , or e stab l i s hing these service s . The 
proj ects described are : Data Commun ication s , 
Non-Speech Telecommunication Service s , S i zing 
the Data Communication Requirements for the 
Re gion 1 Nationa l  Forest Sy stem , Montana Tele
communications Architecture Study , The S hasta
Trinity National Forest Te lecommun ications 
Study , and Common Carrier Technical/Policy 
P l anning . 

Data Communications .  On August 2 9 ,  1 9 7 9 , the 
General Serv1ces Admini stration (GSA ) o f f i 
c i a l ly p romulg ated an important n e w  Federal 
Telecommunication Standard : I nterim F ederal 
Standard 1 0 3 3 ,  " Dig ital Communi cation Per form
ance Parameter s . "  The purpos e  o f  the new 
standard i s  stated in its open ing paragraph : 

" to improve F ederal government procurement 
of d i g ital telecommunication systems and 
s ervices by providing user-or iented , 
sy stem- independent means of specifying 
communication performance . "  

The e s s ence o f  the FED STD 1 0 3 3  approach i s  
s ummed up i n  t h e  phrase " user-oriente d , sy stem
i ndependent . "  The FED STD 1 0 3 3  parameters 
focus on user per formance concerns rather than 
engineering design cons iderations ; they de
scribe e nd-to-end service s  rather than partic
ular system facilitie s ; and they apply to all  
systems , irre s pective of transmi s s ion medium , 
n etwork topology , or control protoco l .  These 
standard p aramete r s  will improve Federal data 
communi cation proc urement by providing a 
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common framework for functional spec i f i c ation 
and top-down des ign , and w i l l  promote compe
tition and innovation in the data communica
tions industry by enabling direct comp ari son of 
a lternative s e rvice o f ferings . 

GSA ' s  promul gation o f  F ederal Standard 1 0 3 3  
real i zed the f i rs t  o f  three ma j or goals o f  
NTIA ' s  Data Communi cations pro j ect . A s econd 
standard , F ederal Standard 1 0 4 3 ,  was completed 
in draft form in FY 8 0 .  That standard defines 
uni form meas urement methods to be used in 
conj unction with the FED STD 1 0 3 3  parameters in 
a s s e s s ing de l i vered performance .  FED STD 1 0 4 3  
w i l l  b e  s ubmitted to the Federal Te lecommun i
c ations Standards Committee (FTSC ) for formal 
coordination and GSA promulgation in F Y  8 1 . 
Both FED STD 1 0 3 3  and FED STD 1 0 4 3  are also 
being coordinated w ith the American National 
Standards I ns titute (ANS I )  for eventual adop
tion as i ndustry per formance standards . 

The third ma j or goal o f  the Data Communications 
pro j ect is to define service per formance c l a s 
ses a n d  conduct protocol performance asses sments 
needed to comp l ete the Open Sy stems I ntercon
nection (OS I )  standards f ami ly . These standards 
are the focus of an amb itious international 
e f fort to f a c i litate direct interconnection of 
dissimilar , geographically di stributed data 
proc e s s in g  sy stems via a uni form 7 -l ayer proto
col hierarc hy . NTIA w i l l  propo se standard OS I 
per formance c l a s s e s  based on the FED STD 1 0 3 3  
p arameters , and w i l l  use tho se parameters a s  a 
framework for eval uating the per formance o f  
a lternative transport l ayer protoco l s . Se
lected OSI protocol standards w i l l  ultimate ly 
be adopted by F TSC in the " 1 0 0 0 - serie s " Federal 
Standards . 

FY 8 0  activities in the Data Communi cation 
pro j ect were focused on two spec ific obj ective s : 

1 .  S upporting ANS I Task Group X 3 S 3 5  in 
the i r  review and adaptation o f  FED 
STD 1 0 3 3 . 

2 .  Developing standard meas urement 
procedures and data reduction software 
needed to complete FED STD 1 0 4 3 .  

The ANS I X 3 S 3 5  e f fo rt progressed we l l  during F Y  
8 0 . The Task Group has developed an ANS I  
vers ion o f  FED STD 1 0 3 3 , designated X 3 S 3 5/1 2 5 ,  
which retains the basic technical content o f  
i t s  progenitor w h i l e  providing selective 
improvements in parameter definition and pre
sentation . I TS contributed to that e f fort by 
developing inputs to the dra ft ANS I standard 
and by preparing an expl anatory " Federal 
Standard 1 0 3 3  User Guide . "  The latter report 
will be ava i l ab le early in FY 8 1 . It i s  an 
ticipated that the ANS I Task Group w i l l  s ubmit 
a proposed American national standard based on 
FED STD 1 0 3 3  to its parent committee ,  X 3 S 3 , 
during the s ame f i scal year . 

A number of initial applications o f  FED STD 
1 0 3 3  were completed during F Y  8 0 . I n  one o f  
these , described e l sewhere in t h i s  report , the 
standard was used in defining end-to-end per
formance requirements for the future digital 
Defense Communi cations System (Nesenbergs , M . , 
W . J .  Hartman , and R . F . Linfield , " Per formance 
parameters for digital and analog service 
modes , "  in pre s s ) . I n  another , also des cribed 



e l sewhere in thi s  report , the s tandard was used 
i n  def ining requirements for an Army prototype 
( Li n f ield , R . F . , M .  Ne senberg s ,  and P . M .  McMan

amon , " Command post/signal center bus di stribu
t ion sys tem concept de s ign , "  NTIA Report 8 0 -
3 6 ) . In a third application , the s tandard wa s 
used by the Environmenta l Protection Agency in 
a Reque s t  for Quotat ion covering the communica
t ions portion of a nation-wide time- sharing 
network . Re sponse s  complying with the standard 
were received from a l l  qua l i f ied bidders . A 
complete l i s t  of the FED STD 1 0 3 3  parameters i s  
provided in F i gure 2 - 1 . A brief , relatively 
informa l summary of the s tandard i s  provided in 
S e i t z  and Bodson ( Se i t z , N . B .  and D .  Bodson , 
" Data communica tion per formance assessment , "  
Te l ecommunications , Feb . 1 9 8 0 ) . 

The major Data Communications pro j ect ef fort in 
FY 8 0  was devoted t� completing the measurement 
s tandard ( 1 0 4 3 ) . F i gure 2 - 2  i l lustrates NTIA ' s  
approach to that standard . The overall measure 
ment process i s  portrayed as a di screte 
function which trans forms a def ined set of 
digita l  inputs (user/sy s tem interface signals 
and meas urement prec is ion obj ectives ) into a 
des ired set o f  numerical outputs ( pe rformance 
parameter values and as soc iated conf i dence 
l imits ) . The purpose of the measurement 
s tandard , quite simply , is to define a per for
mance measurement system capabl e  o f  per forming 
that funct ion g iven any reasonable set of 
i nputs . 

A maj or ITS obj ec tive in deve loping FED STD 
1 0 4 3  has been to spec i f y  not only what mus t  be 
done to measure end-to-end per formance , but 
a l s o  how tho se neces sary operations can be 
accompl i shed . To that end , key e lements of the 
FED STD 1 0 4 3  performance meas urement sys tem 
have been implemented in a s tandard , machine
i ndependent , FORTRAN computer program . Avai l 
abi l i ty o f  that program wi l l  relieve mea sure
ment personnel of the di f ficul t ,  time-consuming 
task o f  deve loping data s tructures and data 
reduction software , and wi l l  ensure the com
parab i l i ty of measured results obtained by 
d i f f erent user organ i z ations . 

Four ma j or elements of the FED STD 1 0 4 3  me a
s urement system are dep icte d  in F i gure 2 - 2 . 
They are : 

1 .  Data Extrac tion . This sys tem element 
observes s igna l s  trans ferred acro s s  
the us· •r/system inter faces in real 
time , determines the per formance s ig
nif icance of each interface s igna l ,  
and outputs this performance informa
tion in the form o f  a c hronolog ical 
sequenc e of sys tem-independent refer
ence event s .  The reference event 
histories for each user interface 
provide t he neces sary bas i s  for per
formance parameter calculations . 

2 .  Data Recording . This system element 
con s � sts of a set of s tandard FORTRAN 
f iles and as soc iated Read/Write 
instructions . I ts purpose is to 
record the rea l - time event histories 
produced by the data extraction 
function in a s tandard form for later 
( o f f - line l reduction and analy s i s . 

Separate f i l e s  are maintained for 
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user and overhead information , and 
for each direc tion of user infor
mation flow . 

3 .  Per formance A s s e s sment .  Thi s  sys tem 
element con s i sts of a s tandard FORTRAN 
program which merge s , corre lates , and 
analyzes the f i l e s  s tored by the data 
recording e l ement to produce a set o f  
measured F E D  STD 1 0 3 3  parameter 
values . Primary elements of the 
per formance a s s e s sment program are 
the acc es s , tran s fer , and di sengage
ment subroutine s , which calcul ate 
va lues for the 1 9  "primary " parame ters 
l i s ted on F igure 2 - 1 . These primary 
subroutines are supported by programs 
which calculate " s econdary " and 
" an c i l l ary " parameter value s  and 
per form various uti l i ty func tion s . 
The entire performance a s ses sment 
program is wri tten in ANS I ( 1 9 6 6 )  
s tandard FORTRAN to ensure i t s  
transportab i l i ty .  

4 .  S tatistical De s ign and Analys i s . 
This system element trans forms user
de fined meas urement prec i s ion ob j ec 
tives into appropriate statistical 
tes t des ign and data analysis cri
teri a .  The se s ta t i s tical criteria 
are used to control the data extrac
tion and performance a s ses sment 
elements of the FED S TD 1 0 3 3  perform
ance mea surement s y s tem and to 
produce con fidence l imits or " e rror 
bars " for each mea s ured parame ter 
value . 

These four meas urement system e l ements d i f fe r  
sub s tanti ally in the degree t o  w h i c h  the i r  
implementation c a n  be s tandardi zed , and their 
speci fica tion in the mea surement s tandard 
reflects these d i f ference s . The extraction and 
s tati stical elements ( 1  and 4 )  are inherently 
application dependent , and they are there fore 
spec i f i ed in the s tandard by means of rela
tive l y  general de s ign implementation procedure s .  
I n  e s s ence , these procedures guide s tandards 
users in designing data extrac tion and s tatis
tical design/analy s i s  elements appropriate to 
their particular needs . 

The user-oriented approach has made the data 
recording and performance a s s e s smen t  elements 
(2 and 3 1  app lication i ndependen t , and a s  noted 

earl i e r , the measurement s tandard exploits this 
property by completely s tandard i zing the i r  
implementation in a machine-independent FORTRAN 
program . A prototype vers ion o f  that program 
should be ava i l ab l e  for use outs ide ITS about 
the middle o f  FY 8 1 . 

A key element of the per formance assessment 
func tion is an ITS -developed " s tandard data 
corre lato r "  algori thm wh ich matches transmi tted 
and received b i ts and i denti fies undel ivered 
and extra b i ts via pattern recogni tion . This 
algori thm was succe s s fully tested during FY 8 0  
under a variety o f  data error , loss , and 
dupl ication condi tions . Further te s ts to 
select op timum data correlator p arameters are 
planned for FY 8 1 . 

I t  i s  antici pated that NTIA ' s  FY 8 1  data communi 
cations activities will include a comprehensive 
protoco l  assessment pro j ec t . In that pro j ect , 
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SERVICE PERFORMANCE SPECIFICATION 

Part A - Primary Parameters 
1 .  Access T i m e  . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ----

2 .  I n co rrect Access Proba b i l i ty 
3.  Access Den i a l  Probab i l i ty . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
4 .  
5 .  
6 .  
7 .  
8 .  
9 .  

1 0 . 
1 1 .  
1 2 . 
1 3. 

B i t  Transfer T i m e . • . . . . . . . . 
B i t  Error Probab i l i ty . . . . . . . . . . . . . . .  . . 

B i t  M i sdel i ve ry Proba b i l i ty . . . . . . . . . . . 
B i t  Loss Probab i l i ty . . .  . . .  . . . . .  . . . . . .  . . . . . . . . . . . . . . .  . . . . . . . .  ___ _ 

Extra B i t  Probab i l i ty . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
B l o c k  Tran sfer T i m e . . . . • . 

B l o c k  Error Probab i l i ty. . .  
B l o c k  M i sdel i ve ry Probab i l i ty 
Block Loss Proba b i l ity . 
Extra B l oc k  Proba b i l ity . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . .  ___ _ 

1 4 . B i t  Transfer Rate . . . . . . . . . . . . .  , .  ___ _ 

1 5 . B l ock Transfer Rate . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
1 6 . 
1 7 . 

B i t  Rate Eff i c i e n cy. . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ___ _ 

B l ock Rate Effi c i e n cy . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

D i sengagement T i m e  . .  1 8 . 
1 9 .  D i se n g ag e m e n t  D e n i a l  Probab i l i ty . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ___ _ 

Part B - Secondary Parameters 
20. Serv ice Ti m e  Between O u tages 
2 1 . O u tage D u rat i o n  . .  
2 2 .  O u tage Pro b a b i l i ty 

. . . . . . . . . . . . . . . . . . . . . . . , . .  ___ _ 

Part C - Ancil lary Parameters 

Sec o n d s  
* 

* 

Seco n d s  
* 

* 
* 
* 

Sec o n d s  
* 
* 
* 

* 

B i ts/Second 

B l oc k s/Second 
% 
% 

Seco n d s  
* 

H o u rs 
H o u rs 
* 

23. 
24. 
25. 
26.  

User Access T i m e  F ract i o n  . . . . . . . . . . . . . . . . . . . . . . . . . . . ---- * 

User B l oc k  Transfer T i m e  F ract i o n  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . * 

User Message T r a n sfe r T i m e  F ract i o n  . . . . . . . . . . . . . . . . . . . . . . ____ 
* 

User D i s e n g a g e m e n t  T i m e F ract i o n  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ____ * 

*
Note: The p ro ba b i l i t i e s  and user perfo r m a n c e  t i m e  fract i o n s  a re d i m e n s i o n less n u m be rs 

between zero a n d  one.  

F i gure 2 - 1 . Example Service Performance Spe c i f i cation form . 
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a number of candida.te O S I  transport layer 
protocols will be implemented via computer 
s imulation , and the i r  relative performance will 
be a s sessed using the FED STD 1 0 3 3  parameters . 
These tests wi l l  spec i f ic a l l y  examine the 
robus tne s s  of c andidate protoco l s  under de 
graded transmi s s ion conditions and host 
" c rashes . "  The te s ts will provide a much
needed factual bas i s  for selecting transport 
protocol s tandard s . 

The user-oriented performance s tandards being 
developed under NTIA ' s  Data Communications 
pro j ec t  will a f ford a substantial co s t  s avings 
to the Federal Government in the spe c i f ication , 
procurement , and operation of Federal data 
communication sys tems . Requiremen ts spec i f i 
c a tion w i l l  b e  s imp l i f ie d  b y  the standardi 
z ation o f  per formance de scriptors and by the 
exis tence o f  data base of similar previous 
app l i cations . Procurement will be improved by 
the s tandard ' s  " common denominator " property 
a nd by the development o f  f a c i l i ty and service 
performance data base s . Operations will be 
enhanced by more e f fective network contro l . An 
i ndependent National Re search Council s tudy 
panel has estimated that the total Federal data 
communications b i l l  could be reduced at least 
2 0 %  through the use o f  a more e f fic ient method 
o f  matching o f f ered services with end-user 
need s - -a yearly saving in exce s s  o f  $ 4 0 0  
m i l l io n  by the mid- 1 9 8 0 ' s . NTIA ' s  user-ori
ented data commun ication pe rformance s tandards 
provide the es sence of such a method . 

A ma j or de terminant of the suc c e s s  o f  any 
s tandard is the breadth of partic ipation in its 
development . I n  order to ens ure the broade s t  
pos sible consen sus for Federal S tandard 1 0 3 3  
and i ts companion s tandards , intere s te d  readers 
are e ncouraged to obtain and review the s e  
s ta ndards , suggest improvements , a n d  i f  p o s 
s ib le , contribute directly t o  the ANS I X 3 S 3 5  
e f fo r t .  Copies o f  the s tandard and i t s  sup
porting reports can be obtained from the 
a uthors ( Se i tz , N . B . , P . M .  McManamon , and E . L .  
Crow)  • 

Non-Speech Te lecommun ic ation S ervice s . NTIA/ 
ITS has been invo lved in the identification and 
eva l ua tion of a number o f  new telecommunication 
s ervices known generically as V ideotex in forma
tion service s . A home or o f f i c e  user can 
i n terrogate a computer data center , receive , 
and d i splay i nforma t ion in a lphanumer i c  or 
g raphic form on a home or of f i ce termina l .  The 
d i s p l ay unit may be a s l ightly mod i f ied commer
c i a l  black and whi te or color TV receiver or 
any of a variety of de sk-top busin e s s  or com
p uter d i sp lay units . Acce s s  to in formation 
f i led in data banks may be via telephone l i ne s , 
coaxial cable , priva te wired networks ,  or via 
one o r  more commercial or publ i c  broadcast TV 
channe l s . In the broadcast mode , data in the 
form of " pages of a lpha-nume r i c s  or graphic s "  
i s  carried on a portion o f  the vertical retrace 
o r  b l anking i nterva l s  o f  the video subcarr ie r . 
The receiver has a conver s ion unit cal led a 
de coder , which strips the information from the 
video s i gnal for s torage and d i splay on the TV 
s cree n .  The service can display any of hun
dreds or thousands o f  " pages " _ ( o r  frame s )  which 
have been entered into the computer data banks . 
Ava i l able services may include any or a l l  forms 
of public in formation : news , weathe r , s tock 
marke t , s ports , topical i tems , o r  in formation 
for private i ntere s t  groups . 
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Several U . S .  organ i za t ions have o f fered propo
sals during FY 7 9 - 8 0  for s uch services or have 
field trials in proc e s s  to provide Video tex 
services both in the b roadc a s t  or interactive 
modes o f  operation . 

1 )  AT &T and Kn i ght-Ridder are deve loping a 
l imited field trial operation in F lorida . 

2 )  GTE -Viewdata have an o f fering to business 
c us tome rs for private ne twork f i l ings and 
di splay o f  i n format ion for the spec i f i c  
u s e  o f  s uch customers . Entry into s uch 
data banks i s ,  o f  course , open only to 
authori zed subscribers . 

3 )  WETA ( A  PBS s tation i n  Washington , D C )  has 
announced consumer trials of a Canadian 
(Telido n )  vers ion of broadcast Videotex 
s tarting i n  late 1 9 8 0 .  The WETA trials 
are sponsored by NTIA , NSF , the Corpor
ation for Pub l i c  Broadcasting , and HEW . 

4 )  KMOX-TV ( S t .  Loui s )  has been experimenting 
with a number of d i f fering approaches for 
broadca s t  TV Videotex . Trials have been 
with a l imited number of cus tomers in the 
viewing area and in closed-circuit exper i
ments . CBS has now peti tioned with the 
FCC for a ruling on Tele text s tandards 
based on the se trial s .  

NTIA/ ITS partic ipated at the Interdisc ipl inary 
Colloquium on Teleinfo rmatics , Montreal , Canada , 
June 9 -1 2 , 1 9 8 0 .  The col loquium was held to 
discus s international s tandards for information 
s ervi ces and to review the progre s s  on a number 
of related non- speech te lecommunications ser
vice s in rapid development throughout the 
wor ld .  Included among the topi c s  were national 
Tele text , Videotex , Te lefax , and Datafax , and 
combination s  of a number of such sys tems and 
technologies which woul d  bring closer to real i ty 
the highly automated o f f ice , or the " o f f ice o f  
the f uture . "  

A numbe r  o f  papers s tres sed the early needs for 
international s tandards and for i nternationally 
agreed upon s e rvi c e s - - terminal-to-terminal ser
vices , network s e rvice s , terminal -network 
terminal services , and international services 
to users . I nherent in a l l  of the se are the 
needs for s tandards on protoco l s , character 
di splays and codes , international trade agree
ments and tari f f s , and , of course , system 
interoperab i l i ty . 

I t  was pointed out by an o f f i c i a l  U . S . repre
sentative to the CCITT sympos ium that it was 
both easy and d i f ficult to devel op a U . S .  
po s ition . Viewpoints mus t  be conside red from 
indus try , Government ,  and the public . u . s .  
carriers , user group s , and re levant U . S .  
Federal agenci e s  find d i f f iculty i n  arriving at 
concensus even among themselve s . They may also 
take s trong opposing pos i tions from that o f  the 
relevant International CCITT Study Groups . 

The meeting provided an update on the current 
and rapidly changing techno logies in the f i e ld 
and the need by relevant agencies to partici
pate i n  the S tudy Groups work ing towards s tan
dards for equipment ,  i nteroperab i l i ty ,  proto
col s , and coding formats .  NTIA has begun to 



work c losely with domestic and international 
s tandards organ i z ations , particularly the 
CCITT , i n  the i ntere s t  of the U . S .  pub l i c  and 
private user s . 

A r eport entitled "Videotex Sys tems and S er
vices , "  was prepared in draft form during F Y 7 9  
to provide overall comparison among the many 
new Videotex systems under consideration or in 
operation in the U . S .  and abroad . E�pha s i zed 
i n  the report was the need for technlcal 
s tandards for sys tems , format for coding , and 
c hoice o f  transmi s s ion media . Discussed also 
were the problems that might be encountered in 
the local loops of the telephone networks and 
computer interconnec ts . The draft report is 
now i n  the proc e s s  of be ing updated in prepar
ation for subm i s s ion as a publication by NTIA 
by the close of F Y  8 0 . 

Wi th U . S .  manuf ac turers and potential suppl i ers 
o f  Videotex systems and services entering into 
competi tive roles , pres sures will deve lop over 
the next f ew years for comments and recomm�nda
tions to the FCC concerning spec i f i c  or more 
general s tandards for these new or emerging 
i nformation s ervices . 

S i zing The Data Communi cation Requirements for 
the Reg ion 1 National Forest System . The 
purpo se of this s tudy wa s to report on the 
a s s e s sment of computer and telecommunica tion 
needs by the Nor thern Reg ion ( Reg ion 1 )  o f  the 
Nati onal Fores t Sys tem . It was intended that 
this assessment would be blended with a s imilar 
activity a t  the national level of the Forest 
S ervice and would provide Region 1 management 
with sufficient information to s i ze both hard
ware and tel ecommunication services to mee t  
pro j ec t  demands through 1 9 8 5 .  Region 1 will 
impl ement a Unit F ac i l i ty P lan us ing these 
f indings which will then def ini t i z e  these new 
requirements , provide an equipment imp lemen
t ation p lan , define a master implementation 
s chedule , and develop a management organ i 
z ational s tructure t o  support such needs . 

This support program was prompted by the ob
s erved current heavy computational and communi
c ation sys tem work load of Region 1 coupled 
with the potential system impact a s soci ated 
with the imp lemen tation of a Forest Service
wide land and resource manag ement plan to be 
drafted for Forest S ervice executive management 
by 1 9 8 3 .  The two mos t  signi f icant Federal 
legis lative acts which prompted these planning 
activities are the Forest and Rangeland Renew
able Re sources P lanning Act (RPA ) of 1 9 7 4  and 
the National Fore s t  Management Act (NFMA) whic h  
r equi red that t h e  land management planning 
proc ess be explici tly def ined thus placing an 
addi tional burden on the National Forest 
s ys tem computational capabi l i ties . 

The RPA required the Forest Service to asses s 
i ts renewable resources beg inning in 1 9 7 5 , with 
updates every 1 0  years s tarting in 1 9 7 9 . This 
would be accomp l i s hed through an ana lysis and 
concurrent surveys of present and anticipated 
users and demands for those renewable resources 
s uc h  as timber and rangeland . Every 5 year s , 
the management would prepare documents which 
develop alternatives and select a particular 
program for protection , management ,  and devel
opment o f  these resources for the next 4 0  
years . 
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The NFMA spec i f ie s  that by 1 9 8 5  each Nation� l 
Fore s t  S upervisor deve lop h i s  or her own unlque 
load and resource management plan for h i s  or 
her entire j ur i s dic tion which addre sses the 
goals and ob j ectives e s tabli shed by a Regional 
Mas ter P lan . Ther e fore , according to this ac t ,  
each fore s t  mus t :  

I dentify parc e l s  o f  land which are 
avai l ab l e , c apab l e , and s ui table for 
timber harves t .  
Build and maintain accurate data 
bases o f  resourc e s  for management 
retr i eva l . 
P rovide retr ieva l and di splay archi
tecture for easy review o f  load usage 
trade-offs and a l ternative s . 
P rovide s u f f icient information for 
pub l i s hab le documentation . 
E s tab l i s h  and maintain records of a l l  
decis ions and ac t ions taken . 

Obviou s ly , data automation i s  required to 
implement parts or a l l  o f  these l aws a long with 
mee ting the day- to -day requirements . 

The Fores t S ervic e  has also e lec ted to automate 
its offices with word proce s s ing and e lectronic 
mai l . The impacts on computers and the assoc i 
a ted telecommunication sys tems over the next 1 0  
years i s  pro found indeed . 

Region 1 Nationa l Fore s t  Sys tem consists of 1 3  
National Forests i n  the s tates o f  Montana , 
northern I daho , and the northwe s t  region of 
South Dakota . I n  addition , Region 1 manages 
National Rangelands in North Dako ta and South 
Dakota . There are 74 Ranger D i s trict ( RD )  
o f f ices i n  Region 1 which represent the f i r s t  
l i n e  resourc e managers o f  t h e  system . The se 
Ranger D i stricts report to 1 3  Supervisor 
Offices ( SO ' s )  which manage the resources 
as soci ated with the Beaverhead , B i tteroot , 
I daho P anhandle , C learwater , Cus ter , Dee rlodge , 
F l athead , Gallati n , Helena , Kootena i , Lew i s  and 
Clark , LoLo , and Ne zperc e National Forests . 
These forests a l l  report directly to the 
Regional Office ( RO )  at Mis soul a , MT . Thi s i s  
shown i n  F igure 2 - 3 . The management s truc ture 
is clearly decentra l i zed , delegating respon
s ib i l i ty and authority to the lowe s t  feasible 
level of organ i zation . 

This management s tructure in 1 9 7 9  emp loyed 
1 , 7 4 9  permanent f u l l - time s ta f f  plus 3 , 5 1 5  
other types o f  employees , harvested 1 , 2 0 9 , 1 0 0 , 1 0 0  
board feet o f  lumber , and conduc ted 9 5 8  road 
and other engineering pro j ects . Region 1 
manages 2 4 , 0 1 1 , 9 0 0  acres o f  land o f  which 
1 2 , 8 0 8 , 7 0 0  are commercial timber and 4 , 3 4 2 , 3 0 0  
are de s ignated wilderne s s . There are a n  addi
tional 4 , 0 6 6 , 0 0 0  acres of rangeland . 

In 1 9 7 9 , Region 1 managed i ts re sourc es using a 
network of computers and terminal s . Central to 
thi s  sys tem is a l arge , second-generation , 
g eneral -purpose , computer loc ated at the F t . 
Collins Computer Center in F t . Collins , CO . 
The Regiona l O f f ic e  s upports a smal�er , s econd
generation , genera l -purpose sys tem . There are 
smart terminal devices at each o f  twelve S uper
vi sor O ffices . The Clea rwater National Forest 
supports a sma l l  minicomputer . And there are 
large numbers o f  low-speed data terminal de
vices scattered throughout the entire region . 
Virtua l ly all Region 1 computational equ ipment 
acces ses the sys tem at F t .  Co l l ins . This 
acce s s  i s  accomp l i shed primarily through a 
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dial -up network of Wide Area Telephone Service 
( WATS ) and a Value Added Network (VAN ) , which 

are a ugmented with Fore ign Exchanges ( FX ' s ) , 
and inters tate leased (private ) l ines . 

The f inding s of thi s  report are that Region 1 
has a requirement to operate on 1 3 8 6  mega
c haracters of application-type data . The 
average Fore s t  P l an to fac i l i tate RPA and NFMA 
will operate on 1 8 %  of the total Reg ion 1 
in forma tion data base . Each of the 13 National 
Fore s ts i n  Re gion 1 wi l l  average 2 0 . 6  mega
characters of in formation to implement the 
fore s t  plan and another 2 5 7 , 0 0 0  equivalent 
c haracters of computer memory to exerci se the 
Forest P l an system . 

About 7 0 % o f  all ADP work volume in Region 1 i s  
per formed b y  the Reg ional Off ice under the 
current equipment conf igurations . Thi s wil l  
change to 4 4 %  a t  the Reg ional O f f ice and 5 6 %  
d i s tr ibuted to the 1 3  forests . 

The proj ec ted re lative ADP work load di stri
bution between forests i s  shown in F igure 2 - 4 . 
There i s  a factor of 6 . 6  d i f ference between the 
smallest and largest forest ADP requi rement .  
Word process ing and electronic mai l  will in
crease the ADP requirement by 3 2 % . 

There c urrently exists between 9 4  and 1 2 1  
potential users requi r ing ADP service s  a t  any 
one t ime during the workday . As of January 
1 9 8 0 , only 1 5 %  to 1 7 %  were actual l y  receiving 
this service . Th i s  potential user force cor
re sponds to 1 user per 55 to 6 0  employees . The 
work force requiring ADP s ervice could poten
t i a l ly double with word proce s s ing . 

ADP s ervice requirements are pro j ected to grow 
2 7 . 2 % compounded annually to a value of 3 . 3  
t imes o f  current requirements re flected in this 
report by the year 1 9 8 5 .  

D i s tr ibuted type proc e s s ing appears to meet the 
needs of Reg ion 1 based upon the functional 
workload analy s i s , the Reg ion 1 management 
repor ting s truc ture ·, the 8 0 : 2 0  Rule , and the 
word proce s s ing/elec tronic mai l  support re 
quirement . Acce s s  times to data are shown in 
F i gure 2 - 5 . Implementation of a dis tributed 
sys tem rs-a ma j or management commitment . The 
magnitude o f  such a commitment could be imple
mented i n  phases to spread co sts and per sonnel 
ad j us tments . Two computer zoning options are 
recommended . The cost of d i s tr ibuted system 
equipment will average $ 3 , 8 3 0  per month for an 
equipment lease and $ 1 , 2 0 1  per month for 
equipment maintenance . All cost data are in 
1 9 8 0  dollars . Thi s  average sy stem will support 
app l ication prog ramming activities only . 

Word process ing and electronic mai l  require 
additional smart terminals which average $ 3 7 2  
per month per terminal plus $ 9 2  per month for 
termina l maintenance . Therefore , a comp leted 
av�rage fore s t  system which supports all ADP 
f unctional requirements inc l uding word proces
s ing and e lec tron ic mai l  wi l l  cost an es timated 
$ 6 , 1 1 0  per month for equipment and $ 1 , 7 2 3  per 
month in maintenance . Initial installa tion and 
equipment s tart-up costs are estimated to be 
$ 2 2 , 8 2 6  per ma j or operation for air condition
ing , power systems , fac i l i ty modi f ic ations to 
wal l s  and c e i l ing s , and so on . Cost savings 
are probable and l ikely . 
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There appears to b e  a continued substantial 
computational need at the Regional O f f i c e . 
E s timates for such a sys tem are pro j e c ted to 
cost up to $ 1 3 , 0 0 0  per month plus $ 3 , 8 7 4  per 
month for maintenance . 

F i re computational support i s  one o f  two ex
ceptions to normal type regional requi rements . 
ADP f i re s upport i s  pro j ected to be high during 
summer mon ths and low in winter . Quick re sponse 
time is required , and high r e l i ab i l i ty is also 
es sentia l . Geometronics i s  the second exception 
to normal ADP operations in Re gion 1 .  Subs tan
tial paper graphics requires o f f -the- she l f  
p lotters a n d  digiti zers supported by a relatively 
l arge mini- type computer . 

I t  i s  concl uded that ADP service upgrade should 
include a we l l -e s tabli shed need to con tinue 
centr a l i zed ADP s uppor t  from the F t . C o l l ins 
Computer Center for l arge p rograms and data 
base manipulation and s torag e . There are four 
minicomputer facil ities in the National Forest 
service sys tem which have been succe s s fu l ly 
deployed and operated for over 1 2  months . They 
are located in the C l earwater NF ( Region 1 )  , 
the Tahoe NF ( Reg ion 5 ) , the P l umas NF ( Re gion 
5 ) , and the Mt . Hood NF ( Re gion 6 ) . I t  i s  
concl uded that they repre sen t key information 
resources which s upport the need and app l ication 
of d i s tr ibuted computers in Region 1 .  

I t  i s  concluded that the r i s k s  a s soc i ated with 
d i s tr ibuting sys tems around the regions can be 
sub s tantially reduced wi th a comprehen s ive 
measurement test and evaluat ion program which 
should begin with the four fore s t s  with min i 
computers t o  e s tablish a per formance benchmark . 
As equipment i s  instal led , there should be the 
a s soci ated per formance tests and eva l uation 
phase . 

Based on the f indings o f  thi s report , ac tion 
must be prompt . The s eparation betwee n  near
term user needs and near-term c apabi l i ty is too 
l a rge . I f  ini tiatives are delaye d , users will 
develop capabi l ities i l l i c itly wi thout the 
knowledge or approval o f  management ,  which will 
result in d i s j o inted ADP capab i l it i e s  that will 
not interope rate . An a lternative re commenda
tion a s soci ated with delayed action is to force 
less automation and more manual proc e s s e s  by 
fore s t  staff members . 

The results accumulated in this s tudy program 
were derived f rom wel l - e s tabli shed operations 
research procedures . The se procedures and 
methods may be appl ied to other region s . 

Montana Telecommun icat ions Architec ture . The 
primary goal of this pro j ect i s  to develop an 
integrated telecommunications model for rura l , 
s tate , and local government . I t  will be a 
model which encourage s shared technological 
resources and at the same time minimi z e s  the 
operational constraints placed on the rural 
telecommunications user . The integration model 
i s  intended to minimi ze hardware and phy s i cal 
plant dupl ication in a rural e nvi ronment , where 
resourc e s  are generally l imited . The use of a 
telecommunications model in the formulation o f  
rural economic development s eems to be a reason
able approach to s timulating appropriate develop
ments i n  re sponse to the Pre s i dential I n i t i ative 
in this are a . 
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electronic ma i l  REMOTE J O B  ENTR Y ,  
INFORr�ATION RETRI EVAL 

2% 24 HOURS I N FORMAT I ON RET R I EVAL , 
REr10TE JOB ENTRY & 

reports and RET R I EVAL 
documents 

F igure 2 - 5 . Turnaround time user requirement of word 
proce s s i ng/ele ctronic ma i l  and operat iona l 
( application) type activities . 
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The I TS pro j ec t  team interfaces with the S tate 
of Montana through the Department of Admini
s tration which i s  respon s ible for admini stering 
the State NTIA p lann ing g rant . S ince pro j ect 
s tart-up i n  Apr i l ,  the pr imary ITS e f fort has 
been d irec te d  toward the fol lowing tasks : 
o En try , orientation , and fami l iarization 

with the State of Montana telecommuni 
c ation users . 

o Coordination and techn ical counsel l ing 
with S tate pro j ect per sonnel and the 
Montana Telecommun ications Advi sory Coun
c i l . Th i s  inc l uded the estab l i shment of 
protoco l s  and the de finition of S tate 
priorities as set forth in a working 
agreement between ITS and the S tate of 
Montana . 

o Development of methodo log ies for data 
col lection and needs assessment . 

o Preparation of a format for a se lected 
r ural telecommunications bibliography . 

For the purpo se of thi s  mode l , the rural tele
communications infrastruc ture was d ivided into 
the fol lowing c ategor ie s : 

o Telephony 
o Data Communications 
o Land/Mobile Radio 
o Noncommercial Video and Broadcast 

Radio . 

Data col lection methodo log ies are presently 
being developed for each of the four categories 
s uch tha t integration hardware alternative s 
will be more obvious to the S tate telecommuni
c ations policy makers , de s i gner s ,  and user s . 
An under lying assumption of the mode l is that 
the cost of modi fying or changing system re
quirements increases exponentially as the 
pro j ect proceeds ; therefore , the methodology 
p l aces a great deal of empha s i s  on user par
ticipation and owne rship in developing the 
sys tem requiremen ts . 

A bibl iography of selected rural tele communi 
c ation pub li cations i s  being formated into a 
data base for editing , coordination , and pub l i 
c ation . The obj ec tive o f  the bibl iography i s  
t o  serve as a reference po int for s tate and 
local government telecommunication policy 
maker s ,  de signers , and users . 

In F i scal Year 1 9 8 1 ,  the methodologies for the 
four categories will be completed and the quan
t i tative/qua l i tative system analy s i s  wi l l  be 
conducted to val idate the mode l under opera
t ional cond i tions . 

Common Carrier Technical/Po l icy P lann ing . 
During FY 8 0  a program was established at ITS 
to provide a techno logical component to the 
NTIA policy- formulation process in the areas of 
Domestic and Inte rnational Common Carrier . 
Thi s  should not be characterized as techno
logical " suppor t "  to po licy , s ince telecom
munication policy is an interd i sc ipl inary field 
embracing legal , economic , po l itical , organ i 
zationa l , and technological i s s ue s , with each 
constituent field providing a dif ferent but 
equa l ly- important , view on the problems in
volved . 

In the area of international te lecommun ic ation , 
the pr imary contr ibution this year was the 
initiation and completion of a technological 
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and operational s tudy o f  the Datel intercon
nection problem . 

The I nternational Record Carriers ( IRCs ) have , 
for a number o f  year s , provided a switche d , 
overseas voiceband data service called Date l . 
As currently imp l emented , I RC custome rs in the 
United S tates c a l l  through the Be l l/ Independent 
Dome s tic Me ssage Tol l  Service (MTS ) network in 
the usual fash ion in order to reach a Date l 
switch . At thi s  point , an IRC operator i s  
u sual l y  requi red . The c a l l  i s  then placed over 
conditioned I RC and corre spondent P o s t  Tele
phone and Te l egraph (PTT)  transmiss ion f a c i l i 
t i e s  in order t o  reach t h e  country o f  c a l l  
destination . F inal ly , the P T T  domestic tele
phone network is used to complete the call to 
the de s ired party in the foreign country . 
Service in the oppo s ite d irection ( f rom other 
countries into the Un i ted State s )  is also 
avai labl e . 

The s tudy conducted by ITS was concerned with 
the changes required in the Bel l/Independent 
domestic MTS network to provide a more advanced 
form of interconnection to the I RCs . Examples 
of such changes inc l ude arrangements for a 
be tter qual i ty of transm i s s ion between the I RC 
customer and the I RC switch and arrangements 
for a fully customer-dialed service . 

I nterconnection i s  not a s impl e  i s sue . In thi s  
study the interconnection prob lem i s  fac tored 
into eight spec i f i c  techn ical and operational 
areas . The se areas are used to discuss the 
lengthy history o f  the c laims and counte r 
c laims made by AT &T and the I RCs , and t o  pro
vide a framework for our own further ana l y s i s  
of the interconnection i s sue . F i nal l y ,  the 
s tudy di scus sed three classes of solutions as 
a function of the t ime -frame over which imple
mentation i s  l ikely to occur . These solutions 
should be taken as examples or prototype s ,  
indi cative o f  what seems rea sonable to u s , and 
no t as NTIA recommendations . Th i s  is con s i s 
tent with the purpo se o f  this s tudy , which was 
to provide a framework of unders tanding so that 
more productive d i sc u s s ions could take place 
among the a f fected carriers . 

In the Domestic Common Carrier area , technical 
guidance was provided for four f i l ings made by 
NTIA be fore the FCC . In each case , th i s  i n 
volved a review a n d  analysis o f  the te chn ical 
i s sues involved , as we l l  as writing a part of 
the ac tual f i l ing i s e l f . 

The first of these f i l ings , in the Xerox XTEN 
( Docket No . 7 9 -1 8 8 )  proceed ing , was concerned 

with the e stab l i shment o f  ground rules for a 
propo sed new " E lectronic Me ss age " or " Radio 
Di stribution " s ervice . Spec i f ic i s sues addre s 
sed in this f i l in g  related to interconnec t ion 
and s tandards for thi s  new service , the use o f  
the service for voice-only appl ications , and 
the relationship of the cellular radio scheme 
propo sed to existing loop plant fac i l i tie s .  

In the Resale ( Docket 8 0 - 5 4 ) f i l ing , the advan
tages and di sadvantages which might be expected 
to flow from the proposed resale of MTS and 
Wide Area Telephone Service ( WATS ) s e rvi ces 
were s tudied . I t  was concluded that resale 



s hould not c reate any serious techn ical prob
l ems for the public switched voiceband network , 
and that innovative new service arrangements 
may i ndeed be provided by resale carrier s .  

I n  the MTS/WATS Market S tr ucture I nquiry 
( Docket 7 8 - 7 2 ) , the FCC sought to determine the 

p roper role of compe tition in the provi s ion of 
the s e  s e rvice s .  NTIA argued for a rel iance 
upon competition to the fullest extent po s
s ib le . F r om a technical and operational stand
poin t , NTIA examined the incentive s , means , and 
i n s i tutional mechani sms ava i l able to insure the 
con tinued viab i l i ty of the Bell/I ndependent MTS 
n e twork , and of the combined Bell/Independent 
and Other Common Carrier (OCC ) networks taken 
as a s ingle ent i ty . Al though many details 
r emain unresolved , the conc lus ions were po s i 
t i v e  with respect t o  compe titi ve supply . 

In the Peti t ion for Recons ideration of the 
Final Decis ion in the Second C omputer I nquiry 
( Docket 2 0 8 2 8 ) , NTIA focused on i s sue s  which 

r e l ate to the de f in i tional d i s tinction between 
B a s i c  and Enhanced service s .  Thi s definitional 
s tructure lies at the very heart of the mec ha
n i sm which the FCC is attempting to use to 
a f f e c t  i n s t i tutiona l reform , so a cons i deration 
and f ur ther ref inement o f  the s e  i s s ue s  by NTIA 
was c r i t i ca l . In thi s  connection , NTIA also 
commented upon some o f  the spe c i f ic structural 
s eparation reforms whic h  the C ommi s s ion i s  
s eeking t o  improve . 

As a par t of the Domestic Common C arrier pro
g r am ,  ITS a l so represented NTIA at the ENFIA I I  
( Exchange Network Facil ities for I nterexchange 

Acce s s )  meeting s .  The s e  mee t ings were held in 
an attempt to negotiate an enhanced form of 
i n te rconnec tion for the dome s tic OCCs with the 
Be l l/I ndependent MTS network . Although reso
l ution of this problem was not achieved , ITS , 
a s  an impartial technical observer , was instru
menta l i n  keeping the meetings focused upon the 
techn i c a l  i s sue s involved . 

The expertise c reated by the Common Carrier 
Te chnical/Policy Planning Program i s  relevant 
to the needs o f  other Federal agenc i e s  as we l l .  
Th i s  was demons trated in F Y 8 0 when the Anti 
trust Divis ion of t h e  u . s .  Department o f  Jus
tice reques ted ITS to undertake an analy s i s  of 
the techno logical and operational imp l ications 
of various r e l i e f  options as related to the i r  
s u i t  against AT&T f o r  al leged monopo l i z ation o f  
t e lecommunic ation service and equipmen t  
markets . 

The Shasta-Trinity National Forest Telecommuni 
c atlons S tudy . The telecommunication s tudy o f  
the Shasta-Trlnity National F o r e s t  was under
taken to provide an overview o f  system des ign 
a l ternatives to sat i s f y  the near- term opera
t ional r equi rements of all commun ication and 
i nf ormat ion transfer needs of the fore s t .  A 
publi shed technical memorandum presents the 
approach ,  the deve lopment of system require
ments , and the techn ical system des ign alter
nat ives . Comparisons of cost and other attr i 
b u t e s  are made in providing the manager an 
i n s ight i nto a cost effective sys tem choice . 
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SECTION 2 . 2 .  TERRESTRIAL RAD IO SYSTEM 
PERFORMANCE AND MONITORING STUD IES 

This activity is  directed toward the design , 
evaluation , ac ceptance , operation , and upgrad
ing of exis ting or proposed systems operated by 
the F ederal Government .  The proj ects generally 
re sult in re commendations for sys tem des ign 
and/or upgrading as reque sted by the sponsor ing 
F ederal agency . The pro j ects described are : 
The Departmen t  o f  Energy - Transportation Safe
guards S upport , Voice Per formance Me as urements , 
Bell Technical Operations Textron Consul ting , 
Marad A s s i s tance , Microwave Propagation for 
Digital Radio , EFAS/PEP II Program , Mu l tipath 
Induced S pectrum D i s tortion , and Automated 
Digital S y s tem Engineering Mode l s . 

The Department o f  Energy - Transportat ion Sa fe
guards S upport program was initiated by DoE in 
1 9 7 6 to provide sys tems engineering s upport to 
the development o f  an i ntegrated command/control 
capab i l i ty for the sensitive nuc lear materiel 
tran sportation operations . Tasking during 
previous ye ars has concerned propagation eng i 
neer ing , de tai l ed measurements o f  communications 
functional characte r i s tics ( e . g . , antenna 
parame ter s and control method s , receiver and 
s ignal proces s ing s ingle and mul tiple s ignal 
responses ) ,  and the de sign of a management 
support model to s upport fac i l i ty enhancement 
and operational i ntegrat ion activi ties by 
equipment development agencies . The latter 
includes communi cations , intr aconvoy control , 
and d i s tr ibuted software command/control compo
nents . 

During F Y  8 0 ,  the principal tasking involved a 
review of receiver system design mod i f i cations 
to maximi ze sensi tivity and s ignal discrimi
nation c haracteri stics , and an evaluation of 
the uti l i ty o f  the G lobal Posi tional Sys tem 
(GPS ) for transport convoy movement track ing . 

Rece iver system modi f ications con s i deration 
emphasi zed S /N sensi tivity improvements and 
increas i n g  inter ference discrimination . The 
latter concerns unin tentional inter ference from 
broadca s t  or te letype source s  and del iberate 
inte r ference b y  intruder groups . In ternational 
inter ference would inc lude CW , nar rowband 
noi s e , and control l ed F S K  formats . 

A typi cal SECOM receiver S/N c haracte r i s tic is 
plotted i n  F igure 2 - 6 . Mod i f ic ation o f  the 
rece iver F S K  detector to employ two narrowband 
time f i l te r s  would extend the BER threshold by 
3 - 5  dB over that di splayed . Usage of tracking 
loops in the post detection process ing would 
improve the S/N by an additional 3-6 dB , but 
require modi fication of the me ssage preamb le 
format . The spread in improvement ranges 
results f rom varying ionosphere propagation 
condition s . 

S ignal nul l ing technique s inve s tigated inc lude 
squinting of the relay s i te per iodic array 
patterns and us ing c losed loop nul l i ng with a 
separate monopole antenna . Pattern squint 
would require phase shifter s  in the pr imary 
antenna e l ement s , with s ingle inter ference 
null ing depth of 6 - 1 2  dB when the s ource is 
di splaced at least 2 0° f rom the main beam . 
Phase s h i f te r , gain control , dec i sion logic , 
and control loop stab i l ity represent s igni f icant 
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F igure 2 - 6 . Repre sentative SECOM receiver data tes t . 
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impl ementa tion problems . The s tab il ity factor 
is primarily inf luenced by the dynamic charac
ter o f  the ionosphere media . 

A s eparate nulling re ference antenna represents 
a more tractable method , with less control 
s o f tware complexity . The ba sic functions are 
diagrammed in F i gure 2 - 7 .  This method indi
c a ted a null ing c apab l l l ty in the 6 - 1 2  dB 
range , with les s development and operational 
c o s t  than interference nu l l ing with the primary 
s i te antennas . 

De tai led des ign s tudies w i l l  be accomp l i shed 
for the receiver mod i f ic ations ,  and de s ign 
s tudie s  and scale model tasks for the antenna 
nul ling techn ique s will be completed during FY 
8 1 .  

Location o f  active convoys with minimum uncer
tainty i s  o f  primary importance for incident 
c ontro l , particularly in directing law enforce
ment a s s i s tance to assist in the moving of 
d i s abled vehi cles or rescue during a ho stile 
s i tua tion , and minimi zing pub l ic interaction . 
P r evious location and tracking schemes inve s t i 
g a ted include v i s u a l  identificat ion by convoy 
per sonnel , measuring/beaconing operations 
b e twe en convoy vehic l e s , low frequency hyper
bolic mode s ( CONSGA , LORAN-C ) ,  and active 
s a te l l i te navigation systems ( TRANS I T ,  TDRSS ) .  
Severe l imitations for the s e  systems are iden
t i f ied f rom considerations o f  accuracy , cos t ,  
and availability . The uti l ity o f  GPS addre s sed 
these fac tors in con s idering the uti l i ty for 
continuous tracking and integrat ion into 
convoy command/control systems . 

The G P S  c urrently operates 5 sate l l i te s , with 
the p r imary p urpose of operational evaluation 
by m i l i tary services in operational te s ts in 
Cali fornia , Ar i zona , Florida , and midcontinent 
t e s t  r anges . A f u l l  deployment of 18 sate l 
l i tes i s  p lanned for the 1 9 8 3 - 8 4  period . 

Fo r m i l i tary users a two frequency mode is 
e mp loyed to transmit time , ephemeris , and 
i dentif ica tion data ; po s i t ion determination i s  
a ccomp l i s hed i n  the software proce s sors i n  each 
u s e r  receiver . The dua l frequenc ies al low 
compensation for propagation media pe rturba
t ions in s ignal phase . For the se app lications , 
a p o s i tional accuracy in the 2 0 - 5 0  meter range 
can b e  atta ined with data f rom 3 to 5 satel
l i te s .  Thi s  mode i s  not avai l able to non
m i l i tary users because o f  data secur ity con
s traints . 

A r ed uced accuracy mode using one frequency 
w i l l  be ava ilable to· non-mi l i tary user s . The 
f unc tional configuration of a receiver being 
d eveloped for this mode is diagrammed in 
F i g ur e  2 - 8 .  Thi s  rece iver uses only the clear 
acqui s l tlon code with , therefore , reduced 
t iming acc uracy . Preliminary tests with sur
face vehicles in various simulated terrain 
c onditions indicate po s i tion errors as plotted 
i n  F i gure 2 - 9 .  The s e  error magn itudes are 
w i thln a factor of 3 of the ·maximum al lowabl e  
for convoy loca tion during emergency or thre at 
s i tuations . 

I n tegration of the GPS receiver into the convoy 
c ommunications sys tems required slaving of the 
GPS c omputer read commands to the convoy data 
controller , provi sion for serial read-out and 
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format convers ion , and c lock s yncroni z ation . 
S ince the GPS receiver w i l l  employ integrated 
c i rc uits for a l l  detection and computation 
function s , operator convenience was the primary 
physical integration con s ideration . A flush 
mounted helix antenna was des igned for the GPS 
rece ivers .  

Voice Per formance Me asurements . The purpo se o f  
t h i s  prog ram w a s  t o  improve the method o f  
implementing the objec tive inte l l igibility 
scoring method deve loped by Gamauf and Hartman 
( "Obj e c tive Measurement of Vo ice Channe l Intel
ligibility , "  FAA Report " No . FAA-RD- 7 7 -1 5 3 , 
October 1 9 7 7 )  and to make additional compari
sons of the objective scores with sub j ective 
( l i s tener pane l )  score s . 

A hardware correl ation detector was des igned 
and built . Th is detector was used for the 
automatic a l ignment o f  the s poken word s between 
the mas ter input tape and the output tape . 

D i f ferent degradations o f  the no i se signal 
included noise , inter ference , f i l tering , clip
ping , pre-emphasis -deempha s i s . 

The compari son between the ob j e ctive and sub j ec 
tive scores s upports the u s e  o f  the obj ective 
measure as a predictor of the articulation 
score . 

A D epartment o f  Transportation Report , FAA-RD-
8 0 -7 1 ,  "Voice Performance Measurement s , "  by 
W . J .  Hartman and L . E . Pratt , June 1 9 8 0 , has 
been publi shed . 

The Bell Technical Ope rations Textron Con sulting 
pro j ect aided Bell Technical Operations Corp . 
in deve loping a meas urement system and making 
controlled measurements to determine the ef fect 
of vehicular ignition noise on typical tactical 
communication systems . The work wa s performed 
by B e l l  for the USACEE IA , Fort Huachuca , AZ , 
and the results are conta ined in Publication 
No . USAEPG-F R- 1 0 6 5 - 3 . 

At a quiet measurement s i te in the vic inity of 
Tucson , A Z , various combination s of from 1 to 
1 2  vehicl e s  of various age s ,  type s , and manu
facture were used to provide impul sive inter
ference to four vo ice communication sys tem 
type s . These systems were SSB at 2 3  MHz with a 
1 0  kHz bandwidth , FM at 7 5  MHz with a 3 0  kHz 
bandwidth , AM at 3 0 0  MHz with a 30 kH z bandwidth , 
and an FM/PCM sys tem at 9 0 0  MHz with a 3 0 0  kHz 
bandwidth . The s tati stical characteristics 
( ampl i tude probab i l ity distribution o f  the 

rece ived noise enve lope and the average cros sing 
rate c haracteristi c s ) of the interference were 
meas ured s imul taneously with the system per
formance . 

Two methods we re used to measure system perfor
manc e . An obj ective meas urement us ing ins trumen
tation termed VIAS (voice inte l l igibil ity 
analy s i s  system) was used which produces an 
inte l l igibil ity measure cal led articul ation 
index (AI ) . In addition , a sub j ective method 
was used employing phone tically balanced work 
l i s t s  and a h ighly trained l i s tener panel to 
obta in the articulation sco re (AS ) . One obj ect 
o f  the measurements was to as certain i f  a 
relationship exists between AI and AS for 
impulsive no ise , and , indeed , quite good corre
lation was obtained for all four systems . 
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The results of the system performance mea sure
ments can be summari zed as fol lows : 

1 .  For the AM s y s tem operating in im
puls ive ignition noi se , good inte l 
l igibil i ty can b e  ma intained at 
s igni f icantly lower s ignal-to-no ise 
ratios than tho se required for the 
ambient Gaus sian noi se . 

2 .  The results for the FM system are 
s imilar to that for the AM system . 
The compar i son (with ambient G au s s i an 
noise ) , however ,  i s  not as dramatic 
and i s  more var ied . 

3 . For the HF SSB s ys tem , the ambi en t  
inte r ference w a s  primar i ly CW which 
was much le s s  degrading than the 
impulsive no i s e . The degradation in 
thi s case seemed to be re lative ly 
independent of the number o f  vehicles 
present . 

4 .  The results for the FM/PCM system 
i nd icate tha t  the sys tem is impervious 
to igni tion no ise in that very high 
inte l l igibil ity was maintained in a l l  
cases unt i l  synchroni zation was 
l o s t .  

MARAD Assi stance . I T S  continued t o  provide a 
range o f  techn1cal services to the U . S .  Maritime 
Administration (MARAD ) .  For F i scal Year 1 9 8 0  
the most s ignif icant e f forts were in the are as 
o f :  

1 .  Development o f  Automated VHF/UHF 
Maritime Telephone System . ITS provides ma j o r  
technical input through RTCM S C - 7 1  and CCIR 
Interim Working Party { IWP )  8 / 5 . ITS prepared 
a Dra f t  Recommendation on Automated Telephone 
Systems which resulted from the work of I WP 
8 /5 .  Thi s  Draft Recommendation was accepted a t  
t h e  Apr i l  1 9 8 0  mee ting of the IWP a n d  final 
e d iting took place dur ing a mee ting o f  a subcom
mi ttee of the IWP in June 1 9 8 0 .  ITS provided 
the u . s .  technical representat ion in the IWP 
and the s ubcommittee mee t ing s .  The Draft 
Recommendation provides uni f ied signall ing 
procedures over the radio channel for both 
trunked and non-trunk systems , allowing truly 
world-wide compatib i lity . The Draft Recommenda
tion wi l l  be presented to the full CCIR S tudy 
Group 8 meeting in November 1 9 8 0 .  One item 
that has not been resolved is a world-wide 
a l location o f  frequency band for automated 
maritime telephone systems , the WARC - 7 9  refe rred 
this to the Mobi le WARC to be held in 1 9 8 2 . 

2 .  ITS per formed an analytical s tudy o f  
t h e  feasibil i ty a n d  capab i l ity of a n  over l ay 
spread- spectrum ( S S )  communications sys tem in 
the VHF (1 5 6 - 1 6 2  MHz ) band i n  the New Orleans 
area . The s tudy conf irmed results from earl ier 
ITS s tudies , indicating that a s imple overlay 
is not feasible , the predominant fac tor being 
i n terference with mobile reception at the base 
s ta tion f rom transmiss ion o f  base stations in 
the other service , i . e . , FM base station tran s 
m i s s ions interfering with s s  mobile reception 
a t  the SS base station ( s )  and SS base s tation ( s )  
t ransmiss ion inter fering with FM mob i le recep
t ion a t  the FM base s ta tions . For a practical 
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set o f  systems parameters , i t  was found , for 
example , that the maximum range o f  an FM base 
s tation would shr ink f rom 35 km to 1 km , and 
for the S S  base station f rom 73 km to 5 km . 
Then reduct ions were ca lculated for FM base 
s tation to SS base-station s eparation o f  30 km , 
a d i stance substantially larger than would be 
encountered in the New Orleans area . The 
report of the s tudy , "An ana lysis of the compat i 
b i l i ty of spread-spectrum a n d  narrow-band F M  
mobile radio systems , "  by d e  Haas and Watterson , 
( to be pub l i shed) a l so s ugge s ts some a lternat ive 

po s s ib i l i ties which may be worthy of further 
s tudy . I n  support of the s tudy , actual te sts 
were per formed i n  conj unction with Magnavox 
( supplier o f  an S S  modem) i n  the New Orleans 

area . These tests s ub s tanti a l l y  corroborated 
the f indings of the s tudy . 

3 .  CCIR I nterim Working P arty ( IWP ) 8 / 8  
wa s formed i n  1 9 7 9  t o  e s tabl i sh operational 
procedures and other matters nece s s ary to 
facil i tate the early in troduction of D i g i ta l  
Selective Calling ( SELCALL ) i n  the maritime 
mobi l e  terre strial service . ITS has been a 
s ub s tantial contributor (with MARAD sponsor ship ) 
to the development o f  SELCALL both nationally 
and internationally . Continuation o f  the ITS 
e f fort has been in RTCM S C - 7 4  and i n  the IWP 
8 / 8 . RTCM SC - 7 4  developed a te st plan for at
sea operational tests i n  conj unction with the 
U . S .  Coast Guard and U . S .  commerical coast 
stations i n  the San Fran c i sco area and a ve s s e l  
o f  American Pres ident Lines . The test covers 
6 weeks , s tarting the end o f  Augus t  1 9 8 0 ,  and 
is designed to provide information relative to 
mode s of operation a t  coa s t  s tation s , shared 
use o f  frequenc ies , and the feas ibi l i ty and 
capaci ty ( i . e . , number of channels mon i tored) 
o f  scanning rece ive r s  on board ship . Data from 
the test will be analyzed a t  I TS and the re sults 
will a l so be s ubmi tted to the CCIR.  ITS partici
pated i n  the IWP 8 / 8  mee ting o f  July 1 9 8 0  where 
a Draft Recommendation on the operational 
procedures for both commer c i a l  use and s a fety 
appl ications o f  SELCALL was prepared . Thi s  
Draft Recommendation w i l l  be s ubmi tted t o  the 
full Study Group 8 meeting in November 1 9 8 0  and 
should provide a ma j or impetus to the intro
duction o f  SELCALL i n  the maritime wor l d . 

Microwave Propagation for D igi ta l  Radio . The 
u . s .  Navy Paci fic M i s s i l e  T e s t  Center ( PMTC ) a t  
Pt . Mug u , CA , operate s a network o f  microwave 
and other communication sys tems in support o f  
the t e s t  center mi s s ions . F ut ure plans for the 
microwave sy s tem include convers ion . to a l l 
digit al transmi s s ion . Howeve r , i t  i s  known 
that severe propagation condi tions exist in the 
P t . Mugu region . These cond i t ions are primar
ily c aused by meteorolog ical f actors s uc h  a s  
deep refract ive layers with very high negative 
gradients . The se l ayers deve lop due to a high 
marine l ayer o f  a i r  at the coast l i ne . The 
propagation i s  charac te r i zed by deep s i gnal 
fading , caused by a mixture o f  power f ading and 
multipath s i gnals . I n  o rder to de termine the 
digital data rate that the s e  c i rcuits wi l l  
support under such condi tion s , I T S  was tasked 
by PMTC to conduct some experiments over a l ink 
be tween Laguna Peak ( LP )  and S an Ni cholas 
I s l and ( SN I ) , a distance o f  approximately 6 5  
mi les over wate r .  The exper iment con s i s ted o f  
three measurements a s  follows : 



1 .  The impulse response of the tran smi s s ion 
c hanne l . 

2 .  Bit-er ror-rate ( BER)  per formance measure
ments . 

3 .  F ading statistics on a pa ir o f  receiving 
antennas oriented for ang le d ivers ity . 

The f i r s t  two measurements were per formed using 
the I TS p seudo- random no ise (PN) probe ( R . F . 
Linfiel d , R . W .  Hubbard , and L . E .  P ratt , " Tran s 
mi s s ion C hann e l  Characte r i z ation by I mpul s e  
Re spons e Me a surements , "  OT Report 7 6 - 9 6 , 1 9 7 6 ) . 
The b inary b i t  stream used as the te s t  s i gnal 
in this ins trument is correlated with a replica 
s ignal at the receiver to deve lop the impulse 
response . This output of the rece iver indicates 
multipath r eception directly in the time domain , 
and at a data rate that can be conven iently 
re�orded on analog magne tic tape . The primary 
data f rom this phase of the mea surements uses a 
c lock r a te of 1 5 0  Mb/s , provid ing a total 
resolution of approximate l y  6 n s  in the impulse 
r e spon s e . However , de l ayed components less 
than this va lue are easily di stingui shed in the 
output. The s ame bit s tream is detec ted from 
the b i -phase modul ated signal and fed to a 
commerc i a l  error analyzer for the second phase 
above . In thi s  case , the clock rate of the 
sys tem was reduced to e i ther 1 0  mb/s or 5 0  Mb/s 
- -rates that are more commensurate with the 
desi red data rate for the PMTC s y s tem . However , 
the reso lution of the impul se re sponse is less 
a t  the lower clock rate s . Therefore , mo s t  of 
the data we re mea sured in tandem b locks . The 
high c lock r ate was first used to observe 
c hannel condition s  for a period of time ; the 
c lock r a te was then reduced to obtain a mea sure 
of BER per formance under the varying cond i tion s . 

A typi cal example of the mul tipath observed on 
the tes t l ink i s  shown in the power impulse 
r e sponse f unctions presented in F igure 2 - 1 0 . 
The PN probe s ignal was multipl exed onto the 
PMTC s y s tem at SNI , and the impul s e  re spon se 
was s imultaneously mea sured on both o f  the 
space dive r s i ty channe l s  at LP . I n  addi tion , 
the e rror per formance of the PN code used for 
the impulse response mea surements was also 
moni tored a t  LP . The PN probe was operated at 
8 . 6  GHz . The PMTC mic rowave system was oper
ating on 7 . 1 7 and 7 . 4 7 GHz .  The results of 
thi s experiment were pub l i shed in NTIA Report 
7 9 - 2 4  ( R . W .  Hubbard , " Investigation of digital 
microwave communications in a s trong meteoro
logical ducting environmen t , "  August 1 9 7 9 1 . 

Based on the results of the above experimen t , 
i t  was conc luded that a digital system operat
ing with a mis sion bit-ra te on the order of 
5 0  Mb/s would per form adequately over thi s  
l i nk , p rovided the proper space divers i ty and 
adaptive equa l i zation we re used to 8ombat the 
mul tipath e f fects . Subsequent l y , the PMTC has 
p urchased a commerc i al digital microwave sys tem 
which operates in an 8 -PSK mode at a T -3 trans
m i s s io n  rate o f  4 4 . 7 3 6  Mb/s ( 2 . 2 5 bits/Hz ) .  
Thi s  s y s tem has been installed on the LP -SNI 
l ink , and is being used i n  a new te s t  program . 
I t  i s  e xpecte d  that the sys tem wi l l  be avai l 
a b l e  f o r  e xper imental purpos e s  f o r  a period o f  
about o ne year . Thi s  wi l l  permit observation 
of the per formance through the mo s t  severe 
a nomal ous p ropagation pe riod s , which are the 
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summer and early fall months . S imilar con
di tions u s ual ly develop on thi s  path during 
December and J anuary , but do not per s i s t  for 
long pe riods of time . There fore , both summer 
and winter periods will be emphasi zed in the 
experimen t .  The program was initi ated on 
July 1 ,  1 9 8 0 . 

The spec i f ic me asurements for thi s  experiment 
are outlined below .  Currently , the expe riment 
is oriented toward the PMTC 4 4 . 7 3 6  Mb/s sys tem . 
However ,  it is antic ipated that a s econd mi cro
wave system may be added to the expe riment at a 
later date . Thi s wi l l  be a prototype o f  the 
Digital R adio and Multiplex Acq u i s i tion ( DRAMA) 
sy s tem under development in the TRI -TAC program . 
The exper iment has been p lanned to accommodate 
thi s  contingency . 

Thi s  experiment will con s i s t  o f  the fol lowing 
me as urements : 

1 .  BER and burs t-error statistics o f  the 
mi s s ion bit-stream of the microwave radio . 

2 .  Control voltage s deve loped by each adaptive 
equa l i zer unit in the two receiver channe l s  
o f  the PMTC digital radio s . The se s ignal s 
are proportional to the " ti l t "  and " notch " 
gain function o f  the equali zers , and are 
thus a measure of the mul tipath e f fects in 
the signal pass-band of the receiver . 

3 .  Received s ignal level ( RS L )  o f  e ach space 
dive r s i ty channel . In a s socia tion with 
the s e  measurements , the d ive r s i ty swi tch 
s tatus will also be recorded , so that a 
record i s  maintai ned as to which diversity 
channel has been selected for data recep
tion . The RSL o f  the PN probe system wi l l  
a lso be recorded f o r  frequency compari son . 

4 .  

5 .  

6 .  

I mpul s e  response data o f  the propagation 
chann e l , including s tatistics of the fre
quency selec tive fading i n  the broadband 
spec trum of the PN probe system.  The 
impulse re spon s e  will be meas ured on two 
diver s i ty channels s imultaneously . 

S pace dive rs ity measurements , us ing vari
able vertical antenna spacing . 

Angle dive r s i ty measurements . The se wi ll 
be conduc ted in a s imi lar manner to that 
u sed in the earlier measurement on the 
PMTC l ink . 

The BER and burst-error measurements will be 
emphas i ze d  in thi s experimen t . A basic error 
detector wi l l  be used to mon i tor the reception 
o f  a PN s equence as a te s t  signal , which i s  
selectable i n  length from ( 2 7 - 1 )  t o  ( 2 2 0 - 1 )  and 
will be tran smitted at a T - 3  r ate of 4 4 . 7 3 6  Mb/s . 
The error analyzer will be s e t  to match the 
code length and c lock rate at the tran smi tter . 
The output s ignal w i l l  be a serial pulse for 
every bit i n  error in the detec tion process . 
The error-pu l s e  s tream will be fed to a com
p anion i n s trument , a burs t-error analy z e r . 
This instrument provides the fol lowing infor
mation : 

1 .  Number o f  e rror- free s ync periods . ( This 
statistic will be tabulated i n  f ixed time 
inte rval s  for l ong error- free periods . )  



F igure 2- 1 0 .  An exampl e  o f  mult ipath observed i n  the impul se re sponse measured 
over a long over-water LOS microwave path . The sequence prog r e s s e s  
from top t o  bottom in time , at 1 0 0  ms interva l s . T h e  d e l a y  time 
scale is 10 ns/cm . The respon s e  shows a two-path propag ation mode 
with a delay of approximately 8 to 10 n s . 
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2 .  Number of error- free bits from the l a s t  
sync s ignal to the f i r s t  error burst . 

3 .  Length of each bur s t  o f  errors . 

4 .  Number of bits in error in each burs t .  

Two parameters are selectable for the above 
burs t-error analy s i s . The f i r s t  is the length 
o f  a coarse sync period , and the second i s  the 
l e ngth o f  the error- free gap between bur s ts : 
The sync per iod will  be selected on the bas l s  
o f  the P N  sequence length , and the error-free 
gap may be selected within the binary range of 
3 2  to 2 5 6  b i ts . 

The data proces s ing and analyses for th i s  
experiment wi l l  es senti a l l y  be acco�p l i s hed

.
at 

PMTC , with ITS consultation . ITS Wl l l  pub l l s h  
a f inal report during the f i r s t  h a l f  of F Y  8 2 .  
P r e l iminary results wi l l ,  however , be aval lable 
i n  the form of in forma l reports to the sponsor 
and o ther paper presentations , where approp
r ia te . 

Mul tipath I nduced Spectrum D i s tortion . Mul t i 
p a t h  f ading i n  LOS l inks i s  known t o  cause 
s hort term outages when the signa l s  from both 
the pr imary and d iver s i ty radio s fade be low the 
b i t-error- rate threshold during flat fading . 
In a ddi tion , o utages have been obs erved which 
occur a t  relatively high signal l evel s . These 
outages are often attr ibutable to in-band 
( s e l ec tive ) fading . 

To obtain s ta t i s ti c s  on se l ec tive fading and 
r e late them to f lat fading in formation , the 
De fense Communi ca tion Engineering Center pro
vided ITS with fund s to inves tigate thi s  prob
l em .  The pro j ec t  cons i s ted of a 2 -month te s t  
b y  I TS to a s s i s t  in determining

.
t�e e f f�c t  of 

s e lec tive mul tipath fading on dlgltal l lne-of
s ight microwave l inks . Data were collected 
w i th i n  the Digital European Bac kbone S tage I 
( DEB I )  on three LOS l inks on which ITS had 
i n s trumentation instal led for another te s t  
program . Data co l lected o n  thi s  se lective 
f ading pro j ec t  is being analyzed at the ITS 
laboratory . These results are needed for 
improving per formance and design cri ter i a  for 
d i g i ta l  LOS l inks . 

EFAS/PEP I I  Program . The EFAS program �ddres
s e s  the techn i c a l  per formance characte r l s t l c s  
o f  t h e  Digital European Backbone ( D E B )  communi
cations s y s tem s hown in F i gure 2- l l .  The DEB 
p rogram is directed at the convers ion of the 
wideband analog commun ications systems to 
s e cure digita l  commun ications systems . An 
extens ive a larm , switching , and s tatus remo ting 
s y s tem is embedded in the new system . 

Al arm and s tatus reporting and remote switching 
are controlled by l of 3 minicomputers con
nec ted to the s y s tem that i s  managed by 
appl ication prog rams developed by ITS . T he 
computer s y s tem contro l s  pol l ing of the remote 
s i tes and pres ents system cond i tions in a form 
mo s t  useful to the sys tem mana ger . The com
puters also archive a l l  sys tem changes for 
l ater analy s i s . 

Automated D i g i ta l  Sys tem Engineering Mode l s . 
The obJ ective o f  this pro j ec t  i s  to expand the 
u t i l i ty of a desk-top , computer-based set of 
p ro grams previous ly developed by ITS for the 
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u . s .  Army Communications E l ectronic Engineering 
I n s ta l l ation Agency ( USA CEEIA) , F t . Huachuca , 
AZ . 

The program mod i f i c ations are designed to 
reflect changes in LOS s y s tem s tandards based 
on work done at the Defense Communications 
E ngineering Center a t  Res ton , VA . The pro j ect 
is sponsored by USA CEE IA . 

SECTION 2 . 3  STANDARDS 

The s tandards ac tivities desc ribed here repre
sent areas wher e  the work contribute s to 
Federal , internationa l ,  and indus try s tandards . 
The pro j ects are : FED-STD-1 0 3 7 ,  Glossary of 
Telecommunicat ion Terms ; DCS Radio Transmiss ion 
Sys tems S tandards S tudi e s ; and I TU participa
tion . 

FED-STD - 1 0 3 7 ,  Glos sary of Telecommunication 
Terms . C ulminating a 3 year e f fort by ITS in 
con j unction with numerous DoD and non-mi l i tary 
F ederal agenci e s , this compr ehens ive g lo s s ary 
wa s pub li shed by GSA F ederal Supply Service in 
July 1 9 8 0 . Containing over 2 0 0 0  terms and 
defini tions , the document is intended as the 
author i tative source of defini tions for terms 
used in the preparation of s tandards , speci fi
cations , and o ther documents pertinent to the 
acqu i s i tion of tel ecommunication service s ,  
equipment , and sys tems by both DoD and other 
F ederal departments and a genci e s .  

This s tandard i ncorporates and supercedes MIL
STD -1 8 8 - 1 2 0 ,  and therefore will support the 
MIL-STD -1 8 8 - 1 0 0  series of system per formance 
s tandards . Approximately 7 0 0  entries came from 
the F ederal sector , including many terms re lat
ing to digital data commun ications . The glos
sary wi l l  also form the nucleus of a common 
vocabul ary for the evolving FED-STD-1 0 0 0  series 
of s y s tem per formance s tandards . 

This work has been funded by the National 
Communications Sys tem and the S tandards Branch 
of USACC/CEE IA , F t .  Huachuca , AZ , and coordi
nated through the Federal Tele communications 
S tandards Commi ttee . 

DCS Radio Transmi s s ion Sys tems S tandards Study . 
DCS s tandards are s truc tured hierarchica l ly 
into system , s ubs y s tem , and equipment stand
ards . The sys tem s tandard defines end-to-end 
per formance requirements and a l locates the se 
requi rements to the various subsy s tems . In the 
area of transmi s s ion , thi s  al location is the 
b a s i s  for the s ub s y s tem s tandards for various 
transmi s s ion medi a  which in turn are the basis 
for equipment s tandard s . Thi s pro j ec t  is  
divided into three subtasks , each of which 
deals with one o f  these hierarchical level s .  
S ubtask l requires a s tudy o f  the radio l ink 
portions of the long haul (DCS ) and tactical 
system s tandards and the development of recom
mendations for a common long-haul /tactical 
sys tem standard . Subtask 2 requires the de
velopment of the technical contents for common 
long-haul tac tical subs y s tem s tandards for 
digital LOS mic rowave , tropo , and HF radio . 
S ubtask 3 requires an a s s e s sment of the equip
ment design portion o f  the exi sting long-haul 
standard for digital LOS microwave radio . 
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S ubtask 1 .  ITS has reviewed the radio l ink 
section s  of the dra f t  DCS Digital Terres trial 
Transmi s s ion Sy stem S tandard and the dra f t  
S y s tem Des ign and Engineering S tandards for 
Tactical Communica tions and developed recom
menda tions for a common long-haul /tactical 
sys tem s tandard . ( See F igure 2 - 1 2  as an ex
ample of a s y s tem re ference c i rcui t . ) 

S ubtask 2 .  I TS shall examine three s tandard 
deve lopment pro j ects and develop recommenda
t ions for technical contents of s ubsys tem 
design and engineering sections of three common 
l ong-haul and tactical s ubsystem s tandards for 
three type s of digita l  radio sys tems , l ine-of
s i te , HF , and tropospher ic scatte r . 

Subtask 3 .  Under thi s  s ubtask , ITS shal l 
perform a s tudy to d etermine what improvements 
c an be made to the equipment techn ical des ign 
portion o f  the s tandard for D e s i gn and Engi
neer ing and Equipment Technical Des ign for 
Long-Haul Communications Traver s ing L ine-of
S ig h t  Dig ital Mi crowave Radio Link s . 

This pro j ec t  is spon sored by DCA , Reston , VA . 

International S tandards Participation . ITS 
personne l are providing chairmanship of the 
u . s .  CCITT S tudy Group D for Data Transmi s s ion 
a nd l eadership for U . S .  participation in CCITT 
S tudy Groups VI I and XVI I .  These S tudy G roups 
have held their final meetings for the current 
p lenary period and have submitted the result of 
their work f or cons ideration by the S eventh 
P l enary As sembly of the CCITT which wi l l  be 
held November 1 0 - 2 1 , 1 9 8 0 . 

S tudy Group V I I  (Public Data Network s )  prepared 
n umerous new and amended recommendations per
taining to p acket- swi tc hed network operation , 
c ircuit- swi tched network oper at ion , l ink con
trol incl uding multi-link protocol s ,  s ignaling , 
a nd interface s tandardi zation . Some of the 
s igni fican t  top ics that wi l l  be carried out in 
the next period pertain to acc e s s  to and inte
gration w i th Integra ted Services D ig i ta l  Net
works and architec tural reference mode l s . 

Some of the mo s t  significant outputs from S tudy 
Group XVI I  ( D ata Transm i s s ion over the Tele
p hone Network ) are Recommendations for 1 2 0 0  b/s 
d up l ex moderns for use in the pub l i c  switched 
telephone network and for groupband moderns 
o perating at data rate s  of 72 to 1 4 4  kb/s . 

In the CC I R ,  international chairmanship of S tudy 
Group 3 ,  deal ing with radio sys tems in the 
fixed s ervi ces operating at frequenc i e s  below 
3 0  MHz , was provided by ITS per sonnel . No 
meeting s o f  this Study Group were he l d  in thi s  
r eporting perio d .  Per sonne l partici pated i n  
meeting s o f  I nterim Working Parties ( I WP ' s )  8 / 5  
( Au tomated Telephony at VHF/UHF for Marit ime 

Mob i l e l  and 8 / 8  ( Operational Use of D ig ital 
S e l ec tive C a l l i ng ) . Bo th of the s e  IWP ' s  have 
prepared Draft Recommendations to be cons idered 
by the full Study Group 8 .  A more detailed 
d i s c us s ion o f  these sub j ects c an be found in 
Sec tion 2 . 2  describing the MARAD As s i s tance 
program . 

SECTION 2 . 4 . GUIDED WAVE COMMUN ICATI ONS 

has inc l uded chairmanship of a CCITT/IEC Joint 
Working G roup on De finition and Terms , Tech
nical Advisor to IEC , SCY6E , preparation o f  a 
mono graph on optical waveguide communic ations , 
and organ i z in g  and chairing semi annual mee tings 
of an Optica l Communications Task Force . The 
pro j ects described here are : Guided Wave 
Communications and MX Long-Wave length Consult
ing . 

Guided Wave Communications . ITS has continued 
to rnaintaln an ac tlve leadership role in the 
rapidly g rowing field of fiber optic communi
cations . Partic i pation i n  FY 80 has included 
chairmanship of a CCI TT/ IEC Joint Working Group 
on Defini tion and Terms , Technical Advisor to 
SCY 6E ( IE C )  , preparation of a monograph on 
optical waveguide communications ( soon to be 
pub l i s hed ) ,  and the organi zation and chair ing 
of the l O th and l lth semiannual mee tings of the 
Optical Communica tions Task Forc e . 

"Optical waveguide commun ications glos sary , "  
NTIA Special P ub l ic ation 7 9 - 4 , pub l i s hed in 
early FY 8 0 , i s  a technical dictionary containing 
approximately 3 0 0  terms , conci sely defined for 
the communication engineer , covering the field 
of optical fiber wave guide communications . I t  
was wri tten b y  a j o int ITS/NBS s ta f f  o f  editors 
active i n  the f i e ld in recognition of the rapid 
emergence o f  this new technology and of the 
prior absence o f  a precise , common language 
among researchers , sys tems des igner s , manufac
turers , and users . The goal o f  this glossary 
has been to nurture such a language . 

The respons e wi thin the year s ince pub l i c ation , 
nationally and i nternationa l ly , indicates that 
thi s goal is being ful f i l led . The document is 
currently i n  various s tages of formal approval 
as a s tandard by s tandards groups of the fo l 
lowing organ i zations : CCITT , IEC , IEEE , E I A ,  
and ANS I . Over 7 0 0  un sol i c i ted requests for 
cop ies have been received by ITS , inc l uding 7 6  
requests from 2 6  foreign countr ie s . Thi s 
effort represents an example of an ITS goal to 
uti l i ze expertise o f  the Institute in further
ing the development of s tandards as they become 
needed , par ticularly in the area of new tech
nology . 

Concurrent with the preparation and publication 
of the above S pec ial Pub l i cation , ITS was a sked 
to head a j o in t  coordination effort ( Uni ted 
S tates and C anada l on beha l f  of the CC ITT Study 
Group " O "  and IEC Working Group 4 6E . The 
output woul d  be a recommendation for s tandards 
for terms and defini tions to the CCITT/IEC 
I nternational S tandards Group s work ing for a 
vocabulary in Engli sh for optical waveguide 
communication s . The coordina ting commi ttee , a 
select group of pro fess iona l s  with widely 
varying experience i n  the field , met a number 
of times in the summer and fall of 1 9 7 9  and 
prepared a draft document of terms and defi
ni tions as the North American ( U . S . /C anadian ) 
Position on Vocabulary to the International 
Joint Worki n g  Group Commi ttee (CCITT/IEC ) .  The 
commi ttee met to obtain concensus for c i rcu
lating a document through the national admini
s trations of the various coun tries . The 
resultant document was based on the NTIA 
Special P ublic ation , modi fied somewhat through 
inc lusion s  of a number of CCITT adopted terms . 
The repor t i s  presently c irculating to the I TS has continued to maintain an active ro l e  in 

the rapidly growing field of f iber optic com
munications . During this f i s c a l  year , the work 
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respective CC ITT and I E C  National C ommi ttees in 
p reparation for presen tation o f  the CC ITT 
P l enary in Geneva , Sep tember 1 9 8 0 .  

The Optical Communi c ations Task Force (OCT F )  
met twice during F Y  8 0 , o n c e  in November .1 9 7 9  
and the s econd time ( the 1 1 th S emi annual 
Me eting )  July 7 - 8 , 1 9 8 0 .  Both mee tings were 
h e ld at the Boulder Laborator i e s . The OCTF was 
deve loped to provide an in forma l , interac tive 
forum among Government ,  un iver s i ty ,  and in
d u s try techno logi s ts as we l l  a s  potential 
sys tems applica tion group s , to explore j o intly 
the techno log ical and economic potentials of 
optical waveguide commun ic ations and spec i a l 
i zed applications f o r  thi s  rapidly growing 
f i e l d . The I n s ti tute has , over the past few 
years , a s sumed a catalytic ro l e  wi th other 
Government agen c i e s  in the evaluation of thi s  
emerg ing g roup o f  t�chnologies through inter
a g ency and indus try partic i pat ion in semiannual 
works hop s e s s ions , augmented by the ITS prepar
a tion of Summary Reports o f  presentations g iven 
during the meetings of the OCTF . 

Task Force participants have bene f i ted from the 
e arly and opportune d i s semination of technical 
i n formation , product avai l ab i l i ty ,  reports on 
the e conomic and marke ting c l imate , and the 
a dvent of new or unexpected application s for 
f iber optic s .  O f  particular value have been 
the informal i nterac tions among the parti c i 
pants - the meetings o f  manu f ac turers and the 
u sers . 

I nd i cative of the sub j ec t s  covered at the two 
FY 8 0  meetings of the OCTF , speakers discus sed 
the quality o f  f iber optical measuremen ts and 
the e conomic s  o f  the current testing and 
meas urement practice in the f i ber indus try . I t  
was pointed out that i n  the manufacturing pro
c edures to date the high fiber measurement 
c o s ts are ins trumenta l in the higher costs for 
f i bers than may be nec e s s ary . This is due to 
today ' s  needs for 1 0 0 %  qua l i ty contro l . Better 
process control could reduce the costline s s  of 
a ttenuation and o ther parameter mea surements 
and have a s ub s tantial ef fect on the economics 
o f  f iber optical s y s tems . The alteration o f  
the phy s ical properties o f  the fibers them
s e lves could provide a ba s i s  for highly sen s i 
t ive gauges f o r  measuring the s i z e , ve loc i ty , 
and den s i ty of aerosol s ;  the pres sures of 
guide system a t  2 7 4  Mb/s i s  under cons ideration 
for transmi s s ion a t  1 0 0 0 , 2 0 0 0 ,  and 4 0 0 0  mile s . 
I tems o f  s pec i a l  interest inc luded the rapid 
s tr i des being made in long wave length fibe r ,  
s ourc e s , and dete c tors , a l lowing for a s  much as 
30 to 40 k i lometers between repeaters . H ighly 
r e l iable c omponents and the enhanced repeater 
spac ing would have a marked e f fect upon the 
viabi l i ty of optical waveguide under seas 
transmi s s ion . 

At the mo s t  recent meeting of the OCTF ( J uly 
1 9 8 0 ) , forec a s t  figures for optical fiber and 
s y s tem annual sales were revised cons iderably 
f rom the $1 b i l l ion estimate for 1 9 9 0  g iven 
j u s t  2 years ago . New e s timates place the date 
for such s ales volume at 1 9 8 5 - 1 9 8 6 . E ven such 
f ig ures are now be ing cons ide red as cautious 
and too l ow a s  the f iber optic appl ications for 
telephony , computers , interconnect s ,  DoD oper
ations , and spec i a l i zed uses emerge as viable 
a l terna tives to exi s ting technique s . 
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Leaky F eeder CoiDuuni cation S tudy . Leaky feeder 
communication sys tems o f fer many potential 
bene f i ts in e f f i c ient use o f  the spec trum . 
S uch sy stems provide l inear coverage which i s  
i d e a l  f o r  2 -way communic ation a long mine tun
ne l s , rai lroads , highways , buildings , e tc . 
A l though some leaky feeder systems are a lready 
�n use , the basic theory o f  leaky coaxial 
cables i s  no t we l l  understood . 

I n  this program , a ri gorous theory was deve l
oped for solid metal cable shields with perfor
ations . The propagation modes o f  such cables 
were computed over the f requency range from 1 0  
to 1 0 0 0  MH z .  Also a s imple sheet impedance 
descripti on was derived for per forated c able 
shields . 

An output of this p ro j ec t  con s i s ted of a paper , 
" E lectromagnetic c haracteri s t i c s  of a coaxial 
cable with periodic slots , "  to be publi shed in 
the November 1 9 8 0  i s sue o f  the IEEE Trans . on 
E lectromagnetic Compatibi l i ty and a talk pre sen
ted a t  the 1 9 8 0  International URS I Sympo sium on 
E lectromagnetic Waves in Munich .  

This work extends a previous analys i s  o f  a 
coaxial cable with periodic c ircumferential 
slots to obtain the propagation modes in the 
s ource- free case . The two basic classes of 
modes are cons idered ; one o f  these is the 
mono filar type where the re turn c urrent path i s  
external to the cable and the other i s  the 
b i f i lar or coaxial type where the return cur
rent i s  e s s entially in the shield . We a l so 
obtain results for the e f fect ive trans fer im
pedance of the shield that , for sufficiently 
low frequencies , i s  es sentially independent of 
the proapgation con s tant . Thus , for engi
neering purpose s ,  the cable parameters can be 
s imp ly de scribed . An impor tant finding is that 
the e f fec tive circuit parameters are particu
larly sen s i tive to the angular s lot opening but 
re lative ly insensi tive to the ve rtical s lot 
width . 

MX F iber Opti c s . The MX/c3 p l an calls for the 
use of fiber op tics in one of the mo s t  ambi
tious scenarios ever conceived . The magnitude 
of the communications prob l em is suc h  that the 
choice of parameter s can have s igni ficant 
influence on market and techno logy trends and 
on the total cost of the MX pro j ec t .  Wave
length is one of the mo s t  important parameters 
in thi s  regard ; 8 5 0 nm is used in mo st in
s ta l l ed sys tems today , but 1 3 0 0  nm wave length 
i n  future systems i s  an intriguing pos s ib i l i ty . 
Long wavelength devices are receiving con
s i de rable a ttention from researchers and there 
i s  now a contention that long wave length LED
based sys tems wi l l  provide service comparable 
to a short wavelength I LD-based system . I f  so , 
the many advantages o f  the LED (vs . the I LD )  
would accrue to the user . There i s  a further 
fear among a few enthus i a s ts , that 8 5 0  nm 
sys tems w i l l  be obsolete in a few years and 
that 1 3 0 0  nm represents the ba s i s  of next 
generation sys tems . 

Thi s  pro j ec t  addre s s e s  the feasibi l i ty of using 
long wave lengths in the MX/C3 program . The 
s tudy inc ludes a technology a s s e s sment of the 
components , including fibers , sources , and 
detectors for use at the long wave lengths and 
identi fies advantage s and d i s advantages in each 
o f  the two wave l ength range s . 
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CHAPTER 3 .  EM WAVE TRANSMISS ION 

The ground , the atmosphere , and the ionosphere 
degrade radio waves in varying degrees , depend
ing on c i rcumstances . It i s the purpo se of the 
EM Wave Transmi s s ion Program to s tudy these 
effects and provide mode l s  to the sys tem de
s igner that w i l l  a id him in providing more cost 
effec tive and spec trum e f f i c ient des igns . The 
phenomena wh ich cause these detrimental e f fects 
on radio and optic a l  systems are , in genera l , 
frequency dependent ;  therefore , spec i f ic 
s tudies and tests are requ ired for spec i f i c  
frequency ranges and applications . 

Some of the phenomena which ef fect radio sig
nals and are s tudies i n  this program are : 

1 .  Attenua tion by atmospher i c  gases , 
hydrometeors ( rain , snow , ha i l , c loud s , etc . ) ,  
or ion i z ation . 

2 .  S cattering by hydrometeors or irreg
ularities in the refrac tive i ndex of the lower 
atmosphere or ionosphere . 

3 .  Re fraction , ducting , and multipath 
result i ng from atmospher i c  or ionospheric 
layer s . 

4 .  Di spers i on resulting from f requency 
dependent proper ties of the a tmosphere , iono
sphere , and e ar th . 

5 .  S c intil lation of ampl i tude , phase , 
po l ar i z ation , and angle of arrival resulting 
from turbu lence and irregular s tructure in the 
atmosphere and ionosphere . 

6 .  Re fl ection , s catter ing , mul tipath , and 
lower a tmosphere perturbations resulting from 
terrain and man-made s tructure s . 

The effect upon any spe c i f i c  sys tem of the 
above phenomena is not only h ighly frequency 
dependent , but i s  a l so dependent upon the type 
of service required for the s p e c i f i c  applica
tion . 

One d r iving force behind the EM Wave Transmi s
s ion P rogram i s  the need for more spec trum 
spac e .  Therefore , this program provides mod
e l s , techniques , and information to a i d  the 
sys tem des igner and frequency manager in their 
dec i s ions for better spectrum u s e . 

Experimental or theoretical determinations o f  
radio wave transmi s s ion character i s t i c s , o r  the 
channe l tran s fer function , are reported in 
Section 3 . 1 . Measurements of transmi s s ion 
med i a  properties and analyses of col lections of 
such data are inc luded i n  Section 3 . 2 .  Section 
3 . 3  descr ibes the d eve lopment and testing o f  
mode l s  whi c h  incorpora te the transmi s s ion in
format ion i n  engineering tool s .  Predic t ions of 
transm i s s i on character i s t i c s  and s y s tem per
formance are d i s cu s s ed in Section 3 . 4 .  Section 
3 . 5  reports on app l ications o f  the knowledge 
and too l s  to spe c i f i c  problems of other govern
ment agenc ie-s , such ·a s mine and for e s t  service 
commun ications . 
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SECTION 3 . 1 .  \'lAVE TRANSMISS ION 
CHARACTERISTICS 

Exper imental determinations of the e f fect of 
the transmi s s ion media on electromagnetic wave 
transmi s s ion are reported in thi s  sec tion , i n  
particular those effects produc ed b y  t h e  atmo
sphere . 

Mul tipath Fading Mode l s  and Mu ltipath Obs erva
tions . A maj or problem in micro and mi l l imeter 
wave propagation over terrestrial paths for 
clear air c onditions is the occurrence of fades 
and enhanc ements in s ignal intensity which are 
characteri z ed by reduced channel qua l i ty such 
as high error rates i n  digital communication 
l inks . The cause of these s ignal changes is 
also respon s ible for c hanges in angle o f  arri
val of a rece ived s ignal and becomes of con
s iderable conc ern in the upper mi l l imeter wave 
band for mi l i tary app l i c ations . The mechan i sm 
produc ing the s e  e f fects is the dynami c refrac
tivity s tructure of the atmosphere produced by 
the daily heating and cooling of the earth ' s 
surface , exaggerated by the movements of weather 
fronts . A change in the refractive index along 
a path will c hange the route the s ignal takes 
to arrive at the receiver , and mos t  often two 
or more s ignal rays can reach the rece iver by 
trave ling d i f ferent routes when a refrac tive 
l ayer forms . This mul tipath can occur by 
bend ing the ray so that it strikes the earth ' s  
surface and i s  reflected to reach the rec eiver 
or by taking d i f ferent paths through the atmo
sphere wi thout a surface ref lection . These 
mul tipath s ignals c an arr ive with a de lay which 
can produc e e i ther cons tructive or des tructive 
i nterferenc e ;  addi tiona l ly , i f  the delay is 
long relative to the modul ation rate c arr ied by 
the s igna l ,  cons iderable d i s tortion in the de
modul ated s ignal will occur . 

The Bou lder Atmospher i c  Obs ervatory ( BAO ) in
c ludes a 3 0 0 meter tower with pre c i s ion mete
orolog ical probes and an ins trumentation car
r i age whi c h  trave l s  the full height of the 
tower in about 8 minute s . This provides an 
unique fac i l i ty for the study of atmospheri
cally i nduced mul tipath e f fects . With this 
fac i l i ty , height-gain data c an be obtained when 
one terminal trave l s  continuous ly from be low , 
through , and above a refract ive l ayer and back 
again whi le s imu l taneous ly recording the 
refrac tive i ndex prof i l e . The purpose of this 
exper imental mea surement i s  to unders tand the 
mul tipath mechanisms with a goal of produc ing 
an emp i r i c a l  model wh ich descr ibes the ray path 
and pred i cts the f ield inten s i ty given the 
refractive index prof i le . 

The I n s t i tu te has deve loped the ins trumentation 
to measure f ield i nten s i ty between a terminal 
mounted on the BAO tower c arriage and the 
bepartment of Commerce Rad io Building 2 3  km 
away . On the tower carriage , two sources with 
a common frequency ref erence generate a 9 . 6  and 
a 2 8 . 8  GH z s i gna l . These s igna l s  feed antennas 
with a 5 and 10 degree beamwidth , respec tively . 
The refractive index profile is measured with 
an accurate dry bulb and wet bulb thermome ter 
and a prec i s ion pressure transducer , with all 
output te leme tered from the carriage via a 4 0 5  
MH z F M  l ink to a portable , record ing ground 
s tation . 



At the rece iver termina l ,  both rec eivers are 
tuned by a common reference through a phased
locked loop , as suring all s igna l s  in the li nk 
are coherent . A 1 . 7  degree receiving antenna 
beamwidth i s  used at 9 . 6  GH z .  To compare 
s i gnal statistics re lative to beamwidth , a 1 . 2  
and 1 0  degree beamwidth i s  used at 2 8 . 8  GH z .  
The BAO tower to the Radio Building path was 
chosen because an abrupt obstacle ( Hoover H i l l ) 
shields the path unt i l  the carriage reaches a 
height of 8 0  meters , a feature wh ich prevents 
surface reflec tions from reaching the receiver 
at any carr iage height . I t  was felt that this 
would enable a determination of the magni tude 
of multipath components wi thout a surface re
flec tion . Measurements s howed this reasoning 
wa s not entirely true , and this will be des
cr ibed in a forthcoming NTIA repor t .  

Figure 3 - 1  shows a uniform gradient , refractive 
index prof i le without a l ayer and the corres
ponding s ignal intens ities ( F igure 3 - 3 )  at each 
receiver . Note that the c l a s s i c a l  theor etical 
knife -edge dif fraction pattern i s  seen at 
heights up to 1 5 0  meters as a result of Hoover 
Hi l l .  Supe rrefractive layers , defined as a 
vertical gradient in the refractivity height 
profile of greater than 80 N-units/km ,  exist in 
the pro f i l e  shown in Figure 3 - 2  at heights of 
approximately 6 0 ,  1 5 0 , 2 3 0 , and 2 6 0  meters . 
In the corre sponding s ignal intensity plots 
( F igure 3 - 4 ) , severe fades resulted during an 
ascent of the c arriage up the tower . Eight 
minutes later , on the carriage descent , no deep 
fades were seen but enhancements of 6 to 10 dB 
were observed . The prof iles containing s trong 
layering in the spring (May and June ) all 
showed a very dynamic s truc ture i n  the atmo
sphere where the prof iles wou ld c hange sub
stantially in a 9- to 1 0 -minute period ( F igure 
3 - 3 ) . Some of the weaker layers producing 
fades in the neighborhood of 10 dB tended to 
show stability and uni form stratifi cation over 
the path . It is believed mor e s table l ayers 
are l i kely to form in fall and winter . 

A second path of almo s t  identical length was 
establi shed over terrain with good c l earance 
and no obstacle . Receiver beamwidths for this 
path were 0 . 6  and 4 degrees . With this com
bination of be amwidth and ground c learance , 
atmo spheric and surface mu lt ipath can be e a s i ly 
separated . A comparison o f  the two paths 
showed atmospheric fades i n  excess of 40 dB , 1 0  
t o  2 0  d B  more than the path over Hoover Hi l l .  
The rea son for thi s  i s  believed to b e  the re
radiation from the knife-edge obs tac le fill ing 
in the fades . 

A ful l-wave type model for calcul ating radio 
fields from refractivity profiles where it is 
as sumed that the atmosphere i s  hori zontally 
stratified has been numerically implemented . 
The model is c losely re lated to the geometr ical 
theory of d i f fraction and was derived by 
Huf ford et al . ( 1 9 7 5  OT Tech . Memo . 7 5 - 1 9 6 ,  
Rad io propagation to the off shore extended 
area , l imi ted distribution ) . The derivation 
differs from the geometrical theory of dif
frac tion in that the hyperbol i c , two-dimen
sional Helmholtz equation is converted to the 
parabo l i c  equa tion of Fok before the ei konal 
and transport equations are found through 
asymptotic analysis . The ei konal equation is 
solved by the method o f  characteristics ( ray 
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trac ing ) i n  the c l a s s i c a l  way .  The results of 
the ray trac ing and the solution to the trans 
port equation are used as parameters in the 
final solution . The solution is in the form of 
an i ntegral expans ion of the f i e ld in terms of 
p lane wave s incident on the vertical section 
passing through the receiver . 

The model c an be used to pred ict atmospheric 
induced fading potential for a spe c i f i c  mil
lime ter wave l ink . Preliminary results in 
conj unction with experimental observations 
indicate agr eement in pred i c ting max imum fade 
and enhancement leve l s  for a g iven prof ile . 
The uns table nature of the re fraction laye r ,  
due partly to prevail ing weather and path 
terra in , has provided only a l imited number 
of cases for comparison . 

SECTION 3 . 2 . CHARACTERISTICS OF THE 
TRANSMI S S ION MEDIA 

This se ct ion is concerned with the s tudy of 
transmiss ion medi a  to help those who des ign , 
construct , or use te lecommun ica tion sys tems to 
better under s tand the characte r i s t i c s  of the 
media and their effects on radio s igna l s . We 
f i r s t  d i s cuss the nonion i z ed atmo sphere and . 
then the iono spher e .  

3 . 2 . 1 .  Atmospheric Charac teristics 

1 to 1 0 0 0  GH z Propagation in C l ear Air . Atmo
spheric water in both vapor and l iquid s tate i s  
t h e  maj or deterrent t o  a n  unr e s tr i c ted exploi
tation of mill imeter wavelengths . For most 
app l i cations , the operation of ground-based 
sys tems i s  limited to five window regions , Wl 
to W5 , these being the gaps between mo lecular 
absorption lines L l  to L6 : 

Ll 2 2  GHz H 2o l i ne 

Wl 2 4  to 4 8  GHz 

L2 6 0  GHz o 2 l i ne comp lex 

W2 7 0  to 1 1 5  GHz 

L3 1 1 9  G H z  02 line 

W3 1 2 0  to 1 6 5  GHz 

L 4  1 8 3  GH z H 2o l i ne 

W4 2 0 0  to 3 1 0  GHz 

L 5  3 2 5  GHz H 2o line 

W5 3 4 0  to 3 6 5  GH z 

L6 3 8 0  GHz H 2o Line and 
1 8 2 3  more 
( H 2 o rotationa l band ) 

The main attraction of millimeter wave sys tems 
is their abi l i ty to penetrate the somewhat 
opaque atmosphere ( ha z e , fog , c louds , du s t ,  
smoke , l ight rain) under c ircums tanc es i n  which 
e l e c tro-op tical and infrared systems norma lly 
fai l . Accurate and detailed knowledge of 
atmospher ic transmi s s ion i s  e s s ential to an 
eva luation of the advantages of m i l l imeter 
waves over the shorter wave l engths . The radio 
engineer uses the optical term c lear air for 
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RH < 1 0 0 % , i gnoring ha z e  conditions . While 
many cons t i tuents contr ibute to the total 
atmospheric a ttenuation rate a ( dB/km ) , ab
sorption in the windows i s  dominated by water 
vapor and is of greate s t  concern for practical 
s i tuations . I t  is a fac t ,  even after a l lowing 
for d i f f iculties i n  measuring the highly var i
able water c ontent quanti tatively , that the 
absorption by water vapor in the a tmospher i c  
transmiss ion windows Wl t o  W5 i s  n o t  comp letely 
unders tood . Something i s  happening in the 
atmosphere , under some conditions , which i s  
not part o f  c onventional wisdom . 

A computer mod e l  was c ons truc ted for atmo
spheric mi l l imeter wave transmi s s ion , s ub j ec t  
t o  the fol lowing conditions : frequency v = 3 0  
to 1 0 0 0  GH z ,  with spec i a l  emphasis o n  the EHF 
range , 3 0  to 3 0 0  GH z ;  a l t i tude h = 0 to 3 0  km 
for 0 2 to h = 1 2 0  km ) ; re lative humidity RH = 0 
to < 1 0 0 % . 

The path model assumes a spherically s tratif ied 
atmo sphere in which each layer is homogeneous .  
The evaluation of total s lant path behavior i s  
done b y  t h e  s tandard l ayer-by- l ayer a n d  l i ne
by- l ine method s . F igure 3 - 5  g ives , in es sence , 
a picture of atmospheric mo lecular absorption 
in the mi l l imeter and submi l l imeter wave leng th 
range . At h i g her a l t i tudes ( h  = 1 6  km ) , spec
tral s ignatures of the trace gases o 3 , CO , N 2 0 
appear . At tropospher i c  heights ( h  = 0 ,  4 km ) , 
only l i ne s  o f  H 2 0 and 0 2  ( see markings at 
bottom of f i gure)  are important .  The attenu
ation rate spans seven orders of magnitude . 
The transparency in the window ranges W2 to W5 , 
which are val leys between absorption l ine 
peaks , is dominated by a water vapor continuum 
absorption a x . 

The exc e s s  water absorption ( EWA) a x is mostly 
an empirical matter . Two s choo ls of thought 
have evolved to exp lain EWA : 

o a mo lecular approach s earching for water 
polymers ( H 2 0 )  and their spectra in the 
atmosphere [ s i£e s  of n = 2 ( dime r )  and 
n = 3 to 30 ( c lu s te r )  are possibi l i ties ] ;  

o l iquid water uptake by submicron aerosol 
particles under conditions of high rela
tive humidity ( RH > 8 5 % ) . 

Each conj ecture is suppor ted by s ome as we l l  
a s  contrad i c ted b y  other bits and p i e c e s  of 
exper imental evidenc e .  Currently , ITS is pre
paring a labora tory experiment to shed some 
l i ght on the EWA problem . 

An experiment is being prepared to s tudy under 
controlled l aboratory conditions the absolute 
attenuation rate a ( dB/km ) of c loudles s ,  mo i s t  
a i r  a s  a funct ion o f  the quantities l i s ted i n  
Table 3 - 1 . 

Perhaps the mos t  d i f f icult problem in labora
tory s tudies of water vapor i s  the attachment 
of H 2 0 molecules to the wal l s  of the spectro
meter c e l l . A subs tantial fraction ( 1  to > 3 0 % )  
becomes bound on exposed surfaces and , a s  a 
consequence , the humid air tested may not be a t  
a l l  repre senta tive of t h e  bo�ndl e s s  atmospheric 
state . A paramount cons iderat ion i s  the design 
of a c e l l  which neither adds nor r emoves H 2 o 
from the s ample air . A sub-pump s tation was 
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s et up for s tudying humidity ins trumentation 
and for testing pass ivity measures using s tain
less s teel ves s e l s  with various surface coat
ings . A new spectrometer c e l l  ( Fabry-Perot 
resonator ) i s  being des igned based upon the 
findings . 

USAF-ESD/AN/TRC - 1 7 0  Digita l  Tropo Tests . 
During FY 7 9 ,  ITS conducted special measure
ments over a number of tropos c atter propagation 
paths in southern Ar i z ona , near Fort Huachuc a .  
This pro j ec t  was i n  support o f  the A i r  Force 
E lectronic Sys tems Division . The objec tive was 
to perform path-loss and delay-spread measure
ments over a number of designated troposcatter 
paths in southern Ar i z ona . The particular 
paths were selected by the Air Force Tactical 
Communic ations Test Off ice with support o f  the 
MI TRE Corporation at Fort Huachuca , AZ . The 
paths were chosen as potential tes t paths for 
the AN/TRC - 1 7 0 Tactical Tropo Equipments being 
developed under the TRI -TAC Program. 

The purpos e  of the measurements was to provide 
a " calibration" of the path-loss and delay
spread parameters of each path to ensure that 
they were not beyond the des ign spec i f i cations 
imposed on the developer s  of the AN/TRC- 1 7 0  
sys tems . The equipment confi guration us ed an 
AN/TRC - 9 7A analog troposcatter sys tem as the 
ho s t  radio , which was furnished by the USAF . 
The radio equipment was instal led and operated 
by the 3 rd Combat Communi cations Group from 
Tinker AFB , OK . The delay-spread parameter was 
measured u s i ng the ITS P suedo-Random Noise ( PN )  
channel probe . The latter is an ins trument 
designed to mea sure the effec tive impul s e  res
pon se of a radio transmiss ion channe l . A PN 
te s t  s ignal generated in the form of a binary 
data stream i s  used to bi-phase modulate an IF 
signal in the transmitter and i s  then mixed 
with the propagating frequency . The receiver 
of the sys tem uses a mu ltiplex type correlation 
detector ( in each of two channe l s )  and develops 
the equivalent low-pas s  impul s e  response by 
correlating the rece iv�d data s tream with a 
locally generated repl�ca of the transmi tted 
code pattern . The probe was des igned for 
application in both microwave LOS l inks and 
troposcatter c i rcuits . The PN code may be 
clocked up to 1 5 0  MH z ,  provid ing a time re
solution on the order of 6 ns . However , for 
the troposcatter measurements , the c lock rate 
is generally held to 10 MHz , so that the s ignal 
BW is c ommensurate with the c apab i l ities of the 
transmi s s ion system . I n  this case , the time 
reso lution of the impulse measurement is on the 
order of 0 . 1 � s .  For high c lock rates , the 
IF is 6 0 0  MH z ,  whi l e  at the lower c lock r ates 
and for interface with . existing radio sys tems , 
a 7 0  MH z IF s i gnal is used . The latter con
figuration was used in this program so that a 
direct inter face with the AN/TRC - 9 7A radios 
could be effected . The results of the measure
ments were briefly outlined in the ITS Annual 
Technical Progress Report for FY 7 9 .  

A continuation o f  these measurements was con
duc ted dur ing FY 8 0  as a part of the test and 
acc eptance phase of the AN/TRC - 1 7 0  deve lopment . 
This phase of the program is sponsored by the 
USAF Test and Evaluation Center (AFTE C )  , Kirt
land AFB , NM . The later measurements were 
performed i n  the s ame manner as descr ibed 
above , and the only d i f ference in the sets was 
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F igure 3- 5 .  Attenuat ion rate a a t  the altitude s ,  h = 0 ,  4 ,  1 6  km over 
the frequency range , v = 1 0 0  to 1 , 0 0 0  GHz . The fol lowing 
atmo spheric cond itions (p = dry air pre ssure , p = water 
vapor concentration and trace mo lecule number densities M 
(molecule s/m 3 ) were used in the ca lculation : 

h ,  km 

0 
4 

1 6  

p ,  kPa 

1 0 1  
6 1 . 6  
1 0 . 4  

2 8 8  
2 6 2  
2 1 7  

5 . 9 1 
1 . 1 0 - 4  
6 . l x l O  

G . 7 8 E l 7  
5 . 7 7E l 7  
3 . 0 1E l 8  

�1 (CO)  

1 . 9 1E l 8  
1 . 2 8 E l 8  
2 . 5 9 E l 7  

7 . 1 2 E l 8  
4 . 7 6 E l 8  
9 . 6 7 El7  

Table 3 - 1 . The Variables for an Experimental S tudy of 
EHF Attenuation in S imulated Mo i s t  Air 

RANGE 

Single Frequency \) ( GH z ) 3 0 - 6 0 - 9 0 - 1 4 0 - 2 2 0  

Dry Air P res s ure p (mbar ) 1 0 0  to 1 0 0 0  

Temperature T ( o K ) 2 5 0 - 2 7 5 - 3 0 0 - 3 2 5 - 3 5 0  

Water Vapor Pre s s ure p (mbar ) 0 to 5 0  w 

Relative Humid ity R ( % ) 5 0  to 9 9 . 9  

Aerosol Dry Mas s  m ( JJ g/m 3 )  0 0 to 2 0 0  

L iquid Water Content P L 
( mg/m 3 )  0 to 1 0 0  
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the fact that the mo s t  recent measurements were 
made in para l l e l  with per formanc e  testing of 
the AN/TRC - 1 7 0 equipments over the s ame test 
paths . The measurements were comp le ted during 
August and September 1 9 8 0 .  Test results will 
be pub l i s hed in a f inal report during the f irst 
quarter o f  FY 8 1 .  

Absorption Test at 3 5  GHz . Mi l l imeter wave 
devices are antic ipated for a low altitude 
bal l i stic m i s s i l e  defens e . Such devices mus t  
operate in severe , nuc lear-bur s t  d i s turbed 
environments . Of particular conc ern is the 
d i s turbed c hemis try exterior to the f ireball . 
The molecules HN0 3 , HNO z , and H 2 0 z  have been 
ident i f ied as having increased c oncentrations 
wh i c h  could c ause absorption near 35 GH z .  The 
I n s t i tute i s  preparing an exper iment to deter
mine the absorption rates for various s imula ted 
concentrat ions . The' d i f f iculties with this 
exper iment lie i n  the corrosive nature o f  the 
three test gases . Presently , a static and a 
f lowing gas sys tem are being s tudied to meet 
the requirements . 

MM-Wave : Vegetation E f fects . A measurement 
of m i l l imeter wave (mmA ) propagation in vege
tation i s  under preparation for the Army Com
mun ication Research and Deve lopment Command . 
The obj ective is to obta in information on 
s ignal attenuation , depo lar i z ation , and sc at
tering character i s ti c s  for propagation through 
both deciduous and evergreen g roves for a vari
ety of fol iage dens i ty and mo i s ture content at 
three frequencies near or in the mmA band . One 
of the important needs for this information i s  
in t h e  use o f  vegetation f o r  c amouf lage o f  one 
or both terminals . Later measurements will be 
aimed at d etermining c hannel qual i ty by re
cording bit error rates on a 5 0 0  to 1 0 0 0  mb/s , 
QPSK d i g i tal l ink , as we l l  as , t ime delay 
spread . 

A mea surement sys tem has been developed to pro
vide data rel ative to s i gnal c harac ter i s t i c s  
between two terminals w h i c h  can be posi tioned 
within a path obs tructed by vegetat ion . Both 
terminals are mounted in 4-wheel drive van 
trucks with the rf hardware and antennas 
mounted on an elevator whi c h  permits height 
scans from 1 to 10 meter s ,  with an extens ion to 
1 6  meters possible i f  needed . The l i nk will 
operate a t  three fully coherent f requencies , 
9 . 6 ,  2 8 . 8 ,  and 5 7 . 6  GHz . Beamwidths of the 
transmi tting antennas are 10 degrees on a l l  
three frequenc ies . Rece iver beamwidths used 
are 4 . 8  degrees on the 9 . 6  GHz and 1 . 2 degrees 
on the upper two frequencies . Narrower rece iv
er beamwidths are also ava i l able if h igher 
r e solution appears necess ary on the s c atter ing 
components . The receiving antennas mount on a 
remote c ontrol posi tioner to s c an in a z imuth 
and e levation . All antennas are l inearly 
po l a r i z ed and c an be quickly c hanged from 
vertical to hor i z ontal to cross polar i z ation . 
A 7 0  dB dynamic range and a minimum sensitivity 
of - 1 0 0  dBm is ava i l able on a l l  frequenc i e s . 
The photograph in F igure 3 - 6  s hows the trans
mitting termi nal and Fi gure 3 - 7  the rec eiving 
termina l . 

To descr ibe vegetation den s i ty , an attempt wi l l  
b e  made to photograph a l i ght beam a t  n i g h t  on 
each measured path with a s tandard expo sur e .  
Because considerable data and theory are avail-
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able on propagation through vegetation i n  the 
f requency range of 1 0 0  to 2 0 0  MH z ,  the vo ice 
communication l ink at 1 6 3  MH z will a l so be 
attached to the elevator to determine i f  mean
ingful measurements are possible with thi s  
l ink . 

Measurements of single trees and groves of 
trees have been success fully comp le ted in the 
Boulder , CO vic inity and results w i l l  be re
ported after the re corded data have been 
proce s s ed and as sembled . 

3 0 - 3 0 0  GH z Communi cation Links . A study wa s 
conducted for the State Department to de termine 
the inter f erence level in the m i l l imeter wave 
band that can result from a vari ety of s cat
tering , d i f fracting , and reflecting sur faces 
common to an urban area . A f requency in the 
a tmospheric attenuation window of 3 8  GHz and 
a f requency at the peak of the oxygen absorp
tion band ( 1 3 dB/km) of 6 0  GHz were compared 
u s ing a s tate-of-the-art hand held c ommuni
c ator . Each used lens antennas with approxi
mately a 3 °  beamwidth . An interference con
d i t ion was a s s umed when one communi c ator would 
lockup on the carrier of the unit used to 
transmi t .  Obs ervations were made within bui ld
ings and outside but near wa l l s  of buildings . 
Many non- line-of-s ight paths produce lockup at 
both f requencies . 

S eparations o f  3 and 1 0  km were a l so investi
gated , and with the 3 8  GHz , some non- l i ne-of
s ight lockups were still pos s i b l e . However , 
only l ine-of- s ight lockups were pos s ible at 6 0  
GH z .  A t  1 0  km , only line-o f-s ight paths pro
duced a lockup at 3 8  GH z and no lockup was 
po s s i ble at 6 0  GHz . 

S ome f ield intens ity mapp ing was per formed , 
a s suming high-gain parabo lic antennas and bes t 
known s tate-of- the-art receiver sensi tivities 
for frequenc ies of 40 and 60 GH z .  

3 .  2 .  2 .  Ionospher ic Character istics 
and Effects 

HF Duc ted Propagation . In Apr i l  and June of 
1 9 7 9 , high frequency ( HF )  radio s ignals were 
l aunched into a trapped ionospheric ( duc ted ) 
mode by a transmitter in Au s tr a l i a  and returned 
to ground by an art i f i c i a l  sc atterer created by 
the h igh powered ( HF ) transmitter at P l atte
v i l l e , CO . The experimental work wa s per formed 
for the Rome Air Development Center in 1 9 7 9  to 
determine i f  low-loss trapped propagation modes 
exi s t  and if f i e ld-al igned irregu larities pro
duced by the l arge rf field generated by the 
P l attevi l l e  transmitter at iono spheric hei ght 
could provide a ref lector to recover the trap
ped s i gnal from the ionosphere . Ob servations 
were made dur i ng all hours of the day and 
night , but only when the transmi tter was at the 
day-night terminator were trapped-e levated 
modes detected . The reason for thi s is well 
known from the around-the-world s ignal obser
vat ion and depends on appropri ate t i l t  of the 
ion i z ed l ayers to permi t the s i gnal to become 
l aunched into a trapped mode . 

The e f fort on this proj ect is directed toward 
reviewing the avai lable propagation data and 
determi ning the probable ray paths o f  s ignals 
transmi tted from Aus tra lia and s cattered to the 



F igure 3- 7 .  Photograph of receiver 
terminal for vegetation 
measurements . 
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F igure 3 - 6 . Photograph o f  transmitter 
terminal for veg e tation 
measurements . 



receiving s i tes in the United States by the 
modi f ied ionospheric region above P l attev i l l e . 
The electron dens i ty d i s tribution a long the 
path from Au stralia to the U . S .  has been ob
tained from the IONCAP program for the appro
priate solar and geophysical conditions . A ray 
tracing technique i s  used to determine the most 
l ikely modes of propagati o n .  Emphasis i s  
placed o n  s imu l at ion o f  long d i s tance ducted 
modes and on inferring the i onospheric c on
d it ion that could lead to supporting a duc ted 
mode . The s imulated results are compared to 
the mea sured data for both normal multi-hop and 
sc attered mode s . T ime delays were computed for 
each mode , whi c h  l imited the possible paths 
taken by the trapped mode and aid the analy s i s . 
F igure 3 - 8  shows a ray plot taken from the 
IONCAP program of the path for cond i tions 
indicated . 

S ignals received from Au stralia via the arti
ficial fi eld-al igned s c atter are tabu lated in 
terms of reflector heights , s ignal s trength , 
and propagation d e lay . Data recorded at the 
receiving s i te from a transmitter loca ted in 
the u . s .  provide an estimate of the artificial 
field-al igned scatter cross sect ion d i s tr i 
bution . T h e  data observed at t h e  receiving 
s i tes have been reduced to abso lute s ignal 
l eve l s  and these are c ompared to c a lcul ated 
values u s ing appropr iate heater heights and 
receiving s i te geome try . 

S ince the magnetic f ield vec tor is incl ined 
southward a t  6 7 °  to the earth ' s  surface over 
Plattev i l l e  and the max imum received s ignal 
strength will result from specular reflections 
at normal i nc idence to the f i eld , the optimum 
receiving locations for recovering trapped 
modes are in southern Colorado and northern New 
Mex ico . 

Top s ide HF Noi s e . I n  order to assess the HF 
environment i n  the topside ionosphere , I TS has 
continued to inves tigate the data obs erved by 
the Defense Meteorolog ical Sate l l i te . This 
satellite i s  equ ipped with an HF radio receiver 
that provides measurements of the intens i ty of 
HF no i s e  a t  the satell ite orbit ( a lmos t  c ir
cular at 8 4 0  km) . The data have been analyzed 
according to local t ime and location on the 
globe . 

Global maps of the intens i ty o f  the HF noise 
in the topside ionosphere have been produced 
for various frequenc ies between 4 and 1 3 . 5  MHz . 
By produc ing and analy z i ng maps , it has been 
found that the data observed by the s atell ite 
appear to emanate from d i s crete transmiss ions 
at the surface of the earth . Further s tudy has 
revealed that the HF environment in the top s ide 
ionosphere agrees with the manner in whi c h  the 
HF spectrum i s  uti l i z ed for terrestrial ser
vices . The mos t  intense signals in the topside 
ionosphere are obs erved i n  those bands a s s igned 
to the broadc asting service , fol lowed by those 
a s s igned to the fixed , mari time mobile , and 
aeronautical mob i l e  service s , respectively . 

Current s tudies i n  this area are being direc ted 
toward a s s e s s i ng the deta i l ed interaction be
tween a radio wave of terres trial origin and 
the ionospher i c  p lasma a s  the wave passes 
through the ionosphere to a sate l l i te-borne 
pl atform . In add i tion , maps of HF noi s e  in-
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ten s i ty during sunrise-sunset and dawn/midn ight 
per iods are being analy z ed . 

HF Antenna S imul ation . The Institute under
takes s tudies of the ionosphere in order to 
predict ionospheric propagation ef fects . The 
basic prediction program used for assess ing 
ionospheric propagation cond i tions ( IONCAP ) was 
intended to provide the necess ary data for the 
des ign of HF commun ication sys tems and for 
se lection of frequency complements for such 
sys tems . A substantial e f fort has been devoted 
to the development of antenna models and a 
program code to be used with the IONCAP pro
gram .  The intention of this effort is to 
create an antenna package to be used with the 
HF sky-wave predictions . 

Radio waves under cons iderat ion here have been 
ref lec ted from the ionosphere and thus have 
traveled a considerable d i s tance . This a l lows 
the problem to be viewed as two parts : ( l ) the 
local e f fect of the ground a t  the transmi tting 
s ite on the antenna , and ( 2 )  the local ef fect 
of the ground at the receiving s i te on the an
tenna . Fur ther , the a s s umption of plane-wave 
ref lec tion is j ustif ied for this sky wave case . 

The analy s i s  of the antenna models was broken 
into two logical subdivis ions : 

( a )  the exterior ( radi ation ) problem 
which deals with the interaction of 
the antenna with the propagation 
med ium ; and 

( b )  the inter ior ( c ircuit)  problem which 
deals with the interac tion of cur
rents , voltage , etc . within the 
antenna sys tem i ts e l f . 

The sol ution to the inter ior problem is imple
mented as prec alculated curves or as measured 
curves where ava ilable . The exterior problem 
i s  imp lemented u s ing the equations as developed 
by ITS . For arrays of dipoles , the practice 
introducted by Uda of expres s ing the array 
equations as that of the resonant dipole ele
ment and a reduced array factor i s  used . This 
procedure results in a computer code which is 
quite s table and fast in run ning time . There 
are no matrix invers ion rout ines nor any use of 
the complex arithmetic routines . 

The revised code inc ludes a l l  the antenna types 
previously inc luded with the IONCAP program . 
The old antenna submodules were des ignated as 
I TSA- 1 a s  part o f  the I TSA- 1 pred i ction program 
( Lucas , Haydon , " P redicting S tatistical Per form

ance Indexes for H i gh F requency , "  1 9 6 6 )  and as 
ITS - 7 8  as part of the ITS - 7 8  pred i ction program 
(Barghausen , F inney , P roc tor , Schultz , " P re

d i cting Long-Term Operational Parameters of 
H igh-Frequency Sky-Wave Telecommuni cation 
System , " 1 9 6 9 ;  and Haydon , Leftin , Ros i c h , 
" P redicting the Per formance of High-Frequency 
S ky-Wave Telecommunication Sys tems [ The Use of 
the HFMUFES 4 Program ] , 1 9 7 6 ) . The version of 
the ITSA- l code whi ch was on the CDC- 3 8 0 0  
computer was used a s  the b a s i s  o f  the revised 
code as this contained more antenna types and 
more s table code . The code was subdivided into 
s eparate modules and then additional antenna 
types added . The initial ver s ion of the re
vised code i s  des ignated as IONCAP VERS ION 
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8 0 . 0 1  ( f irst ve rsion comp leted i n  1 9 8 0 ) . The 
primary s impl i f ication used was to so lve the 
interior problem in free spac e .  The resul ting 
antenna patterns are reasonably accurate when 
the antenna sys tems are we l l  des i gned , and the 
frequency comp lement spec i f ied is within the 
design l imits . All of the antennas modeled i n  
both the I TSA- 1  and the ITS - 7 8  package a r e  in
cluded in the new package . The new antennas 
added are the log per iod ic array o f  vertical 
dipoles , s tacked arrays o f  such LPD array s ,  
and the Hermes 8 E l 3  end f ire array o f  ver tical 
loops . 

In addition to the antenna work , a s urvey o f  
ground-wave propagation w a s  undertaken in order 
to include this e f f ect into the sky-wave pre
d iction prog ram . The problems a s s oc i ated with 
thi s  addition are o f  three kinds : f i r s t ,  the 
actual antenna gains to be used with the 
ground wave ; second , the ground wave model 
itsel f ;  and third , the combination o f  the 
ground wave with the sky wave , including the 
statistical variation of each . The intended 
procedure wa s to initi a l ly take an exis ting 
ground wave program and make only the necess ary 
inter faces with the existing IONCAP program . 
This does not appear feasible at this t ime . 
The ava ilable programs do not address the pro
blem o f  the antenna-to-ground wave , nor the 
stat i s t i c s  of the s i gnal s trength . Also , they 
are in some p l aces over s imp l i f ied due to phy s
ical a s s umptions and in others over ly compli
cated . 

The propagation problem can be d ivided into 
four parts depending upon the conf i guration 
of the sys tem : the near f ield c lo s e  to the 
antenna ( which wi l l  not be inc luded in the 
model ) ;  the l ine o f  s ight region , from the near 
f ield to near the radio hor i zon ; the d i f frac
t ion region we l l  beyond the hor i zon ; and the 
intermed iate region between the d i f fraction 
region and l ine-of-s ight region . The problem 
is further compl icated by the nature of the 
atmo sphere and by the nature of the ground . 
There are many prac tical engineering so lutions 
to this problem . All o f  them are useful when 
the nature and limitations of the approximation 
are unders tood . 

SECTION 3 . 3 .  DEVELOPMENT AND 
IMPLEMENTAT ION OF EM WAVE 

TRANSMISS ION MODELS 

I nformation about EM wave transmiss ion c harac
ter i s t i c s  and the c haracteristics o f  the trans
mis s i on med i a  are i ncorporated into eng ineering 
mode l s . These models are being developed for 
users within and outside government .  As in 
Section 3 . 2 ,  we f i r s t  discuss the nonioni zed 
med ia c a s e s  and then those prima r i ly inf luenced 
by the ionosphere . 

3 . . 3 . 1 .  Atmospher ic Transmi s s i on Models 

Atmospheric Transmi s s ion Mode l s . This program 
is a continuation of the effor t  to c reate and 
ma intain an informat ion sys tem of computer pro
pagation mode l s  and data bases . These model s  
and d a t a  b a s e s  represent a consolidation of the 
results in telecommunications research to be 
acce s s i b l e  nationwide to s uppor t the des ign and 
eva luation o f  telecommunications systems . Re
ports that have been publi shed thus far include : 
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" A  Preliminary Catalog o f  Programs and Data for 
1 0 - 1 0 0  GH z Rad io Sys tem Predictions , "  OT Report 
7 8 - 1 4 1 ; and " An Add itional Catalog of Programs 
and Data for 1 0 0  MHz to 1 0 0  GH z Radio Sys tem 
Predict ions , "  NTIA Report 7 9 - 1 5 . 

Computer programs and data bases under the fol
lowing categor ies now exi s t  in the catalogs . 

Category Title 

1 Computations of Transmi s s ion 
Los s  and Radio Returned Power 

2 Computations of Desired/Unde
s ired S ignal 

3 Computations of Atmospher ic and 
Precipi tat ion P arameters 

4 Data Bases and Assoc iated 
Programs 

5 Perf ormance of Digital Communi
cation Sys tems 

6 Miscellaneous Programs 

Add i tiona l entries to the in formation sys tem 
are being solic i ted and evaluated on a sys
tematic basis . 

Multipath Fading on Long 1 5  GHz Path s . This 
pro j ect i s  des igned to acquire data , analyze 
i t , and develop empirical parametric rel ation
ships for designing long ( greater than 50 km ) 
line-of-s ight microwave li nks . The largest 
part o f  the data base for models now being used 
was obtained on s hort paths , for relatively 
short periods , and at frequencies between 4 
and 6 GH z .  Al though there is some data at 1 1  
and 1 5  GH z ,  much o f  these data were obtained 
using recording techniques which did not pro
vide adequate time resolution for obtaining 
short- term s tati s t i c s . 

Data acqui red on this proj ect are being obtain
ed us ing carrier f requencies near 1 5  GH z .  The 
data are acquired on three long paths ( 9 0  km , 
9 3  km , and 1 3 2  km) whi ch converge at Mt . Corna , 
I taly . The 9 3  km path is primarily over water . 
The data acqu i s i tion period was 1 year begin
ning Apr i l  1 9 7 9 .  Recording o f  data wa s done 
using digital magnetic tape after the data were 
f i r s t  preproc essed by computer in 1-hour blocks . 
The data were recorded on s trip charts to a id 
in categor i z ing fading mechanisms . This cate
gor i z a tion is done in an attempt to s eparate 
s ignal l evel variations into incidence of 
Rayle igh fading , rain attenuation , other forms 
of power fading , and equipment mal function . To 
be comparable with pred iction methods now in 
use , the data are being analyzed to predict 
Ray leigh fading incidence occurring during the 
wor s t  3 0 -day period s . 

The pro j e ct is sponsored by the U . S .  Army Com· 
mun ication Command in response to increased 
pressure to change mi l i tary radio systems to 
operate in the 1 5 -GHz band within areas of high 
mic rowave spec trum usage . 

Tropospher ic Ductin g .  The purpose of this 
study was to generate a model for use in de
termi n i ng the feasibi lity of de tec ting radar 



signals beyond the normal radar hori zon . The 
mechanisms cons idered were tropo spher ic ducting 
and earth diffraction . Until recently , mod e l s  
of tropospher ic ducts assumed that t h e  ducts 
were hori zontally homogeneous ,  whi ch l ed to 
signific ant errors when compared with experi
mental results . Under this s tudy , ducts are 
treated as latera lly nonuniform s tratif ications 
in the lower atmosphere . 

A Green ' s  function approach was used to der ive 
an expre ss ion for the field ins ide a laterally 
inhomogeneous duc t .  The lateral ly inhomoge
neous duct was assumed to have a s ing le s tep 
dis continui ty . 

Fading on Long LOS 8 -GHz Paths in Europe . 
This pro j ect is being done in conj unction with 
the 15 GHz Long Path Pro j ec t .  The objective 
of the pro j ec t  is to a s s e s s  the per formance of 
spec ific long l ine-o f-s ight microwave paths 
operating at carrier frequencies near 8 GHz 
in concert with a 15 GH z ITS proj ect now in 
progres s .  The results of these tests will be 
used to calculat

-
e the rel iabil ity and assess 

the potential for upgrading the s e  and other 
long l inks in Europe where mi l i tary microwave 
sys tems are currently operating at 7 - 8 GHz . 

Rec e ived s ignal levels w i l l  be monitored at 8 
GHz on f ive l inks . The three l inks terminating 
at Mt . Corna were monitored on both 8 and 1 5  
GHz for one year . The two l inks terminating a t  
Cegg i a , I taly , were moni tored at 8 GH z f o r  one 
year . Record ing and proc ess ing of data are 
done u s i ng the same techniques used for the 
15 GHz proj e c t .  

The types of meteoro logical parameters that are 
used in the pred iction mode l s  are ones that are 
read i ly avai l able from past meteorological 
records . For examp l e , average annua l  temper
ature is u sed in the mul tipath and atmospheric 
absorption mode ls . Average annual absolute 
humidity and air pressure are u s ed in the atmo
spheric absorption mode l s .  The rain attenua
tion model uses average annual rainfa l l , the 
ratio of thunders torm to s trati form rain , and 
the average number of thunders torm days per 
year . 

Prel iminary results obtained f rom this data 
show good agreement with the Rice-Ho lmberg 
( ITS ) point rain r ate mode l  u s i ng the inter

pretations and data base provided by Dutton 
( IT S ) . The long LOS mu l tipath model developed 

by Mor i ta ( Japan) shows good agreement on two 
of the paths , but i s  pe s s imistic for the long 
path over Lake Garda ( probably because o f  high 
angles of pene tration of the ray path through 
the atmospheric l ayers a long the path ) . 

To c ompare these prediction models with the 
data from this experiment , it is important 
that we know what these meteoro logical param
eters are doing on a daily bas i s . The daily 
information is necessary for he lping to iden
tify radio propagation mechani sms and also to 
compare mode ls on the basis of the s tatistics 
for the year o f  the testing . Daily reports o f  
meteoro logical data are b e i n g  obta ined from 
the U . S .  Air Force Environmental Technical 
App l ications C enter (MAC ) , Scott Air Force 
Base , IL . 
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The USAF organi z ations s ponsoring th i s  pro j ec t  
a r e  the A i r  Force Communicat ions Service , Scott 
Air Force Base , IL , and Headquarter E lectronic 
Sys tems Divi s ion , Hans com Air Force B as e ,  MA . 

3 .  3 .  2 .  Ionospheric Transmiss ion Models 

Polar I onospheric Propagation . The Ins ti tute 
i s  c ontinuing support to the Air Force Geo
phys ics Laboratory that is directed toward the 
a s s e s sment of the per formance o f  the CONUS 
Over-the -Hor i z on ( OTH ) radar s y s tem . The I n
s ti tute is tasked with developing mode l s  of the 
s tructure of the polar ionosphere at times when 
the OTH radar is operating . These mode ls pro
vide representations of var ious ionospher i c  
parameters that a r e  then used by the sponsor 
to s imu late actual radar per formance .  

The polar model that i s  being developed i s  a 
compo s i te representation of a number o f - d i f 
ferent ionospheric parameters . T aken together , 
these parameters provide the neces sary infor
mation needed to obtain a complete latitude , 
l ongi tude , and height var iat ion o f  the e lectron 
dens i ty in the polar ionosphere . 

The approach adopted in the polar ionospheric 
mode l ing is to use actual obs ervations of 
ionospheric and geophys i c a l  parameters to 
mod i fy and update a f i r s t-guess es timate of the 
electron dens i ty in the polar ionosphere . Data 
obtained from ground-based vertical-inc ident 
ionosondes , riometer s ,  and magne tome ters lo
cated in the polar region are used to e f fect 
this updating and modif ication . I n  add i tion to 
the ground-based d ata , sate l l i te observations 
are being used to iso late and pos ition large
s c a l e  f eatures of the high-latitude i onosphere 
such a s  the auroral oval and the h igh- la titude 
trough of ion i z ation that is observed to occur 
immed iately south of the auroral ova l .  F igure 
3 - 9  illustrates the posi tion o f  the aurora l  

·oval ( shown as the dotted a r e a )  w i t h  respect to 
the r adar coverage area ( shown between the 
s triped l ines ) .  Also s hown on the f igure are 
locations a t  which ground -based iono spheric or 
other geophysical data are observed and used in 
the deve lopment of the updated polar model . 

As mentioned above , the po lar mode l  being de
ve loped i s  a composite repres entation of a 
number of ionospheric parameters app l icable to 
the polar ionosphere . The mod e l  i s  adj us ted 
to account for local time and univer s a l  time 
e f fects . For each time period selec ted , the 
following parame ters are p rovided as a function 
of l ati tude and longi tude : 

1 .  the critical frequencies o f  E 1 , F l , 
and F 2  regions ; 

2 .  the heights of max imum e l e c tron 
dens i ty in the E 1 , F l , and F 2  
regions ; 

3 .  the s emi-thickne s s  o f  the E 1 , F l , 
and F 2  reg ions ; 

4 .  E and F reg ion electron dens i ty 
irregular i ty indica tor ; 

5 .  absorption parame ter ; 

6 .  north and south boundary o f  the 
auroral ova l ; 
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7 .  north and south boundary of the 
high- latitude trough . 

VHF/UHF Measurements . Measurement techniques 
developed during FY 79 to make measurements in 
the VHF band were used in FY 8 0  to col lect 
add itional data in the UHF band . The Spanish 
International Network ( S IN )  s tarted transmit
ting UHF televis ion on Channel 31 ( 5 7 2 - 5 7 8  MH z )  
in the Denver metropol i tan area dur ing the 
month of March 1 9 8 0 .  SIN receives the s ignal 
from the Wes tar II sate l l ite and rebroadca s ts 
it from an antenna located on the KWGN-TV 
( C hanne l 2 )  tower on Lookout Mountain in 

Golden , co . A compari son of the Channel 9 
( 1 8 7 . 2 4 MH z )  and Channel 3 1  ( 5 7 3 . 2 5 MH z )  video 

picture carrier s igna ls as measured s imul tane
ously along 4 4 th Avenue in Golden i s  shown in 
F igure 3 - 1 0 .  There are typical rec eived s ignal 
var iations measured at a mobile speed of 30 mph 
over a test course ( s ame route u s ed for FY 7 9  
measurements ) o f  approximately 0 . 7  miles , which 
s imu l ated the u rban environment of large steel 
and concrete bu ildings . F i gure 3 - 1 1  shows the 
probabil ity dis tr ibution for the data displayed 
in Figure 3 - 1 0 , and Figure 3 - 1 2  g ives the cor
re sponding power spec trum d i s tr ibution for the 
two s ignal s .  

Statistical analy s i s  of the FY 7 9  d ata has 
shown that in the ma j ority of cases the pro
bab i l i ty density d i s tribution ( F igure 3 - 1 1 )  is 
not " Rayleigh , "  and that the actual cumul ative 
distribution function for mobile reception of 
VHF can be better charac ter i z ed by an exponen
tial probab i l i ty d i s tr ibution (Weibull mode l )  
that gives the degree o f  deviation o f  the re
ce ived s i gnal enve lope from a random ( Ray le igh ) 
mul tipath e f fect . 

As wou ld be expec ted , the probab i l i ty den s i ty 
dis tribution is only " Rayleigh" when there are 
no s trong specularly reflected waves (which 
wou ld set up s tanding wave patterns ) and the 
main l ine-of-s ight beam from the transmitting 
antenna is tota l ly obscured from the receiving 
antenna on the moving mea surement vehicle by 
large build ings , terra in , etc . However , in the 
mo st general case , there are always specular 
ref lections and the main beam of the transmi t
ting antenna is pres ent a long some portions of 
the meas urement route . Consequently , the cu
mu lative d i s tr ibution function will deviate 
from a s traight l ine . To investigate the cause 
of this deviation it is neces sary to examine 
the power spec trum (F igure 3 - 1 2 ) . Spec trum 
analy s i s  of the FY 7 9  data demons tr ated that 
calculating the spectral dens ity as a function 
of inverse d i s tance (wave number ) norma l i zes 
the data to a spatial variat ion . The magni tude 
of the bumps or l ines in the power spectrum 
(F igure 3 - 1 2 )  may indicate the degree to which 
standing waves , produced by s trong specular 
reflection , have perturbed the fading pattern . 
However , additional data will have to be ob
ta ined and further ana lys i s  under taken to 
ver ify this conc l u s ion . 

Ionospheric Mapp ing S tudy . Numer ical models of 
median ionospher ic character istics have been 
developed by ITS and are widely used for pre
dicting radio wave propagation e i ther via the 
ionosphere or through the ionosphere . 
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The models for the F 2 - layer critical frequen
cies , foF 2 , and the transmiss ion factor for a 
3 , 0 0 0  km path , M ( 3 0 0 0 ) F 2 ,  were der ived from 
observations made between 1 9 5 4  and 1 9 5 8 . A 
s tudy has been conduc ted for the Depar tment of 
Defense to determine i f  there are any sys tem
atic d i f ferences with either solar cyc le acti
vity or season . The observed and pred icted 
foF2 values were compared for the years 1 9 6 8 , 
1 9 7 0 ,  and 1 9 7 2 ,  and the observed and predic ted 
MUF ( 3 0 0 0 ) F 2  values were compared for 1 9 6 8  and 
1 9 7 2 .  The average absolute percentage errors 
for both parame ters are given i n  Table 3 - 2 . In 
general , the numerical maps adequately repre
sent the obs ervations in tho se areas where 
there were a s ignif icant number of vertical 
inc idence s tations . The predictions for high 
lati tudes in both hem ispheres often have l arger 
rms errors , and the pred ic tions are u s ua l ly 
too h igh in local winter . The rms prediction 
errors are also large for equator i a l  s tations , 
particu larly for the night hours . 

The overall results indicate that the 1 9 5 4 - 1 9 5 8  
numer ical maps do not adequately repre sent the 
solar cycle variation , particularly the de
scending phase of solar activity . The numeri
cal maps of foF 2 would be improved by a better 
def ini tion of the relationship between solar 
activity and the F2 p arameters and by incorpor
ating new or more recent ionospheric obs erva
tions . 

Prelimi nary results of the app licat ion of a 
theoretical mode l  indicate that th i s  technique 
could be u s ed to improve the representations in 
the ocean areas . Compari sons of the obs erved 
maximum electron dens i ty ( NmF 2 )  at vertical 
incidence s tations with NmF 2 predicted from the 
statistical model and theoretical model show 
that , on the average , the two predictions are 
comparable . F igure 3 - 1 3  shows the diurnal 
variations of NmF 2 predicted us ing the time 
dependent conti nuity equations for three 
southern lati tudes for the South Pacific Ocean 
for Augus t  1 9 7 4 . S hown also are the AEROS 
observations and the correspond ing predictions 
from CCIR Report 3 4 0 .  The agreement between 
the theoretical model could improve the repre
sentation of foF 2 ,  particularly in the ocean 
areas . 

HF Antenna S imul ation . The interactive radar 
analy s i s  program was del ivered to the field 
site at Fort Monmouth , NJ . This program was 
j o intly developed by ITS and the Naval Research 
Laboratory ( NRL ) , Washington , DC . The program 
takes ionospheric parameters as input and the 
backscatter c lutter l evel as output . S i nce the 
computer sys tem at Fort Monmouth does not have 
a graphics d i splay sys tem , all program codes 
as soc iated with the graphics were e l iminated . 
Also , the one-way communication area coverage 
optimum was added . The program input cons i s t s  
o f  transmitting sys tem information , environment 
parameters , and ionos pher ic data . The program 
then generates an ionogram , a rayset table , and 
a s i gnal leve l as a function of d i s tance . I f  
med ian ionospheric data a r e  entered , the 
output i s  then the medi an s ignal leve l .  The 
intent of the program was to analy z e  the meas
ured radar ground and thus determine the state 
of the ionosphere i n  real time . 
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mea sured s imultaneous ly at a mobi l e  speed of 3 0  mph 
between 2 . 5  and 3 . 5  miles f rom t he transmitter tower 
s i.te on Lookout Mtn . near Golden , CO . 
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Month Year 

March 1 9 68 
1 9 72 

J u n e  1 968 
1 97 2  

September 1 9 68 
1 9 7 2  

December 1 9 68 
1 9 7 2  

Table 3 - 2 . Average Ab solute Per centage Errors f o r  the Predicted 
MUF ( 3 0 0 0 ) F 2 and foF 2 

MU F ( 3000 ) F2 

LOCAL ZONE T I M E  

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

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

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

1 9 . 9  1 7 . 0  1 0 . 7  8 . 3  5 . 8  4 . 4  6 . 1  1 1 . 2  
1 2 . 3  1 3 . 3  1 0 . 0  8 . 5  9 . 2  9 . 6  1 3 . 4  1 2 . 8  
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HF Ground Wave . The general goal of this 
proj ect is�provide a quanti tative under
standing of ground-wave propagat ion over com
plex propagation paths beyond the optical 
hori zon . The primary app l i cation is low- angle 
radar coverage over l and , sea , and sea ice . 

Ground-wave propagation over land and sea has 
been we l l  unders tood for some time , but there 
have been numerous reports o f  anomalous pro
pagat ion over ice covered seas at high lati
tudes . A theoretical model o f  a lossy ice 
layer over highly conduc ting sea water has been 
analyzed . Earth curvature ef fects are inc luded , 
and the ice layer can be either is otropic or 
anisotrop ic . Extens ive propagation results 
have been computed for frequenc ies from 2 MH z 
to 2 0  MH z ,  and the e f fects of the var ious ice 
parameters ( d ielectric cons tant , loss tangent , 
and thickne s s )  have been thoroughly s tudied . 
The pr imary ef fects o f  the ice layer are to 
increase both the magni tude and phase angle of 
the e f fective surface impedance and to support 
a trapped surface wave . At short ranges ( i . e . , 
< 1 0  km ) , the trapped surface wave can dominate 
the conventional ground wave modes , but at 
large ranges the field s trength is genera l ly 
degraded due to the ice l ayer . 

The height var i ation of the ground wave f ield 
has also been s tudied . The trapped surface 
wave supported by an i c e  l ayer i s  found to 
decay rapidly with height in the same manner 
as conventional sur face waves on pl anar s truc
tures . The conventional ground wave modes 
increase with height , and the height variation 
is found to contain d i agnostic in formation 
wh ich could be u s e fu l  in remote sensing of the 
sea ice parameters . 

Ground-wave propagation over mixed paths has 
also been s tudied for various land , s ea , and 
sea ice trans itions . The " recovery e f f ec t " , 
that is well known for propagation from l and to 
sea , is also predic ted for propagation from sea 
to sea ice . The trans ition is found to act as 
a secondary source in exc i ting the surface wave 
in the sea ice portion of the path . The mixed 
paths e f fects are found to be reduced for 
receivers at elevated heights . 

Mic rowave Multipath Analyses . Over the past 
several year s , ITS has col lected propagation 
data relative to atmospheric mult ipath in LOS 
microwave commun ication sys tems . These data 
were measured us ing a ps uedo-random noise ( PN )  
probe that measures the e f fec tive impu lse re
sponse o f  the transmiss ion path ( R .  F .  Linfield , 
R .  W .  Hubbard , and L .  E .  Pratt , " Transmiss ion 
Channel Character i z ation by Impluse Respon se 
Measurements , "  OT Report 7 6 - 9 6 , 1 9 7 6 ) . The 
data were derived from a number of pro j ects , 
sponsored by the DoD , in which the probe was 
u sed to investigate other propagation phenomena . 
The probe measures independent delay components 
in the rec eived s i gnal with a resolut ion of 6 
ns . However , components with delays less than 
th is per iod ( on the order of 1 ns ) can readily 
be observed in the analy s i s  o f  the data . 

The USACEEIA at Fort Huachuc a ,  AZ , has been 
tasked to per form various per formance tests 
and stud ies in support o f  the development o f  
the Digital Rad io and Multiplex Acquis tion 
(DRAMA ) radio system .  

-
The DRAMA

-
sys tem wi l l  
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b e  the mi l i tary version of a digital microwave 
communication system to be u sed on LOS l i nks 
in various parts o f  the world . There i s  a 
lack of documented data rel ative to atmospheric 
multipath parameter s that are l ikely to be 
encountered over certain l inks where these 
sys tems will be deployed . Thus , in order to 
provide some preliminary summaries , USACEE IA 
has sponsored a pro j ec t  in ITS to analyze the 
exis ting data . The data base inc ludes meas
urements made in both Uni ted States and Euro
pean locations . The latter inc ludes some data 
recorded during te sts performed on the Digital 
European Backbone ( DEB ) S tage I l inks during 
1 9 7 5  and 1 9 7 6 .  

The data were ana lyzed by ITS to provide the 
fol lowing summar ies : 

1 .  Distribution o f  the delay- spread o f  
the mult ipath componen ts . This in
c ludes a d i s tr ibution o f  the delays 
that are less than 6 ns . 

2 .  Dis tribution o f  the power under the 
power impu l s e  function at var ious 
delay- spread values . This provides 
a measure o f  the relat ive magni tude 
between the more direct and multipath 
components in the compos i te s i gnal . 

3 .  E s timates of the rate-of-change of 
mult ipath delay for the maj or mu lti
path components . 

4 .  Rece ived S ignal Level ( RS L )  fading 
s tatistics associ ated with the periods 
analyzed for the above data . 

The summaries of the above analyses wi l l  be 
compared and/or correlated with the fol lowing 
path characteristics as appropr iate : 

( a )  path length 

( b )  c l imate and meteoro logical cond i tions 

( c )  terrain type and var i ation 

( d )  other spec i f i c  l i nk features , in
c luding diver s i ty where data are 
avai labl e .  

A f inal report will be pub l i s hed dur ing the 
f i r s t  quarter of FY 8 1 .  

In Computer Model Extens ion , we have devised a 
new ver s ion of the Longley-Rice model which 
extends the region of appl i c ab i l i ty to very 
high ( 5 0 km ) antennas . Usable only for area 
predictions , this new version has several 
f eatures that improve the underlying logic 
and , we believe , the overa l l  accurac y . At 
present , we are treating i t  as an exper imental 
vers ion and are p lanning to sub j ec t  i t  to 
extens ive tes ts . 

The U . S .  Army Communications Research and 
Deve lopment Command ( CORADCOM) i s  currently 
planning a mul tiphase e f fort spanning s everal 
years to obtain empirical data and s tatistical 
analyses on which channel characteri z ation 
estimates may be based for ground -to-ground 
mob ile spread-spectrum communications in the 
range from 4 0 0  MH z to 2 GH z .  Potential deploy
ments inc lude varied terrain and fol i ag e . 



In Wideband Measurements , ITS is s uppor ting 
the very early phases of this program . The 
pr imary a im this year has been to a s semble 
representative measurement equipment ,  to 
dep loy it in the field in CONUS , to find what 
special problems there are when measurements 
are attempted , and to def ine solut ions to 
those probl ems . Because great interest lies 
in channel c harac ter i z a tion i n  and near for
es ted area s , the field site chosen was in 
south- central Tennessee where logi s t ic support 
was ava i l able from the Arno ld Engineering 
Development C enter and where a forest man
agement program provided us with an excellent 
te s t  envi ronment . 

The principal ins trumentation u sed was a 
ps eudo-no i s e  channel probe whi c h  had been 
previous l y  d eveloped at the ITS laborator ies . 
I t s  output g ives a d,irect repre s en tation of 
the impu l s e  response for the c hannel under 
study . It has a bandwidth of 3 0 0  MHz and a 
pu lse resolution of 6 . 7  ns . The center fre
quencies used were 6 0 0 , 1 2 0 0 , and 1 8 0 0  MH z .  
Coupled to the probe was a d i g i tal data acqui
s i tion sys tem which acquired the r aw impulse 
response curves and other pertinent data and 
recorded the s e  on s tandard 9 - track magnetic 
tapes . The combi nation o f  these two pieces o f  
equipment should provide a powerful res earch 
tool . 

F igure 3 - 1 4  i s  a photograph o f  the van used 
to house the rece iver as i t  appeared in Ten
nessee . The transportable tower behind i t  was 
used in several o f  the recording s e s sions . I t  
i s  s hown here pos itioned s o  that the receiving 
antenna i s  we l l  above the s urrounding trees . 
I n  other exper iments the tower was lowered or 
the antenna was p laced on a short mast so that 
a c tual forest penetration s tudies could be 
made . 

I n  F igure 3 - 1 5 , we have taken the digital data 
and r eproduced a s ingle recorded impulse re
spon s e . I n  the s i tuation i nvo lved here the 
receiving antenna was on the tower about 8 m 
above the forest top whi l e  the transmitter was 
buried in the forest about 1 6 0  m away . The 
f igure s hows the impul s e  response p lotted 
three t imes in three d i f ferent way s . At the 
top are p lotted the co-phase and the quad
r ature-pha se components on the same ax i s . In 
the middl e  i s  the amp l i tude - - the root-sum
square o f  the two components . F inally , at the 
bottom is a kind o f  L i s s a j ou s  f igure in which 
the co-phase component is plo t ted a long the x
axis , the quadrature phase component a long the 
y-ax i s , and time s erves as the independent 
parameter . This l atter p lo t  is intended to 
d i splay the phase relations between the larger 
mul t ipath components . But we think , ins tead , 
that the large open loops and c ircles here 
impl y  that there are really no isolated mu lti
path components , but r ather a very dense , 
unresolvable set o f  them . The mul t ipath 
spread o f  about 3 0 0  ns obs erved i n  the f i gure 
was typ ical of a l l  measurements involving a 
radio path passing through the fore s t .  

The Federal Commun ications Commi s s ion ( FC C ) 
has been rec eiving a large number of complaints 
concerning interference between co-channel 
stat ions in the private radio service loca ted 
in the Los Ange les /San Di ego area . Complaints 
have a l so been received f rom cus tomers in the 
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Dome stic Pub lic Land Mobile Radio Service 
( DPLMRS ) . The problem o f  long-range co-chan
nel interference in thi s reg ion also has 
important imp l ications for a number o f  other 
proceeding s ,  including the fol lowing : 

( 1 )  negotiations with Mex ico concerning 
the use o f  land mobile frequenc ies ; 

( 2 )  UHF-TV s tudies ( low power s tations , 
comparab i l i ty , real location ) ; 

( 3 )  studies regarding effects of LM/TV 
f requency sharing , inc luding the 
4 7 0 - 5 1 2  MH z band ; 

( 4 )  inter ference to LM s tations from TV 
stations on channe l s  1 4 , 6 8 ,  and 6 9 ; 

( 5 )  interference to TV service from LM 
stations on image frequenc ies ; and 

( 6 )  a l location and ass ignment of fre
quencies in the 8 0 6 - 9 6 0  MHz band 
inc luding dispatc h , trunked , DPLMRS , 
c e l lular , and CB sys tems . 

The problem arises from anomalous propagation 
caused by a pers i s tent inver sion l ayer of air 
over a mo i s t  marine layer a long the coa st of 
southern C a l i fornia . Attention has been 
c a l l ed to the exis tence of this anomalous 
propagation in a number of proc eedings be fore 
the Commiss ion during the past 20 y ears . 
Al though s ome theoretical work has been done 
and some propagation mea surements have been 
made , the information available is not ade
quate to permit rea l i s t ic propagation pre
dic tions for the area . 

A propagation model for the areas is needed 
that wou ld predict the degree of s i gnal 
enhancement for a g iven path in terms of a 
percentage of the year and percentage of the 
wor s t  month with a reasonable degree of con
f idence . This would permi t rea l i s t i c  p lanning 
studies and al location and a s s i gnment schemes 
that took into cons ideration frequency , 
geography , d i s tance , and antenna heights in 
order to maximi ze spectrum e f f i c iency and 
limit interferenc e .  

I n  order to obtain the data needed to develop 
a propagation model for the are a , a proj ect , 
Radio P ropagation Measurements at VHF/UHF in 
S outhern C a l i fornia , wi l l  be carried out to 
record s ignal levels ( and then calculate 
transmi s s ion lo s s )  for a per iod of 1 year over 
a number of paths involving combinations of 
terrain type s , antenna heights , frequencies , 
and path l engths . I n  order to better under
s tand the phenomena involved and permit inter
polation o f  the f indings within the area and 
extrapo lation to s imilar s i tuations in other 
regions o f  the country , me teorological data 
including radiosonde data and/or other data 
wi l l  be obtained and correlated to the meas
urement data . 

Ideally , data would be taken over a large num
ber of paths involving four to f ive ranges of 
each o f  the various parameters involved--ter
rain type , antenna height , f requency , and path 
length . 



F igure 3 - 1 4 . The rece iving van and antenna tower 
in Tenne s see . 
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1t is antic ipated that a minimum of 2 5  to 3 5  
paths wi l l  be recorded , inc lud ing : 

( l )  a variety o f  paths for each o f  three 
frequency ranges- - 1 5 0 , 4 5 0 ,  and 9 0 0  
MHZ ; 

( 2 )  transmi tters and/or recorders on 
certain spec i f i c  commonly used 
mountain tops-- Santiago Peak , S ierra 
Pea k ,  Mt . Wil son , and Mt . Lukens ;  
and 

( 3 )  a var iety o f  path types i ncluding 
all or mo s tly over water and mos tly 
over land . 

There are several pos sibil ities regarding the 
si gnal sourc es--dedicated transmi tters pur
chased for the proj ect , manuf acturer-suppl ied 
and radio user operated transmitter s ,  and 
transmitters suppl i ed and operated by other 
Government agencies ( e . g . , U . S .  Navy ) and 
signals of conven ience , inc luding land mobile 
and TV . 

This pro j ect will  be c arr ied out in three 
phases . The f i r s t  pha s e ,  which has been com
pleted , addres sed the planning for the long
term mea surements . The second pha s e , a lso 
completed this f i scal year , al lows for de
tai led propagation measurement sys tem design 
and procurement o f  some o f  the needed hardware 
and equ ipment .  The third pha se , anticipated 
for the next f i scal year , wi l l  provide for the 
final development and a s s embly o f  three propa
gation measurement sys tems , f inal testing , and 
deployment of tho se sys tems . 

The results of phase one were documented in an 
in formal l etter report to the FCC . The con
tents o f  that report are : 

( 1 )  a review o f  the propagation phenomena 
involved based on ava i lable theoreti
cal and empirical s tudies and i nter
ference reports ; 

( 2 )  recommendations a s  to paths , record
ing s i te s , and transmitting s i tes 
required to obtain needed data ; 

( 3 )  recommendations as to s ignal sources ; 

( 4 )  recommendations as to meteorological 
data needed and sources ; and 

( 5 )  recommendations as to des irable data 
sampl ing rate , amount o f  on- s i te 
data reduction , s tati stical param
eters to be recorded for reduced 
data , and the desirab i l i ty of vari
able samp l ing rates . 

Based on the FCC ' s  response to the recommenda
tions , phase two of the pro j ect was undertaken . 
The propagation measurement sys tem des ign has 
been better def ined and about one- half of the 
needed hardware and equipment has been pro
cured . 
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SECTION 3 . 4 .  PREDICT ION OF TRANSMISS ION 
PARAMETERS AND SYSTEM PERFORMANCE 

Completed engineering models for EM wave trans
miss ion calcul ations are del ivered to s pon
soring and reque s t i ng agenc ies for their use . 
Fol lowing are representative uses of these 
services . 

3 . 4 . 1 . Long-Term Ionospheric Predict ions 

The ICA/VOA requires regular pred ictions of 
" c ircui t "  per formance as an aid in planning 
appropri ately for the continuation o f  its 
wor ldwide HF broadcasts . 

The Radio Propagation Pred ictions pro j ect 
provides the VOA every second month w i th HF 
circuit per formance predictions for about 1 8 0  
broadca s t  c i rcuits eight months i n  advance .  
For about 1 5 0  of these circuits ( f rom T inang , 
Kavala , Gre envi l l e , Woo ferton , Monrovia ,  
Munich , and Tangi er ) , the predictions inc lude 
selection o f  optimum transmi tting antenna . 

CDC 6 6 0 0  f i l e s  have been maintained for local 
batch proc e s s ing and , under the VOA T ime Share 
S ervic e ,  they are ava i l able for use by means o f  
acces s f rom a remote TELEX termina l . F i le s  are 
also maintained on the XDS 9 4 0  for interactive 
time- share access by VOA to the prediction 
program . 

In addition to VOA , there are other government 
agencies and industrial organ i z ations requiring 
Numerical Prediction Services . This pro j ect 
provides HF radio propagation predictions and 
computer programs on a cost reimbursable 
basi s .  

HF radio propagation predictions were provided 
routinely to ITT Wor ld Commun ications , Asso
c i ated Pre s s , NOAA/SEL , and the Amer ican Rad io 
Relay League ( for pub l i cation i n  QST) . The 
Ins titute made predic tions for TRT Tele com
munications Corporation ; Polar Research Labo
ratory , I nc . ; Naval Underwater Sys tems C enter ; 
National Telecommunications and I n formation 
Adminis tration ; C anadian Marconi Company ; Cohen 
& D ippe l l ; Gulf Oil Commun ications ; HCJB Wor ld 
Rad io M i s s ionary Fel lowship ; BR Commun i cations ; 
Adventi s t  Wor ld Radio ; I nternational Aeradio 
(North America ) ,  LTD ; Mr . W i l l i am A. K i s s ick , 
ITS ; and Phi l l ips P etro leum Sys tems . 

The fol lowing organi zations received tapes o f  
IONCAP includ ing aux i l i ary material ( te s t  data 
numerical maps , and documentation ) for use on 
computer s accessible to them : Naval Research 
Laboratory ;  C omputer S c ience Corp . ; I n te r state 
Electronics C orp . ; Naval Underwater Sys tems 
Center ; Poles tar C ommunications , LTD . , C anada ; 
U . S .  Department of Energy ; Remote Measurements 
Laboratory ; P h i l ip s  Telecommunications , Nether
lands ; General E lectric Company ; E-System , 
I nc . ; USAF Rome Air Development Center ; Page 
I ber ica , SA , Spain ; and Minis ter o f  I n forma
tion , Saudi Arabi a .  

Region 2 MF Broadcasting Conference . The I TS 
has played a signi f i cant role in the prepara
tion o f  U .  S .  positions that were presented at 
the Region 2 MF Broadcasting Conference . In 
add i tion , ITS personnel have partic ipated in 
numerous meetings leading up to the conference 
as wel l  as the conference itsel f .  



The I n s t i tute partic ipated i n  the C C I R  IWP 6/4  
meeting i n  early October 1 9 7 9 .  A C C I R  report 
provid i n g  the output o f  thi s  meeting was pub
l i shed i n  December . The NTIA posi tions with 
regard to MF al loc ation and usage were coord i
nated w i th appropr iate CCIR and FCC individuals . 

Preparation for the 6 th C I TEL Working Group 
meeting was undertaken . As part o f  thi s  prep
aration ; an analy s i s  of potential i nter-regional 
interference u s ing the Cairo North-South curves 
was conducted . Thi s analy s i s  was s ubmi tted to 
the u .  S .  del egates to support the U .  S .  po si
t ion . Also undertaken was a s tudy to i nvesti
gate the d i s tr ibution o f  rece ived s ignals in 
order to d etermine if i nter fering s ignal l evels 
exceeded various percentages o f  time . 

I n  January 1 9 8 0 ,  the Director o f  ITS partic i 
pated i n  the 6 th C ITEL/ITU meeting f o r  the 
f i r s t  s e s s ion of the Regional Admini s trative 
MF Broadcast ing Conf erence ( Reg ion 2 ) . He was 
part o f  the U .  S .  delegation a nd partic ipated 
actively in d i s cu s s ions concerning 9 kHz chan
nel spac ing and increasing protected s ignal 
l eve l s  i n  high noise area s . During the month 
of March 1 9 8 0 ,  he also attended the Reg ion 2 
MF Adm i n i s tr ative Broadcasting Conference as a 
member o f  the U .  S .  delegation . 

As a f a l l -out o f  this program , I TS has deve l
oped computer i z ed method s o f  c a l cu l ating MF 
sky-wave f ield s trength to a s s e s s  i nterference 
potential from emitters i n  Regions 1 and 2 .  

3 . 4 . 2 .  Medium Frequency 
Transmi s s i on Stud i e s  

P l anning for FCC . Med ium f requency sky-wave 
emi s s ions f rom locations south of the Uni ted 
S tates border in ITU Region 2 ( the Americas ) 
have i nterfered with the per formance of some 
u .  S .  AM broadcast s tations . To verify the 
extent of this i nterference , the Federal Com
mun icat ions Commi s s ion ( FCC ) ha s proposed a 
mea surement program who se data w i l l  be used to 
derive a more accurate f ield s trength predic
tion mode l .  Current ac cepted mode l s  tend to 
underes t imate f ield s trengths in Region 2 .  
Such a program requires gathering data over a 
long period of time so that e f fects o f  fre
quency , geomagnetic latitude , i onospheric los s , 
and solar activity can be properly evaluated . 

The Propagation Pred ictions and Model Devel
opment Group has developed a p l an f or s uch a 
medium f requency f ield s trength measur ement 
program . The p l an i nc ludes sources to be 
mon i tored , o ther s tations on co- or adj acent 
channe l s  wh ich might a ffect the des ired f ield 
s tr ength measurements , the receiving s i tes , 
and the propagation paths between the sources 
and receiver s . Also , the p l an inc ludes the 
pos s ib l e  des ign of the moni tor i ng sys tem , in
clud ing the antenna sys tem , cost e s timate s , 
and expected delivery times . Further d i scus
sion is included about the mea s urements them
selves and the data parameters to be obta ined , 
as we l l  as on-site data reduc tion requirements . 

MF Sky-wave Propagation . As part o f  the support 
ITS has g iven NTIA in i ts init iative to the 
Federal C ommunications Commi s s ion to reduce the 
channel spac i ng for AM broadca s t ing from 1 0  kHz 
to 9 kHz , the Propagat ion Predictions and Model 
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Development Group has undertaken three f i eld 
trips to ascertain the extent o f  inter-regional 
interferenc e .  Three locations were chosen as 
the mos t  probable for reception o f  i nterfering 
signa l s . The s i tes were San C l emente I s l and , 
CA ; Bel f a s t , ME ; and Key Wes t , FL . At the 
San Clemente s i te ,  18 Asian stations were 
tentatively identif ied by the ir mid-channel 
carr ier s . There were no audible AM s i gnals 
from thes e  s tations , however , and no audible 
heterodynes with the adj acent channel broad
casts o f  Uni ted States s tations received at 
the s ite . 

The Belfast s i te was located at the FCC moni
tor ing s tation there . In addition to the 
antenna on the mon i toring equipment ,  high gain , 
directional antennas at the monitoring s i te 
were ava i lable for use . S ignals were rece ived 
from 15 foreign s i tes with audio modulation 
detec tab le f rom some Car ibbean s tations , two 
West African s ta tions , and one European s tation . 
The other s tations had detectab l e  carriers at 
inter-channel frequenc ies . Again , no hetero
dyne effects were audible on received U .  S .  
stations . T ab l e  3 - 3  summarizes the s e  obs er
vations . 

At the Key We s t  s i te , severa l  Central and South 
American as we l l  as Caribbean s tations were 
rec eived . In many cases , three or more s ta
tions were audible on the same channe l .  This 
made pos s ible ident i fication d i f f icul t ,  but 17 
out of 35 s tations of i nterest were audible 
with carriers ident i f ied on 9 o f  the remaining 
18 channe l s . The ambient no ise at the Key Wes t  
site was noticeab ly higher than the other s ites 
bec ause the mon i toring occurred i n  May , whereas 
the other mon i toring occurred in January and 
February . There were no heterodynes audible 
on rece ived U .  s .  s tations . 

Mic rowave I nterference by Elevated Layer s . As 
one aspect of radio spec trum management , the 
e f f i c i ent a l location of frequency a s s ignments 
is very much dependent upon the de termination 
of coordination dis tance ( the minimum permi s
sible geographic separation between co-channel 
stations wi thout formal coord ination ) . Deter
mination o f  thi s  distance requires the c ap
abi l i ty of pred i c t ing both service f ields and 
interference f ields . 

As a result of thi s  year ' s  and the previous 
fiscal year s ' activitie s , a consol idated model 
for UHF/SHF telecommunication l inks between 
earth and synchronous s atel l i te s  has been 
des cr ibed in a technical report ( NTIA Report 
8 0 - 4 5 ) . This model is pres ented in the form o f  
eng i neer ing-type formulas wh ich consol idate all 
o f  the known externa l elements s igni f icant for 
system performance . Thi s  UHF/SHF mode l ,  adopt
able for subsequent updating , i nc ludes s tate
of-the-art e s timates of noi s e , attenuation , 
depolar i z ation , and turbulenc e .  The role of 
sys tem geometry in signal depolar i z a tion is 
presented , and the bas i s  for the eva luation o f  
linear versus c ircular polari z ation i s  devel
oped . The conventional f igures of mer i t  are 
inc luded ; the determi nation o f  earth/s ate l l i te 
service f ie ld s  ( desi red s ignal s )  and potential 
earth/ s ate l l i te inter ference f ields ( undesired 
signal s ) are descr ibed . See F igure 3 - 1 6  which 
illustrates the earth/sate l l i te service and 
interference path geometries . The app l i c ation 



Table 3 - 3 . Honitoring Summary for the Belfas t ,  ME , S ite 

M O N I T O R I N G  OF MF S K Y  WA VE S AT  BE LFA S T ,  ME 

F ( K H z ) T I I-1 E A N T E N N A *  A U D I B L E  R E C O R D E D  M o s T  L I K E L Y Po w E R 
( Lo c A L ) AM S I G N A L S  A G C . A M  A u D I o  S T A T I O N ( d-1) 

5 6 7  1 4 2 5  1 Y E S  Y E S  T U  L LA M O R E ,  I R E LA N D  500  
5 7 5  1 9 2 2  1 N O  N O  T I R N S A N  J O S E ,  

C O S TA R I C A  5 0  
5 8 5  1 9 4 0  1 N O  N O  V I E N N A ,  A U S T R I A  1 2 0 0  
5 9 5  1 9 4 5  1 N O  N O  R O S EA U ,  D OM I N I C A 10  
7 2 5  1 9 3 4  1 N O  N O  T I LX S A N  J O S E .  

C O S T A  R I C A 2 
t-' 7 5 6  1 9 5 0  1 N O  N O  B R A U N S C H WE I G ,  0 
0 

GE R M A I� Y  8 0 0  
7 6 5  1 6 50 1 . 2 . 5  YES  YES  D A KA R ,  S E N E G A L  4 0 0  
8 0 0  2 0 2 0  3 , 5  Y E S  YE S P J B  B O NA I R E ,  N E T H -

E R LA N D  A N T . 5 0 0  
8 3 4  2030  1 . 5  YES  YES  B E L I Z E ,  H O N D U R A S  20  

1 0 3 5  1 9 2 0  L 5 YE S YE S 4VC L HA I T I  10  
1 1 34 1805  1 N O  N O  B I O G R A D ,  Y U G O S LA V I A  1 2 0 0  
1 38 6  1 7 4 0  1 N O  tW KA U NA S , U S S R  1 0 0 0  
1 3 95  1 7 3 5  1 . 5  N O  N O  L U S H N J E ,  A LB A N I A  1 0 0 0  
1 4 0 3  1 7 2 0  1 . 2 , 5  Y E S  YE S K I PL G U l t� E A 4 0 0  
1 5 5 5  1 7 10 1 . 5  Y E S  Y E S  G E O R G E T O W N . G R A N D  

C A YMAN I S LMJ D  1 0  
' 

.. 
1 = L O O P , 2 - E -W R H OM B I C .  3 - N - S  R H OM B I C ,  4 = r1 0 N 0 P 0 LE , 5 = W U L LE N W E B E R DF  
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of the formulas and graphs g iven in the above 
report are also i l lu s trated by numer ical ex
amples ; the i r  a s sociated derivations are 
e i ther referenced or descr ibed i n  appendice s . 

NTIA has also init iated a s tudy to deve lop 
engineering methods for the prediction of 
potential i nterference between terrestrial 
stations . This reduces es senti a l l y  to the 
problem of predicting the occurrence of those 
meteoro logical condi tions ( such as atmospheric 
refractivity l ayer ing ) which support i nterfer
ence f ields . By using the results of previous 
studie s ,  one can pred ict the occurrence of 
those elevated l ayers conduc ive to the long
distance , low- loss propagation typ i c a l  of the 
more serious , o therwise unexpec ted , i nterfer
ence . F igure 3 - 1 7 , for example , i l lustrates 
the occurrence of elevated ducting layers for 
the U . S . A .  There , the contours describe the 
percent of a l l  hou�s of the mos t  f avorable 
month that elevated ducting l ayers would be 
expec ted to occur for arbi trary locations i n  
the c ontinental U . S . A .  A report w i l l  summarize 
the associated l ayer c haracte r i s t i c s  pertinent 
to the i nterference ( via e l evated l ayer s )  
problem , based upon h i s toric radio sonde data . 
This report provides a preliminary es tima te , 
deta i l ing the l imitations of the presently 
avai lable data and l ikely means of improving 
that data base . The report a l so descr ibes the 
presently ava i lable method s for applying this 
derived meteoro logical data to the predict ion 
of i nterference f i eld s . 

In recent years , there has been a renewed 
interest in the foundations of the rad io prop
agation models that are i n  use today for many 
practical appl ications at VHF and higher fre
quenc ies . Two such mode ls of especial i nter
est are the ITS , or Longley-Rice , model and 
the FCC model for FM and televis ion broad
casting . In particular , severa l  organi zations 
have now had the opportunity to compare model 
pred ictions with one or another set of meas
ured data ; and they often f ind , to their dis
may , that the d i screpanc ies are much l arger 
than they would l ike . They are therefore con
c erned whether ( 1 )  the model is i naccurate , 
( 2 )  they are misapplying the model , or ( 3 )  
they are m i s interpreting the resul t s . 

The pro j ec t  Engi neering Models (VHF/UHF for 
Broadcast and Mobi l e )  has the goal of helping 
out in such studies and of making i ndependent 
s tudies of i ts own . For applying models and 
for i nterpreting resul ts , we want particularly 
to set forth rules and procedures which can be 
used i n  c0mmon agreement by a l l  organ i z ations 
invo lved . I n  this way we would hope to e l imi
nate the last two concerns l i s ted above , leav
ing only the ques tion about model accur acy . 

C learly , these s tud ies depend a great deal 
upon measured data . I n  past years and also at 
present ,  there have been many measurement pro
grams devised to collect prec i s e ly the data 
needed . The s e  programs h ave been carr ied out 
by many organ i z a t ions , ITS and its prede
cessors be ing one of the more ac tive . The 
f ir s t  s tep in our present pro j ect , we f ee l , 
should be to col lect as many of these data as 
we can and to a s s embl e them i nto a con s i s tent 
series of machine readable f i l e s . Thi s we 
have been doing . We have ; for example , reduced 
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to machine readable form a very i nteres t i ng 
set of data whi c h  s imulate l and mobi le opera
tions in fairly rugged mountains . Taken for 
the U . S .  Army long ago i n  1 9 6 4 , these data 
were thought to be lost to the communi ty .  But 
we have been fortunate thi s  year to have been 
given a copy of the original report , thus pro
viding us a l l  the nece s s ary in formation . 

WARC S tudy Program . Programs to develop the 
technical material requi red for planning the 
use of HF bands allocated to the broadc a s ting 
service wer e prepared for the Vo ice o f  Amer ica . 
Emphas i s  is on the preparation of material for 
submi s s ion through the CCIR i n  preparation for 
a World Adminis trative Rad io Conference for HF 
broadca s ti ng . 

SECTION 3 . 5. APPL ICAT IONS 

The cons tant s tudy of EM wave transm i s s ion 
characteris tics , the development of up-to-date 
theoretical and emp i r i c a l  mode l s , and the 
s tudy of real-world tel ecommunication problems 
lead to s tate-of- the-art app l ications for 
telecommun ication uses . This sec ion deals 
with a vari ety o f  programs which show the 
broad spectrum of applied electromagnetic 
sciences . 

3 . 5 . 1 . Antennas and Rad i ation 

Over the Hor i zon Radar . In 1 9 7 5  ITS bu i l t  a 
new phased- array , over-the -hori zon radar on 
San Clemente I s l and off the coa s t  of C a l i forni a .  
Dur i ng the mid - to - latter part o f  F Y  7 9 ,  con
s iderable e f fort was expended to refurbi s h  and 
update the San C l emente fac i l i ty ( i . e . , envi
ronmental protection for the 25 antenna s , 
design update of a l l  2 5  transmitters , and a 
new d i g i tal data acqu i s i tion recorder ) .  

The primary function of thi s  fac i l i ty i s  
threefo ld : observations of airborne and 
surface-borne targets , and observation of the 
wind-generated waves on the ocean ' s  surfac e .  
The mos t  recent ef forts have been directed 
toward identifying and c l as s i fying surface 
targets such as freighters , tankers , des troy
ers , cru iser s ,  etc . Each test requires 
several minutes o f  data at ten or more fre
quencies between 2 and 3 0  MH z .  The tests also 
require that the target present s everal aspect 
views to the radar when a cooperative target 
vessel is being obs erved by the radar . 

Dur i ng th i s  period , field operations were 
manned for the mea surement of two u . s .  Navy 
f ighting ships . The s e  operations were part 
of a program intended to determine the feasi
bi l i ty of extracting suffic ient i nformat ion 
from mul t i - frequency radar cros s - sec tion data 
to ( a )  broadly categor i ze the target , e . g . , 
between naval or commercial shipping , and , ( b )  
i n  the case o f  naval ships , to identi fy the 
type or c l a s s  of ship . Information f rom one 
of the tests is under examination by the Nav a l  
Research Laboratory . Sys tem diff iculties pre
vented the acqui s i tion of use ful data from the 
second tes t .  

F igure 3 - 1 8  gives an examp le of the measure
ments . The f igure plots radar cros s - s ec tion 
( in dB ) against Doppler frequency . The measure

ment data shown were taken with the target ship 



1-' 
0 
w 

1 I 
\ I 

I / 
I 

I \ \ c 

& 
'\) 

q \? 

• <:> 

F igure 3- 1 7 .  Contours o f  the percent of oc currence for elevated duct ing 
l ayers during the mo st favorable month over the continental 
U . S . A .  and in the vicinity o f  its borders . 
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l y i ng broad side to the radar and substantially 
dead i n  the water . F igure 3 - 1 9  shows the re
sonant l i n�s produced by the sea ( far left and 
far r ight ) , a r adar return a t  z e ro Dopp ler 
produced by Santa Barbara I s l and , and f inally , 
the ship s howing a s low tran s l at ion toward the 
radar . The z ero Doppler of F igure 3 - 1 9  agrees 
with the results of a measurement made 6 
minutes ear l i er than F i gu r e  3 - 1 8 . T he ship 
s ignature i s  c l early merged with the land 
return signal , but by compari son , is s igni
f icantly higher . 

EM Waves in Mines . Var ious s ub s ur face elec tro
magnetic wave problems have been analy zed for 
the U . S .  B ureau o f  Mines . The app l ications 
are to both operat ional and emergency communi
c a tions in mines . 

The s u r face f ields produced by a buried loop 
antenna of arbitrary s hape have been analy z ed . 
Extensive c a l cu lations h ave been per formed for 
the special case o f  rec tangu l a r  loop s . The 
app l ication o f  this geometry i s  to upl ink 
emergency corr�unication at ELF . The rec tan
gular loop geometry arises f rom the con s traints 
of the standard room-and-pi l l ar mini ng where 
wire l oops can be s trung around the remaining 
rectangular coal p i l lars . 

The problem of VHF transmi s s ion in a network 
of intersect ing tunne l s  is important for oper
a t ional mine communication s . A tunnel j unction 
can be c haracter i zed by a sca ttering matrix 
whi c h  relates the transmitted and ref lected 
modes to the incident mode . The approach i s  
s im i l ar to t h a t  employed by microwave engineers 
on waveguide j unctions . An important f inding 
of the analys i s  is that the corner loss is 
qu ite h igh for the low order modes . This high 
corner loss w i l l  limit communication into 
c ro s s cut tunne l s  u n l e s s  s ome type o f  sc atterer 
can be installed a t  j unctions . 

A rel ated hazard prob l em involves coupl ing o f  
r a d i o  s ignals t o  b l a s t ing c ap c ircuits . C a l 
culat ions o f  t h e  pickup c urrent in blas ting c a p  
c i r c u i t s  have been made for v a r i o u s  geometr ies 
and frequencies . An important f ind ing i s  that 
the i nduced current i s  e s sentially proportiona l 
to f requency and to the d imens ions of the 
b l a s t ing cap c ircui t .  

Some basic transmi s s ion loss e s timates were 
suppl ied to the Pac i f ic Mi s s i l e  Test Center 
( PMTC ) in response to the consulting task of 
the Ground/Air Propagation Prediction proj ect . 
These were intended to help PMTC resolve a 
potential radio frequency inter ference ( RF I )  
probl em a s soc iated with a n  e l e c tron ic warfare 
( EW )  transmitting s i te . 

3 . 5 . 2 .  Transmi s s ion Through the 
Atmosphere : App l i cations 

SPS I onospheric Heating . The United S ta tes 
Department o f  Energy (DoE ) �s i nves tigating a 
number of d i fferent a l ternatives in order to 
meet the energy needs of the Nation in the 
twenty- f i r s t  c entury . One of the a l ternatives 
currently under s tudy centers around a Satel
l i te Power Sys tem ( S P S ) . The c urrent systems 
concept with regard to the SPS is the plac ing 
into geostat ionary orbit o f  one or more satel
l ites equ ipped with photovoltaic cells to 
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produce direct current from solar radi ant 
energy . Each sate l l i te , whi c h  wi l l  be 1 0  km 
long , 5 km wide , and 0 . 5  km thic k , w i l l  be 
equ ipped with ins trumentation to trans form the 
de produced by the solar photovo l ta i c  cells to 
microwave energy at the sate l l ite . The micro
wave energy will be transmitted to the surface 
of the earth at a frequency of 2 . 4 5 GHz , wh ich 
c urrently falls within an industria l , scien
t i f i c , and medical band ( I SM) alloc ation o f  the 
e l e c tromagnetic spectrum . At the surface of 
the earth , the mic rowave energy wi l l  be rec
t i f ied and condi tioned to interface with util
i ty grids . T he input into the u t i l i ty grid is 
d e s i gned to be somewhat larger than 5 , 0 0 0  MW 
o f  c onti nuous power for each SPS . 

There is concern that the operation of the SPS 
may r e s u l t  in substantial c hanges to the 
earth ' s  envi ronment . The ITS is u ndertaking , 
for the DoE , an ef fort to assess the impact of 
the operation of the SPS upon the ionospher e .  
T h e  power dens i ty associ ated w i t h  the passage 
of the SPS microwave power beam as i t  i s  trans
mitted from geos tat ionary orbit to the surface 
o f  the earth is 23 mW/cm 2 at the beam center . 
Such power dens i ties are of s u f f ic i ent inten
s i ty to give rise to changes in the electron 
temperature and electron den s i ty in the earth ' s  
ionosphere . These changes , in turn , can af fect 
the performance of telecommun icat ions sys tems 
that rely upon the ionosphere as a med i um for 
electromagnetic propagation . 

Numerous te lecommun ications sys tems rely on 
ionospheric reflec t ions or tran s - ionospheric 
propagation as p ar t  o f  their communication 
s i gnal path . Any system that can s igni ficantly 
mod i fy the ionosphere has the potential to 
produce wide-ranging telecommunic ations inter
ferenc e .  In addition , the role o f  the iono
sphere in solar-terrestrial coupling and cli
mate c hange is not wel l  unders tood . As a 
res u l t ,  mod i f i c ation of the ionosphere by 
the SPS microwave beam is of general concern . 

The environmental and sys tem impacts on the 
iono sphere that ensue f rom pas sage o f  the SPS 
power beam will depend on the degree o f  beam 
s e l f - focusing , the s i z e  of the resu l ting large
scale dens i ty s triations , and the c hange in 
ionospheric temperature . F igure 3 - 2 0  provides 
an arti s t ' s  concept o f  how tel ecommunication 
sys tems could be impacted by the operation of 
the Sate l l i te Power Sys tem . The f igure s hows 
an SPS beaming energy to the sur face o f  the 
earth and giving rise to an enhanced el ectron 
temperature in the D region and the formation 
of irregularities in the F region . Te lecom
muni cation sys tems , whether they be s i tuated on 
the s ur face of the earth or in spac e , c an be 
a f f e c ted by the mod i f ied ionosphere . The mod i
f i c ations i n  the ionosphere result from the 
heating of the ionosphere as the SPS microwave 
power beam is transmitted from sate l l i te orbit 
to the surface of the earth . 

Because of the f requency invo lved ( 2 . 4 5 GH z ) , 
the h eating that the SPS power beam will pro
vide to the ionosphere is bel i eved to be that 
a r i s i ng from ohmic interactions between the 
power beam and the elec trons , ions , and neutral 
particles compris ing the ambient ionosphere . 
The rate of energy that is input into the iono
sphere by ohmic heating due to radio waves is 
given : 
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F igure 3 - 2 0 .  Artist ' s  concept of SPS effects on the ionosphere and telecommunication sys tems . 



where , 

2 
X V , + V eJ. en ( 1 )  

Q the energy i nput , 

E 

v . eJ. 

v en 

the e l ectric f i eld ampli
tude o f  the perturbing 
heating wave , 

the local pl asma fre
quency , 

e lectron gyrofrequency , 

the wave frequency , 

the e lec tron- ion colli
s ion f requency , and 

the e l ec tron-neutral col
l i sion frequency . 

Under cond i tions of ohmic heat i ng , the result
ing power flux a t  microwave frequenc ies can be 
related to the resulting power f lux a t  another 
frequency through the relationship 

( 2 )  

where PSPS and fSPS are the SPS microwave power 

d e n s i ty and frequency and PHF and fHF are the 

power den s i ty and frequency a t  another fre
quency i n  the spectrum . I t  f o l lows f rom 
Equation ( 2 )  that heating the ionosphere u s i ng 
radio waves a t  a lower frequency than that of 
the SPS requires a sma l l er amount o f  power 
dens i ty to achi eve an SPS- comparable e f fec t .  
P rovided that the heating i s  accomp l i shed by 
radio waves that pas s through the ionosphere , 
h i gh-powered HF wave s can be used to s imu late 
SPS heating . 

I n  add ition to heating the ionosphere through 
ohmic proc e s s e s , the SPS mic rowave beam c an 
generate instabi l it i e s  that are dr iven by the 
heating o f  the power beam w i th a scattered 
elec tromagnetic wave , creating a ripple of 
Joule heating . This heating can g ive r i s e  to 
s ucce s s ive per turbat ions in the temperature 
and elec tron den s i ty . The e lectron den s i ty 
perturbation leads to changes i n  the index o f  
refraction which i n  turn d ivert the microwave 
beam into the troughs of the density perturb
ations . The process i s  s e l f - cons i s tent and 
unstable ; hence the name thermal s e l f - focusing 
i n s tab i l i ty . 

The threshold for the onset of thermal s e l f 
foc u s i ng i s  proportional to t h e  cube o f  the 
wave frequency . Thus , we can wr ite an expres
s ion for the rate a t  whi c h  energy is imparted 
i nto the s e l f- focusing instabi l i ty that i s  
analogous t o  Equation ( 2 ) , vi z .  

( 3 )  

Equations ( 2 )  and { 3 )  indicate that the amount 
of energy a s soci ated with the operation of the 
SPS that goes into heating the ionospher i c  

plasma and t h a t  goes into generating t h e  ther
mal s e l f - focus i ng ins tabi l i ty can be realisti
cally s imulated using much lower frequencies 
and power den s i ti e s  provided that the lower 
frequencies pass through the ionosphere . 

The valid i ty of Equations ( 2 )  and ( 3 )  are cru
cial to the ground-based s imulations of the SPS 
operation . The results obtained by heating the 
ionosphere with HF waves mus t  be extrapolated 
over a frequency range of nearly a f ac tor o f  
1 0 0 0  i n  order t o  arr ive at t h e  S P S  operational 
frequency . It is possible that instabi l i ties 
i n  the ionosphere will result f rom the passage 
o f  the SPS power beam that can not be s imulated 
us ing ground-based HF fac i l i ties . However ,  the 
current under s tand ing of the processes that are 
anticipated to occur i n  the SPS environment 
indicates that the ohmic heating ( l/f 2 ) and 
thermal s e l f - focus ing instab i l i ty ( l /f 3 ) 
scaling l aws are val id . 

The ground-ba s ed heating f ac i l i ty located at 
P lattevi l l e , CO , and the soon to be comp leted 
heater fac i l i ty loc ated at Arec ibo , Puerto 
Rico , funded by the Uni ted States National 
Sc ience Foundation , are c apable of producing 
continuous SPS equivalent ohmic heating i n  the 
lower ionosphere . At higher heights the de liv
ered power flux dens i ty is s i g n i f icantly less 
than the frequency-sca led SPS microwave beam, 
fol lowing a ( l/ f 2 ) scaling l aw .  The energy 
dens i ty that scales to the SPS scenario for 
the onset o f  s e l f - focusing ( l/ f 3 ) is greater 
than the SPS power dens i ty at all ionospher ic 
heights up to 7 0 0  km , however . 

The h igh-power , h igh-frequency ionospher ic 
heating f ac i l i ty located at P l attevi l l e , C O ,  
w a s  the focus f o r  s tudy ing telecommunications 
impacts . 

A number of s tudies of the performance of 
te lecommunication sys tems in an experimentally 
s imul ated SPS environment were undertaken . 
Two series of experiments were conducted . The 
objective of one series was to determine the 
degree to whi c h  ionospheric changes i nduced by 
ohmi c heating due to SPS operation would impact 
upon telecommunication sys tem performance . 
S ince the Plattev i l le Facil i ty provides SPS
comparable power dens i ty due to ohmic heating 
( l/ f 2 ) only to the lower ionosphere , telecom

munication sys tems who se radio energy i s  re
f lected and controlled by the lower ionosphere 
were investigated . The lower ionospheric 
s tudies were conducted during the time per iod 
Augus t ,  S eptember , and Oc tober 1 9 7 9 .  The 
o b j e ctive of the s econd series of experiments 
was to determine if thermal sel f-focusing 
e f f ects could be produced using underdense 
radio waves . The primary di agnostics o f  tele
communication sys tem per formance used were 
sate l l i te transmis sions in the very h i gh fre
quency (VHF , 30 MH z - 3 0 0  MH z )  band . The self
focusing s tudies were conduc ted i n  March and 
Apr i l  1 9 8 0 .  

The following sources were used to assess the 
potential impact of SPS operation on telecom
munication sys tems operating in the lower 
ionospher e :  

1 0 7  



1 .  VLF S ignal Sources - OMEGA 

2 .  LF S i gnal Sources - LORAN-e 
Stations 

3 .  MF S i gnal Sources - AM Broadcast 
S tations 

F igure 3 - 2 1  shows an example of the rec eived 
VLF ampl itude and phase recorded at Brush , CO . 
The data were obtained for the time scale 
indicated on Augu s t  1 6 , 1 9 7 9 .  The hatched 
blocks immediately above the time scale indi
cate that the P l atteville F a c i l i ty was oper
ating in a continuous mode , and the shaded 
blocks indic ate square-wave ( 5 0 %  ON - 5 0 %  OFF ) 
modulat ion , with the modul ation rate g iven in 
events per second . The amp litude and phase 
scales are indica ted . The phase output from 
the rece iver wa s designed such that , when 
either the z ero or full scale ( 1 0  � s )  outputs 
were reached , a reset occurs which placed the 
record pen at the oppos i te l imit and another 
10 � s  of trace wa s then pos s ibl e .  

The results obtained i n  the VLF , LF , and MF 
experiments provide s trong evidence that ohmic 
heating of the lower ionosphere with radio 
waves having power densities comparable to 
the SPS mic rowave power beam wi l l  not l ead to 
adverse impacts upon the per formance of VLF , 
LF , and MF tel ecommunication sys tems . On 
numerous occas ions in August , September , and 
Oc tober 1 9 7 9 ,  the D and lower E regions of the 
ionosphere above P l attevi l l e , CO , were i l lumi
nated with radio waves in the high frequency 
portion of the spec trum whose ohmic heating 
power density scales to 23 mW/cm2 - the current 
design power dens i ty of the SPS microwave beam . 
S ignals from VLF , LF , and MF transmitters that 
propagated through and near D and E reg ions 
il luminated by the P latteville Fac i l i ty dis
played no obvious c hange that could l ead one to 
suspect adverse sys tem performanc e  attr ibuted 
to SPS operation . 

In addi tion to changes in the ionosphere due to 
ohmic heating , the SPS microwave power beam may 
create striations or i rregularities in the 
ionospheric electron den s i ty resulting from 
thermal self-focus ing instabi lities . 

An experiment was undertaken at Carpenter , WY , 
that wa s directed toward monitoring the trans
mis s ions from the LES - 8  satellite at 2 4 9 . 2  MH z .  
F igure 3 - 2 2  shows the LES - 8  s igna l recorded 
between the t imes 0 2 5 6  and 0 3 3 5  UT on March 1 2 ,  
1 9 8 0 .  The P lattevi l l e  F ac i l i ty was turned on 
at a frequency of 9 . 9  MHz with an input power 
of 1 . 5  MW at 0 3 0 0  UT . Between the times 0 0 4 5  
and 0 3 0 0  UT , the F a c i l i ty was " OFF . "  At 0 2 5 8  
UT , foF 2 a t  P la ttev i l l e  was obs erved to b e  8 . 1  
MHz and at 0 3 1 2  UT , foF 2 was obs erved to be 7 . 9  
MH z .  The entire per iod of heating was there
fore underdense . I t  is readily appar ent that , 
about 5 minutes after the onset of underdense 
heating , the LES - 8  s ignal s tarted to fluctuate 
cons iderably . Peak- to-peak fluctuations of 1 0  
dB were observed , and at 0 3 1 5  UT , when the 
Fac i l ity was turned " OFF " , the LES - 8  immedi
ately s tarted to settle back to i ts pre-heating 
level . 

The program of research and exploratory devel
opment undertaken in order to assess the 
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impact o f  the operation o f  the Sate l l i te Power 
Sys tem on the ionosphere and telecommun ication 
sys tems has rel ied upon SPS s imul ation , theo
retical s tudies , and experimental observations .  
The program has been directed toward obtaining 
corroborat ive evidence of ionospheric heating 
phenomena that pertain to the SPS operational 
s cenario . Us ing the fact that processes eman
ating from ohmic and self-focus ing interaction 
in the ionosphere can be scaled according to 
frequency-dependent l aws , ground-based s imula
tions of SPS heating in the ionosphere has been 
per formed . This heating has been performed 
using the high- powered , high-frequency trans
miss ion facilities operating at P l attevi l l e , 
CO , and at Arec ibo , Puerto Rico . Because of 
fac i l i ty l imitations , ohmic heating exper iments 
can only be per formed in the lower ionosphere . 

S tudies that inve stigated the per formance of 
VLF , LF , and MF telecommuni c ation sys tems 
operating in an exper imenta l ly simulated SPS 
environment have yie lded results indicating 
that VLF , LF , and MF sys tems wi l l  not be ad
versely impac ted by SPS operation . These 
s tudies were conducted using transmi s s ions 
of actual sys tem s i gnal s . The effects of SPS 
heating on HF , VHF , and UHF sys tems need to be 
s tudied also . 

Results have recently become avai l able indi
c a ting that underdens e  self -focusing c an pro
duce changes in the s ignal level of sate l l i te 
transmi s s ions received on the ground and i n  
aircraf t .  The preliminary results show that 
c hanges in signal l evel are much slower and 
much smaller than those assoc iated with over
dense heating proc esses . 

Los Alamos S c ientific Lab . This pro j e c t  was 
primar i ly to provide the service of the high
powered ( 2  megawatt s )  P lattev i l l e  HF trans
mi tter and technical a s s i s tance to the Los 
Alamos S c i entific Lab . The purpose of the 
proj ec t  was to determine if the correct con
di tions could be es tabl i shed to propagate an HF 
signal a long the earth ' s  f i e ld lines , out a 
distance of several earth ' s  rad i i , and receive 
a return via a ref lection at the southern con
j ugate point . Also , observations were made for 
s ignal returns from the earth ' s  magneto tail 
which would require 30 seconds or more to 
comp lete a round trip . 

A considerable amount of s ignal proces s ing was 
per formed , producing s trong backsca tter returns 
from terrain irregularities of other conti
nents , as we l l  a s  around the world s ignal s , but 
during about 2 weeks of observations , none were 
identified a s  propagation a long either of the 
des ired paths . 

SPS EMC Assessment . This i s  a continuing pro
gram sponsored by the Department of Energy to 
study the potential RF I /EMI e f fects of a 
propo sed Solar Power S tation ( S PS ) . These 
satel l i tes would convert solar energy i nto DC 
vo ltage whi c h  would drive high power microwave 
sources to produce a high energy mic rowave beam 
at 2 . 4 5 GHz . The satel l i te in geos tationary 
orbi t would beam the energy to a given receiv
ing antenna ( rectenna) on earth where the 
microwave energy wou ld be converted to elec
trical energy for consumer use . One sate l l i te 
is capable of produc ing 5 0 0 0  MW of e lectrical 
power on the earth . 
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F igure 3- 2 1 .  OMEGA phase and amp li tude data recorded a t  Brus h ,  CO , from Hawai i  to 
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F igure 3- 2 2 .  LES-8 amp l i tude data observed at Carpenter , WY , on March 1 2 , 1 9 8 0 , 
dur ing underdense heating . 



The EMC s tudy covers a broad spec trum of EM and 
electronic sys tems s tudies to d etermine eff ects 
of an SPS . This inc ludes GEO and LEO satel
lites as we l l  as terre s trial systems . The 
program is too wide i n  scope to speak to much 
of the work accompli shed this fiscal year . 
Only three representa tive areas will be dis
cus sed here . 

Med i a  effects on power and pilot beam : 
Trans ient meteoro logical events and dynamic 
anomal ies cause signal amp l i tude and phase 
modulation for the power and pilot beams . 
These perturbations are important in specifi
c ation of the power beam aiming and beam for
ming control system . Modul ation trans ient 
amp l itudes and rates of onset and short term 
spectral den s i ty d i s tributions must be played 
into the control loop models to a l low tradeoff 
in modular gain , so,ftware control delay , adap
tive mec hani sms for ac commodating larger per
turbations ,  and beam sens i ng feature defini tion 
and discriminant weighting . 

Dynamic anomaly spatial den s i ties and refrac
tive index gradients vary seasonal ly ; both 
c harac ter istics are largest during summer and 
are reduced during winter . Temperature vari
ations also indicate l arger occurrence rates 
and boundary gradients in southern warmer 
regions than the colder northern areas . 

A representative summer a f ternoon " snap- shot" 
plot for anomaly l inear d imens ion and apparent 
veloc ity i s  i ndicated in F i gures 3 - 2 3  and 3 - 2 4 . 
This is a sample of data collected over a � 
year per iod in the Tucson-F t .  Huachuca area o f  
Ar i zona u s ing an X-band p u l s e  Doppler radar . 
Boundary gradients of 5 0  N/m to 4 5 0  N/m were 
measured over the altitude r ange of 1 , 0 0 0  ft to 
1 2 , 0 0 0  f t .  

A communications experimen t  employing a 5 MH z 
bandwidth l ink in the 3 G H z  band exemplifies 
the variation of the error i n  a carrier track
ing loop with sma l l  anoma ly dens ity ( summer 
midnight to sunr i s e )  and large gradient f luc
tuation-moderate density ( s ummer-late morning ) 
s ituation s . A typical loop error spectra is 
indicated in F igure 3 - 2 5 .  For transmiss ion 
through the full troposphere , a simi lar error 
for an upl ink with a S/� 4margin of 15 dB wou ld 
have a data error o f  1 0  - to 1 0 5 , w� }h a loss 
of lock probabi l i ty of 10 to 5 . 1 0 . 

Control o f  the SPS during major trans ient 
event s  such a s  a s torm front pass ing over the 
rec tenna represents a signif icant impact in 
control system design . Short term trans ients 
that could esca late the data e rror rate or 
cause a momentary carrier track loss , or induce 
aim point wander could represent an unaccept
able environment and safety risk . 

A typical re fractivity var iation over a 6- hour 
a fternoon per iod for an undis turbed weather 
condition is indicated i n  F igure 3- 2 6 . A s torm 
front refractivity s i tuation is plotted in 
F igure 3 - 2 7 . This represents the character of 
transient that wi l l  be i ntegrated into the 
contro l sys tem mode l  to quantify loop gain , 
phase l imiting , and adaptive functions to 
minimi z e  carrier lock loss and escala ting data 
error in the u p l ink which could possibly cause 
power beam wander . The control sys tem mode l  
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would define beam phase and ampl itude sensor 
g eometry , signal feature discriminants , and the 
decis ion matrix organi zation for array control 
i n  the presence of such transients . The storm 
f ront refractivity plot is smoothed ; short term 
trans ients in the 0 . 5 - 5  minute per iod range are 
not d i splayed . 

Power loss for various rain rates during s torms 
a s sumed to be centered over a rectenna is plot
ted in F igure 3 - 2 8 . Only direct beam scatter 
is cons idered in the EMC evaluation . Reflected 
and radi ated components from the rec tenna would 
not increase the interf erence envi ronment since 
these components are emitted upward with a 
rel ative ly low power dens ity . Refractive index 
gradients integrated over the full altitude 
range are insuffic ient to return any s igni f i
cant power densities to terrestri al , aircra ft , 
or space vehic le rec eiver s .  -�eflecte9 7 and 
reradiated components are 1 0  and 1 0  of the 
direct power beam where these secondary com
ponents are above any receiver out-of-band 
re sponse threshold . 

Space tel escope : One o f  the LEO sate l l i tes 
s tudied to determine pos s ible per formance de
gradation during SPS power beam intersection 
was the proposed space telescope . In 1 9 7 7 , the 
space teles cope pro j ect was approved by the 
Uni ted S tates Congres s .  The space tel escope 
has ma j or advantages over ground-based tele
s copes in three important area s : 1 )  the first 
and mo st signif icant is an order of magnitude 
improvement in angular resolution , 2 )  twenty
four hour per day observing time , and 3 )  the 
tele scope being beyond the earth atmosphere 
a l lows photometric data collec tion over a much 
wider wavelength range--ultravio let , infrared , 
and submi l l imeter wavebands as wel l  as the 
visual spec trum . 

The planned schedule shows the initial launch 
in the last quarter of 1 9 8 3 . The design l i fe
time is 15 years in orbi t .  The orbit i s  cir
cular at a 5 0 0  km altitude and 2 8 . 8 ° incli
nation . A cross -sectiona l view of the satel
l i te obs ervatory is shown in F igure 3 - 2 9 .  The 
telescope con s i s ts of the pr imary and secondary 
mirror s ,  the metering s truc ture for maintaining 
the relative pos i tions of the mirrors , the 
internal light baffling sys tem , and the fine 
guidance sensor s . Communica tions with the 
sate l l i te will be via the TDRSS . The scien
t i f i c  ins truments on-board are as follows : 

Wide F i e ld/P lanetary C amera - the camera 
contains eight charge- coupled device ( CCD)  
detectors ,  each cons isting of 8 0 0  x 8 0 0  
elements . 

Faint Obj ect Spectograph - uses digicon 
detector s ,  each of which cons ists of a 
linear array of 5 1 2  independent diode 
el ements . 

Faint Obj ect C amera - the design uses a 
three- s tage image i ntens i f ier with an 
intens i f ied si licon target television 
camera tube . 

High Res olution Spec trograph - the detec
tor is a digi�on device consis ting of a 
linear array of 5 1 2  diode elements . 



1-
LlJ 
LlJ 
LL 

300  

z 200  

LJ.J N 
(f) 
_] LLl 
(!) 1 00 z 
<! 

0 60 z 0 0 ld U) 
cr:: w (L 
1- 40 
Lu w l.L 
z 
>-0 20 
g w > 

. . 

-------

• 

ALT ITUDE IN T HOUSANDS OF F EET 
F ig ure 3- 2 3 .  Atmo spheric anomaly s i z e  distr ibut ion versus a l titude . 

. .  . . 
,• . . . 

. . . . . . 

. : · 
... . . . . . .. : .. . ... � . . 

. .. . 

1 

. . .. . 
.· 

•, . . . 
. . . 

• 

1-· T  

.. 

ALTITUDE IN T HOUSANDS O F  F EET 
F igure 3- 2 4 .  Atmo spher ic anomaly apparent veloc ity ver sus al titude . 

1 1 2  



9 0  
A - S T A B L E  T R O P O S P H E R E  3 0  S E C  S A M P L E  

B - L A R G E  A N O M A LY D E N S I TY 6 0  S E C  S A M P L E  

C - H I G H  G R A D I E NT F L U C T U A T I O N S  

6 0  S T O R M  C O N D I T I.O N S  6 0  S E C  PE R I O D  

B 

c 
3 0  

c:r: 
0 
c:r: 
0:: 
LU 0 
LU 
Cl) 
<( 
::z::: a.. 
a.. -3 0 
0 
0 
_, 

- 6 0  

- 9 0 

T R A C K  L O O P  E R R O R  D I ST R I B UTI O N S  

F igure 3 - 2 5 .  Media e f fects on a 3 6  H z  microwave communication link . 

1 1 3  



en 
1--
2 
=::> 

I 
2 

� 
>-
1--I-' -I-' > ""' -1--u 
< c: 
u... L1.J c: 

240.-------------�------------�------------� 

2 2 0  
v 

2 0 0  

N 2 4 

C L O C K  T I M E, H O U R S  
F igure 3- 2 6 .  A typical atmospheric refractivity variation-

undisturbed afternoon condition . 

6 

2 8 0r------.-------,------.--------------,------� 

2 6 0  

en 
I- 240 
2 ::J 

I 
2 

� 
>-
I-
> 
I-C,.;) <( c:c 2 2 0  
u.. Ll.J c:c 

Jf 

2 0 0  

N 2 4 

C L O C K  TIME, HOURS 

F igure 3- 2 7 . Radio refractive index variat ion i n  
conj unction with a s torm fron t .  

5 



1-' 
1-' 
li1 

MARITIME TEMPERATE CLIMATE 

5 

� 
en 
� 4 
.....J 
a: w 
3: 
0 c.. 

3 

2�------�------�------�------�----� 

0 2 0  40 60  80 
RAINRATE, mm/hr 

F igure 3- 2 8 . Power loss due to storms centered over rectenna . 

1 00 



L i g ht s h ie l d  asse m b l y  

O p t i ca l  
te lescope 
a sse m b l y  

S c a l e  
1 m  

'-----' 

Pri m a r y  m i rror 
2 .4  m d iam eter 

E q u i p m ent 
sect i on 

: Foca l 

I 
pla n e  

--------- S y s t e m  Suppo r t  Modu l e  

---------- 1 3. 1 6  m 

LFoc a l  p la n e  
a s se m b l y  s h r o u d  

F igure 3- 2 9 . Cro s s  section view of propo sed s pace telescope . 

1 1 6  



H igh Speed Photometer/Po larimeter - the 
device con s i s t s  of a number of image 
d i s s ector s ,  their as soc iated elec troni c s  
and a focal p l a n e  aperture mask ,  and 
fi lter p l ate . 

Astronomy - accomp l i s hed with use o f  the 
f i ne guidance s y s tem which uses three 
independent sensors and detectors located 
in annular s egments around the f ield of 
view in the focal p lane . 

F i ne Guidance and As tronomy - three high
reso lution sensors to provide data for 
s tar field maps to support future s te l l ar 
experiments p l anning . The se sensors mus t  
acqu ire s ��r s  a t  M = 1 3  with an accuracy 
o f  7 x 10 arcsec . 

The SPS microwave power beam geometry a t · space 
teles cope orb i t  altitude i s  shown in F igure 
3 - 3 0 .  Coupling of electromagnetic energy into 
the sate l l ite ins trumentation will occur 
mainli through the telescope ' s  2 . 4  meter opti
cal aperture . The SPS peak field i ntens i ty 
would be approximately 28 mw/cm2 . This wou ld 
be equiva lent to 1 2 . 6 7  kw of microwave energy 
on top of the telescope . About 4 0 %  of the 
energy would be coupled through the baffled 
area to the pr imary mirror . Some 2 0 %  o f  this 
energy would then be ref lected through the 
mirror sys tem into the detector area s . There 
would be about a 6 0 %  penetration i nto the 
detector area s , which wou ld be equivalent to 
55 watts of 2 . 4 5 GHz energy directly into the 
instrument at ion area . 

The impact of SPS radiations on the scientific 
ins truments would be to increase detector 
c hannel noise , reduce spatial reso lution , and 
reduce dynamic range . For the sate l l i te 
guidance s y s tem and a s trometry mis s ions there 
wou ld be increased detector channel noise and 
reduced spatial resolu tion which would increase 
attitude ins tabi l i ties for the few seconds the 
space teles cope i s  i n  the SPS beam . 

F i gure 3 - 3 1  s hows voltage output ver sus i l lu
minating frequency for a 5 1 2  e l ement CCD array 
at two widely s eparated temperatures g iven in 
degrees Kelv i n .  These video noise spectra show 
the normal response curves for CCD arrays . 
F igure 3 - 3 2  s hows the CCD arr�y spectra in the 
presence of a 2 . 5  GHz 2 mw/cm field . Com
paring F igures 3 - 3 1  and 3 - 3 2 , i t  i s  seen that 
the frequency reso lution has degraded cons id
erably in the i l luminated case particularly 
above 1 0 0  H z . This wou ld adversely e f fect the 
imaging c apab i l i ty of such an array . 

F igure 3 - 3 3  s hows the s ame CCD array being 
i l luminated with a normal source s i gnal and 
the a s soc iated resolution g iven in l i nes per 
minute . The solid line i s  the normal response 
of such an array . The dashed l i ne s hows the 
degradat ion in r� solution in the presence of a 
2 . 5  GH z ,  2 mw/cm RF field . Here it can be 
seen that i t  takes a h igher source i l lumination 
for a g iven resolution i n  the presence � f the 
microwave f ield , particularly below 1 0 - mw/cm

2
. 

CCD matr i c e s , d ig icon devices , image intens i
fiers , and image d i s sectors wi l l  exper ience 
degraded capab i l i t i e s  in the presence of SPS 
energy a s  the satell ite obs ervatory intersects 
the main power beam and maj or s ide lobe s . The 

apertures in front of the detectors af ford very 
l imited protection s i nce the axial l ength will 
be much less than A/2 for the SPS fundamental 
or primary harmonics . 

Mitigation techniques would inc lude wire mesh 
shi elding for image d i s s ector s ,  d igicon de
vices , and CCD arrays where focus ing optics are 
emp loyed . For submi l l imeter , in frared , or 
u l travio let detec tor s ,  the wire mesh would 
cause unacceptable d i s tortion and large data 
errors . Increasing the axial length of the 
apertures for the ins trument detectors up to 6 
em will provide 4 0 - 6 0  dB mic rowave attenuation . 
Up link communic ations through TDRSS s hould not 
be accomp l i s hed during beam intersec tion . 
Crystal lenses in the optical l ink would at
tenuate microwave energy to keep unacceptable 
interference from the fine guidance sys tem or 
other on- board sys tems used in s tabi l i z ation 
and tracking for the teles cope . Upset in 
attitude stabi l i zation would be correc ted over 
a cons iderable portion of an orbit to s tabi l i z e  
t h e  total sys tem after passage through an S P S  
beam . A provis ion f o r  " coasting'' through the 
power beam s hould also be acceptable because of 
the s hort tran s i t  time . To maintain specifi
cation accuracy , a rate memory mode wi l l  be 
required . 

I ntermodu lation products : The SPS space system 
intermodulation product is princ ipally an e lec
tomagnetic envi ronmental factor for GEO satel
l i tes in adj acent orbit s lots and wideband 
communications channe l s  used by high altitude 
LEO sate l lites ( a l titudes ranging from 1 0 , 0 0 0  
to 1 5 , 0 0 0  mile s ) . There are three principal 
sources of intermodulation emission s : 

a .  spacetenna and space veh icle s truc
tures i l luminated by the SPS fundamental 
and harmonic frequenc ies along with other 
terres tr ial and space sourc es ( e . g . , 
commun ication terminal s , communication 
sat e l l i tes , space radar sys tems , etc . ) ;  

b .  s i gnal mixing in non l inear c ircuit 
elements in the power generation chain ; 
s i gnal gener ator s ,  power amp l i fiers , and 
pha se and frequency control circuitry ; 

c .  s i gnal mixing in the solar c e l l s  and 
power cond itioning circui try on the SPS 
space s y s tem . 

The SPS reference design indicates use of 
graphite epoxy compos ite mater ials for the 
space vehi c l e  s tructure , the solar b lanket and 
supporting member s ,  and the spacetenna . These 
materials have s i gnif icant advantages in 
strength and wei ght characteristics over any 
metal s tructure for a sys tem having the area of 
an SPS sate l l i te .  Bonded j oints of tru s s e s  and 
struts r epre sent intermodu lation sources where 
l arge variations in electrical character i s tics 
over the bond area occur . Priority parameters 
inc lude res i s tivity , permittivity , and r eluc
tances ( bond-compo s i te-bond inter faces ) .  Com
pared to metal s ,  compo s i tes are apparently more 
sensi tive to electrical parameter variations 
induced by tor s ional stress across bonded 
areas . 

Intermodulation outputs from any j unction are 
produced by multiple s ignal illumination of an 
area having nonlinear resis tance and reluc tance 
character i s ti c s  with the general relationships 
def ined a s  fol lows : 
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where a and b are even or odd i ntegers . Fre
quencies and amp l i tudes depend on the param
eters o f  the nonlinear j unction , and the 
e f fective aperture and current return path 
impedances . Wide variations , particularly in 
the j unction c haracter i s tics , occur because of 
material impur ities , t ime variant surface 
cond itions , and the torsion s tress factor s . 

The military services have ini tiated parameter 
measurements for various compos ites to quanti fy 
shielding c haracter istics and j unction proper
ties rel ative to intermodulation generatio n .  
Exis ting data are l imi ted in s cope , b u t  indi
cate a trend toward amp litudes in the r ange 0 . 3  
to 0 . 5  ( a  and b of Equation 1 )  re l ative to 
a luminum or c opper in identical conf igurations . 

For compo s i te s , the emi s s ion frequencies tend 
toward higher order frequency components . This 
i s  c orrelatable with the h igher d i s tributed re
luctance s  and c onductivity i ndic ated in the 
pre l iminary measurements . No gene ra l i zations 
are j us t i f ied on the basis of these data . 

T he interests of the SPS program will be served 
by continuing military R & D in this are a .  
Measurements during development o f  bond surface 
and studies in depth variations o f  electrical 
parameters wi l l  continue to provide data trans
latable to SPS need s .  This i nformation will 
support a task being initi ated by I TS to rel ate 
material and bond c haracter i s t ic s ,  i l lumination 
frequencies and ampl itudes , and dominant emis
s ions . The mil itary measurements will also in
c lude torsional stress variations to i nd icate 
bond parame ter dependenc ies , whi c h  are uniquely 
important for �he SPS because o f  the large 
moments c aused by a station-keeping orbit 
ad j us tments over a sys tem operational l i fetime . 

Because of the high radiation power of the SPS , 
careful c ircuit coupling and conf i guration 
design are particularly important to minimize 
inadvertent intercoupl i ng o f  s igna l s .  Shield
ing and f i ltering for power amp l i f iers and 
modulator elements associ ated with phase or 
frequency control mus t  provide 4 0  to 60 dB 
isolation to as sure suppress ion of intramodu
lation components into the f inal power module 
by at least 8 0  to 1 0 0  dB . This requires in
c rea sed empha s i s  in the shie lding area because 
of r educed iso lation due to compos i te s tructure 
shielding c harac ter istic s . A representa tive 
compar ison of shielding e f fec tiveness for 
a luminum '' thick wal l "  and foil versus various 
compos i tes is shown in Figure 3 - 3 4 .  These 
data imply the pos s ib i l i ty o f  dual shields for 
the high power modules and control of ground 
bus c urrents through large area- low resi s tance 
contact areas and s ingle point topo logy . An
other area of intermodu lation generation , along 
with use of composites , would be the so lar 
panel and conditioning c ircuitry directly 
coupled to groups of solar c e l l s  as these are 
expo sed to SPS power along with exposure by 
other sate l l ite il lumination source s . Space 
radars employed for mil itary , earth resource , 
and atmospher ic monitor appl ications and trans
miss ions from GEO sate l l i tes in orbital posi
tions adj acent to SPS represent the pr imary EM 
environment a s  it would exist today . Future 

space communication operations that would be 
impacted by SPS concern sate l l i te - to- s atellite 
modes , where SPS will be s ta tioned between 
communication sate l l i tes ( see F igur e  3 - 3 5 ) . As 
the f i gure indicates , the l a�ge cros s - s ection 
o f  the SPS sate l l i te ( - 4 0  km ) represents a 
genera l ly unacc ep table s ignal mu ltipath s i tu
ation as depi cted by the s ingle s atel l i te 
geometry . The SPS wi l l  requ ire an on-board 
f requency trans lator/repeater to s upport this 
satell ite-to- satel lite communication mode as 
s hown in F igure 3 - 3 6 .  These additional s ignals 
will i l luminate portions o f  the SPS sate l l i te 
solar panels , thus mixing with ambient SPS 
power beam fundamental and harmonic components . 
The large active solar panel area repr es ents a 
ma j or s ource of sum and d i f f erence frequency 
products for combinations of SPS , radar , and 
communication s ignals and increase spurious 
emi s s ions and on-board EMI probl ems . 

A functional diagram of the solar c e l l  and 
condi tioning sys tem i s  diagrammed in F igure 
3 - 3 7 . T he cell i s  electrically a d iode , 
usua l ly biased to max imi ze c urrent f low for a 
range of solar i l l umination . C e l l s  are con
nected in combinations of series and parallel 
through voltage and current contro l lers . The 
voltage and current contro llers wou ld cons i s t  
o f  summing amp l i f iers and s i l icon contro l led 
rectifiers ( S C R ) . The SCR units repre sent a 
non l i near impedance at the input terminal s , 
coupl ing switching frequency components i nto 
the c e l l  c ircu i ts . The intermodulation modes 
are descr ibed i n  F igure 3 - 3 8 . 

Mitigation methods inc lude band - s top f i lters in 
the c e l l  l ines or a wire mesh around the c e l l  
blanket . The l atter should be a square grid 
me s h  with a mesh dimens ion o f  l e s s  than one
half the wave length o f  the h i g he s t  i l l uminating 
frequency , with a wire s i z e  i n  the AWG 26 to 3 2  
range . This wire s i z e  pres ents i n s i g n i f i c ant 
blockage o f  solar cell il lumination from the 
sun . To minimi z e  c irculating c urrent e f fects 
in the sma l l  d i ameter mesh , corrections to a 
vehicle ground bus should be provided at 1 0 - 3 0  
f t  interva l s . 

OMEGA Propagation S tudies . The purpose of this 
pro j ec t  i s  to provide propagation expertise to 
the OMEGA Navigation System in three spec i f ic 
tasks . The f i r s t  task is to identify and re
cord the prompt e f fects of solar X-ray events 
on the phase o f  OMEGA s igna l s . Navigation 
accuracy may be reduced during sudden phase 
anomalies ( S PA ' s )  produced by these X-ray s .  
The magni tudes o f  the SPA ' s  will s erve a s  a 
data base for examining the e f fects of the sun 
on navigation accuracy . For example , the 
results s how that SPA ' s  last from about 1 5  
minutes to 4 hour s , the cumulative probab i l i ty 
d i s tr ibution o f  the durations i s  non-Gau s s ian , 
and the median i s  about 8 0  minutes when obser
ved on 4 long propagation paths . On s hort 
paths , the durations are s horter , non-Gau s s i an 
in d i s tr ibution , and the duration may be typi 
cally about 4 0  minutes . These observations 
sugge s t  that the e f fects of solar X-rays on 
OMEGA is related , in par t ,  to the d i stances 
from the navigator to the transmitters . 

The s econd task is to make theoretical e s ti
mates of the extent of the multimode region 
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surrounding an OMEGA transmitter and to for
mulate a plan for empirically determining its 
bound s . The estimates i ndicate that the multi
mode reg ion , where navigation accuracy is re 
duced , i s  not c ircular and may extend to 4 0 0 0  
km during times o f  low sunspot number . 

The third task is to establish diurnal and 
seasonal variat ions in the propagation char
acteristics of the unique frequenc ies 1 1 . 8  kH z 
( Hawa i i ) ,  1 2 . 8  kHz ( Japan ) , and 1 3 . 1 kHz (North 

Dakota)  as rec eived in Boulder , CO . The data 
show that the s ignals propagate normally within 
the regions involved and could l i kely be used 
to d i s seminate time and fr equency to OMEGA 
user s .  

DOT Navigation . This pro j ec t  is for consulta
tion with the Department of Transportation in 
the development' of a tes t p l an to improve the 
reliabi l i ty of North Atlantic Air Traffic 
c ircuits . Emphas i s  is on the use of sky-wave 
communication sys tems with a spec ial interes t 
in the theoretical j ustif ication for the use of 
path diversity during ionospheric d i s turbances . 

The nature of ionospheric s torms including 
their geographic extent was investigated and 
a conclus ion wa s drawn that the l ikel ihood of 
improved commun ication through the use of 
diver s i ty transmi tters was such that a test 
operation wa s warranted . 
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CHAPTER 4 .  ADVANCED COMMUNICATION 
· NETWORKS 

This Divi s ion conduc ts a broad program of ap
pl ied re search and ana l y s i s  of advanced com
mun ic ation network s .  D ivi s ion programs in
ve s t igate technology options for developing 
competitive , lower cost communications net
works to provide improved services and better 
resource u t i l i z at ion . Thi s  research incor
porates technica l ,  economic , marke t ,  regula
tory , and po l icy factors in an integrated 
fa shion . The se s tud ie s , des igned to a s s i s t  
NTIA po l icy , appl ications and spec trum pro
grams and the telecommun ications research and 
app l ica t ions need s of o ther Federal agenc ie s ,  
are focused on three categorie s :  

Communicat ion P ro tec t ion , 

Switched Networks , and 

Spec i a l i zed Networks .  

Each of the sections below d i scu s se s  tho s e  
pro j ects that rel ate t o  o n e  of the above 
categories , and a summary of progress and 
results is g iven for each pro j ec t .  

SECTION 4 . 1 .  CO��UN ICATIONS PROTECTION 

The Communications P rotection program wa s ini
t iated by NTIA in f i sc a l  year 1 9 7 9 after 
Pres idential Directive ( PD ) - 2 4  designa ted the 
Secretary of Commerce as one o f  two Executive 
Agent s .  The Secretary delegated re spons i b i l 
i t y  t o  the Administrator , NTIA . The program 
is d irected by the NTIA Spec i a l  Pro j ects 
O f f ice ( SPO)  , a unit within the O f f ice of 
Federal Sys tems and Spec trum Managemen� in 
Washington . The S PO deve lops pol icy recom
mendations and conduc ts tel ecommunication 
surveys of the federal agenc ie s . Technical 
support func t ions of the program , including 
sys tem anal yses , pol icy support ,  and survey 
support , are performed by ITS in Bou lder . 

Pre s idential D irec t ive PD- 2 4  provided certain 
po l icy guidel ines that inc luded : 

1 .  Government c la s s i f ied informat ion re
l ating to national defense and fore ign 
relations sha l l  be transm itted only by 
secure means . 

2 .  Unc l a s s i f ied information transm itted by 
and between government agenc ies and 
contrac tors that would be useful to an 
adversary shou ld be protected . 

3 . Nongovernmental information tha t would be 
useful to an a dversary shall be identi
f ied and the p r ivate sec tor in formed of 
the problem a nd encouraged to take appro
priate protec t ive measure s .  

The Sec retary o f  Defen s e , the o ther PD - 2 4  
executive agen t ,  h a s  a s s igned the National 
S ecurity Agency ( NSA ) the responsib i l i ty for 
protec t ion of c l a s s i f ied information , as we l l  
a s  national security related unc l a s s i f ie d  
in forma tion . The Department o f  Commerc e ( NTIA 
and ITS ) i s  address ing the p ro tec tion of non
nat ional s ecur i ty related , unc l a s s i f ied infor
mation . Fxamples of this type o f  information 
are a s  follows : 
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o F inanc ial In format ion 

o Planned changes in pr ime interest rates 
o Support of the dol l ar in fore ign ex

change markets 

o Commodity Marke t Forec asts 

o Supply o f  Critical Materials 

o S trategies for I nternational Nego tiations 

o Selected H i gh-Techno logy I nformation . 

The princ ipal threat to tel eco�unications 
information i s  the vulnerab i l i ty of both 
terrestrial and sate l l i te microwave rad io to 
eavesdropp ing by fore ign adver sarie s .  

Al though many aspects o f  the Commun ications 
Protec tion program are c l a s s i f ied , the fol
lowing unc l a s s i f ied spec i f i c s  are provided to 
of fer an ins ight into FY- 8 0  efforts . The 
top ics desc r ibed below fall into general work 
c ategor ies e s tabl i shed within the program : 

1 .  " I nterim Mic rowave Propagation Lo ss 
Model , "  

2 .  " DES and Federal S tandard s E f fort s "  -
Communication P ro tec tion Standards 
Pro j ec t ,  

3 .  " Publ ic Key Cryptography and its Imple
mentation " - Public Key Pro j ec t ,  

4 .  " D igital Radio Stud i e s " - Common Carrier 
Netwo rks Pro j ec t .  

4 . 1 . 1 .  Interim Microwave Propaga tion Los s  
Model 

I n  order to predict the propaga tion loss over 
LOS and non-LOS , point-to-point paths in the 2 
to 1 1  GH z frequency range ( in the U . S . ) , an 
inte r im microwave propagation loss model has 
been developed . Thi s  model is based upon 
standard kni fe-edge d i f frac t ion theory and i s  
u s e d  t o  compute the bia sed mecl ian estimate for 
the propagation loss . At microwave frequen
c ie s , s ignificant terrain features may be 
treated as sharp knife-edge obstacles . I n  
orde r  t o  apply the model , a determination is 
first made as to whether the path is : 

1 .  radio l ine-o f - s ight ( LOS ) , 

2 .  s ingle kn i fe-edge ( SKE ) , or 

3 .  double kni fe-edge ( DKE ) . 

Thi s  determination is made by knowing the 
kn i fe -edge ( ob s tac l e )  location and the hori zon 
heights and ang les from the transmitter and 
rec e iver to the knife-edge . When the type of 
path and its physical charac ter istics are 
known , the knife-edge a ttenuation can be 
found . The propagation loss over the trans
mitter-rec eiver path is found a s  the sum of 
the free-space loss and the LOS , SKE , or DKE 
loss relative to the free- space value . 

For paths where the transmitter and rec e iver 
are within radio l ine-o f - s ight , the propaga
t ion loss may exceed the free space value by up 
to 6 dB . This occurs when the top of the 



knife-edge ( obstac l e )  i s  at the same height a s  
the direct ray , T-R,  between the transmitter T 
and rece iver R as i l lustrated in F igure 4 - l . 
As the d i s tance between the direct ray and the 
knife-edge increase s , the loss approaches that 
of freespace . In the interim model , the 
kni fe-edge cho sen for the LOS case is tha t 
terrain fea ture wh ich comes closest to the 
direct ray between the transmitter and re
ceiver . 

I f  the transmi tter-receiver path conta ins a 
terrain feature high enough to form a common 
hor i zon , then s ingle knif e-edge ( SKE ) d i ffrac
tion theory is used to find the path attenua
tion . As with the LOS case , the knife-edge 
loss i s  approximately 6 dB when the direct 
ray , T-R , grazes the top of the knife-edge 
( obstac l e )  ( See F igure 4 - 2 )  . As the obstacle 

height increa ses , the loss relative to free
space increases . 

When the transmitter-receiver path , T-R , a s  
shown in F igure 4 - 3 , ha s separate hor i zon 
obstacles for the transmi tter ( O tl and re
ce iver ( O r) , the path attenuation ca lculation 
is based upon doubl e  knife-edge diffraction 
theory . In order to compute the doubl e  knife
edge ( DKE ) attenuation , an approx ima tion is 
appl ied which a l l ows the s ingle knife-edge 
func tion to be used . The attenuation for the 
DKE is then found by a s suming the DKE a ttenua
t ion is the Product of the a ttenuation at each 
knife-edge due to the other knife-edge . The 
accuracy of th i s  DKE approximation for mo s t  
paths i s  within + 2  d B  of the exact DKE model . 
However , the deviation may range up to 1 0  dB 
or more in some cases . 

Comparisons o f  the inter im loss model r e su l ts 
with actual observations have been very en
couraging . O ther model s '  results have been 
compared against the same observed paths 
( under the same cond i tions ) ,  but for both the 
LOS and SKE paths , the interim loss mode l ' s  
predicted value s , in general , deviate the 
least of any of the model s  from the observed 
data . (Data a s soc ia ted with DKE path i s  
l imited , and i t  i s  not yet poss ible t o  draw 
firm conc lusions rela tive to model val idity . 
However , because of the DKE approximation 
used in the inter im model , it i s  unl ikely tha t  
the predic ted value s  obta ined w i l l  b e  as close 
to the observed data a s  tho se obtained for 
LOS and SKE paths . )  

The final propagation loss model , which wi l l  
b e  completed i n  early fiscal year 1 9 8 1 , will 
ref ine the LOS and SKE ca l cula tion techniques 
and utilize an exact DKE ca lcula tion which 
will be much more accurate than the approxima
t ion in the interim model . 

4 . 1 . 2 .  DES and Federal S tanda rds Efforts 

The Data Encryption S tandard ( DES ) wa s adopted 
by the National Bureau of S tandards ( NBS ) as a 
Federal I n formation Process ing S tandard ( F I P S )  
in 1 9 7 7 . The DES is to be used to crypto
graphica l l y  protect sensi tive , but unc l a s s i 
fied , data . 

Data to be cryptograph ically protec ted i s  
cal led plain text . Encryption i s  the proc e s s  
of trans forming plain text into c ipher text 
( or uninte l l igible tex t )  . Decryption i s  the 
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inverse of the encryption process ; i . e . , trans
forming c ipher text into plain text . The DES 
is a block c iphe r , or one which operates on 
f ixed s i ze blocks of symbo l s . The DES operates 
on 6 4 -b i t  block s . Dur ing encryption it maps 
( transforms ) 6 4 -bit plain text input blocks 
into 6 4 -bit c ipher text output b locks . There 
are 2 S 6  po ss ible mapping s .  Each i s  unique and 
invertibl e .  The spec i f ic mapp ing uti l i zed i s  
selected by a 5 6 -b i t  keying variabl e , wh ich 
i s  entered by the user . Decryption i s  the in
ver se of the encryption mapp ing . In order to 
suc c e s s fully decrypt , one mu st know wh ich of 
the 2 S 6  po s s ible keying var iables ( or keys ) 
wa s used to encrypt the information . Thi s  
informat ion i s  norma l l y  known only t o  the 
orig inator and intended rece iver of the en
crypted me ssage . In addi tion , with a properly 
des igned a l gorithm such a s  DES , there are no 
known shortcut methods o f  de termining the 
correct keying var iabl e ,  save for exhaus tive 
search of a l l  possib l e  keys . 

The basic DES can be util i zed in a number o f  
ways to provide encryption . 

4 . 1 . 3 .  I TS ' E f forts in Encryption Rela ted 
S tandards 

The Institute has been ac tively involved in 
the development o f  federal s tandards related 
to use of the DES for tel ecommunications 
protec tion . S tandards currently under deve l
opment inc l ude propo sed FED-STD- 1 0 2 6 ,  which 
defines interoperabil i ty requirements for use 
of the DES in data communications , and pro
posed FED-STD- 1 0 2 7 ,  which def ines security 
requirements for use o f  the DES . 

More recently , I TS has been involved with the 
National Bureau of S tandards ( NBS ) in the 
development o f  a propo sed Federal I nforma t ion 
Process ing S tandard which defines ftUtho r i z e d  
modes of operation o f  the DES . The DES can be 
used in four primary modes . The se are : 

a .  Electronic Codebook ( ECB ) Mode : Thi s  i s  
the mo s t  b a s i c  mode of u s e  o f  the D E S  and 
is il lustrated in F igure 4 - 4 . In thi s  
mode , a 6 4 -b i t  p l a ln text da ta block i s  
input to the DE S .  This block i s  then 
encrypted by the DES device us ing a s pe
c i fic keying variabl e .  The resu l t  of 
thi s  encryption i s  a 6 4 -b i t  c iphertext 
output block which is a non- linear func
tion of each of the bits of the input 
block and keying variable . The decryp
tion opera tion , F i gure 4 - 4 , i s  the 
inverse of the encryption operation . 
The 6 4 -b i t  c ipher text blocks are input 
to the DES device which is operated in 
the decrypt mode us ing the same keying 
var iable a s  was used for encryptio n . 
The result i s  a 6 4 -b i t  plain-text output 
block . 

U s i ng the ECB mode , the same i nput 
pla in-text b lock wil l  result in the same 
c ipher-text b lock each time it is en
crypted under the same keying var iabl e . 
( This i s  analogous to the c l a s s ic code

book method o f  encryption ; hence the name 
E lec tronic Codebook . )  This proper ty means 
that the compromise of any pla in- text/ 
c ipher-text pair wil l a l low an eavesdrop
per to identify th is particular block o f  



T 

T - Tra nsmi tter O R - Receiver 
0- Obstac le  

F igure 4 - l . Geometry for a line-of-s ight ( LOS ) path . 
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F igure 4 - 2 . Geometry for .a s ingle kn i fe-edge ( SKE ) path . 
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F igure 4 - 3 . Geometry for a doub le kn i f e -edge ( DKE ) path . 

ECB ENCRYP TION ECB DECRYP T I ON 

P LAIN TEXT= CI PHER TEXT= 

( D l , D2 , . . .  ' D6 4 )  ( C l , C2 , . . .  , C 6 4 )  

'" .. �.-
DES ALGORI THM DES ALGORI THM 

ENCRYP T DECRYPT 
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( C l , C2 , . . . ' C 6 4 )  ( D l , D2 , • • • I D6 4 )  

F igure 4 - 4 . Elec tronic codebook (ECB)  mode . 
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b .  

c .  

p l ain text each t ime i t  i s  transmi tted 
as long as the s ame keying var iable is 
in u s e . Thi s  l imitation i s  known a s  
the codebook ana l y s i s  problem and the 
reason that ECB mode i s  only approved 
for e nc ryption of i so l a ted blocks o f  
p seudo-random data ( e . g . , transmission 
of a keying var iable o r  ini tial i z a tion 
vector to be u s ed with another DES mode 
of operation appropriate for normal 
communication - c ipher-block c ha in ing , 
c ipher feedbac k , or output block feed
back . ) 

C ipher-Block Chaining ( CB C )  Mode : Thi s  
mode o f  operat ion o f  the D E S  i s  il lus
trated in Figure 4 - 5 . I n  the CBC mode , 
the pla in-text lnput block ( 6 4  bits ) i s  
modulo-2 added t o  a 6 4 -b i t  block o f  
p s eudorandom data p r ior t o  being en
crypted by the DES dev ice . The resul
tant c ipher-text block i s  transmitted , 
and a l so fed back to s erve as the 
" cha ining " or p s eudorandom bloc k ,  which 
is modulo-2 added to the next plain-text 
input bloc k .  Hence the name c ipher
block c ha ining . Thi s proc e s s  o f  modulo-
2 adding the previous c ipher text to the 
new p l a in-text block p r io r  to encryption 
continues for the entire me s sage . 

The p s eudorandom block added to the 
f i r s t  p l a in-text block is known as an 
In ltlal i zation Vector ( IV) . The IV is 
required s ince there is no c iphertext 
output ava ilable to " randomize " the f i r s t  
p l a in-text input block . The I V  i s  a 
randomly or p seudorandomly der ived 
quantity . 

The CBC decryption proces s ,  Figure 
4 -5 , operates a s  f o l lows . The f i r s t  re 
c e ived c ipher-text block i s  proces sed 
through the DES u s ing the DES device in 
the d ecrypt mode . The result o f  thi s  op
e ra t ion is then modulo-2 added to an 
identical IV a s  wa s u sed for encryp tion . 
This opera t ion yields the f irst plain
text b lock . The s econd c ipher-text block 
i s  dec rypted by the DE S device and added 
to the preceed ing c ipher-text bloc k , 
which produce s  the sec ond plain-text 
block . Thi s  proc e s s  o f  dec rypting the 
newe s t  received c ipher- text bloc k and 
modulo-2 adding the result to the pre
viou s c ipher-text block continues until 
the l a s t  c ipher-text block has been 
rece ived . 

The CBC mode reduc e s  the codebook 
ana l y s i s  probl em s inc e , unl ike ECB mode , 
the s ame p l a in text does not produce the 
same c ipher text each t ime it appears a s  
inpu t . However ,  the C B C  mode does have 
the property of error extension : Thi s  
mean s  that one or more b i t  errors occur
r ing in a c iphe r - text block wi l l  cause 
mul tiple error s in the correspond ing 
decrypted p l a in-text block ( about 5 0 %  
o f  the b i t s ) , a sl we l l  a s  c ause one or 
more bit error s i n  the p l a in-text block 
which fol lows i t .  

C ipher-Feedbac k ( CFB ) Mod e :  A third DE S 
mode o f  opera t ion i s  the c iphe r - feedback 
mode of o peration shown in F ig ure 4 - 6 . 
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I n  CFB mode , the DES device is used to 
generate a pseudorandom b inary s tream 
( sometimes known as a keystream) whi ch 
is modulo-2 added to plain text to pro
duce c iphe r tex t .  Th i s  c ipher text i s  
fed back to form a l l  o r  part o f  the next 
input to the DES . One through 6 4 -bit 
c ipher f eedback may be u sed . 

Operation in CFB mode beg ins by 
loading an IV as the f i r s t  input into 
the DES device . The IV i s  encrypted and 
produce s  a p seudorandom output block . 
All or part o f  thi s  output block (de
pend ing on the s i z e o f  the plain-text 
block )  is modulo-2 added to a pla in-text 
block o f  64 bits or l e s s  to produce a 
block of c ipher tex t .  This c iphe r text 
i s  transmitted and is also fed back to 
form a new DES input bloc k .  Thi"s new 
input block i s  enc rypted and modulo-2 
added to the next p l ain-text b lock to 
form c iphe r tex t . This process o f  
using the previous c ipher-text b lock to 
form a new DES input b lock , encrypt ing 
thi s new block , and modulo-2 adding the 
result to the current plain-text block 
continues for the entire me s sage . 

A block d ia gram for CFB dec ryption 
i s  also given in F igure 4 - 6 . Unl ike the 
ECB and CBC mode s ,  the CFB decryption 
proc ess uses the DES in the encrypt mode . 
The dec ryp tion process e s sentially con
sists of generating an identical pseudo
random keystream at the receiver as was 
used to encrypt the tra f f i c  at the 
transmitter . Thi s  keys tream is then 
modulo-2 added to the rec e ived c ipher
text b locks to yield p l a in text . 

The proc e s s  begins with the encryp
tion o f  an IV identical to that u sed at 
the transmitting s ta tion ( for encryp
tion) . The resul tant output bits are 
added to the f ir s t  rece ived c ipher-text 
block to produc e p l a in text . The first 
c ipher-text block i s  then u sed to create 
a new input block which is p roc e s sed 
through the DES device . The resul tant 
output i s  added to the next rece ived 
c ipher-text block to yield plain tex t .  
Thi s  chain ing proc e s s  continues until 
the last encryp ted block has been re
ce ived and proc e s sed . 

CFB mode has the p roperty o f  error 
extension . One or more e rrors in a 
rec e ived c ipher-text block will cause 
one or more errors in the corre sponding 
p l a in-text block upon dec ryption . Ap
proximately 5 0 %  o f  the bits wi l l  be in 
error in the decryp ted p l a in-text blocks 
that fol low the orig inal error block 
until the c ipher text contain ing the 
errors is eventual l y  shi f ted out of the 
DES input bloc k .  

Output Block Feedback ( OFB ) Mode : The 
OFB or key autokey mode is anothe r 
va riat ion of us ing the DES to generate 
a p seudorandom s tream ( al so known as a 
keys tream) which i s  modulo-2 added to 
p l a in text to c reate c ipher text . See 
Figure 4 - 7 . 



I N I T IALI ZAT I ON 
VECTOR 

I 
I 

r - _ _ _  t _ _ _ _  , 
PLAIN TEXT t : c HAINING BLOC K t 

_ ..J L.. - - - � - - -

KEYING 
VARIABLE 

- - - - -

INPUT 

� 
DES ALGORITHM 

ENCRYPT 

�, 
OUTPUT 

CIPHER TEXT 

I' 

-

F igure 4 - 5 a . Encryption us ing the cipher block chaining mode . 

I N I T IALI ZAT I ON 
VECTOR 

I 
I 

\. , 

C I PHER TEXT 
r - - - ..::1- - - - , 

KEY I NG 
VARIABLE 

------------------�----------� CHA I N ING BLOCK 1 
L _ _ _ _ _ _ _J 

INPUT 

INTERMEDIATE 
OUTPUT 

F ig ure 4 - 5b . Decryption using cipher b lock chaining mode . 

1 3 0  

LINE 



I-' 
w 
I-' 

KEYI NG -4 VARIABLE 

SH IFT 

INPUT BLOCK * 
i 

( 6 4 - K )  BI TS : K B I T� 

DES ALGORI Tffi.1 
ENCRYPT 

� 
OUTPUT BLOCK 

SELECT D I SCARD 
K B I TS ( 6 4 - K) B I TS 

? 
PLAIN 
TEXT 

FEED BACK 
K B I TS 

SHIFT 

INPUT BLOCK * 
I 

( 6 4 - K )  BI TS • K  BI TS ' 
I 

l 
DES ALGORI THM 

ENCRYPT 

OUTPUT BLOCK � ELECT DI SCARD IK B I TS ( 6 4 -K) B IT S  

C I P HE R  TEXT 
K B I TS 

I )' --z__ � -' PLAIN 
TEXT 

* I NPUT BLOCK INIT IALLY CONTAINS 
6 4 - B I T  INITIALI ZATI ON VECTOR ( IV ) . 
T H I S  IV I S  USED TO GENERATE F IRS T 
OUTPUT BLOCK TO ENCRYP T ( D ECRYP T )  
THE F IRST PLAIN ( C IPHER) TEXT 
CHARACTER 

F igure 4 - 6 . K-bits c ipher feedback ( CF B )  mode . 

KEYI NG 
VARIABLE 



IN I TIALI ZAT I ON 
VECTOR � 

KEY ING 
VAR IABLE 

INPUT 

DES 
ALGORI THM 

ENCRYPT 

OUTPUT 

KEY S TREAM 
PLAIN TEXT /+ -, CI PHER TEXT 

F igure 4-7 . The DES in OFB mode ( encryption ) . 

1 3 2  

FEEDBACK 



Encryption begins by loading an IV 
as an input block to the DE S .  The IV i s  
proc e s sed through the D E S  device oper
a t ing in encrypt mode and the process 
yield s  a b lock o f  p seudorandom data . 
Thi s  block of p seudo random da ta i s  added 
on a b i t- for-bit ba s i s  to the plain text 
to produce c ipher tex t .  Thi s  block of 
pseudorandom d a ta is fed back to form a 
new input to the DES and the block i s  
encrypted , yield ing another bloc k o f  
pseudor andom data . Th i s  b lock i s  added 
to the next block of p l a in text to f orm 
c ipher tex t .  This proce s s  i s  repeated 
for e ac h  block of p l a i n  text to be 
encrypted . 

The d ecryption proce s s , F igure 4 - 8 , 
i s  identical to that of enc ryptlon . The 
p seudorandom s tream , or keys tream , i s  
generated i n  ,exactly the same manner as 
that u sed for enc ryption .  The keystream 
i s  modulo-2 added to the rec e ived c ipher 
text to create the p l a i n  tex t .  In order 
to decrypt correc tly , the dec ryption key
s tream generation pro c e s s  must be syn
chron i zed w i th the encryption proce s s . 
That i s , the s ame b i t  o f  the keystream 
used to encrypt a particular bit o f  
plain text mus t  b e  u s e d  t o  decrypt the 
corre spond ing c ipher-text b i t .  

The OFB mode ha s one ma j or advantage 
over the o ther mod e s  d i sc u s sed above . 
S ince the two keystreams are generated 
independently and do not d epend upon the 
integ r ity of the rece ived data , OFB mode 
does not cause error extens ion . A sing le 
b i t  e rror in the received c ipher text 
results in a s ing l e  b i t  error in the 
plain tex t . Th i s  property can prove 
useful in certain appl i cations . 

Development of protection s tandards w i l l  be 
an important and continu ing area of e f fort in 
the Commun i c a t ions Protec tion P rogram for the 
next s evera l years . 

4 . 1 . 4 .  Pub l ic Key Cryptography and i t s  
Implementation 

One o f  the mo s t  exc iting results f rom pub l i c  
cryp tographic research i s  the public key 
cryptographic system ( PKC S ) . Gene rica l l y , 
a PKCS i s  a method by which two parties can 
derive a c ommon secret number quant i ty , e . g . ,  
a number o r  str ing o f  b i t s , w i thout previously 
agreeing o n  anything in secret ; i . e . , all o f  
the transactions a r e  publ ic l y  d i sc lo sed . A 
PKCS depends upon a symmetric comp lex ities in 
computation of mutua l l y  inverting operation s .  
Th i s  curious a spec t has been dubbed a c ryp to
graphic ' trapdoor . '  In e s s ence i t  means tha t ,  
for some computation s , one may proceed f orward 
on a one-to-one mapping w i th relative ease and 
attendant small computational expense , but one 
is apparently f aced with an enormous work 
factor to e f fect the inver s e  mapping in gen
era l , even though the unique inverse mappi ng 
ex i s t s . 

I t  i s  be l ieved that the various PKCS ' s  de serve 
s tudy as c andidate vehic l e s  for protec ted Data 
Encrypt ion Standard ( DE S )  c ryptovariable 
transmi s s ion . Such a vehic l e  would complement 
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the method prov ided i n  proposed Federal 
Standard ( pF S )  1 0 2 6 .  It would a l so al low for 
cryptovar iables to be transf erred when the 
pFS 1 0 2 6  mode is not implementabl e .  

4 . 1 . 5 .  MI TRE Pub l i c  Key 

Dur ing the past year extensive study has been 
made o f  the MITRE Publ ic Key Cryptographic 
System (MPKCS ) ,  as i t  i s  ideally su ited to 
the ever-expand ing world of d ig i tal commun i
cation s . The MPKCS requ ires both parties to 
de r ive secret numbers , x ,  and y ,  which serve 
as exponents of a publ icly d i sclosed elemen t ,  
a ,  o f  a f inite f ield of 2 n elements . Expo
nentiation is per formed modulo a GF ( 2 )  primi
t ive polynomial ( a l so pub l i c l y  d i sclosed ) of 
degree n .  The f i r s t  party calculates aX and 
send s it to the second party . It is assumed 
that pub l ic d isc lo sure a l so takes place . The 
sec ond party computes a Y  and sends i t  to the 
f i r s t  party . Here i t  i s  also assumed that 
pub l i c  d i s c lo sure takes place . The f i r s t  
party then exponentiates a Y  t o  the x power 
and the second party exponen tiates a X  to the 
y power . Both parties then obta in a XY .  An 
eave sdropper cannot compute a XY w ithout 
having x or y and x or y can only be obta ined 
by solving for x or y g iven a x or a Y .  The 
asymmetric complexity is tha t  g iven a and x 
one c an e a s i ly compute a x , but g iven a X  and 
a one cannot , apparently , e a s i l y  recover x .  

Dur ing the past year we have deve loped a 
method with which the initial exponentiations , 
a X  and a Y , can be per formed in very short time 
by careful selec tion of a and explo i tation of 
a f in ite f ield recurs ion of ' logarithmic ' 
orde r  which obtains upon suc cess ive squar ing 
of a .  

4 . 1 . 6 .  Rive s t , Shamir ,  and Adleman ( RSA) 
Pub lic Key 

The pub l i c ation o f  " New Directions in Crypto
g raphy " by D i f f ie and Hel lman has generated 
an inc reasing amount of research on public 
key crypto sys tems . The sys tem in troduced by 
Rive s t ,  Shamir , and Ad leman is the sub j ec t  
o f  t h i s  pro j ec t .  

Brie f ly , the RSA scheme requires choo sing two 
l arge prime s ,  p and q ,  each about 1 0 0  digits 
long , and an encryption exponent E .  Let 
n = pq . Then , to encrypt a me ssage P ,  raise 
P to the power E and f ind the rema inder upon 
d iv i s ion by n ,  or in symbo l i c  form , the 
cyphertext C is g iven by 

C = PE mod n .  ( 1 )  

Decryption depend s on f inding a number D such 
that 

CD - P mod n .  ( 2 )  

The number s  E and n are made publ ic , whi le 
the members p ,  q ,  and D are kept secre t .  
Anyone knowing D can f ind p and q .  Thus , 
the b a s i c  security of the a l gorithm relies 
on the knowledge that factor ing a number n 
whi c h  i s  a produc t o f  two l arger pr imes i s  
presently a very d i f ficult problem . 
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One o f  the obj ectives of thi s  pro j ec t  i s  to 
examine f ac tor ing method s to see if improve
ments are possibl e , and to look at o ther 
potential cryptographic weaknesses in the 
RSA a lgor ithm . To date , no ser ious short
comings have been found . 

Two add i t ional goa l s  are to identify areas 
o f  appl ic ation o f  the RSA cryptosys tem and 
to design e f f i c ient implementations of the 
algorithm . One o f  the promi s i ng app l ications 
is for d i s tr ibution o f  keys for conventional 
c ryptosystems such as DE S .  An e f f ic ient 
mul tiprec i s ion arithmetic software ,b\ackage 
inc luding modular arithme tic oper�ions is 
near l y  compl e ted under a contr act . A report 
w i l l  be pub l i shed a t  the conclusion of the 
pro j ec t .  

4 . 1 . 7 .  Digital Rad io Stud ies 

There are several basic approache s under con
s ideration for protection of common carrier 
telecommunications informa t ion . Thi s is be
c ause common c arriers ( l ike AT& T ,  MC I ,  e tc . )  
employ analog FDM-FM technology for the vast 
ma j o r ity o f  terre s trial a�d s a te l l i te micro
wave rad io l ink s ,  but are a l so u s ing a l l 
d ig ital l inks to some extent , and a r e  ser i 
o u s l y  cons ider ing the u s e  o f  a nalog SSB-AM . 
The u t il i z ation o f  d i f ferent modu lation tech
n ique s add s a degree o f  d i f f iculty to the 
search for proper protect ion approache s .  
Because o f  thi s ,  the Communication Protec t ion 
Program has designed a two-s tage s tudy e f fort 
to ensure that a l l  s ignif icant f ac tor s are 
cons idered be fore pro tec tion scheme s are rec
ommended a s  part o f  a comprehensive National 
S tra tegy Plan for protec t ion . The f ir s t  stage 
involves s tr ictly a theoretical compar ison of 
analog and d ig ital techniques which could be 
used for common c arrier terre strial and s a te l 
l i te microwave s y s tems . The second s tage 
invo lve s  the prac tical compar i sons o f  imple 
mentation , per formanc e ,  a n d  cost o f  such 
sys tems . 

Stage 1 - Theoretical Comparisons : A number 
of techn iques have been propo sed to upgrade 
microwave tel ecommunication systems f rom 
analog to d ig i ta l . Some theoretical work has 
been pub l i shed in the l i terature , but the 
anal y s i s  i s  i ncomplete and fragmented . Sub
stantial techn ical i s sues have not been 
addres sed ful l y ,  inc luding total l ink/ system 
performanc e ,  spec trum uti l i z a t ion , and leve l s  
o f  complexity between various sys tem schemes . 
A complete s tudy mu s t  present all app l icable 
advantages and d i s advantage s  o f  analog and 
d igital systems . The Institu te is pursuing 
this study e f fort through internal ITS re
s earch ,  and through a contract awarded to S 
Consulting S ervic e s , Inc . 

The s tudy i s  comparing s tandard analog FDM/FM 
l inks against d i g i tal sys tems using such 
modul ation techniques a s  biphase , quadrature , 
and M-ary P S K ,  b i nary and M- ary FSK , quadra
ture AM , quadrature partial re sponse AM , and 
min imum shift keying . Data formats are be ing 
s tud ied (NRZ , duobinary , e tc . ) , as we l l  a s  
vo ice d i g i t i zat ion techniques (compounded PCM , 
ADM) , c hannel sharing ( t ime a s s i g nment speech 
interpolation ) , d iver s i ty , error-control 
cod ing , a nd mul tiplexing ( TDM, DAM , CDM , and 
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FDM) . The sys tems s tud ied are being compared 
on the ba s i s  of qua l i ty of transmiss ion and 
e f fic iency of spec trum u t i l i z at ion in the 
pre sence of therma l noise , · interference , 
fading , and o the r germane fac tors . Assess
ments of vo ice intel l i g ibi l i ty are being made . 

The Stage 1 theoretical compar isons w i l l  be 
completed by February 1 9 8 1 .  

S tage 2 - Practical Cons iderations : Protec
tion provided to common carrier mic rowave 
l inks should be at the least cost , and cause 
no l ink per formanc e degradation . The se cri
teria are impor tant both to the carriers and 
their custome r s . It i s  not yet clear , how
ever , what the inve s tment ( c o s t )  and perfor
mance tradeoffs are for implementing protec
tion to existing analog l ink s , analog l inks 
mod if ied for d i g i tal transmi ssion , or com
pletely d i f ferent new link s .  A s tudy con
tract will provide many of the fac ts neces
sary to form a logical approach toward pro
tec tion implementat ion . 

This " real-world " s tudy e f fort primarily 
involves thre e  related tasks : 

( 1 )  Formulation o f  techn ical d e scr ipt ions 
for existing common-carr ier analog l inks , 
and eva luation o f  the relative perfor
mance o f  the links : 

E ight d i f f erent terre strial and 
satel lite analog l ink s , inc luding Bell 
Sys tem and CCITT types , will be speci
f ied . Baseband and rad io - frequency 
information , mul t iplexing , and antenna 
characte r i s t i c s  will a l l  be descr ibed . 
Block diagrams ( s chematic s )  will  i l lus
trate equ ipment in e ach sys tem , manu
facturer ' s  part/model number s , equipment 
cos t ,  interface character i s t ic s , input/ 
output l evel s ,  e tc . A relative level of 
per formance will be computed for each 
of the analog l inks . That i s , ba sed on 
the l ink conf iguration , equ ipment used , 
modu l ation technique , etc . ,  the per
formance the l ink could potent ially have 
will be de termined . Then this potential 
wi l l  be compared against carrier pub
l i shed per formance . The Grade of Service 
concept will be used to determine min imum 
acceptable vo ice channel obj ec tive s .  And 
the normal mix of voice , data , and fac
simile tra f f i c  found on common carrier 
l inks wi l l  be determined . 

( 2 )  Theoretical transformation o f  the analog 
links desc ribed in Task ( 1 )  to digital 
links us ing various modul ation tech
nique s , and compa rison of analog and 
digital l inks : 

Task ( 2 )  treats the l inks of Task 
( 1 )  a s  ref erenc e l inks and substitutes 

dif ferent modulation techniques in the 
l inks . The intent is to evaluate l ink 
per formance ,  and cost impac t , if some 
common-carr i e r ,  analog , broadband chan
nels are converted to d ig i tal , broadband 
channels ( while analog channe l s  s t i l l  
operate ad j acent t o  the d igital channe l s ) ; 
if some analog FDM-FM l inks are converted 
to single- sideband AM l ink s ;  and if 



( 3 )  

entire analog l inks are converted to 
dig ital l ink s . The modulat ion techniques 
l i sted in the " S tage 1 "  e f fort above 
apply here a l so . 

Des ign o f  opt imal analog and digita l  
l inks t o  replace the l inks descr ibed i n  
Task ( l ) : 

The exist ing common-carr ier l inks 
descr ibed in Task ( 1 )  are reviewed to 
determine the min imum operational require
ments of each l ink ; then an FDM-FM 
analog , and a d ig i tal system ,  are de
s igned to replace e ac h  one . The intent 
here is to conceptually develop l inks 
which w i l l  del iver optimum per formance 
for mixed vo ice/data/ facsimile traf f ic . 
Only equ ipment which i s  commerc i a l l y  
ava ilabl e ,  or i s  under development and 
will  be commerc ially availabl e wi thin 
three year s , w i l l  be considered for the 
" optimum l inks . "  Optimization is a s sumed 
to be as fol lows . For analog systems , 
the number o f  baseband channel s  in the 
broadband c hanne l s  shall be optimized 
whi l e  ma intaining a signal-to-no ise ratio 
at l e a s t  as g ood as the referenced l ink . 
For the d ig ital sys tem , the bandwidth 
eff ic iency sha l l  be optimized . 

The S tage 2 ef for ts will be com
pleted by the end of f iscal year 1 9 8 1 . 

SECTION 4 . 2 .  SWITCHED NETWORKS 

Techn ical Support to Common Carrier I s sues . 
Thls lS an lntroduct ion to the three program 
el ement descrip tions which fol low . The NTIA 
Common Carrier po l icy i s  or iented toward s 
increas ing competition , decreasing regulation , 
and stimu l at ing innovative telecommunication 
services and produc t ivity . As the telecom
mun ications industry moves in the se d irec tion s , 
there i s  an increasing need in NTIA for the 
capabil ity to 1 )  addre s s  tho se techn ic al 
is sues who se under s tand ing i s  integral to the 
formulation of sound pol icy , and 2 )  reso lve 
tho se technical i s sues which impede the imple
mentation o f  such po l icy . 

As the centra l federal re sourc e for tel ecom
mun ications re search and eng ineer ing , ITS i s  
in a unique po s i t ion t o  satisfy the se need s .  
Increased competition imp l i e s  both present 
and new s ervice o f ferings will be suppl ied 
l e s s  by a s ingle network which is under cen
tral i zed p lanning and management and more by 
competing networks which are under di f fer-
ent owner ship . Dec reased regulation imp l i e s  
that the se networks wi l l  function in an en
vironment which i s  under l e s s  government over
s ight and control . 

Given thi s  backg round , the obj ec tives of thi s 
act ivity to provide technical support to com
mon carrier i s sues are two fold : first to 
understand the interactions between compet ing 
networks , and second to fac i l i ta te the inter
operabil ity o f  competing networks . Pursuant 
to the se obj ective s ,  four type s of work c an 
be defined . The se are : 1 )  under stand ing the 
underlying technologies and methodo logie s , 
2 )  model ing compo s i te networks , 3 )  recommend
ing po l icy changes and mod i f ications , and 

4 )  devis ing minima l remedies cons i s tant with 
po l icy . 

The Switched Networks Group of the Advanced 
Communication Networks Divis ion at ITS i s  
d irec tly involved in the f irst two items , 
with the ma j o r  support from agenc ies in the 
Department of Defense . Many o f  the problems 
encountered in the military environment are 
similar or identical to tho se found i n  the 
pr ivate sector . Unders tanding the advanced 
network techno logies currently being deve lop
ed by the mil itary departments provide s im
portant insight to advanced network al terna
t ives with commerc ial po s s ibil ities and to 
the potential pol icy i s sues which may require 
resolution in the future . 

In the fol lowing par agraphs we describe three 
program elements be ing conducted for o ther 
agenc ies to support this ac tivity . The se 
programs involve s tud ies of mil i tary networks 
having s trategic , tactical , and nontac tical 
appl ications . 

Determination of D ig ital Transmiss ion Techn ical 
Cr iteria . This-program e l ement , sponsored by 
the Defense Communicat.ions Engineering C enter 
in Re ston , Virginia , was initiated in June 
1 9 7 9 .  

As the primary engineering arm o f  the Defense 
Communications Agency , the Defense Communica
tions Engineering Center ( DCEC ) has the ma j or 
re spon sibil i ty for developing and implementing 
the second -generation Defense Communications 
System (DCS I I )  . This pl anned system , which 
will gradually suppl ant the exist ing AUTOVON , 
AUTODIN , and AUTOSEVOCOM sys tems dur ing the 
1 9 8 0 ' s ,  has been mo tivated by two fundamental 
changes in the mi l itary commun ications environ
ment : 

1 .  A substant ial inc rease in the demand for 
high qual i ty data and secure voice com
mun ication service s ,  in recogn i t ion of the 
powerfu l  " force mul tipler " e ffect of 
communication s . 

2 .  Dramatic improvements in the technologies 
of dig ital tran smi ss ion and network re
source sharin g , typ i f ied by the develop
ment of the Digital European Backbone 
( DEB ) and the ARPANET .  

The pl anned DCS I I  network repre sents a direct 
applic ation o f  the new technologies of d i g i ta l  
transmi s s ion and resource sharing t o  the post-
1 9 8 5  need s o f  mil i tary commun icat ions use r s . 
In comparison with its predece s sor sys tem , DCS 
II o f fers the potent ial o f  sub s tantia l l y  
improved end - to-end performance , broader geo
graphic al and organi z a t ional coverage , and more 
flexible adaptation to growth and change . 

Wh ile the potential bene f its of DCS I I  are 
sub stantial , the ir rea l i z ation will not be 
easy . Its designers face ma j o r  problems in 
determin ing user requirements for service s ; 
in evaluating the per formance of cand idate 
fac i l i t ie s ; and , perhaps most importantly ,  in 
relating the se two var i ables . The success of 
the DCS II sys tem wi l l  depend to a l ar ge ex
tent on how e f fec t ively these probl ems are 
addres sed during the next two to three year s .  

1 3 6  



The ITS is contr ibuting to the solution o f  
the probl ems noted above by developing prec ise 
techn ical per formance c r iteria to be u s ed in 
the spec i f ication of DC S II systems and sub
systems . The overall pro j ec t  ha s been d ivided 
into three ma jor phase s .  Each phase requires 
approximately one year o f  e f fort . 

User-orien ted p arame ters and values have now 
been developed in Phase A for one d ig i tal and 
one analog s ervice mode . In Pha se B ,  tech
nically-or iented parameters and values mu s t  
b e  de termined f o r  various sube l ement inter
faces of the two systems . These can then be 
re l a ted back to the u ser-or iented values . 
Finally , in Phase C ,  the results obta ined in 
Pha ses A and B will be appl i ed to other ser
vice modes and o the r user appl ication s . 

Pha s e  A rel ied heavily on the data communica
tion program , which' i s  concerned with develop
ing user-or iented standards ( e . g . , FS 1 0 3 3 )  
for d i g i tal commun ication servic e s . The 
spec i f ication o f  u ser-or iented parameters for 
analog services was a c ruc i a l  s tep in the 
techn ical c r iteria d evelopment p roc e s s . 

The Phase A e f fort ha s resul ted in an informal 
report entitl ed " P er formanc e Paramete r s  for 
D i g i tal and Ana log S ervice Mode s , "  which has 
been del ivered to the sponsor . The basic 
approach u sed in the study can only be out
l ined here . Some tentat ive results are a l so 
summar i z ed .  Deta i l s  are g iven in the report . 

The approach used for obtaining user-o r iented 
parameters and value s for two s ervice mode s  
i s  shown i n  F igure 4 - 9 . The d i g i tal service 
mode s e l ec ted for this purpo se was cho sen 
from the var ious AUTOD IN II interac t ive mode s .  
I t  i s  a high s peed , 5 6  Kb/ s , synchronous , 
binary , f u l l  duplex mode wi th the Advanced 
Data Commun ic ations Control Protocol ( ADCCP ) . 
The tran sm i s sions employ data packets or seg
ments which are rapidly exchanged dur ing vir
tual c ircu i t  s e s s ion s . The analog service 
mode s e l ec ted employs d ig ital transmis sion of 
speech u s ing a Continuou sly var i able S lope 
De l ta ( CVS D )  waveform encoder ,  plus a 16 Kb/ s 
modem for transmiss ion of d ig i t i zed vo ice . 
Thi s  analog mode permits conference c a l l s  to 
be protec ted on an end-to -end b a si s .  

A table o f  parameters and the tenta tive values 
a s s igned to them for the d i g ital service mode 
are shown in Table 4 -1 . One of the mo re d i f 
f icult tasks ln Phase A w a s  def ining the end 
user parameters for the tran s f er pha se of an 
analog s erv ice mode tha t u s e s  d ig ital trans
m i s s ion for vo ice . Although a vast amount of 
work has been done in thi s  area , i t  i s  d i f f i 
c u l t  t o  spec ify vo ice qual ity quanti tative l y . 
Many d i f fe rent subj ective me thods have been 
tr ied , but none appear to have g a ined general 
acceptanc e . The autho rs of the r eport seek 
obj ect ive measures that s a t i s f y  cr iteria such 
as rel iabil ity , repeatab i l ity , u sability , 
s ys tem independenc e ,  and user o r ientation . 
F ive o b j ective vo ice qual i ty measures are in
troduced as mea sures o f  inte l l ig ibility , 
recogni z a b i l i ty ,  and sys tem acceptabi l i ty ,  
but i t  i s  found that add itional data are 
needed i n  order to a s s ign va lues to the se 
parameters i n  many c ases . 
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Thi s  report i s  a f ir s t  attempt toward de
scribing communication network per formance 
from a user ' s  viewpo int and apply ing these 
results to spec ific sys tems . The approach 
i s  new in many respects , and the results 
presented are not completely de f initive . 
Some insight is g iven be low and in the report 
on how th i s  problem can be resolved . 

New mil itary sys tems , and commerc ial systems 
as we l l , norma l ly evolve through a number o f  
sequenc e s  or pha ses inc luding concept develop
men t ,  val idation , sy stem deve lopment ,  des ign , 
produc tion , implementation , and operat ion . 
Dur ing the concept development phase and into 
the subsequent validation and sys tem develop
ment phase s ,  a continu ing i terative proce s s  
i s  required i n  order t o  spec i fy values for 
the per formance parameters used in the f inal 
d e s ig n  and produc t ion phase s . Th i s  itera tive 
proc e s s  is i l lu s trated in F igure 4 - 1 0 .  The 
current e f fort is concerned with the concept 
development phase when initial values are 
a s s igned based on user and miss ion require
ments . U s ing these va lues a s  design goal s ,  
an initial sys tem design evo lves for the 
va l idation phase . At this point , system 
costs can be estimated rea l i s tically and a 
cost/bene f it analys i s  can be performed . Such 
ana lyses may lead to reass i gnment o f  values , 
rede s ign , and even a reanaly s i s . These 
a spec ts will be cons idered in future work by 
the Institute in thi s  area . 

Acc e s s  Area D igital Swi tching System (AADSS ) .  
The u .  �rmy ' s  Communications Systems Agency 
( CSA ) at Fort Monmouth , New Jersey,  is eval

uating concepts and alte rnatives for provid ing 
an e f f ic ient interface be tween the future 
Defense Communication System ( DCS ) network 
and contiguous mil itary base environments 
cal led ac cess area s . 

The ITS is conduc ting analyses in support o f  
thi s  AADSS program . Previous ITS e f forts 
have inc luded s tud ies on ( 1 )  parametric cost 
a l ternatives for local digital d i stribution 
sys tems , ( 2 )  prel iminary evaluation of hub 
a l ternative s , ( 3 )  an example of the design 
for a d ig ital t ime d ivision switch with stored 
program control , ( 4 )  trad itional s ignal ing 
techn iques for control ing the switc h ,  ( 5 )  a 
s tudy of the new and complex s ignal ing i s sues 
which arise in an integrated ( voice/data ) 
commun ications network s ,  ( 6 )  an eva luation of 
switch e l emen t  capac ities in acce s s  area digi
tal switching systems , and ( 7 )  regional model
ing f or applying AAD SS concepts to two access 
area s , one in New Jersey and the other in 
Ar i zona . I tem 6 above wa s comple ted this 
fiscal year and i tem 7 i s  still in progre s s . 

NTIA Report 7 9 - 2 6 , " Switch Element C apac ities 
in Acc e s s  Are a  Digital Switching Sy stems , "  
def ine s the parameters which determine the 
capa c i ty of modern dig ital swi tching systems 
u s i ng s tored program control . Capac ity i s  
def ined in terms o f  the four ma j or elements 
of a swi tc h :  the interface , the switching 
ma trix , the control proc e s sor , and the s ignal
ing e l ements . The interrel ationship between 
the se four ma j o r  elements is shown in F igure 
4 - 1 1 . D i g i tal swi tche s o f  the type shown in 
thl s  figure provide new service features and 
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Table 4 - 1 .  Tentat ive Values for the Pr imary F S -1 0 3 3  P arameter s 

Pe rformance C r i te r i on 
Fun c t i o n  

Effi c i ency o r  S peed Acc u racy Re l i a b i l i ty 

Ac c e s s  l .  Ac c e s s  T i me 2 .  I n correct Ac c e s s  3 .  Acce s s  Den i a l 
0 . 1 0  se c .  ( Mean ) Probab i l i ty Probabi l i ty 
0 . 1 5  sec . ( 90 % )  1 0 - l 0 1 0 -3 ( at 0 .  3 se c . ) 

B i t T r a n s fer 4 .  B i t Tra n s fer T i me 5 .  B i t  Error 8 .  B i t  Lo s s  
0 . 5  sec . Probab i l i ty Probab i l i ty 

1 0 - 1 0  l o - 1 1  

6 .  B i t  M i sdel i very 
Proba b i l i ty 
1 o - 1 1  

7 .  Extra B i t  
Probab i l i ty 
1 o - 1 1  

B l o c k  9 . B l o c k  Tran s fer 1 0 .  B l o c k  Error 1 3 .  Bl o c k  Lo s s  
Tra n s fer T i me Proba b i l i ty Probab i l i ty 

0 . 5 sec . 1 o - 9  3 • 1 0 - 1 1  

1 1 .  Bl o c k  Mi sdel i very 
P rob a b i l i ty 
1 0 -9 

1 2 .  Extra Bl ock 
Proba b i l i ty 
1 o - 1 0  

Me s s age 1 4 .  B i t  Trans fer 
Tran s fer Rate 8 5 1 0 b / s  

1 5 . B l o c k Tran s fer 
Rate 
8 5 1 0/n* b l o c k s / s 

1 6 .  B i t Rate 
Effi c i ency 50 % 

1 7 .  B l oc k  Rate 
E ff i c i ency 50% 

D i sengageme n t  1 8 .  D i s en g a gemen t 1 9 .  D i senga gemen t Den i a l Proba b i l i ty 
T i me l o -3 ( at 0 . 1 5  se c . ) 
0 . 05 sec . ( Mean ) 
0 . 1 0  sec . ( 90% )  

* n  = n umbe r o f  b i ts per b l oc k .  

1 3 9  
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func tions to the u ser and at the same time 
permit reduction in space , power , and even
tually ooerating and ma inta inance costs . When 
augmented with d ig i tal transmission fac i l itie s , 
the appl ication o f  d ig i tal switc hing technolo
gy to military acc e s s  area post s , camp s , and 
stations extends the d ig i t i z ation proc e s s  from 
the DCS long haul backbone to the loca l level . 

F igure 4 - 1 2  indicates the interrelationship 
between capac ities of various switch elements 
in quant itative terms . The overlay on this 
f igure provides an example of how it can be 
used for eva luating var ious switch conf igura
tions . This is e s sential in order to compare 
switch character istic s , s i nce d i f ferent switch 
manu facturers spec i fy switches in d i f ferent 
way s . For exampl e ,  the TTC - 3 9  switch i s  spec 
ified for 3 , 3 0 0  call attempts per hour , 1 8 0  
Erlangs o f  switched matrix load , and 6 0 0  ter
minations . Plotting the s e  capacity values on 
F igure 4 - 1 2  yields a tra f f i c  intensity per 
termlnatlon o f  0 . 6  Erlang s .  Using the f ig ure , 
it can be seen that this corre sponds to 1 1  
call attempts per hour per termination as suming 
an average holding t ime per call of 3 . 3  min
ute s . The dash l ines on the f ig ure indicate 
the characterist ic s of another m i l i tary tac ti
cal switc h ,  the TTC - 3 8  ( 3 0 0 l ine ver sion ) . 

The regional model ing s tudy initiated thi s 
year is concerned with reduc ing DC S ac cess 
l ine costs , o r  a t  least reduc ing the d irec t 
homing from e ach mil i ta ry installa tion to the 
backbone network . This involves remote con
centration elements and a concentrating switch 
( the AADS S )  that are c apable o f  hand ling all 

o f  the d i stance tra f fic to and from a single 
regional area . One network con f iguration for 
such a reg ional a rea , con s i s ting o f  a number 
of contiguous base s , is shown in F igure 4 - 1 3 . 

In order to s i ze the various concentration , 
swi tching , and transmis sion elements in an 
acc e s s  area as shown in F igure 4 - 1 3 , it i s  
neces sary t o  resolve a number o f  traf f ic 
engineering i s sue s . I t  i s  apparent that in 
military access area s ,  as in many commercial 
installations , the tel ecommunicat ions tra f fic 
passes through several concentration and 
switching stage s .  Tra f f ic loads to server 
fac il ities ( trunk s )  are formed through mergers 
and branch outs o f  o ffered tra f f ic substreams . 
Block ing of c a l l s  is known to occur in many 
\vays throughout the se network s . 

In NTIA Report 8 0 - 3 4 , " Three Pha ses of Tel e
tra f f ic Conges tion in Mi l i tary Ac cess Areas , "  
an e f fort i s  made to represent the access 
area g rade o f  service ( i . e . , the probab i l ities 
o f  b lock ing for d i f f erent subs tream s )  in more 
realistic ways than ha s been done before . 
The me ssage f low proc e s s  i s  struc tured into 
three repre sentative contention phases which 
are real istic and occur o ften in mil itary 
network s .  All three pha ses po s s e s s  queue ing 
mode l s  and analytical properties di st inc t f rom 
the conven tional Engse t , Erlang , and other 
c l a s s ical mode l s .  The i r  blocking probabili
ties a l so d i f fer s ig n i f icantl y .  

The report demonstrates several applicat ions 
to access area telephony . The s e  results and 
tho se obta ined from the previous study on 
switch capac i ty are being u sed to develop 
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regional access area mode l s  for subsequent 
per formance and cost evaluations . Th i s  e f fort 
i s  expec ted to continue during the nex t f i scal 
year . 

Command Post/Signal Center Bus D i stribution 
Concept Design Program . The semi-tactlcal 
nature o f  transportable Army Command Posts and 
S ignal Centers ( CP/SC ) poses many real opera
tional problems to the Army F i e ld Commanders . 
Th i s  appears particularly true for the inter
nal CP/SC commun ications d i s t r ibut ion sys tems . 
Such a system mu st o ften be installed , modi 
f ied , or transported rapid l y . The system must 
be survivable , movable , and f lexibl e .  I t s  
te lecommun ications per formance mu st meet all 
mi l i tary operational requirements faced by 
transportable CP/SC scenario s .  

ITS has taken an in-depth look a t  new and 
evolving technologies to ascertain whether 
and how new sys tem concepts ( s uch as bus -type 
d i s tr ibution) can bene f icially replace the 
exi sting fac i l itie s .  This ITS e f fort was 
sponsored by the u .  s .  Army ' s  Communication 
Electronic Equ ipment Install ation Agency 
(CEEIA )  at Fort Huachuc a ,  Ar i zona . The prime 

ob j ec t ive was to provide a functional des ign 
and spec i f ication o f  a bus -type transm i s s ion 
sys tem to rep lace currently used wire pair 
cables used in transportable tactical command 
po sts . During the course o f  this program , 
ITS collec ted a cons iderable amount of infor
mation rel ating to command post s ignal ing 
centers and bus -type d i s tr ibut ion c enters . 
Thi s  was accompl i shed by l i te ra ture search , 
d i scussions with congni z ant personnel , and 
by visits to tac tical f ie ld exerc i s e s  at 
Fort Huachuc a ,  Ar i zona , and Fort Hood , Texa s .  

Thi s  e f fort has now been completed and a final 
report ha s been prepared . NTIA Report 8 0 - 3 6 , 
" Command Post/Signal Center Bus D i s tribution 
System , " was submitted to the sponsor in April 
1 9 8 0 .  This report i s  d ivided into two ma j o r  
parts . The f irst part is concerned with 
command po st operational requirement s , and 
reviews the f ac il ities currently u sed to meet 
the se requirements . The second part of the 
report describes the application of new 
techno logies such as time d ivis ion mul ti
plexing , voice digitization , and bus-type 
transmi s s ion facil ities . In order to meet 
the confl icting requ irements of deployment 
time and survivab i l i ty ,  the concept o f  
hierarchal struc turing i s  introduced . A 
three-pha sed improvement plan i s  described 
so tha t bus-type sys tem a l te rnative s  can be 
evaluated in terms of the ir evo lution from 
exis ting architec ture , through a tran sitional 
architec ture , and to the f inal archi tecture . 
Thi s  three phased improvement program i s  
assumed to occur at 5 year interval s .  The 
three phases involve 1 )  imbedding transparent 
bus -type l inks into the ex i s ting network 
structure , 2 )  merging the se l inks w i th d ig i tal 
swi tche s ,  and 3 )  changing the network topo lo
gy by adding new swi tching nod e s  to enhance 
survivab i l i ty .  Using thi s  evo lutionary pro
ce s s ,  the func tional design tradeo f f s  are 
described and a pre ferred a l ternative sel ected 
on the basis o f  e ight c r i teria inc l ud ing de
ployment time , capac i ty , performance , develop
ment r i sk , cost , etc . 
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F igures 4 - 1 4  and 4 - 1 5  i l lustra te the func 
tlonal a nd physical form of the a l ternative 
that was recommended f rom the f ive alterna
t ives cons idered . Thi s  pref erred a l ternative 
is compatible with d ig ital switching , but 
requires demu l t iplex ing and conversion to the 
analog baseband voice c hannel for switching 
with exi sting analog method s .  The basic T
carrier concept i s  a proven techno logy which 
can be adapted for tac tical use a t  rea sonable 
co s t .  Other transm i s s ion l inks can a l so be 
u sed such as coax ial cable u s i ng pha se shift 
keying (PSK)  for carrier modulation o r  f iber 
optical cable u s ing a pul sed l ight emitting 
diode . Thi s  a l ternative o f fers considerable 
flex ibil ity in the choice of analog to digital 
conve r s ion technique , b inary encoding , a s  wel l  
a s  the c ho ice o f  transmis sion med i a . Dig ital 
time-div i s ion mul t iplexing ( TOM) i s  trans 
parent t o  enc rypted voice and could b e  l ink 
encrypted i f  d e s i red . Thi s  alternat ive i s  
a l so compatible with future transitions to a l l  
d ig ital operations , e i ther with CVSD at 1 6  o r  
3 2  Kb/s or with PCM a t  4 8  Kb/s and 6 4  Kb/ s .  

USPS E l ec tronic Me s s age S ervice Sys tem . NTIA/ 
ITS provldes support for the development of 
the E lec tronic Me s s age Service Sys tem ( EMSS ) 
by the United States Po s tal Service ( USP S ) . 
ITS provide s  technical expe r t i se , system ana l 
ys i s ,  and neces sary support documentation . 
The USPS/ITS agreement c a l l s  for partic ipation 
in provid ing a s s i stance to the USPS in the 
preparation of a Statement o f  Work ( SOW ) for 
an e l ec tron ic message test network and develop
ing computer model ing of the EMSS in the form 
of dynamic message f low s imulation for the 
entire sys tem . 

ITS ha s provided a s s i stance in the conc ept 
formulation a nd se lection o f  the candidate s 
that w i l l  best meet the overall USPS obj ec
t ive s for initial implementation and subse
quent d evelopment for a mature national elec
tronic mes sage s ystem i nc l ud ing a l l  50  states 
and Puerto Rico . The services to be provided 
would accept me s sages o n  magnetic tape , paper 
for fasc imile trans format ion , and e l ec tronic 
input from pub l ic terminals and user termina l s  
( busine s s  inputs ) .  The USPS o b j ec t ive i s  

overnight del ivery o n  the next working d a y  o f  
9 5 %  o f  the me s sages input to the EMSS . This 
would u s e  common carrier lea sed service s  f or 
elec troni c  mes sage input and for the message 
tran s fe r  with the sys tem . The EMSS p lanned 
operation i s  shown in F igure 4 - 1 6 . 

The input mes sages are converted at the EMS S 
stations for transm i s s ion via leased common 
carrier services such as sate l l ite and ter
restrial l inks to the EMS S destinatio n  sta
t ion . On mes s age receipt a t  the EMSS station r 
the me s sages would be s to red in computer mem
ory , sor ted , and then p r inted and enveloped 
for carrier d e l ive ry . The messages would be 
d i str ibuted to the customer by truck or mail 
carrier as  i s  the current prac t ic e .  Thi s  
would b e  done i n  accordance with Pres idential 
gu idance rece ived in July 1 9 7 9 which states 
that no d irec t e l ec tronic messages would be 
del ivered d irectly to the cu stomer . 

Dur ing the past year ITS has d eveloped a 
dynamic s imu l ation model o f  the EMS S stations 
and the telecommunications network for the 
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sys tem . This requ ired a n  extensive evalua
tion o f  s imul at ion l anguages that were avail
able . The recently developed S imulation 
Language for Al ternative Model ing ( SLAM ) wa s 
selected and has been implemented . SLAM pro
vides the organ i zational structure for build
ing event , proce s s , and continuous mod e l s  of 
sys tems . 

A struc tured analysis of the station opera
t ion wa s formu l ated to a s s i s t  the s imulation 
deve lopment . All me s s ages that were to flow 
through the sys tem had to be determined and 
def ined . The s e  inc luded the customer
generated me s s ages a s  we l l  a s  internal l y  
generated me s sages for system support . The 
number of each type of message was then esti
mated as wel l  a s  the me s s age s i ze . Mes s age 
f low through the system was determined , and 
overall sys tem schematics were deve loped . 

System requirements we re formulated for e ach 
ma j or phase o f  me ssage process ing . The se 
ma j or pha ses con s i s ted of input mes sage con
vers ion , me s sage tran s fer , and output me s sage 
convers ion for del ivery . Th i s  informa tion 
was then tran s l ated into me s sage f low and 
system requi rement , and u sed as a ba s i s  for 
formulating the SLAM s imulation model . 

Spec ial per formance measures had to be deve l 
oped t o  de termine ind ividual stat ion a n d  net
work per formance for each ma j or phase o f  
operation as we l l  as over a l l  system per for
mance . Work is a l so in progre s s  to develop 
a user manua l  for use of the EMSS s imu la tion 
model . 

The s imulation mode l  provides some unique 
capab i l i t i e s  and s tate-o f-the-art deve lopment . 
The s imulation has been set up with the capa
bil ity to analyze the sys tem and optim i z e  the 
selection o f  station and telecommun ications 
network resources to mee t  input spec i f ied 
per formance requ irements . This i s  done by an 
" Auto Searc h "  process within the analy s i s  
mode . Spec i f ied c r iteria were developed to 
provide th i s  c apabil i ty and thus greatly 
reduce the number o f  runs that are needed to 
spec ify station and network re sources . The 
s imul ation ha s al so been set up in compart
ments so that segments of the operation can 
be reviewed in detail w ithout having to run 
the total program . 

Fol low-on work with the s imulation mode l  wi ll 
provide overall system tradeo f f s , system 
sen s itivit ies , and the capab i l i ty of evaluat
ing contractor propo sals for EMSS development .  

ITS has provided the technical support to the 
USPS for the development of a draft Statement 
of Work for an elec tronic me ssage test net
wor k .  Thi s  will provide f o r  the initial 
phase o f  system development o f  EMSS . 

Support wi l l  a l so be provided in establi shing 
software support requirements with the EMSS 
and at the ma j or sys tem interfaces . This 
will inc lude message process ing , me s s age 
sorting , control , and bookkeeping func t ions . 
Thi s  will also inc lude the telecommunic ations 
network func t ions of interfaces and trunk 
requiremen ts . Link requi rements will be 
de termined and network controls will be in
vestigated . 
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A new task wa s und ertaken for the USPS EMSS 
during the past year . I t ' s  purpo se is to 
initiate identif ication o f  s tandard s which 
will ensure that businesses can interconnec t 
with the planned mail del ivery system through 
telecommunications common carrier s . This 
requires an American National S tandards 
Inst itute (ANS I )  s tandard . 

Th i s  work i s  in response to a Pre s idential 
Policy Statement ( July 1 9 ,  1 9 7 9 )  which esta
b l i shed the role o f  the USPS in elec tronic 
ma i l . Spec i f ically , one o f  the administra
t ion cond itions state s , 

" To ensure that i nterconnec t ion with the mai l  
del ivery system i s  ava i lable t o  a l l  companies , 
technical interconnection s tandards should be 
developed through a cooperat ive ef fort by the 
Amer ican National Standards Insti tute , the 
USPS , the priva te carrier s , and an impartial 
arbite r ,  i f  needed . "  

Thu s far , pl anning for and initial development 
of the work has taken place . Thi s  pl anning 
i s  compo sed of several element s ,  which in
clude : 

1 .  

2 .  

determination o f  the scope o f  the 
present EMSS network planning , 

identification o f  terminal devic e s  
and a s sociated interface standard s , 

3 .  identi f ication o f  local telecommuni
ca tion input l i nes , and 

4 .  initiation and mainta ining o f  con
tac ts and ac tivities with the ANS I .  

Work in a l l  o f  the se areas ha s started , in
clud ing the e stab l i shment o f  contacts with 
the ANS I . 

A presenr.ation which described the po tential 
USPS EMS S was made to ANS I  Tec hn ical Commit
tee X 3 S 3 , Data Commun ications . Subsequentl y ,  
the EMSS pro j ec t  work w a s  a s s igned to ANS I  
T a s k  Group X 3 S 3 7 , Public Data Networks . Work
ing in cooperation with X 3 S 3 7  will lead to 
the iden t i f icat ion of exi sting s tandards 
appl icable to the EMSS , and a l so , the po s s i 
ble identification o f  unique s tandards re
quirements for the EMSS wh ich may need deve l 
opment . The result o f  thi s  work will be an 
ANS I  appl ications standard which may become 
an ANS I  national s tandard . 

The iden t i f ic ation o f  the s tandards i s  based 
on the International Organ i z at ion for S tan
dard s ( ISO)  Open Sys tem Interconnection (OS ! )  
architecture o f  interface layers . The OS ! 
is a seven l ayer reference model ( F igure 4 - 1 7 ) . 
As shown , the l ayers are : 1 )  Phy s ical , ----

2 )  Data L ink , 3 )  Network , 4 )  Transport , 
5 )  S e s s ion , 6 )  Pre sentation , and 7 )  Appl ica
t ion . 

The f ir s t  four l ayers are related to the 
telecommun ications transport service for 
me s sage s , while users of the transport ser
vice are concerned with the f ifth through 
seventh l ayer s . The se latter l ayers re late 
to mes sage u sage , formatting , and f ile access 
or transfe r .  The se are transparent to the 
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first four l ayers , which deal with physical 
interconnec t ion , control o f  phy s ical connec
tions a t  end points , me s sage rout ing (multi
plex ing/demu l t iplexing ) ,  and network topo logy , 
including point-to-poin t ,  multi-drop , and 
al ternate paths for an EMSS communications 
network . 

The current work is concerned spe c i f ic a l l y  
with the interconnec tion s tandards required 
for e lec tron ic me s sage inputs , but identi fica
tion of the se local telecommunications network 
standards •,.;i l l  have a bearing on the trunk 
network system protocol s .  The trunk network 
will be for the message transm i s s ion be tween 
EMSS stations loc ated at cities acro s s  the 
continental Un i ted State s , Alaska , H awa i i , 
and Puerto Rico . 

P arameters in the selec tion o f  interface 
standards relate to coding (ASCI I ,  EBCDI C ) , 
clocking ( synchronou s ,  asynchronous ) ,  proto
col s ( bit- or character-oriented ) ,  and swi tch
ing (c ircu i t , me s sage , or packe t ) , in add i tion 
to methods of message connection and trans
mis sion to the EMSS . 

A result o f  this work will be the e s tabl i sh
ment of government and industry s tandards for 
the use of the USPS EMS S .  

SECTION 4 . 3 .  SATELL I TE COMMUN I CATION 
SYSTEMS 

In the Execut ive Order tha t  e s tabli shed the 
National Telecommun ications and I nforma t ion 
Administration ( NTIA) in 1 9 7 8 , the Department 
of Commerce was charged w ith developing and 
sett ing forth " telecommun ications po l ic i e s  
perta ining t o  the Nation ' s  economic and tech
no logical advanc ement "  ( EO 1 2 0 4 6 , Sec t ion 2 -
4 0 6 ) . Thi s  charge was el aborated with regard 
to communications sate l l ites in the Adminis
tration ' s  National C ivil Space Policy Presi
dential Direc t ive ( P O )  4 2 . In that Direc t ive , 
NTIA wa s g iven three interrelated mi s s ion s : 
( 1 )  to aggregate the potential pub l i c  service 
users o f  commun ications sate l l ite service s ;  
( 2 )  to s t imul a te research and devel opment of 
inexpensive s atel l ite technologies and ser
vices appropr ia te to the low-vo lume pub l i c  
service user s ; and ( 3 )  t o  tran s l a te the agen
cy ' s  experience in market aggregation and R&D 
into programs for l e s se r  developed count r ie s .  
The s e  three m i s s ions form the corne rs tone of 
the Dispersed Users Satell i te Program , admin
i s tered by NTIA ' s Office of Telecommun ications 
Appl ications ( OTA ) , and supported technically 
by NTIA ' s  ITS through the i r  Satel l ite Communi
cations Systems ' Program . 

The Federal Government has long been committed 
to sate l l i te communic ations and to the g rowth 
of a vigorou s commerc ial s atel l i te indus try . 
That industry has benef ited greatly from 
Government- funded R&D e f forts , such as tho se 
of the Department of Defense ( DoD) and the 
National Aeronautics and Space Admin i s trat ion 
( NASA) , and indeed has emerged to serve dome s 

t i c  and international need s . However , the 
ex i s t ing commercial systems have no t d eveloped 
sate l l ite technologies and services appropri
ate to large portions of the pub l i c  service 
sec tor . They are presently designed to serve 
high-volume , geographically centralized 
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commun ications users in ma j o r  urban area s . 
In contra s t ,  many publ ic service users have 
short-term , intermittent , and low-volume com
munications d emand s , commonly re ferred to as 
" thin-route " tra f f ic , among d i sper sed agenc ies 
and o f f ice s . Ava i l able commerc ial techno lo
g ie s  are not compatible with the inexpens ive 
sate l l i te g round sys tems e s sential to serving 
many rural areas and decentral i z ed agency 
use r s .  Publ ic service users with low-volume , 
intermittent commun ications needs canno t a f 
ford the sophisticated and expens ive sys tems 
now in use ; nor has it been considered pro fit
able by the commerc ial carriers to launch 
high-power sate l l ites to serve thi s  community . 
Where ava i lable techno logy could be used , ser
vice to this d i saggregated market has not been 
s een a s  a pro f i tmaking venture , and there fore 
commercial sate l l i te c arr iers have no t o f fered 
to the publ ic sector the benefits that d i s 
tance-insensi tive communications could provide . 

The ma j o r  activities o f  the NTIA/ ITS Program 
reflect its three m i s s ions -- market aggrega
t io n ,  technical stud ies o f  relat ive ly inex
pens ive technologie s , and international app l i 
cation s .  

The Institute has been providing input to 
these three m i s s ions in the form of technical 
stud ies and international appl ication s .  

Ex is ting commercial service s ,  even i f  made 
ava ilable to the public sector through success
ful a ggregation e f for t s ,  may not fully s a t i s fy 
publ ic service need s . New techno logy develop
ment may be required to provide very low cost 
services for part-time users . S i nce the Presi
dent ' s  Direct ive a s s igned to NASA re sponsibil
ity for undertaking R& D in pub l ic service sat
ell i te technologies , the NTIA Sate l l i te Program 
has d e ferred to NASA ' s  experience and exper
tise . The e f forts of ITS focus on develop ing 
techn ical means to improve the e f f ic iency and 
cost e f fec t ivene s s  of services and on pro
viding a techn ical base for the development o f  
pol ic ies t o  encourage the evolution o f  new sat
ell ite commun ications techno log ie s with signi
f icant publ ic service bene f its . Spec i f ical l y ,  
ITS i s  d e f in ing options for the app l ic atio n  o f  
low-cost , small-antenna earth s tations ; de
veloping p l an s  for orbit/ spec trum uti l i z at ion ; 
and conduc ting s tud ies o f  advanced g round ter
minal systems for rural areas and other thin
route service s .  

The 'ITS program was d ivided into three pro j ec t s  
for management purpo se s . The three pro j ects ' 
concerns are ref lec ted by the ir titl e s : " Fre
quenc y/Orbit Re source Study , "  " Public Service 
Satell ite Support , "  and the "AID Rural Satel
l i te Systems . "  

Frequency/Orbi t Re source Study . The Frequency/ 
Orb� t  Re source S tudy �s concerned with the ac
tivities o f  CC I R ,  Wor ld Admini strative Radio 
Conferences (WARC ) , FCC actions , e tc . which 
have impac t upon the rules and regul ations for 
the u se of the radio spec trum and the appl ica
t ion of small-antenna earth stations ( SAES ) 
that are critical to the publ ic service and 
thin route s atel l ite u s er s .  The Ins titu te 
has been active in the se forums e ither by 
d irec t partic ipation in the ir activities such 
as CC I R  S tudy Groups or have provided input to 
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the 1 9 7 9  GWARC and various FCC actions . For
ma lly the ITS activities have resulted in a 
report ( to be pub l ished as an NTIA Report)  on 
the results of the 1 9 7 9  GWARC and its impact 
on the public service user and a ma j o r  contr i 
but ion t o  NTIA ' s T a s k  Force Report on the 
Direct Broadca s t  Sate l l i te . Among the techni
cal i s sues dealt with in the report we re an 
assessment of the frequency-orbit capa c i ty 
available for d irect-to-home broadc a s t ing sat
ell i te services , the output o f  the 1 9 7 9  GWARC , 
and an e s timate o f  the probable frequency
orbit c apac ity that may be ava i l able to the 
u . s .  for a DBS ( d i rect broadc ast sate l l i t e )  
sys tem . 

Since many of the i s sues rel ated to the DB S 
i s sue requ ire detai led analysis and study , ITS 
has contrac ted with OR! , Incorporated for the 
mod i f ication of a computer program cal l ed 
Spec trum Orbit U t i l i z a tion Program . This 
program wa s designed to compute the mutual 
interference between l arge numbe rs o f  satel
l ite communications l inks which use sate l l i te s  
in geostationary orbit . The mod i fication 
wi l l  allow e ach transm i tter and each rec e iver 
to use its own individual antenna pattern so 
the benefits o f  shaped ante nna beam technology 
may be properly cons idered . The antenna 
patterns will be spec i fied e ither by equations 
or by cons tant gain contour s . 

Publ ic Service Sate l l i te S upport . Pub l ic Ser
vice Satel l i te Support provides the d irec t 
techn ical suppo rt to NTIA ' s  e f fort to develop 
the environment for a new generation of com
merc ial service s to mee t  the publ ic service 
need s . The ITS support has inc luded inve s t iga
tions on existing transponder and earth sta
t ion avai l ab i l ity for thi s  purpose . We have 
a l so looked into the f ac tor s assoc i ated with 
sate l l i te service for the Pac i f ic Basin and 
the requirements for an Amer ican Indian Pub lic 
Radio Network . 

AID Rural Sate l l i te Sys tems . AI� Rural Satel
lite Sys tems is funded by the Agency for Inter
national Development ,  Department o f  State . 
Thi s  ITS pro j ec t  is a smal l  part of a larger 
and new AI D program to te s t  the cost-e ffect ive
ne s s  o f  sate l l i te communications in rural 
devel opment . 

The basic premise o f  the program is that new 
sate l l i te technologies wi l l  make po s s ible the 
estab l ishment of rel iable commun ic ations 
sys tems in many rura l areas o f  the developing 
world . Once e s tabli shed , r e l iabl e  commun ica
t ions in rural areas potentially repre sent a 
new development tool o f  importance .  Thi s  AID 
program i s  designed to guide the use o f  that 
tool toward serving a number of fundamental 
development obj ec tives , and to test i t s  u t i l 
i t y  when so u sed . 

The Institute i s  provid ing technical support 
to this AID program in the form of four 
stud ies or deve lopments . The AI D ob j ec t ives 
are to provide an initial l imited facil ity for 
sate l l i te- transmitted , vo ice-grade c ircuits to 
remote areas of the less-devel-oped countr i e s  
where trunk communications are non-ex i s tent or 
l imited to l e s s -than- fully-rel iable , high-fre
quency l inks . It is the expec tat ion tha t ,  in 
countries which are equ ipped with one or mor e  



AI D-suppl ied satell ite g round s tation s , an 
expanding network and plant will evolve . 

The ITS stud ies are d irec ted primarily to the 
requirements o f  this evolution ; they consist 
o f  examination of the fol lowing areas --

Demand - a s s igned multiple acce s s  ( DAMA ) 
technology 

Frequency converter technology 
Solar power sourc e s  
S low-scan te levi sion . 

The l atter two o f  the se topics were undertaken 
and reported on in the early part of the year . 

The f indings in the solar power study revealed 
tha t ,  while the costs o f  solar cel l produc tion 
are dec l ining and are expec ted to c ontinue 
this decl ine as a result of increased vo lume 
and improved technique s ,  nonethele s s ,  the 
overall costs o f  compl ete solar power systems 
w i l l  dec rease no more than 2 0 %  from current 
prices and then will rise in r e sponse to in
f l ation . The reason for tnis is that a very 
signi f ic ant part of a continuous - supply solar 
system is the investment in storage batterie s 
which are required to provide power during 
pe riods of non-insolation , i . e . , at night and 
during b ad weather . To meet the power require
ments o f  a conventionally-des igned satell ite 
s tation , i . e . , with capabi l i ty for expan s ion 
of s e rvices to 2 0 0  o r  more voice c hannel s ,  and 
w i th cost and e f fec tivene s s  trade-o f f s  between 
antenna dish s i z e  and power amp l i f ier , costs 
of a solar powe r source o f  appropriate capac
ity would e qual that of the satell i te station . 
The s tudy results indicated that notable eco
nomic s could be a ff ec ted by inc lud ing consid
e ration of the solar power source - - if one is 
to be used - - in the overal l  system des ign of 
the s atell ite g round s tation . 

I n  o ther work ,  a survey was made of commer
c ia l l y  available s low- scan television equip
ment . S low- s c an TV uses d ig ital s torage tech
n ique s to accumulate and ho ld a video image 
and transmit it at a rate which can be tran s 
mi tted by voic e -grade c ircu its . At the re
c e iving point , the image is reconstruc ted a s  
the v ideo in format ion come s in , and can b e  
d i splayed a s  a f ro z en image o r  replac ed a s  
e a c h  new image is compl eted . The replacement 
t ime is approximately 3 0  to 6 0  second s . Whi l e  
t h i s  interval i s  far too long for mo tion dis
p l ay , the system can have great value in infor
mation transmitted for purposes of educ ation , 
emergency med ical information , and , indeed , any 
long-range consul tation where some v i sual in
formation is pertinen t .  

I n  c ontinu ing work , I T S  w i l l  be examining tech
nology of e arth-station f requency converters 
f rom the point of providing more economica l  
implementation f o r  t h i s  s ig n i f icant g round
s tation component . Also , inve st igations o f  
demand -ass igned sys tems are be ing conduc ted i n  
antic ipation o f  the expec ted e volution noted 
for LDC use of satell ite communications . DA�� 
i s  a technology which permits the expans ion o f  
an exi sting network by providing a capabil ity 
to automatic a l l y  s earch among exis ting chan
n e l s  for unu sed one s . Such systems exist at 

1 5 1  

the present time and , while they are economi
c a l l y  des irable for high-volume networks , are 
marginal for thin-route appl ications . 





P r o j e c t  T i t 1 e 

A G R I C U L T U R E , D E P A R T M E N T  O F  

A N N E X  I 
I T S  P R O J E C T S  F O R  F Y  8 0  

O R GA N I Z E D  B Y  D E P A R T M E N T  A N D  A G E N C Y  

L e a d e r  P r o j e c t  T i t 1 e 

D E F E N S E , D E P A R T M E N T  O F  ( D O D ) ( C o n t i n u e d ) 

L e a d e r  

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

C o mm u n i c a t i o n  S u p p o r t  P r o g ra m  
S h a s t a - T r i n i ty T e l e c o mm u n i c a 

t i o n S t u dy 

M o r r i s o n  A i r F o r c e  M i s c e l l a n e o u s  ( C o n t i n u e d ) 

9 1 0 4 4 3 4  D a t a  C o mm u n i c a t i o n  S u p p o r t  
P r o g r a m  

C O M M E R C E ,  D E P A R T M E N T  O F  

M a r i t i m e Ad m i n i s t r a t i o n  ( M A R A D )  

9 1 0 2 4 1 9  M A R A D  A s s i s t a n c e  

N a t i o n a l  B u r e a u  o f  S t a n d a r d s  ( N B S )  

9 1 0 3 5 5 1  I A C P / N B S  T e s t  P r o g r a m  

S k e r j a n e c  

G a t e s  

d e H a a s  

B o l t o n  

N a t i o n a l  T e l e c o mm u n i c a t i o n s  a n d  I n f o rm a t i o n 
Ad m i ni s t r a t i o n  (N T I A) 

9 1 0 1 1 3 1  
9 1 0 1 1 3 2  
9 1 0 1 1 3 3  

9 1 0 1 1 3 4  
9 1 0 1 1 3 5  
9 1 0 1 1 3 6 
9 1 0 1 1 3 7  
9 1 0 3 1 0 7  

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

9 1 0 5 1 0 9  
9 1 0 5 1 1 0  
9 1 0 5 1 1 1  
9 1 0 5 1 9 3  
9 1 0 6 1 0 4  
9 1 0 7 1 0 4  

9 1 0 7 1 3 6  

9 1 0 7 1 3 7  
9 1 0 7 1 6 7  
9 1 0 7 1 6 8  
9 1 0 8 1 0 1  
9 1 0 8 1 0 2  
9 1 0 8 1 0 3  
9 1 08 1 0 4  
9 1 08 1 0 5  
9 1 0 8 1 0 6 

9 1 0 8 1 0 7  
9 1 0 8 1 0 8 

F M / T V  I n c r e a s e d  C a p a c i ty 
T V  B r o a d c a s t  S p e c t r u m  S t r a t e gy 
B r o a d c a s t  S p e c t r u m  T e c h n o l o gy /  

P o l i cy A n a l y s i s  
9 0 0  M H z  Te c h n o l o gy 
F M  P e r fo r m a n c e  i n  I n t e r f e r e n c e  
P r o t e c t i o n  R a t i o s  
A n a l y s i s  S e r v i c e s  T r a n s f e r  
I n t e r n a t i o n a l  D a t a  C o m m u n i c a -

t i o n s  
C o mmo n C a r r i e r  C o mm u n i c a t i o n s  
D a t a  C o m m u n i c a t i o n s  
G u i d e d  W a v e  C o mm u n i c a t i o n s  
T e l e c o mm u n i c a t i o n  A r c h i t e c t u r e 
F r e q u e n cy / O r b i t  S t u dy 
P u b l i c  S e r v i c e S a t e l l i t e 

S u p p o r t 
C o mm o n  C a r r i e r  P r o j e c t  
S t a n d a rd s  P r o j e c t  
T e rm i n a l  E v a l u a t i o n  
V i d e o  T e x t  T e c h n o l o g y  
P r o t e c t i o n  R a t i o s  
T e c h n i c a l  S u b c o mm i t t e e  

S u p p o r t  ( F S S M )  
S p e c t r u m E n g i n e e r i n g  D e v e l o p -

m e n t  S u p p o r t  
N o i s e  L e v e l s 
R S M S  O p e r a t i o n s  ( F S S M )  
R S M S  D e v e l o pm e n t  ( F S S M ) 
M F  S k y w a v e  P r o p a g a t i o n  
V H F / U H F  M e a s u r e me n t s  
M u l t i p a t h  F a d i n g ( Mo d e l ) 
K n o w l e d g e  G a p s :  D a t a  B a s e  
M u l t i p a t h  F a d i n g ( T e s t s ) 
F r e q u e n c y  A s s i g n m e n t  i n  E R F  

L e v e l  
E n g i n e e r i n g  M o d e l s U H F / V H F  
P r o t e c t i o n  R a t i o s  

D E F E N S E ,  D E P A R T M E N T  O F  ( D O D ) 

A d a m s  
B e r ry 

M u r r a y  
B e r ry 
S p a u l d i n g 
R u s h  
H u f f o r d  

H i  1 1  i a m s  
W i  1 1  i a m s  
S e i t z 
B l o om 
G a t e s  
H a n s o n  

H a n s o n  
L e m p  
P i e t r a s i ew i c z  
P o m p e r  
B l o o m  
R u s h  

H u 1 1  

A d a m s  
S p a u l d i n g 
Ma t h e s o n  
Ma t h e s o n  
W a s h b u r n  
G r a n t  
O t t  
W a s h b u r n  
L u c a s  

D o u g h e r ty 
H u f f o r d  
R u s h  

A i r F o r c e  C o m m u n i c a t i o n ' s  Sys t e m  (A F C S )  

9 1 0 3 4 8 4  

9 1 04 3 8 0  

9 1 0 3 4 7 9  
9 1 0 3 5 6 4  
9 1 0 4 3 7 1  
9 1 0 4 3 7 3  
9 1 0 4 4 1 9  

9 1 0 3 5 6 2  

9 1 0 3 4 4 1  
9 1 0 3 4 g 2  

A u t o m a t i c M e a s u r e me n t  Sy s t e m  
U p g r a d e  

L O S  F a d e  8 - G H z  S y s t e m  

A i r  F o r c e  Sys t e m s  C omma n d  ( E S D )  

E FA S / P E P  I I  P r o g r a m  
C O N U S  O T H - B P r o p a g a t i o n  
T R C  T r o p o g r a p h i c T e s t s  
E FA S / P E P  I I  P r o g ra m  A n a l y s i s  
H F  D u c t e d  P r o p a g a t i o n  

A i r  F o r c e  Sys t e m s  C o mma n d  (RA D C )  

H F  G r o u n d  W a v e  

A i r  F o r c e  M i s c e l l a n e o u s  

M S R - T 1  Mu l t i p l e  R e c e i v e r  S y s t e m  
T A C - S i g n a l  A n a l y s i s  S y s t e m  

W o r t e n dy k e  
H a u s e  

S k e rj a n e c  
R o s i c h 
H u b b a rd 
S k e rj a n e c  
V i o l e t t e  

W a i t  

B a r g h a u s e n  
B a r g h a u s e n  

1 5 3  

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

9 1 0 4 4 3 1  

9 1 0 3 3 8 2  

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

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

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

9 1 0 3 5 6 1  
9 1 0 4 3 g o  
9 1 0 4 4 1 2  

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

9 1 0 4 4 3 2  

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

9 1 0 3 5 2 7  

9 1 0 3 5 5 5  
9 1 04 3 7 7  
9 1 0 4 3 7 8  

9 1 0 4 3 9 6  
9 1 0 4 3 9 7  

9 1 0 4 3 9 8 
9 1 04 4 1 4  
9 1 04 4 2 3  

P o l a r I o n o s p h e r i c  P r e d i c t i o n s  
T o p s i d e H F  N o i s e  
O H D  T a r g e t  D e t e c t i o n 
M S R - T 1  M a i n t e n a n c e  
A N / T R C - 1 7 0 D i g i t a l  T r o p e -

g r a p h i c  T e s t s  
S C - 2 R  E C M  R e c e i v e r  

A r my C o m m u n i c a t i o n  C o mm a n d  ( U S A / C C )  

A r my M o b i l e  A u t o ma t i c R e c e i v e r  
S y s t e m  

E M C  V a n , P a r t  I I  
A c c e s s  A r e a  D i g i t a l  S w i t c h  
A p p l i c a t i o n  S o f t w a r e  
A u t oma t e d  D i g i t a l  T r op o g r a p h i c 

D a t a  T e c h n i q u e s  
E M C  V a n , P a r t  I I I  
F o l l ow - o n  Ma i n t e n a n c e  
A u t o m a t e d  F i e l d  I n t e n s i ty 

M e a s u r e m e n t  S y s t e m  
TA E M S  N o i s e  M e a s u re m e n t  
V o l t a g e  T u n e d  F i l t e r  
TA E M S  R e p a i r  P a r t s  
A D R E S  S y s t e m  U p g ra d e  
1 5  G H z  L O S  F a d i n g  
V e r i f i c a t i o n  T e s t  S e t  
D M - 4 / C a l c u l a t o r  S o f t w a r e  
TA E M S  F i e l d  M e a s u r e me n t  

C o n s u l t i n g  
C o mma n d  P o s t / S I G  C T R  B u s  
N B S  A n t e n n a  I n t e r fa c e  
A u t o m a t e d  D i g i t a l  Sy s t e m  

E n g i n e e r i n g  Mo d e l  
S e l e c t i v e  F a d i n g 
TA E M S  P T E  U p d a t e  
T A E M S  A p p l i c a t i o n  S o f t w a r e /  

S a t e l l i t e  
H F  A n te n n a  S i m u l a t i o n  

A r my R e s e a r c h  O f f i c e  ( A R O )  

E M C  R e m o t e  E x t e n s i o n  
M M  W a v e  A t t e n u a t i o n  

A rmy M i s c e l l a n e o u s  

F r e q u e n cy E x t e n s i o n o f  S p e c t r u m  
M o n i t o r i n g  C a p a b i l i t i e s 

3 0 - 3 0 0  G H z  C o m m u n i c a t i o n  L i n k s  
J a mm e r  S / 1 R a t i o s  
S h o r t - Te rm I o n o s p h e r i c  

P r e d i c t i o n s  
W i d e - B a n d  M e a s u r e m e n t  D D A S  
W i d e - B a n d  M e a s u r e m e n t  D a t a  

A n a l y s i s  
W i d e  B a n d  D a t a  C o l l e c t i o n  
A A D S S  R e g i o n a l  M o d e l s 
M M - W a v e  V e g e t a t i o n  

N a v a l  R e s e a r c h  L a b o r a t o ry ( N R L ) 

9 1 0 2 3 7 0  P r o j e c t  N o n e s u c h  

O f f i c e  o f  N a v a l  R e s e a r c h  ( O N R )  

9 1 04 4 0 6  E H F  A t t e n u a t i o n  o f  A i r  

P a c i f i c M i s s i l e  R a nge 

9 1 0 3 4 g 7  G r o u n d / A i r P r o p a g a t i o n  
P r e d i c t i o n s  

9 1 0 4 4 2 9  D i g i t a l  M W  R a d i o  E v a l u a t i o n  

R o s i c h  
R u s h  
O t t  
M a r l e r 

H u b ba r d  
B a r g h a u s e n 

C a r ro l l 
C a r ro l l 
L i n f i e l d 
M c L e a n  

A d a ms 
C a r r o l l 
S t e 1�a  rt  

H a a k i n s o n  
S p a u l d i n g 
G r a n t  
S t e w a r t  
A d a m s  
H a u s e  
S m i t h  
M a t h e s o n  

M a t h e s o n  
L i n f i e l d  
G r a n t  

H a u s e  
H u b b a r d  
S t e w a r t  

M c L e a n  
L l o y d  

M a r l e r  
L i e b e  

J e n n i n g s  
T h o m p s o n  
P a u l s o n  

R u s h 
A d a m s  

H u f f o r d  
H u b b a r d  
L i n f i e l d  
V i o l e t t e  

H a r n e r  

L i e b e  

G i e r h a r t  
H u b b a r d  

D e f e n s e  C o mm u n i c a t i o n s  Age n cy ( D C A ) 

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

9 1 0 4 4 2 4  

9 1 04 4 3 5  

M E E C N  S i mu l a t i o n  
G l o s s a ry U p d a t e  
D C S  I I  S t a n d a r d s  D e v e l o p m e n t  
D C S  I I  O p e r a t i n g  P e r fo r m a n c e  

C r i t e r i a 
S p ec t r u m  D i s t r i b u t i o n  M e a s u r e 

m e n t s  
D C S  T r a n s m i s s i o n  S t u dy 

W a t te r s o n  
H a n s o n  
d e H a a s  

L i n f i e l d  

H a u s e  
H a u s e  



P r o j e c t  T i t l e 

D E F E N S E ,  D E P A R T M E N T  O F  ( D O D ) ( C o n t i n u e d ) 

D e f e n s e  N u c l e a r  Age n cy ( D N A )  

9 1 0 4 4 2 8  

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

T r a c e  G a s  A t t e n u a t i o n a t  3 5  G H z  

N a t i o n a l  S e c u r i ty Age n cy ( N S A )  

N S A  C o n s u l t i n g  
H F / V H F  P r o p a g a t i o n  V a l i d a t i o n  
I o n o s p h e r i c  M a p p i n g S t u d y  
H i g h  A l t i t u d e  T o p s i d e N o i s e  
C o m p u t e r  M o d e l  E x t e n s i o n 
D M - 4  O p e r a t i o n a l  D e v e l o p m e n t  

L e a d e r  

L i e b e  

S p a u l d i n g  
T e t e r s  
P o  K e m p n e r  

R u s h  
H u f f o r d  
S p a u l d i n g 

E N E R G Y  R E S E A R C H  & D E V E L O P M E N T  A D M I N I S T R A T I O N ( E R D A ) 

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

S P S  R F I / E M I  A n a l y s i s  
S P S I o n o s p h e r i c E f f e c t s  
D o E  P l a t t e v i l l e  H e a t i n g  
S E C O M  S y s t e m  E n h a n c e m e n t 
S P S  I o n o s p h e r i c H e a t i n g 
S P S  E M C  A s s e s s m e n t  

F E D E R A L  C O M M U N I C A T I O N S  C O MM I S S I O N ( F C C ) 

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

9 1 0 4 4 3 9  

T V  C o v e r a g e  M a p s  
F C C  C h a n n e l  S i m u l a t i o n 
P l a n n i n g  f o r  F C C  
S o . C a l i f o r n i a  P r o p a g a t i o n  

P l a n n i n g  
S t a t i s t i c a l  A n a l y s i s / T V  

B r o a d c a s t  D a t a  

I N T E R N A T I O N A L  C O M M U N I C A T I O N  A G E N C Y  ( I C A ) 

.9 1 0 1 5 0 1  

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

I m p r o v e d  P r e d i c t i o n  F o r m a t s  
a n d  M a p s  

V O A C o n s u l t i n g  
R e m o t e  A c c e s s  C o m p u t e r  
V O A S u p p o r t  
H F  W A R C  S t u dy P r o g r a m  

G r a n t  
R u s h  
V i o l e t t e  
M o r r i s o n  
R u s h  
G r a n t  

K i s s i c k  
vi a t t e r s o n  
W a s h b u r n 

H u f f o r d  

J e n n i n g s  

A g y  
A g y  
A g y  
A g y  
H a y d o n  

N A T I O N A L  A E R O N A U T I C S  & S P A C E A D M I N I S T R A T I O N ( N A S A ) 

9 1 04 3 9 1  
9 1 04 4 3 8  

R a d i o - O p t i c a l  R e f r a c t o m e t e r  
N A S A  S P S  H e a t i n g  

T h o m p s o n  
C a r r o l l 

T R A N S P O R T A T I O N ,  D E P A R T M E N T  O F  ( D o T )  

9 1 0 3 4 8 9  

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

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

F e d e r a l  A v i a t i o n A d m i n i s t r a t i o n  ( F A A )  

T e c h n i c a l  S u p p o r t / P r o p a g a t i o n  & 
S p e c t r u m  E n g i n e e r i n g  

A i r  N a v i g a t i o n A i d s  
L P C  E v a l u a t i o n  o f  V o i c e C h a n n e l  
A D F / P L C  I n t e r f e r e n c e  

U . S .  C o a s t  G u a r d  ( U S C G )  

C o n s u l t i n g  U S C G  
P u g e t  S o u n d  C o v e r a g e  
O m e g a  P r o p a g a t i o n S t u d y 

H u b b a r d  
J o h n s o n  
P r a t t  
K i s s i c k  

K i s s i c k  
K i s s i c k  
S t e e l e 

1 5 4  

P r oje c t  T i t  1 e 

U . S .  P O S TA L  S E R V I C E  

9 1 0 4 3 8 9  U . S . P . S .  E l e c t r o n i c  M e s s a g e  
S e r v i c e 

O T H E R  

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

9 1 0 2 5 8 0  
9 1 0 2 5 8 6  

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

9 1 0 2 3 7 8  
9 1 0 3 5 2 1  
9 1 0 4 3 8 7  
9 1 0 4 4 0 9  
9 1 0 44 1 7  
9 1 0 4 4 4 0  

L F  t� o d e l s  
G O E S  E q u i p m e n t  C e r t i f i c a t i o n 
T r o p o g r a p h i c P r e d i c t i o n s  
N u m e r i c a l  P r e d i c t i o n s  

S e r v i c e  M F A 
A n a l y s i s  S e r v i c e s  
l o n o c a p  R e q u e s t s  

M i s c e l l a n e o u s  F e d e r a l  Age n c i e s  

H F  C o n s u l t i n g 
S a u d i  A r a b i a  H F  P r e d i c t i o n s  
S E C O M  C o m m u n i c a t i o n  A n a l y s i s  
E M  W a v e s  i n  M i n e s  
A I D  A s s i s t a n c e  
T e c h n i c a l  O p e r a t i o n s  I m p r o v e 

m e n t  O p t i o n s  

M i s c e l l a n e o u s  N o n - F e d e r a l  Age n c i e s  

M o b i l e  A i d s  
B e l l  C o n s u l t i n g  
V o i c e  P e r f o r m a n c e  M e a s u r e m e n t  
L A S L  
C o n s u l t 4 & 6 G H z  
R e f r a c t o m e t e r  R e p a i r  

L e a d e r  

T h o m p s o n  

B e r ry 
B o l t o n  
J o h n s o n  

A g y  
A d a m s  
T e t e r s  

H a y d o n  
T e t e r s  
M o r r i s o n  
Vi a  i t  
B o g l e  

\1 i 1 1  i a m s  

H u f f o r d  
S p a u l d i n g 
M a t h e s o n  
V i o l e t t e  
D o u g h e r ty 
M a r l e r 



A N N E X  I I 
O R GA N I ZA T I O N A L  D I R E C T O R Y  

I N S T I T U T E  F O R  T E L E C O M M U N I C A T I O N  S C I E N C E S  
N A T I O NA L  T E L E C O M M U W I CA T ! O N S  A N D  I N F O R M A T I O N A D M I N I S T R A T I O N , D E P A R T M E N T  O F  C O MM E R C E  

3 2 5  B r o a dw a y , B o u l d e r , Co l o r a d o  8 0 3 0 3  
( 3 0 3 ) 4 9 7  + e x t e n s i o n  ( F T S  d i a l  3 2 0  + e x t e n s i o n )  

D I R E C T O R ' S  O F F I C E  ( 0 / D )  

C R O M B I E ,  D o u g l a s s  D .  - D i r e c t o r  

U T L A U T , W i l l i a m F .  - D e p u ty D i r e c t o r  

O ' DA Y ,  V a l  M .  - A s s i s t a n t  t o  t h e  D i r e c t o r  f o r  P r o g r a m  D e v e l o p m e n t  

W A L T E R S ,  W i l l i a m D .  - B u d g e t  a n d  A c c o u n t i n g  O f f i c e r  

S TO N E R , R u s s e l l  B .  - P u b l i c a t i o n  a n d  T e c h n i c a l  I n fo r m a t i o n  O f f i c e r  

D I V I S I O N  1 - S P E C T R U M  U T I L I ZA T I O N  

M U R RA Y ,  J o h n  P .  - A s s o c i a t e  D i r e c t o r  

1 . 1  Spe c t r u m  A n a lys i s ,  M o d e l i ng & S e r v i c e s  
A D AMS , J e a n  E .  

1 . 2  E M  E n v i r o n m e n t  C h a r a c te r i z a t i o n  
M A T H E S O N , R o b e r t  J .  

1 . 3  Spe c t r u m  P l a n n i ng M e t h o d o l ogy 
H U F F O R D , G e o r g e  A. 

D I V I S I O N  2 - S Y S T E M S  T E C H N O L O G Y A N D  S T A N D A R D S  

H U L L ,  J o s e p h  A .  - A s s o c i a te D i r e c t o r  

2 . 1  E v a l u a t i o n  o f  N e w  T e c h n o l ogy D e v e l opme n t s  
H U L L ,  J o s e p h  A .  - A c ti n g  

2 . 2  Sys t e m s  R equ i r e m e n t s  D e f i n i t i o n 
MO R R I SON , E r n e s t  L . , J r . 
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ANNEX V 

GENERAL AND H I STORICAL INFORMATION OF ITS 

The I n s t i tute for Telecommunicat ion Sc ienc e s  
( I T S ) , l a r g e s t  component of t h e  National Te le

communications and I nformat ion Administration , 
i s  located at the Bou l der Laboratories of the 
Department of C ommerce and has ( a s  of S ep t .  3 0 ,  
1 9 8 0 )  a f u l l - time permanent s t a f f  o f  1 0 4  and 
other staff of 5 7 . In FY 1 9 8 0 , i t s  support 
con s i sted of $ 3 . 7  m i l l ion of direct funding 
from Commerce and $ 6 . 0  m i l l ion in work spon
sored by other F ederal agenc ie s . 

The Boulder Laboratories inc l ud e  research and 
eng ineer ing components of the Nat ional Bureau 
o f  S tandards , the Nat ional Oceanic a nd Atmo
spheric Admin i strat ion , and the National Tele
communications and I nformation Adminis tration . 
Common administrative servic e s  a r e  the rule 
in the Boulder Laborator ie s .  The Radio Bui ld
ing , whidh hou s e s  ITS , i s  on the U . S .  Depart
ment of C omme rce campus at 3 2 5  Broadway . In 
addi tion to ITS , the National T e lecommunica
tions and Informat ion Admin i s tration a l so has 
its Boulder Divis ion of the O f f ice o f  Policy 
Ana l y s i s  and Development located in the 3 0 th 
Street B u i l ding off Basel ine Road in Boulder . 

The fol lowing brief h i s tory shows the I n s t i
tute ' s  beg inning s . The Rad io Sect ion o f  the 
Nat ional Bureau of Standards wa s founded 
prior to World War I and played a ma j or ro l e  
i n  the evolut ion of o u r  under standing o f  
radio propagation . Dr . J .  H .  D e l l inger , i t s  
d i rector for most of the period u p  u nt i l  
Wor ld War I I ,  wa s strong l y  convinced o f  the 
importance of research and g ave i t  practical 
appl ication a s  f i r s t  chairman o f  the Study 
Group on Ionosphere Propag ation in the CC I R .  

Dur ing Wo r l d  War I I ,  the Inter service Rad io 
Propagation Laboratory ( IRPL )  w a s  organ i z ed 
at the National Bureau o f  S tandard s , under 
the direct ion of Dr . D e l l inger . H i s  g roup 
provi ded a common focus for m i l i tary needs 
in propag ation dur ing the war . I n  1 9 4 6 ,  the 
Central Radio Propagation Laboratory ( CRPL ) 
wa s e stab l i shed , and in i t s  early year s had 
d irect t i e s  with the Defense Department ; for 
example , senior o f f i c ia l s  of DoD wou ld 
appear before Cong r e s s  to defend the C RPL 
budg e t . In 1 9 4 9 , C ongre s s iona l concern for 
the vulnerabil ity of Government laborator ies 
located i n  Wa sh ington , DC , and the crowding 
of the NBS Connecticut Avenue c ampus made it 
adv i sable for the radio research work to be 
taken e l s ewhere . 

Three s i te s ,  one in C a l i fornia , one in Color
ado , and one in I l l ino i s , were con s idered , 
and Boulder , Colorado , wa s s e l ec ted . The 
f i r s t  g roup f rom C RP L ,  which at t hat t ime 
inc l uded radio standard s work , moved to 
Color ado in 1 9 5 1 , and the move wa s comp leted 
in 1 9 S 4 , dur ing wh ich year P r e s i dent E i sen
hower dedicated the NBS Rad i o  B u i lding . The 
Radio Standards program left C RPL a t  the time 
of the move to Bou lder , and ha s pursued a 
paral lel e x i s tence at Boulder i n  NBS s ince 
that t ime . 

In 1 9 5 4 , C RPL con s i sted of two r e search 
divis ion s : Radio Propagation P hy s i c s  and 
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Radio Propagation Engineering . The Radio 
System s  Divis ion wa s formed in 1 9 5 9 .  In 
1 9 6 0 , the Upper Atmo sphere and Space Phys i c s  
D iv i s ion a n d  t h e  I ono sphere Research a n d  Prop
agation Divis ion were formed from the Radio 
Propag ation P hy s i c s  Division . In 1 9 6 2 , CRPL 
received a f u l l - t ime director , Dr . C .  Gordon 
Littl e .  In 1 9 6 5 , Dr . H .  Herbert Hol loman , 
f ir s t  A s s i s tant S ecretary for Sc ience and 
Technology in Commerce , implemented a deci
sion to unify geophysic s in C ommerce with the 
creation of the Environmental Science Services 
Admini stration (ESSA) , made up of the Weather 
Bureau , the Coast and Geodetic S urvey , and 
the C entral Radio Propagation Labor ator y .  At 
that t ime , the CRPL wa s renamed the Inst itute 
for Telecommunic ation Sc ienc e s  and Aeronomy 
( ITSA ) . I n  1 9 6 7 , the Institute for Telecom

munication Sc iences came into being . It con
tained the telecommunications-or iented 
activities of ITSA . Dr . E .  K .  Smith served 
as an interim direc tor for one year and was 
followed by R .  C .  Kirby who was d irector for 
the ensu ing three year s . 

Meanwh i l e , in Washingto n ,  ma j o r  attention was 
being g iven to the organ i z ation of telecom
mun ications in the Federal e s tabli shment , and 
the Department of Commerce establi shed an 
O f f ice of Telecommunications in 1 9 6 7 .  Reor
ganization P lan No . 1 of 1 9 7 0  and Executive 
Order 1 1 5 5 6  establi s hed the Off ice of Tele
communications Policy ( OTP ) in the Executive 
Off ice of the Pres ident , and a s s igned 
add i ti onal r e sponsibil ities to the Secretary 
of Commerce in support of OTP . To meet these 
respon s i b i l i t ie s , the Office o f  Telecommuni
cations (OT ) was g iven expanded r espon sibili
t i e s  on September 2 0 ,  1 9 7 0 ,  and ITS , a long 
with its programs , property , per sonnel ,  and 
f i sc a l  resou r ce s , wa s tran s f er red to OT . 

In 1 9 7 1 ,  Doug l a s s  D .  Crombi e  became director 
of ITS . ITS ha s shifted from its s trong 
empha s i s  on r adio wave propag ation and anten
nas since 1 9 7 0 ,  in the direction of app l ica
tions in spectrum management and in telecom
munication systems . 

In Marc h  1 9 7 8 ,  Pres ident Carter s igned Exec
u t ive Order 1 2 0 4 6  which establi shed the 
National Telecommunicat ions and Information 
Admini stration and merged some of the func
tions of the Office of Telecommunications 
Pol icy with those of the Office of Telecom
munications in the new agency . ITS wa s 
a s s ig ned the re sponsibi lity of managing the 
telecommunications techno logy research programs 
of NTIA and providing research s upport to 
other e l ements of NTIA as well as o ther agen
c i e s  on a reimbursable bas i s . Among other 
a s s igned task s ,  the Institute was to remain 
" . . .  the central Federal Government laborator
i e s  for research on transmi s s ion of radio 
wave s . " 

ITS and its predeces sor organ i z ations have 
a lway s p l ay ed a strong role in pertinent 
scient i fic (URS I ) , profess ional ( IEEE ) , 
nat iona l ( IRAC ) , and internationa l ( C C I R )  
telecommunications activities . T h e  director 



of C C I R  from 1 9 6 6  to 1 9 7 4  was Jack W .  
Herbstre i t ,  a former deputy director of CRPL 
and I TSA , and the current C C I R  D irector is 
Richard C .  K irby , formerly director of I TS . 
At the pre sent time , the U . S .  preparatory 
work for three of the e leven Study Groups of 
C C I R  is chaired by member s of ITS ( U . S .  Study 
Groups l ,  5 ,  and 6 ) , and staff members of ITS 
par tic ipate in many of the o ther Study Group s .  
ITS actively s upports the Interdepartment 
Radio Advi sory Committee ( I RAC ) , and the 
chairman of its Standards Working Group 
( J .  A .  Hu l l )  is a member of ITS manag ement . 

The work which ITS does for o ther agenc ies in 
the government der ive s its legal author ities 
from 15 u . s . c .  2 7 2 ( 3 )  " Advi sory Services to 
Government Agencies on Sc ientific and Techni
cal Problem s "  and 15 u . s . c .  2 7 2 ( f )  " Invention 
and Development of Device s to Serve Spec ial 
Needs of Government . "  As a matter of Federal 
pol icy , NTIA does not accept work more 
appropriately done by other non-government or 
government organiz at ion s .  It is also a matter 
of policy that a l l  sponsored work re inforce 
NTIA ' s  overall program and that i t  be clear 
that other agencies , indu str ie s ,  or univer
s i ties could not serve equally we l l  o r  bette r .  

Within these policy guide s , I T S  a spires to 
be ing the Federa l laboratory for re search i n  
telecommunications . It i s  clear that the 
government has a respon sibil i ty to pursue 
long-range studies in telecommunications 
wh ich are not economica lly profitable for 
industry . I t  is a l so clear that the govern
ment must have its own , independent l abora
tories to assess the s ignif icance of research 
conducted e l sewhere . Towards these end s , ITS 
strives to maintain a knowledgeable staff that 
is working on the front iers of technology and 
is in touch with the telecommun ications prob
l ems of the F ederal Government . The Depart
ment of Defense has long been the primary 
source of advanced techno logy . At the present 
t ime , the largest part of the other ag ency 
sponsorship of ITS comes from needs of the 
Department of Defens e .  However , there i s  
a l so a c lear need for re levance t o  national 
g oa l s  on the c ivil ian side of the F ederal 
estab l i shment . ITS is therefore moving to 
increase its work with the c ivil side of the 
F ederal Government .  The agenc i e s  in the 
c ivil ian sector are frequent ly a l so in the 
high tec hnology area; for examp le , the FAA 
and NASA , for which ITS has done , and contin
ues , very important work in navigat ion , col
l i s ion avo idance , sate l l ite communications , 
and related work . 
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PROGRAM DEVELOPMENT 
Val M .  O'Day 

r 
DIVISION 1 

SPECTRUM UTILIZATION 

Associate Director · John P. Murray 

S ecretary - Elizabeth l. McCoy 

1-- SPECTRUM ANALYSIS. 
MODELING & SERVICES 
Jean E. Adams 

1-- EM ENVIRONMENT 
CHARACTERIZATION 
Robert J .  Matheson 

L-- SPECTRUM PLANNING 
METHODOLOGY 
Dr. George A. Hufford 

INSTITUTE for TELECOMMUNICATION SCIENCES 

Director . Douglass 0 .  Crombie 

Secretary · Beverle J.  Gibson 

Deputy Director · Dr. William F. Utlaut 

Secretary · Marcia L. Geissinger 

1 
DIVISION 2 

SYSTEM TECHNOLOGY & STANDARDS 

Associate Director - Joseph A. Hull 

Secretary · Marylyn N. Olson 

EVALUATION OF NEW 
TECHNOLOGY DEVELOPMENTS 
Joseph A. Hul l .  Acting 

SYSTEMS PERFORMANCE 
CRITERIA 
Dr. Harvey Gates 

SYSTEMS REQUIREMENTS 
DEFINITION 
Ernest L. Morrison 

PUBLIC & TECHN ICAL 
INFORMATION OFFICE 

Russell B. Stoner 

I 
DIVISION 3 

APPLIED ELECTROMAGNETIC SCIENCE 

Associate Director - Donald L.  Lucas 

Secretary - Jean R. Mallard 

Consultant - George W. Haydon � EM PROPAGATION 
MEASUREM ENTS & ANALYSIS 
Ro bert W. Bogie 

COMMUNICATIONS 
TECHNOLOGY & APPLICATIONS 
Wil l iam B .  Grant 

L_ PROPAGATION PREDICTIONS & 
MODEL DEVELOPMENT 
Dr. Charles M . Rush 

ADMIN ISTRATION 
William D. Walters 

l 
DIVISION 4 

ADVANCED COMMUNICATION N ETWORKS 

Associate Director - Dr.  Peter M. McManamon 

Secretary . Patricia Sanchez 

� COMMUNICATIONS 
PROTECTION 
Dr. Peter M. McManamon.  Acting 

SWITCHED NETWORKS 
Robert F. Linfield 

L- SPECIALIZED NETWORKS 
D. Wayne Hanson 




