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INTRODUCTION 

The $200 billion telecommunications industry 
is at the heart of this country' s move toward 
the information society. Scientific research 
and engineering are critical to continued u.s. 
leadership in this area. Research has been, 
and continues to be, conducted through coop­
erative efforts among U.S. industry, academia, 
and Government. This annual technical 
progress report summarizes significant fiscal 
year (FY) 1985 technical contributions made by 
the Institute for Telecommunication Sciences 
(ITS), the primary Government laboratory 

devoted to this field. 

The Institute is the chief research and 
engineering arm of the National Telecommuni­
cations and Information Administration (NTIA), 
U.S. Department of Commerce. Its mission is 
divided into two major elements: 1) to pro­
vide direct support to the NTIA Administrator 
(who is the President's principal adviser on 

telecommunications and information issues) and 
to the Secretary of Commerce and 2) to serve 
as a central Federal resource to assist other 
agencies of the Government in the planning, 
design, maintenance, and improvement of their 
telecommunications activities. 

The technical work carried out by the 
Institute falls in two broad categories: 
Spectrum Research and Analysis, and Systems 
and Networks Research and Analysis. 

The Institute' s work in Spectrum Research and 
Analysis is directed toward improving our 
understanding of radio-wave transmission to 
enhance spectrum utilization and the perform­
ance of radio communication systems. 
Important results of this research are 
spectrum use concepts and models that lead to 
more efficient Federal and private sector use 
of radio frequency spectrum, and electromag­
netic wave and propagation models that lead to 
improvement in radio system performance. 

Systems and Networks Research and Analysis 
studies are directed toward developing 
domestic and international telecommunication 
standards, assessing the performance of 
Government and private sector telecommunica­
tion networks, and evaluating new technologies 
for application to future needs. These activ­
ities facilitate competition in the u.s. 
telecommunications industry, promote inter­
national trade opportunities for u.s. firms, 
and improve the cost effectiveness of Govern­
ment telecommunications use. 

In both categories, the Institute provides 
significant contributions to the activities of 
the International Telecommunication Union 
(ITU) and especially its major subdivisions, 

the International Consultative Committees on 
Radio (CCIR) and Telephone and Telegraph 
(CCITT). Work in support of these inter­

national committees is reported within the 
succeeding chapters. 

In summary, the Institute' s science and 
research efforts are directed toward improving 
the United States' telecommunications technol­
ogy base. Major technical programs are under­
taken to find more effective and efficient 
ways to utilize our national spectrum resource 
and to improve the planning, use, and evalua­
tion of Government telecommunications systems. 
Concomitant with these efforts, the Institute 
provides a core telecommunications research 
capability that can be accessed by all sectors 
of our society. Institute research provides a 
technical foundation for Administration tele­
communications policy development in national 
and international arenas. 





CHAPTER 1. EFFICIENT USE OF T H E  
SPECTRUM AND EM WAVE TRANSMISSI ON 

The use of the electromagn etic spectrum, in 
telecommunications, h as grown dramatically in 
the last four decades. This growth stems 
from popu lation incre ase, n ew techn ologi es, 
and new services. To accommodate this 
growth, the limited usab le spectrum must be 
expanded to higher frequenci es, and existing 
spectrum must be managed more efficiently. 
To these ends, the National Telecommunica­
tions and Information Administration, Insti­
tute for Telecommunica tion Sci ences 
(NTIA/ITS), continues a historic program to 

better understand and use higher frequenci es 
and to optim ally manage the use of the spec­
trum within the framework of n ational goals 
and prioriti es. This program draws heavily 
upon interrelated projects and expertise in 
spectrum me asurements and in electromagn etic 
(EM) transmission and propag ation modeling/ 

predictions. 

This chapter provides a bri ef overvi ew of 
some specific projects conducted by ITS per­
sonn el. These projects are categoriz ed topi­
cally into five sections. In Section 1. 1 
spectrum engin eering work is described; 
Section 1. 2 presents some spectrum resource 
assessments for the frequency bands from 
947 MHz to 40. 5 GHz; advanced instrumentation 
and spectrum me asurement operations are pre­
sented in Section 1. 3. In Section 1. 4, the 
projects directed toward EM Wave Transmission 
studi es are described. The section i s  
divided into projects de aling with radio 
propagation effects associated with the lower 
atmosphere, propagation ef fects associ ated 
with the ion osphere, and effects related to 
ground-wave propagation. In Section 1. 5, 
projects dealing with the application of the 
propag ation studi es to specific telecommuni­
cation systems con cerns are discussed. 

SECTION 1. 1 SPECTRUM EFFI CIENCY STU DIES 

In 1983, the Interdepartment Radio Advisory 
Committe e (IRAC) directed its Techn ical Sub­
committee (TSC) to quantify terms relating to 
effici ent use of the spectrum. Working Group 
13 (WG 13) w as formed by TSC to develop the 
definitions and to test them by applying them 
to specific bands in the fi xed service and 
the mobile service. Three ITS projects 
support the TSC WG-13 effort: TSC Support, 
Spectrum E f fici ency Stu di es, and Spectrum 
Engineering Development. 

Working Group 13 's definition of the Tech­
nical Spe<;:trum Effici ency Factor (TSEF) was 
n oted by IRAC in Febru ary 1984, and WG 13 
then speci f i ed a computer model to evaluate 
the TSEF in the fixed service. During FY 85, 
the model for the fixed service has be en 
implemented by ITS and NTIA's Office of Spec­
trum Man agement (OSM). The fixed-service 
model h as been appli ed to three bands, and a 
model for computing the TSEF in the land 
mobile service h as been developed. These 
activities are reported here. 

The TSEF is the ratio of the time-bandwidth­
are a product (TBA) denied to other users by a 
referen ce system to the TBA that is deni ed to 
others by the sys tern being evaluated. The 
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reference system is a practical, state-of­
the-art system that accomplishes the same 
mission as the evaluated system while using 
the minimum TBA. 

To compute the TSEF for the station being 
evaluated, one must be able to compute the 
time, bandwidth, and are a  that a station 
deni es to other potenti al users, using 
information on the station's ch aracteristics, 
its environment and transmission path, and a 
propagation model. To specify the reference 
system, the mission, and in particular, the 
communications requirement of the system, 
must be kn own. 

Given fixed resources and time, there is a 
trade-off between the accuracy and complete­
n ess of the TSEF calculation for e ach station 
and the number of stations evaluated. 
working Group 13 decided that a statistical 
distribution of the TSEF in a band would show 
how ef fici ently the band was being used. 
Only a completely computerized model could 
evaluate all the stations in the fixed 
service (for example, there are over 7000 
assignments to the fixed service in the 71 2 4  
t o  8000 MHz band alon e), s o  the model was 
developed to use computer-readable data 
files. The only such data base available is 
the Government Master File (G MF). 

Unfortun ately, the GMF does n ot contain the 
communications requirement for the assign­
ment. It does contain the assign ed bandwidth 
and an operation time code. It was assumed 
that these two parameters were an accurate 
reflection of the time and bandwidth needed 
for the station mission. This means that the 
TSEF calculated depends only on the ratio of 
the are as deni ed by the stations. 

The boundary of the denied are a  was defined 
by a speci fied power level that would be 
received by a hypothetical victim receiver 
with an isotropic, lossless antenn a  at a 
speci fied height. This are a  was computed 
using the transmitting antenn a height, the 
site elevation, a model for the directional 
gain of the antenn a, the transmitter power, 
and a propagation model. 

There are digital data bases that contain 
terrain elevations for a grid of points in 
the United States. However, the resolution 
of the data grid is too coarse for accurate 
engineering of lin e-of-sight (LOS) links at 
frequenci es ab ove 900 MHz. It is unlikely 
that any grid point will correspond to the 
highest point in a locality, or that the path 
profile will include all the detail of the 
local terrain. But n ode locations and 
antenn a heights for LOS links are carefully 
chosen by on-site surveys to take full 
advantage of local high points and terrain 
ch aracteristics. Furt hermore, the errors in 
digital terrain elevation data are large 
compared with the first Fresn el zone radius 
at these frequen ci es. Therefore, these 
digital terrain data bases and propagation 
models that use terrain elevation data were 
n ot used in calculation of the TSEF in the 
fixed service. 

Instead, WG 13 used free-space transmission 
loss out to the distance at which the first 



Fres n e l  zone was no long e r  c le ar of te r ra in 
obst ac les . At gre a t e r  d i s tances , the la rge r 
of the free-space los s and the los s fo r a 
smooth sphe r i c al Earth was u sed . M ak i ng the 
smoot h E a r t h  pa th simu l a te t he actual l i nk 
depe nded on t he f a c t  that t ra nsm i s s ion l os s  
a t  freque nc ies above 900 MH z i s  mos t  se ns i­
t i ve to F r e sn el zone c le a rance . Antenna 
h e i g h t s  for the evalua ted l i nk we re as sumed 
to be e ng inee r ed so that the h i ghest i nte r­
ve n i ng te rra in fe atu r e  was j us t  c le ared by 
t he firs t F r e snel zon e .  Th i s  is a re a son ab le 
a s sumpt io n be cause h ighe r  a ntenna towe rs are 
unn e c es s a r ily expens i ve ,  a nd lowe r a n te nna 
heights res u l t  in unac cep t ab le l i nk out ages . 

Us ing s i te e levat ions a nd a ntenna he i g h t s  
from t he GMF , equi v al e nt ante nna he i g h t s  were 
c ompu ted that would prov ide F r e sn el zone 
c le ar a nce ove r  a smoot h ,  sphe r i c a l  Earth for 
a pa t h  of t he same length wh i le ma i nt a i n i ng 
t he actual antenna he ight d i f fe rence . The se 
eq u i v a le nt a n tenna he i g h t s  were u sed in the 
smoot h E a rth propag a t io n  los s ca l cu la t io n .  

To f i nd t he d i s t ance to t he denial bounda ry 
i n  a spec i f i c bound a ry in a spe c i f i c d i r ec­
t io n ,  t he powe r radi a t ed in that d i r e ct ion 
mus t  be know n .  The GMF does not inc lude 
a n tenna pa t te r ns--i t co nta i ns only the 
a ntenna type and the ma in be am ga in . For t he 
F i xed- S e rv i ce-TS EF mode l ,  the antenna pa t t e r n  
w a s  ap prox imated b y  a t hr ee-sector pa t te r n .  
One s e c tor o f  the pa t tern represe nts the 
a ntenna ma in be am ; a se c ond sector rep r e s e n t s  
t he s i de lobes ; a nd t he th i rd se c tor r epre­
s e n t s  the ba c k  lobe s . W i t hin each se c to r ,  
t he d i rect ional ga i n  o f  the a ntenna i s  

assumed to be c ons t ant as 
a ng le .  T he se c to r  a ng les 
mode led u s i ng ma nu fa c t u r e r ' s 
e nvel ope da ta . 

a fun c t io n  of 
a nd ga i ns we r e  
ante nna pa t te rn 

s ev e ra l  i tems of i n f o rma t io n  nec e s s a ry fo r a 
c omp lete a nd ac c u rate c a l c u la t ion of the T S E F  
we re not inc lude d  i n  t he GMF . These i n c lude 
t he c ommun i ca t ions r eq u i reme nt of t he sys tem , 
t he em i s s i o n  spe c t rum of t he transm i t te r ,  a nd 
t he select i v i ty of t he r e ce i ve r .  So th e 
numbe r ca l cula ted us i ng t he F i xed- S e rv ic e  
model d i f fe rs from t he t rue TSEF b y  a n  
unk n own fa c t o r  u. 

S ample ou t put f r om the mod e l  is s hown in 
F igur��· Note that t he most c ommon value 
of U*T S EF i n  t h i s  example ca l cu la t io n  i s  
about 0. 5, a nd that some sys tems have TS EF's 
i n  ex c e s s  of l. T h i s  is because of the con­
se rva t i ve d e f i n i t ion of t he r e fe re n ce s ys t em 
a nd t he un known pa rame t e rs ment io ned e ar l i e r .  

T he TSEF conc ept i s  def i n ed o nly for s t a t ions 
or,  at be s t ,  sys tems . It i s ,  t he ref o re ,  n ot 
u s e f u l  for t he regu la tory t a sk of determ i n i ng 
wh ethe r  a freq ue ncy ba nd ( o r la rge r po rt io n )  
o f  the spe c trum i s  be i ng f u l ly a nd e f f i­
c i e nt l y  used . I t  ca nnot be used to de t e rm i n e 
how mu ch ba ndw idth s hou l d  be a l l o ca t ed t o  
prov ide a pr oposed se rv i c e . S i nce i t  
i nc l udes o nly t he techn i c al ef f i c i e n c y ,  i t  
c a nnot be used to de t e rm i ne whe t he r the c om­
mun icat ions m i s s ion is be i ng accomp l ished 
e conom i c a l ly. 

T he T S EF c once p t  ca n be used to evalua te t he 
te chn i ca l  s pe c t rum e f f i c i e nc y  of curre nt o r  

F igure 1 - 1 . His togram o f  T S E F  v a l ue s  i n  the 8025 to 8500 MH z 
band. 
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pla nned sys tems . The evalua t ion of c u r re nt 
sys tems m i g h t  s how that a s i g n i f i ca n t  
i nc re ase i n  techn i c a l  spe c t rum ef f i c i e nc y  i s  
pos s ib le w i t h  new t e c hnolog y ,  a nd ther eby 
m i g h t  jus t if y  phas ing out curre nt l y  dep loyed 
sys tems . Whe n  new sys tems are be i ng p lanned , 
t he T S EF c a n  be used as a f i gure-of-me r i t for 
ra t i ng t he te chn i cal s pe c t rum e f f i c i e ncy of 
va r i o us ca nd i d a te sys tems or component s .  I t  
can be used i n  pa rame t r i c trade- o f f  s tu d i e s ,  
f ind i ng the c omb i n a t io n  o f  control lab le 
pa rame t e rs that le ad to t he des ign that u s e s  
t he fewes t spe c t rum resource s . The be nef i t s 
( i nc re ase i n  T S E F ) of a pa rt i c u l a r  des i g n  
c ou l d  t he n  b e  c ompa red w i t h  the c os t s  of t he 
des i g ns to make f i n a l  pro cureme nt d e c i s ions . 

The T S EF of proposed sys tem u pgrades c ou l d  be 
c ompared w i th t he TS E F  of c ur re nt sys tems t o  
d e te rm i n e  t he degree of impr ovement in te ch­
n i c a l  spe c t rum ef f i c i e n c y .  Be c au se f a c to r s  
s uc h  a s  ba ndw i d t h  req u i r ed and a r e a  de n i ed 
o f t e n  t rade o f f  w i t h  e a ch ot he r ,  cou nte r­
i ntu i t ive res u l t s  may be d i s c ove red . A s av­
i ng in bandw idth c au sed by a cha nge of mod u­
l a t io n  may ac tual ly i n c re ase the area de ni ed 
by i n c re as i ng t he s u s c ept i b i l i ty to i nte r­
fe rence . 

B e c a u se i t  is norma l i z ed ,  the T S EF c a n  be 
u sed to c ompare t he r e la t i ve ef f i c i e n c i es of 
equi pme nt prov id i ng d i ve rs e  se rv i c e s . The s e  
re lat i ve e f f i c ie n c i es can be u sed b y  fre­
q ue nc y  manag e rs and reg ula to rs to ind i c a te 
wh i ch se rv i c es of fer t he gre a t es t  oppo r t u n i ty 
f o r  i n c reased s pe c t rum ef f i c i e ncy t hr ough 
t i gh tened equ ipme nt s t a ndards or changes i n  
s y s tem conf igurat ions . 

The pa rt i c u l a r  imp leme nt a t io n  of the T S EF 
concept for t he f i xed se rv i ce suf fe rs from 
t he cons tr a int t h a t  i t  uses only c omput e r­
re adab le dat a .  I n  pa rt i c u l a r ,  the c ommun i ­
c a t io ns requi reme nt o f  t he s t a t io n  was 
unava i l ab le , so t h a t  t he refe re n ce sys t em 
c ou l d  not be ac c u r a t e l y  spe c i f i ed . To te s t  
t he app l i c ab i l i ty o f  the concept w i t hou t 
t he s e  cons tr a i nt s ,  WG 13 deve l oped a mod e l  
f o r  t he la nd mo b i le se rv i c es t h a t  uses al l 
ava i l a b le i n f o rma t io n  ab out the sy s tem . I t  
w i l l  be app l i ed t o  o nly a l imi ted s amp le of 
l a nd mo bi le sys tems , because col le ct ion of 
all ava i l ab le data t akes c o n s ide r ab le ef fo r t , 
a nd be c a u se tha t da t a  mu s t  be e nt e red by 
hand . Th i s  i nt e r a c t i ve c omputer mod e l  i s  
des c r i be d  i n  WG- 1 3  do cume nt s ,  a nd has be e n  
imp leme n t ed a t  I T S . I t  w i l l  be app l i ed t o  
l a nd mo b i le sys tems in three ba nd s i n  F Y  86. 

T he opt imum r e c ept ion of s i gnals in non­
G au s si a n  i n t e rfe rence has be e n  s tud i ed i n  t he 
NSG Detect ion a nd DoD Consu l t i ng proje c t s . 
The real-world i n te rfe rence e nv i r onme nt i s  
a lmos t n e v e r  G aus s i a n  in na ture , yet r e ce iv­
i ng sys tems in ge neral u se are t hose that are 
opt imum for wh i t e G au s s i a n  n o i se ( e . g . , 
l i ne ar matched f i l t e r  or c o r re l a t io n  
dete c to rs for d i g i t al s i g n a l s ) .  G a u s s i a n  
n o i se i s  a l s o  the wors t k i nd o f  i n t e rf e rence 
i n  terms of m i n im i z i ng chann el c apa c i ty o r  i n  
i t s i n f o rmat ion-de s tr oy i ng ab i l i ty .  The re­
fo r e ,  l a rge impr ovement ( proces s i ng ga i ns )  
c a n be ach ieved if t he actual s t a t i s t ic a l  
chara cte r i s t i c s  of the n o i se a nd i n te r fe re nc e 
a re pr ope rly t ak e n  i n to ac c ount . 
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The devel opme nt of to t al ly opt imum sys tems 
for non-Gaus s i a n  inte r fe re n ce is n ot gene r­
a l ly fe as ib le , a nd t he s t and a rd ap proach has 
be e n  to deve l op sys tems that ap proach t rue 
op t imal i ty as t he s ig n a l  level be c omes 
" su f f i c i e nt l y "  smal l a nd t he number of wave­
f o rm ( des i r ed s ig n al plus inte rfe re nce ) 
s amp l es , N ,  i nc re a se w i t hout l im i t .  The 
d e te ct o rs de rived by such techn iques are 
termed l o c a l ly opt imum B ayes detec tors 
( LOBO ) , a nd ra t he r  s tr ic t  c ond i t io ns mus t be 
met so that t h e se de t e c to rs a l so are a symp­
tot ic a l ly opt imum ( AO )  d e t e c t o rs . The s truc­
ture of the LOBO ge n e r a l ly t akes t he fo rm of 
t he ord i nary " Gau s s i a n "  rece ive r preceded by 
one or more pa rt i c u l a r  non 1 inea ri t i es based 
on t he various proba b i l i ty d i s tr i but ions of 
the i nte r fe re n ce pro c es s .  Pe r fo rmance of 
t hese LOBO de tectors i s  usual ly spe c i f i ed by 
t he a symp tot i c  r e l a t i ve e f f i c i e ncy ( ARE ) ,  
wh ich g i ves a c ompa r i so n  of two de tectors 
( t he LOBO a nd l i near d e t e c t o r ,  for examp le ) 
a s  the de s ir ed s ig n al S-+o and N-+oo . T h i s  
l im i t i ng pe rformance me a s ure , n a tural l y ,  c a n  
be qui te m i s le ad i ng f o r  de tectors in actual 
u se whe re t he des ired s i gn al is not " su f f ic­
i e nt l y "  smal l a nd N is rel a t ive l y  sma l l .  
Ac tual pe rfo rmance characte r i s t i c s  have be e n  
o bt a ined , pa rt i al ly ,  b y  var ious anal y t ic 
te chn iques but prima r i l y  by Monte C ar lo s imu­
l a t io n  of actual ( so f tware ) LOB ( a nd var ious 
subopt imum nonl ine a r i t i e s ) de t e c tors . 

I n  ord e r  to de s ig n  the loca l ly op t imum 
det e c to rs , t r a c t ab le phys i c a l-s t a t i s t ical 
mode l s  of t he real-worl d inte rfe rence 
e nv ironme nts ne eded to be deve l oped . E x ten­
s ive work ove r  t he l a s t  few years has le d to 
such models . These mo dels are of two ge neral 
type s :  Cl a s s  A,  wh ich cha rac t e ri z es col le c­
t io ns of " n arrowba nd "  i nte r fe r i ng s i gnals and 
va r ious c ohe rent pulse s tructures ; a nd C l a s s  
B ,  wh i ch chara cte r i zes " broad ba nd " i n te r fe r­
e nce such as a tmos ph e r i c  rad i o  noi se and 
var ious forms o f  ma n-made n o i se .  The C l ass A 
mode l s  have t he pa rame t e rs AA a nd r A a nd the 
C l as s B mod e l s  have two pa rame te rs ( i gno r i ng 
s c a l i ng ) ,  A a nd a. The pa rame t e rs are int i­
ma t e ly i nvgl ved in t he phys i cal pro c es se s 
g i v i ng r i se to t he inte rfe rence . 

F igure 1 - 2 s hows the ARE of t he LOBO c ompared 
t o t he hard l i m i te r  ( a  subopt imum , nonparam­
e t r i c  nonl ine a r i ty )  for C l as s B n o i se . N ote 
t ha t  t he ba nd pa s s-l i m i te r  pe rf o rms " a lmo s t "  
a s  wel l a s  t he much mo re c omp lex ad apt i ve 
LOBO , a t  le as t in t he l i m i t  ( ARE ) . S imula­
t ion of the ba nd p ass- l i m i ter a nd LOBO detec­
tors s hows t he se res u l t s  ho ld in actual 
phys i ca l  s i tua t ions ( re a l i s t i c  s i gn al leve ls 
a nd s i z e  of N ) ; i n  fa c t , t he re are s i tua t io ns 
whe re t he ba nd pass- l i m i te r  outpe r forms the 
" opt imum " LOBO . 

F i gure 1-3 s hows t he same resul t s  ( ARE ) f o r  
ba ndpas s- l i m i te r  c ompared t o  t h e  LOBO for 
C la s s  A i nt e rfe rence . Th i s  s hows that the 
LOBO can have s i gn i f i ca nt impr oveme nt ove r 
t he su bopt imum ba nd pa s s- l im i te r  in C l a s s  A 
n o i se ,  but these are o nly results that are 
va l i d in t he l i m i t .  �re l-4 s hows actual 
s imu lat ion resu lts for one e xamp le of Class A 
noi se fo r the bi nary c ohe rent phase- s h i f t  
keyi ng- sys tem ( CP S K ) f o r  N = 1 0  a nd 1 0 0 . 
Note t ha t  fo r N = 1 0 0 ,  t he improvement of the 
LOBO ove r t he l i near rece i ve r  i s  



0 
rl 

-1.0 

-2,0 

-3.0 

-4.0 
0.2 

0. l � 

A = l . 0 a 

1.8 

Figure 1-2. The a s ymptotic r e l ative e f f iciency, ARE , of the bandpas s-limiter versus 
the loca l ly optimum detector for coherent r e c eption for Class B noise. 

6 



0 

-2 

-4 

-6 

-8 

i:LI -10 p::; 
r::r:: 
tn 
0 

r-l 
0 
r-l 

-12 

-14 

-16 

-18 

-20 

r' A 

-5 10 

F igure 1 - 3 .  The asymp t o t i c  r e l a t ive e f f ic i ency , ARE , o f  the band-pass l im i t e r  versus 
the loc a l l y  optimum d e t e c tor for coherent reception for C l a s s  A noi s e . 

7 



00 

0:::: 
0 a: 
a: 
lt.J 

-1 10 

10-2 

� 10-3 
>-
1--
� 

_J 
CQ 
� 10-4 
0 0::: 
Q._ 

10-5 

T'"'rrT , -, 1 1 • , , 1 TTl 1 1 1 1 1 • 1 , 

o Linear Receiver 
6 Bandpass liml ter 
x J\dor t i ve HoI e Punct1er 
o LOBO Non I ineari tY 

N=lO 
N=lOO 

s�� 
I "'\"� 

I \ "' 

I ./"" "6 � 'Y "' 
/ \ "'l'.i A- - l'.� \ /� \ I 

� I \ � I CLASS A NOISE 
r• = 0.0005 

10-6 LLl L t I LL I J I J I I I I I I I I I I I I J I I I J I I j t J l J 1 I I_ 1 l LJ_j_J I • I I I • I I I I I I • I I I 

-65 -60 -55 -50 -45 -40 -35 -30 -25 -20 
SUR .. dB 

Figure 1-4 . S imulation results for Cla s s  A n o i s e , CPS K ,  and constant s ig na l .  

-15 -10 -5 



ap p rox imately 3 4  dB . Theoret ic a l  ( ARE ) 
c a l c u l a t io ns a l so ind i ca t e  the LOBD shou l d  
pe r f o rm 3 4  d B  " be t te r "  tha n the l i near 
rece i ve r  for th i s  examp le of C l a s s  A n o i se . 
A l s o  not e  tha t f o r  N = 1 0 0 ,  the ba nd pa s s­
l im i t e r  is appr oxima t ely o n l y  4 dB i n fe r io r 
to the LOBD nonl i ne ar i ty ,  but for N = 1 0 ,  the 
bandpas s-l im i te r  bec omes q u i te i n fe r io r  t o  
the LOB D .  A n  imp o rt ant result shown on 
F igure 1 -4 is that as the s i gnal leve l 
i nc reases ( pa s t  a s i g n al-to-noi se ra t io o f  
a b o u t  -26 d B  in th i s  case ) pe r forma nce 
r ap i d ly d e t e r i o ra te s  f o r  the LOB D .  Th i s  i s  
be c au se the LOBD no n l i ne a r i ty f o r  C l as s A 
noi se looks qui te a lot l i k e  the ho le-punche r 
no n l i nea r i ty .  These resu lts demons trate 
qui te graph ic a l ly tha t the " smal l e nou gh " 
s i gn a l  req u i reme nt i n  LOBD rece i ve rs mus t 
rec e ive a t te nt io n .  

S ECT I ON 1 . 2  S PECTRUM RESOURCE AS S E S SMENT 

The NTIA i s  respo ns i b le for manag i ng th e 
rad io spe c t rum al loca ted to the Fede ral 
Gove rnme nt .  Part o f  NTIA's respo ns i b i l i ty i s  
to : " • • •  e s t ab l i sh pol i c i es c once rn i ng s pe c­
t rum as s i gnme nt , a l l o ca t ion a nd u se ,  and 
p r ov ide the var ious depa rtme nt s and age nc i es 
w i th g u i da n ce to as sure tha t  the ir c o nduct of 
t e l e c ommun i c a t io ns ac t iv i t i es i s  c ons i s te nt 
w i th these po l i c i es . "  I n  suppo rt of thes e 
req u i r eme nt s ,  the g u i d a nc e  p r ov i ded by NTIA 
w i th the as s i s ta n ce o f  the I nte rdepa rtmen t 
Rad i o  Ad v i so ry Comm i t te e  ( I RAC ) e nc ompa s se s  
the arE;!as o f  ut i l i z i ng s pe c t rum , i de nt i fy i ng 
ex i s t i ng a nd/or pot e nt i al electromagnet ic 
c ompa tib i l i ty ( EMC ) prob lems be tween sys tems 
o f  var ious depa rtme nt s a nd age nc i es ,  pr ov i d­
ing recomme ndat ions f o r  r e so l v i ng any compat­
i b i l i ty conf l i c t s ,  a nd recomme nd i ng ch a ng e s  
t h a t  r e su l t  in more e f f i c i e nt a nd e f f e ct i ve 
u se of the spe c t rum and improved spe ct rum 
man ageme nt pro c edures . Spec trum Resourc e 
A s se s sme nt s are s tu d i es of the se areas f o r  
spe c i f ic services or ba nd s .  Th i s  ye ar , ITS 
a s se s sed the Travele rs' I n f o rma t io n  S t a t io ns 
( T I S ) .  

I n  1 9 7 7 ,  the Fede ral C ommun i ca t io ns Comm i s­
s io n  ( FC C ) revi sed P a rt 9 0  o f  i t s  Rules and 
Reg u l a t io ns . In S ubse c t ion 90 . 2 4 2 , prov i ­
s io ns were made for the T I S  a t  53 0 and 
1 6 1 0  kH z .  The TIS was al s o  au tho r i z ed to 
ope rate on a seco ndary bas i s  to s t a t ions 
ope rat ing o n  a primary ba s i s in the 5 1 0  to 
5 2 5  kHz a nd 1 6 1 5 to 1 7 1 5 kHz ba nd s . The TI S 
i s  des igned to trans m i t  only nonc omme rci al 
vo i ce i n format ion for automo b i le t rave lers 
regard i ng traf f i c  a nd road c o nd i t io ns , ava il­
ab i l i ty o f  lod g i ng ,  l o c a t ion o f  res t s top s 
a nd se rv i c e  s t a t ions , a nd de s c r i p t io ns of 
local p o i nt s  of i n t e r es t .  These s t a t ions are 
res tr i c t ed to use i n  the immed i a te v ic i n i ty 
of a i r ,  t ra i n ,  a nd bus t ra ns po rtat ion term i ­
n al s ,  b r i d ge s ,  tunnel s ,  a nd a ny inte rs e c t ions 
of a F e de ral i nte rs ta t e  h ighway w i th a ny 
o the r i n t e rs t ate , Fede ral , s tate , o r  local 
h i g hway . 

As a result of WARC-7 9 agreeme nt s ,  the ba nd 
f r om 1 6 0 5  to 2 0 0 0  kH z has expe rienced cha nge s 
i n  f r equency al loca t io n .  The AM broad c a s t ing 
se r v i ce was expa nded f r om the pr e se n t  1 6 0 5  t o 
1 7 0 5  kH z .  The F C C  rele ased a f i rs t  Not i c e  o f  
I nqu i ry ( NO I ) i n  Gene r a l  Doc ke t  No . 8 4-46 7 ,  
M ay 1 6 , 1 9 8 4 , i nv i t ing c omme nt s to as s i s t  
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them i n  de v e l op i ng recomme nda t io ns for the 
U n i ted S t a t es propos als for the Adm i n is t ra­
t ive Rad i o  Confe rence f o r  P l a nni ng of Broad­
c as t i ng in the 1 6 0 5 to 1 7 0 5  kHz Band 
schedu led fo r 1 9 8 6 .  I n  e ar ly J a nu a ry 1 9 84 , 
I RAC formed an ad hoc c omm i t  tee ( Ad Hoc 1 93 ) 
t o  he l p  de vel op the pos i t io n  and pr opos al 
docume nts of the E xe c ut i ve B ra n ch for the 
R eg io n 2 Adm i n i s tr a t ive Rad io Confe rence . 

S ome of the c omme nts that have bee n  rece i ved 
by the F C C  sugge s t  pos s i b le chang e s  in the 
al locat ion of freque n c i es to T I S  a nd the us e 
of h igh-power AM broad c a s t ing s t a t io ns in the 
1 6 0 5  to 1 7 0 5  kHz ba nd . I n  a s pe c trum 
resource as se s sment ( S RA )  publi shed in Apr i l  
1 9 8 5 ,  the freque ncy band from 1 6 0 5  to 
1 7 0 5  kHz was anal y zed to de termine the 
e f f e c t s  of cochannel a nd adj a ce nt-channel AM 
b road c a s t ing s t at io ns on ex i s t ing sys tems 
ope rat i ng i n  the ba nd . P r e l i m i n ary resu l t s  
f o r  T I S  showed a req ui reme nt f o r  la rge sep ar­
a t ion d i s tances betwe e n  T I S  a nd AM r ad i o  
s ta t io ns , pa rt icula r ly a t  n i g h t  whe n  sk y-wave 
propagat ion is p os s i b le . Other prob lems w i th 
T IS ope ra t io ns in a shared e nv i r onment w i th 
AM broad c as t i ng have be e n  d i scus sed in me et­
i ng s  of Ad Hoc 1 9 3 . The se d i scus s io ns 
r e su lted i n  a reques t to NTIA for a thor ough 
i nves t ig a t io n  of the a l t e r nat ives that wou ld 
ad dress the t e chn i c a l ,  econom i c , a nd adm i n i­
s tr a t ive as pe c t s  of T I S  a nd broad ca s t ing 
o pe rat ions . The F ede ral H ig hway Adm i n i s tra­
t io n  ( FHWA ) , although not hav i ng any TIS 
as s i gnme n t s  i t s e l f , has the F ede ral I n te r­
s tate H ighway Sys tems rep r e s e nted by the 
v a r i ous state depa rtme nts of t ra ns po rtat ion 
as i t s  c ons t i tue ncy . The FHWA spo nso red a 
c o n fe re n ce on moto r i s t s' i n format ion se rv i ce s  
( S ep t embe r 18-2 0 , 1 9 8 4 ) whe re the H ighway 
Adv i sory Rad io ( HAR--the i r  name for T I S )  
played a ma j o r  rol l in the pres e nt a t io ns and 
d i s cus s io ns . Of f i ci al s  f r om var ious s t ate 
h ighway de pa rtme nt s ind i c a ted inc reas ing 
r eq u i reme n t s  for T I S  on b oth 53 0 and 
1 6 1 0  kH z .  

The Na t io n al Weathe r S e rv ic e  i s  also contem­
p l a t i ng the u se o f  T I S  along the Nat ion's 
i nt e rs tate h ighw ay sy s tem in the var ious res t 
s top are as to d i s seminate wea ther i n forma­
t io n--pa rt ic u la rly seve re weathe r watches . 
Th i s  could eas ily mean over a thou sand n ew 
a s s ig nme nt s de pend i ng on fe as ib i l  i ty and 
numbe r of s t a t es c ove red . The largest 
Gove rnment use r of TIS is the Depa rtme nt of 
I nt e r ior ( Dol) w i th 153 as s i gnme n t s . Th i s  
depa rtme nt proj ec t s  i t s  use o f  T I S  w i l l more 
than t r iple in the next 5 yea rs to ove r 5 0 0  
a s s ignme nt s .  

The cur re nt use , proposed uses , changes in 
a l l o c a t ions i n  the 1 6 0 5  to 1 7 0 5  kHz band , 
wh ich c ou l d  af fect T I S , a nd as s i s tance to 
I RAC in develop i ng a nat ional pos i t ion for 
t he upc om i ng Reg io nal Adm i n i s tr a t ive Rad io 
C o n ference was the bas i s  for th i s  s tudy , 
wh ich c ons ide red the uses of T I S , pr esent 
freque ncy as s i gnme nt s ,  f u ture s pe c t rum need s ,  
a nd compa t ib i l i ty analys i s . 

Th i s  s tudy of T I S  has ra i sed the fol lowi ng 
s pe c t rum manageme nt i s sue s . 

0 S hould TIS a l lo ca t io ns a t  
1 6 1 0  kH z rema in e x c l u s i ve? 

53 0 and 



0 

0 

0 

0 

Should the upper TIS frequency move to 
1 700 kHz or 1710 kHz when AM broadcasting 
phases into the 1605 to 1705 kHz band? 

Are power and antenna height limits now 
imposed on TIS reasonable? 

Can TIS operate effectively on FCC Rules 
and Regulations, P art 15, limitations? 

Can TIS operate successfully in the 540 
to 1600 kHz band on a secondary basis? 

o Can TIS operate compatibly in the 88 to 
108 MHz FM band? 

0 Should TIS be upgraded 
Information Service in 
expanding role? 

to Travelers 
light of its 

Inf ormation from documents generated by IRAC 
Ad Hoc 193 de aling with the future of TIS is 
incorporated in the following discussion. 

TIS Allocations 

The TIS are presently allocated two frequency 
bands for their exclusive use. They are 
5 30 ± 5 kHz and 1610 ± 5 kHz, at the bottom 
and top of the present AM broadcasting band, 
respectively. In light of the expanding use 
of the TIS in the near future by b oth Govern­
ment and non-Government users, these frequen­
cies should continue to be exclusive. How­
ever, there may be good reason to consider 
moving the upper frequency 1610 kHz to 
1700 kHz (1690 kHz also desired) when the 
expansion of the broadcasting service to 
1705 kHz is implemented. The 1610 kHz fre­
quency will have adjacent AM broadcasting 
assignment s at 1600 and 1620 kHz. Since the 
allowed station classes for the expanded 
broadcasti11g band are yet to be determin ed, 
the p otential interference impact on TIS can­
n ot be tot ally assessed at this time, but at 
best would limit the use of the 1610 kHz 
frequency in many areas. This, of course, 
assumes that TIS would remain exclusive at 
1610 kHz. If AM broadcast stations are 
allowed to be cochannel at this frequency, 
the use of TIS would be even more res tr ic­
tive. 

A fter discussing this situ ation with users of 
TIS, it was determin ed that it may be bene­
fici al for TIS to move to 1700 kHz when auto­
mobile receivers can tune the expanded band. 
There was a definite preference by the TIS 
community for 1700 kHz rather than 1710 kHz, 
mainly due to experi ence at 1610 kHz. At 
present, the 1610 kHz TIS frequency is just 
above the AM broadcasting band, which ends at 
1600 kHz. There are still many automobile 
radios that cannot tun e  the 1610 kHz TIS 
frequency or cann ot tune it close enough to 
discrimin ate against stations at 1600 kHz. 
There are presently few assign ments at 
1 710 kHz, but this will change rapidly as 
displaced users of the 1605 to 1705 kHz band 
move into this frequency area. As 1710 kHz 
is used more, most likely by the radioloca­
tion service, compatibility problems with TIS 
will also grow. It is felt, then, that TIS 
should have an exclusive ch annel at 1700 kHz. 
Both Government and non-Government users of 
TIS would also like an additional ch annel at 
1690 kHz for future expansion. 
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In light of the expanding use of TIS, it is 
still desirable to have b oth the 530 kHz and 
1610 kHz exclusive frequency allocations 
while ph asing out 1610 kHz and ph asing in th e 
1700 kHz exclusive frequency. As long as 
automobile radio manufacturers are going to 
be expa nding the tuning range of the AM 
receivers, it would be desirable to ask them 
to cover the range from 530 to 1705 kHz. 
There are still some receivers that cann ot 
tun e the 530 kHz frequency. 

TIS Rules and Regulations 

At present, the rules and regulations govern­
ing the TIS antenna heights, transmitted 
power, and field intensity at a given dis­
tance are n ot always adequate for n eeded 
coverage. The problem is n ot with the TIS 
design ated 2 mV/m at 1.5 km field intensity, 
but with achieving that value at lower ground 
conduct ivity levels with the allowed antenna 
heights (restricted to 15 m or less) and the 
transmitter power (10 W or less for monopole 
antenn as and 50 W for leaky-cable antenn as). 

It is suggested that the adoption of a 
constant coverage approach be considered. 
With a constant coverage philosophy, the 
controlling factor is the allowed field 
intensity at a given distance from the 
antenn a  as the main criterion. For example, 
if the presently allowed field intensity of 
2 mV/m at 1.5 km is adequate (it seems to be 
for most cases), then allow either antenna 
height adjustment or power output adjustment, 
or a combination of both, to ach ieve the 
desired field strength at the constant cover­
age distance. The systems now are to o 
dependent on antenn a  installation procedures 
and local gr ound conductivity. The antenna 
ground plan es, particularly at 530 kHz, are 
critical to proper coverage. These ground 
planes must be well design ed and installed 
and maintain ed properly to obt ain desired 
coverage. Experience shows that ground 
pla nes are n ot always installed and maln­
tain ed properly. This is due in part to 
existing landscaping where proper ground 
radials are difficult, if n ot impossible, to 
install. One installation that was checked 
showed a me asured field intensity at 1. 5 km 
of 30 llV/m which was not adequate for the 
desired coverage. The antenna system was 
mounted on a building for convenience and had 
no ground radials (building ground was used). 

The constant coverage ap proach would only 
designate the maximum field intensity at a 
given distance, and the installing agency 
would be responsible for the measurements 
required to sho w compli ance. It should be 
noted that field intensity requirements for 
proper reception at a given distance from the 
antenna are gre ater at 530 kHz than at 
1610 kHz according to a Doi stu dy. Perh ap s  
the field intensity would be given a s  
500 )lV/m at 8 km, which would meet the needs 
of most Government TIS stations. 

The preferred boundary where good 
is desired ( 5 and 8 km were the 
often quot ed coverage distance 
agencies using TIS) and using 
required field intensity for go od 
(330 )lV/m at 530 kHz and 250 

reception 
two most 

needs by 
the Dol 

reception 
ll V /m at 



1610 kHz), the required distance separation 
between TIS stations as given in the FCC 
Rules and Regulations may n ot be adequate for 
interference-free reception at the boundaries 
and should be reviewed for p ossible change. 

TIS in the AM Broadcasting Band and Under FCC 
Rules and Regu lations, Part 15 

The separation distances and nighttime inter­
ference potential in the AM broadcasting band 
from 540 to 1605 kHz b etween broadcasting 
stations and TIS would be of such magnitude 
that little use could be made of TIS in this 
band. 

Under FCC Rules and Reg u la tions, Part 15, 
Subpart D, Low Power Communications Devices, 
the provisions for operation are such that 
use by TIS would n ot be practical. For 
example, the field strength at 30 m cannot 
exceed approximately 45 f.!V /m at 530 kHz and 
1 5  f.!V/m at 1600 kHz. Most automobile radios 
would have trouble receiving a sign al at this 
level. TL;re are few uses for TIS where the 
listen er would have to be stopped and within 
a few meters of the transmittec. 

TIS in the 88 to 108 MHz FM Band 

Perhaps the most promising band for future 
T IS operations would be the 88 to 108 MHz FM 
broadcasting band. Of particular interest 
are the 20 channels from 8 8. 1  to 91. 9 MHz set 
aside for n oncommerci al education al stations. 
The majority of station assignments in this 
subband at present are low power (under 
1 kW). There are few of these stations in 
remote are as where Government TIS tend to be 
l ocated. The antenn a installations and over­
all system would be somewhat simpler and less 
expensive than current AM systems for the 
desired coverage. The 10 W maximum power 
r estriction for existing Class D FM stations 
would be adequate for TIS. A computerized 
frequency assignment plan for the continent al 
United States should be fairly simple to set 
u p  and, in fact, may be only an expansion of 
an existing program for assign ing n oncom­
merci al educational FM stations n ow in use by 
the FCC. 

T IS as a Type of Service 

The expanding role of T IS both within the 
Government and the private sector would seem 
to dictate a more import ant status to these 
stations. The expansion from the few hundred 
assignments n ow in use to a few thousand 
assignments that are p ossible by the year 
2 000 would seem to justify this as a class of 
service to the public. It is suggested as an 
outcome of this study and findings of IRA C Ad 
Hoc 193 that the T IS acronym stand for 
Travelers' Inf ormation Service rather than 
Travelers' Information Stations. 

Recommendations 

The following are NTIA staff recommendations 
based on the technical findings above. Any 
action to implement these recommendations 
will be accomplished under separate corre­
spondence by modification of established 
rules, regulations, or procedures. 
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The frequencies at 530 and 1610 kHz 
should remain exclusively for TIS use in 
the United States with a phase-out of 
1610 kHz and phase-in of 1700 kHz when 
appr opri ate. 

The United States should adopt a position 
for the Region 2 MF Con ference supporting 
a limit on power for broadcasting sta­
tions operating on the U . S. frequencies 
u sed by T IS. 

The frequency at 1700 kHz should be con­
sidered for TIS use at some future date 
when automobile receivers can tun e  there. 

The FM broadcasting band from 88 to 
108 MHz should be considered for TIS 
operation and be interstitially located 
thr oughout the band on a n oninterference 
basis. 

A "c onstant coverage" scheme should be 
developed for T IS, which provides 
adequate field strength for go od recep­
tion at 5 km and 8 km that would allow 
antenna height and/or transmitter power 
to be adjusted to whatever level is 
n ecessary to produce that field. 

o An addition to the Manual of Regulations 
and Procedures for Federal Radio 
Frequency Management should be made 
providing rules, regulations, and recom­
mendations for Government use of TIS. 

o The TIS separation distance requirements 
should be reviewed and appropriate tables 
of distance separation given in the 
Manual. 

o Distance and/ or frequency separation 
guidelines for n ondirectional beacon 
stations and TIS should be given in the 
Manual. 

SECT ION 1. 3 ADVANCED I NSTRUMENTATION 
AND SPECTRUM MEASUREMENTS 

In its role as frequency manager to the Fed­
eral G overnment, NTIA is required to operate 
and maintain an instrument ation capability 
for performing me asurements of spectrum usage 
and emission spectra radiated by specific 
equipment. The Radio Spectrum Measurement 
System (RSMS), Figure 1-5, has performed this 
measurement function since 1973. 

A fter many years of very satisfactory 
performance, the RSMS has been updated. The 
RSMS Engin eering Enhancements project devel­
oped n ew measurement and an alysis capabili­
ties as n e eded to support the RSMS operations 
work. Extensive measurement programs were 
undertaken in the Government Land Mobile 
Radio (LMR) and radar bands, comprehensive 
site surveys were made , and many special 
electromagn etic compatibility problems were 
studied. In more recent years, maintenance 
problems with the electron ic systems in the 
RSMS were becoming seri ous. In addition, 
more complex measurement programs became more 
desirab le , but the computer system associ ated 
with the RSMS was already at its limits and 
was n ot capable of being expanded further. 



Figure 1 -5 . Exte r ior view o f  Radio Spectrum Mea s urement Sys tem . 
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I n  1 9 8 2 , a de c i s io n  was made to upgr ade a nd 
r e f u r b i sh the RSMS . S u bs ta nt i al ef forts i n  
1 9 8 2- 1 9 8 5  have almos t f i n i shed the produ ct io n 
of an impr oved RSMS . A pa rt i al ly equ ipped 
RSMS has alr eady c omp le ted a se t of M ar i t ime 
Mo b i le a nd LMR me asureme nts i n  the New Yo rk 
a re a .  The RSMS w i l l be c omple te whe n the 
" radar " me asureme nt sys tem i s  i ns t al led i n  
e ar l y  FY 8 6 ,  prov id i ng a c omp le te se t of 
me as ureme nt capa b i l i t i es i n  the RSMS for 
freque nc i es up to 1 8  GH z .  

Ma j o r  R S MS work c omp leted i n  FY 8 5  i nc l uded 
the rep a i r and mod i f i c a t io n  o f  the old RSMS 
veh ic l e ,  the rebu i l d i ng of the a n tenna towe r 
to prov i de h igh se ns i t i v i ty u p  to 1 8  GH z ,  the 
i ns t al lat ion of the LMR me asureme nt sys tem i n  
the mod i f ied veh i c le ,  a nd c omple t io n  o f  m a j o r  
p a r t s  o f  the L M R  a nd radar sys tem me a sureme n t  
a nd a n a l ys i s  so f tware . 

Thr e e  ma j o r  sys tems make up the RSMS , w i th a 
c omp u t e r  form i ng the core o f  e ach of the 
sys tems . Two me asurement sys tems ar e loca ted 
in the RSMS veh i c le ,  a nd a gener al-purpose , 
d a t a-proce s s i ng sys tem i s  loca ted in the 
Bou l de r  L abo ra to r i es . One R SMS me asureme n t  
sys tem i s  opt im i z ed f o r  me as ureme nt s of chan­
ne l i z ed vo i ce c ommun i c a t io ns s u ch a s  LMR.  
The ot he r me as ureme nt sys tem is  opt imized f o r  
me a sureme n t s  of w i de - ba nd s i g n a l s  l i ke radars 
a nd m i c rowave sys tems , but it i s  ve ry 
f le x ib le a nd can be u s ed to me asure othe r 
type s o f  s ignal s al s o .  S i nce the LMR a nd 
radar systems are c o n tro l led by s eparate 
c omput e rs ,  they ca n be ope ra ted s imu l t a ne­
o u s l y  to me asure two f r eq ue ncy bands at a 
t ime . 

The LMR sys tem ha s be e n  de s igned to make 
me a su reme nts o n  narrow-ba nd chann e l i zed c om­
mun i ca t io n  se rv ic e s . Th i s  sys tem ope ra tes up 
to 1 0 0 0  MHz w i th ve ry h i gh dynam i c  range 

( 1 3 0  dB i ns t a nt a neou s rang e )  a nd h igh 
r e j e c t ion of s i gn als on ad j acent chann e l s .  
Rec t ang u la r ba nd pa s s  I F  f i l t e rs o f  3 kH z ,  
7 . 5  kH z ,  1 5  kH z ,  a nd 3 0  kH z (F igure 1 -6 ) 
perm i t  me as urement s  to be made on va r iou s 
types of s i gn al s .  Although the h igh dynam i c  
r ange m i n im i z es the f a l s e  res pons e s  from 
i n t e rmod u la t ion product s ,  a w i de-ba nd ove r­
l oad sy s tem g i ves pos i t i ve ind i c a t io ns 
whenever too-la rge s i gnals are present . 

The rad a r  sys tem ( F igure 1-7 ) is a mo re 
gener al-purpose me asureme nt system, ope rat i ng 
a t  f r eq ue nc i es i n  the 1 0  to 1 8 , 0 0 0  MH z range 
w i th me asureme nt bandw idths between 10 H z  and 
3 0  MH z .  S pe c i al-purpose pe ak detectors and 
pu l se t ra i n  s epara tors al low th i s  sys tem to 
ma k e  rel i ab le me as ureme nt s o n  low-d uty-c ycle 
radars as w e l l  as a w i de range o f  othe r type s 
o f  s ig n al s .  

The c omput e r  sy s tem i n  the Bou l de r Labo ra­
to r i es is u s ed extens i vely for many func­
t io ns . The se funct ions i n c lude a nal ys i s  a nd 
r e t r i e v al o f  me asured dat a ,  deve lopme nt of 
me as urement a nd a nalys i s  so f tware for the 
R SMS , d i g i t a l c ommun i ca t io ns w i th c omputer s 
i n  the R SMS a nd An napo l i s ,  o n-l i ne documen­
t a t ion of RSMS sof tware , a nd t ext pro c es s i ng .  
A do z e n  t e rm i n al s on the lab comput e r  
prov i de these f un c t ional c apab i l i t i es at the 
desk of eve ryone in the gr ou p .  

The me a s ureme nt sof tware deve l oped f o r  the 
r ad a r  sy s tem in FY 8 5  i nc lude s two fam i l i es 
of me as ureme nt capab i l i t i e s :  WBS can and 
s u pe rs c a n .  WBS c a n  was de s ig n ed es pe c i al ly 
for radar me a sureme nts a nd i nc l u des the use 
o f  pe ak de tect o rs fo r low-d uty-c y c le rada r 
s i gna l s ,  as wel l as a seve r a l-second "dwel l "  
t ime a t  e ach freq ue ncy to al low a typ i cal 
radar a ntenna to r ot a te a nd poi nt at the RSMS 
s i te . An example of a typ i c a l  WBS ca n  out put 
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F i gure 1-7. Upg r ad e d  RSMS r a d a r  measurement sys t em ( conf i gured as three r ac ks ) . 
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is s hown in F igure 1- 8 .  The ve rt i c a l  labe l s  
o n  t he g r aph near t h e  radar s i g n a l s  c a n  b e  
adde d  by the ope r a to r  as t he meas ureme nt s are 
be i ng made . In ad d i t io n ,  s pe c i al c omme nt s-­
up to 5 0 0  characters in le ng t h--c a n  be ad ded 
by t he o pe ra tor dur i ng t he me asureme nt s .  

S u pe rs c a n  ( F igure 1- 9 )  is t he ot he r me as ure­
ment f am i ly u sed on t he radar sys tem. Supe r­
s c a n  rap i d ly makes s imu l t a neou s me asurement s  
w i th a pe ak a nd an ave rage dete c to r  a t  5 0 0  
freque nc i es w i t h i n  a freque ncy band . Supe r­
s c a n  u s es a spe c t rum analy z e r  to me a s ure a t  
5 0 0  freque nc i es ac ros s  the I F  s ig n a l  ba nd­
w i d t h ,  wh i le t he rf tun i ng is held f i xed . 
S i nce t he max imum I F  band w i d t h  is 3 0  MH z ,  the 
max imum S u pe rscan swe ep w i d t h  cannot exce ed 
3 0  MH z .  I n  pract ic e ,  1 0  MH z i s  a mo re real­
i s t i c  m a x i mum sweep w i d t h . T he advant age of 
t h i s  techn ique is me as ureme nt spe ed--as much 
a s  20 t imes f as te r  than by s t ep p i ng t he rf 
tun i ng . 

T he S u pe rs c a n  meas urement techn iq ues are 
pa rt icu larly u seful whe n unknown o r  m i xed 
type s of s ig n al s  are expe c t ed in t he me as ure­
me n t  band . S i n ce peak a nd a ve r age dete c tors 
a re used , S u pe rs c a n  g ives usef ul me asurement s 
for both l ow-du ty-cyc le a nd h igh-d u ty-cycle 
s ig n al s . I nd e ed , a c ompa r i so n  of the respo n­
ses g i ve n by e ach dete ctor prov i des a n  impo r­
t ant c r i te r i o n  fo r ide nt i f ic a t io n  of s ig n al s .  
I n  ad d i t io n ,  Supe rs ca n  es t ab l i s h es t hr es ho l ds 
fo r t he pe ak a nd ave rage de t e c t o rs . I f  a 
pe ak o r  average me asureme nt exce eds the 
c o r res pond i ng t hr e s ho l d ,  t he pres e nce of a 
s i g n a l  is noted , a nd--depe nd i ng on pr ogram 
op t io ns - -t he s c a ns cont a in i ng s ig n a l s  ca n be 
saved o n  d i sk or magnet ic t ape . 

An import ant obj e c t ive i n  al l of t he new 
sof tware is to make ope rat ion of the sys tem 
a s  au t omat ic as pos s i b le , n ot req u i r i ng an 
ope ra to r  for mos t me asureme nts a nd d o i ng as 
much of t he ope ra to r ' s job as pos s i b le whe n 
there i s  an ope ra to r  prese nt . Three s pe c i f i c 
f un c t io ns have be e n  i n c o rp o ra ted i n to t he s e  
prog rams to e nhance au tomat ic opera t ion , 
i nc lud i ng :  

o me as urement seq ue nc e r  w i th 1 0 0  s teps 
o " au to l og " fea tures 
o te l e c ommun i c a t io ns . 

The me asureme nt seq ue nc e r  i s  a se t of so f t­
ware rout i n es t h a t  al l ows s e l e ct i ng a 
s e q ue nc e  o f  up to 1 0 0  me as urement eve nt s .  
(An " e ve nt " i s  a c a l ibra t ion o r  me a s uremen t 
p r og r am ,  plus t he control pa rame t e rs needed 
to run t he program . ) S i nce e ach i nd i v idual 
eve nt ca n be sched u led to run ma ny t imes 
be fore t he program goes to the next e ve nt ,  a n  
a lmos t inf i n i te me as urement pe riod ca n be 
s c h edu led to run . To f u rt he r  f a c i l i tate the 
s e l e c t ion of pa rt ic u la r  eve nt s ,  t he re i s  a 
l i b r ary that cont a i ns up to 5 0  s t a ndard 
me asurement eve nt s . Th i s  l i b r a ry w i l l  tend 
to s t a nd a rd i ze me asureme nt a nd a n a l ys i s  
pr o ced ures a nd as sure d i r e c t  c ompa rabi l i ty of 
d a t a  me a s ured at ma ny d i f fe r e nt s i t e s . 

The " au t o l og " r out ines as s i s t  au tom a t ic ope r­
a t ion by gene ra t i ng an ope ra t ions l og d u r i ng 
me asurement s .  Any s i g n i f i c a nt event ge ner­
a t e s  a s i ng le l ine of text desc r i b i ng the 
eve nt . (A typ i c a l  s ig n i f i c a nt eve nt m i g h t  be 
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t he rec ord i ng o f  a da t a  rec o rd on magnet ic 
t ape , for e xamp le . )  Th i s  s i ng le l i ne of text 
is  ap pe nd ed to a log file kep t o n  t he d i sc , 
so i t  w i l l  be ava i l ab le a f t e rwards for opera­
t o r  rev i ew eve n if t he sys tem goes down . 
Us i ng s t a nda rd t ext-ed i t i ng c omma nd s ,  the 
ope rato r ca n rev i ew the au to log f i le and ad d 
wha teve r text c omme nts seem ne eded . Note 
t ha t  t hese text comme nt s  ca n be ad ded any­
whe re in the text f i le . 

F igure 1- 1 0  s hows a rep r es e nt a t ive , but f i c­
t i t i ou s , e xamp le of an auto l og f i le .  The " @ "  
a nd " " a t  t he beg i n n i ng and e nd of mos t of 
t he l i n es s how that these l i nes were w r i t te n  
b y  t he au to log prog r am .  S i nce al l au toma t ic 
auto l og l i n e s  were w r i t ten ac c o r d i ng to a 
p a rt ic u la r  fo rmu la , t he s e  auto log l i nes ca n 
be automa t i c al ly sorted for var i ous da t a  o r  
c ompa red ag a ins t ot he r info rma t io n .  

F in a l l y ,  t e lecommun i ca t ions w i l l  al low u s  to 
mo n i to r  t he ope ra t io n  of the R SMS at a d i s­
tance a nd even cha nge t he sched u le of meas­
urement o r  ca l i b r a t io n  event s .  Unde r the 
best of c o nd i t io ns ,  we may be ab le to col lect 
l a rge amount s of da t a  w i thout c ont i nu a l ly 
ma i nt a i n i ng c r ew membe rs in t he f i el d .  U nde r 
les s ide al cond i t io ns , we w i l l be ab le to 
sense whe n the RSMS c omputers q u i t  ope ra t i ng 
a nd are i n  need of res tart ing . Al t hough the 
proc edures are n ot c omp letely imp leme nted 
ye t ,  we ex pe ct to be ab le to ca l l  into the 
l ab c ompute r  from a terminal on our de s k , o r  
eve n f r om a home comput e r  term i n al . T h i s  
cal l w i l l  be r e layed to one of the RSMS meas­
ureme nt sy s tem c omput e rs ,  wh ich w i l l reac t  in 
the prope r  manner by downl oad i ng a f i le , 
res tart ing a me as urement pr og r am ,  e tc .  

The 
RSMS 
u l ed 
E as t  

radar sys tem w i l l  be i ns t a l led i n  the 
e ar l y  i n  FY 8 6 ,  w i t h  i n i t i al work sched­
for r adar a nd satel l i te s tu d i es on the 

C o a s t .  

A l t hough - t he RSMS was not ope rat io nal fo r 
mos t of FY 8 5 ,  t he ava i l a b i l i ty of the LMR 
me as urement sy s tem in t he RSMS a l lowed the 
f i rs t  of t he R SMS Ope ra t ions to be ac c om­
pl i s hed i n  Augus t 1 9 8 5  i n  t he New York C i ty­
Long I s la nd a rea . Two s eparate sets of me as­
ur eme nt s were made a t  e ach of two s i te s .  A 
s pe c i al set of M a r i t ime Mob i le me asureme nt s 
wa s made to de term i ne t he usage pa t te rns 
(mes s age le ngth a nd u s age s t a t i s t ics ) on a 
few c ri t ic a l  ch annel s ,  as wel l as usage s ta­
t i s t i c s  for t he who le M a r i t ime Mo b i le band . 

I n  ad d i t io n ,  u s ag e  me as ureme nt s we re made in 
the 1 5 1  to 162 MH z ,  162 to 174 MH z ,  4 0 6  to 
4 20 MH z ,  a nd 4 5 0 to 4 7 0  MH z LMR band s  as a 
" t a rget of op po r t un i ty "  a nd an oppo r tun i ty to 
t es t  

· t he new RSMS capab i l i t ies i n  ad di t ional 
LMR ba nd s .  The LMR me a sureme n ts we re r ou­
t ine , fo l low i ng the pa t te rn of e ar l i e r  LMR 
me asureme n t s  a nd me asur i ng about 1 2 5  chann e l s  
e ach se c ond , except t h a t  s ta t is t ic s  were 
s imu ltaneously col lected based o n  t hree 
d i f fe re nt t hr es ho l ds . The three t hr e s holds 
w i l l  be  u s ed i n  cont i nu i ng s tu d i es of how 
much me as ured o c cupa ncy is af fe c t ed by a 
d i f fe r e nt cho i ce of t hr es holds . 

Mes sage le ng t h  s t a t i s t ic s  a nd u s age pa t te rns 
in the M a r i t ime Mob i le band we re me a sured a t  
t he req ue s t  o f  the u . s .  Coa s t  Guard . Th i s  
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@SLFSC,.. 
@SUPSCN 
�SUPSCN 
<!SUPSCN 
@SUPSCN 
@SUPSCN 
t!SUPSCN 
@SUPSCN 
@SUPSCN 
@SUPSCN 
@SUPSCN 
@�I'ITP�T 
@AI'ITP�T 
@WBSCAH 
@�NTP�T 
@�NTP�T 
@�I HP�T 
@�I'ITP�T 
@COME NT 
(!CCMEI'IT 
�w8SCAH 
@�HTP�T 
@SUPSCN 
@CO !'lENT 
@WBSCAN 
@COMENT 
@WBS CAH 
@COI'tENT 
@WBSCAH 
@AHTPAT 
@t..BSCAN 
} 

1 00 . 1 00 . 00-4 85 09'04 :1 5 5 0  1 / 1 80 0 0  1 1 ! 1 1 1 1 1 1 1  1 0 1 00 0 1  0 1  
1 00 . 1 00 . 005 85096-4 . 1 55 0  1 / 1 8 0 0 0  1 1 1 1 1 1 1 1 1 1  1 0 1 00 0 1 0 1  
1 00 . 1 00. 006 850904 . 1 5 54 1 / 1 80 0 0  1 1 ! 1 1 1 1 1 1 1  1 0 1 0 00 1 0 1  
1 00 . 1 00. 007 850904 . 1 6 0 3  1 / 1 8 0 0 0  1 1 1 1 1 1 1 1 1 1  1 0 1 0 0 0 1 0 1  
t oo . 1 oa. ooe 850904 . 1 6 1 2  T l t eooo 1 1 1 1 1 1 1 1 1 1  1 0 1 0 0 0 1  0 1  
1 00 . 1 00 . 0 09 8 5 0 9 04 . 1 6 1 2  1 / 1 8 0 0 0  1 1 1 1 1 1 ! 1 1 1  1 0 1 00 0 1 0 1  
1 00 . 1 00 . 0 1 0  8 5 0904 . 1 6 1 3  1 / 1 80 0 0  1 1 1 1 1 1 1 1 1 1  1 0 1 00 0 1  0 1  
1 0 0 . 1 0 0 . 0 1 1 8 5 0 9 0 4 . 1 6 1 3  1 / 1 80 0 0  1 1 1 1 1 1 1 1 1 1  1 0 1 0 0 0 1  0 1  
1 00 . 1 0 0 . 0 1 2  850904 . 1 6 1 4  1 / 1 80 0 0  1 1 1 1 1 1 1 1 1 1  1 0 1 00 0 1 0 1  
1 0 0 . 1 00 . 0 1 3  8 5 0 9 04 . 1 6 1 4  1 / 1 80 0 0  1 1 1 1 1 1 1 1 1 1  1 0 1 0 0 0 1  0 1  
1 0 0 . 1 00 . 0 1 4  850904 . 1 6 1 5  1 / 1 80 0 0  1 1 1 1 1 1 1 1 1 1  1 0 1 00 0 1 0 1  

1 . 0 0 1 . 0 1 5  2 7 35 ASR-8 S TAPLETO� AHT PAT 
1 . 0 0 1 . 0 1 6  1 3 3 1  ARSR- I E  DENVER AHT PAT 
1 . 0 0 1 . 0 1 7  8 5 0 9 0 5 . 1 5 3 6  2 7 0 0 /  2 9 0 0  1 1 1 1 1 1 1 1 1 1  1 0 1 00 0 1  OS 
1 . 0 0 1 . 0 1 8  2 7 3 5  ASR- 8 S T APLETON < B >  AHT PAT 
1 . 0 0 1 . 0 1 9  T 3 3 0  PRSR- t E  DENVER ANT PAT 
T . 0 0 1 . 02 0  2 7 35 ASR - 8  STAPLETON ( 8 )  A�T PAT 
1 . 0 0 1 . 0 2 1  T 3 3 1  ARSR - 1 E  OHtVER ANT P�T 
T . 0 0 1 . 0 2 2  3 8  fH I S  I S  JuST A PR�C T I C E  C OM�EHT �ECCRD 
1 . 0 0 1 . 0 2 4  1 4  T h i S  I S  A T E S T  
1 . 0 0 1 . 0 25 850905 . 1 7 0 7  2 7 0 0 /  2900 1 1 1 1 1 1 1 1 1 1  1 0 1 00 0 1  05 
T . 00 1 . 0 2 6  1 3 3 1  OFFO POGFGF 

1 0 0 . T 0 0 . 0 2 8  850906 . 1 3 3 8  2 1 0 0 /  3 1 00 1 T 1 1 1 1 1 1 1 1  1 0 1 00 0 1 0 1  
1 00 . 1 0 0 . 0 29 2 0  T� I S  I S  ANOTHER T E S T  
1 00 . 1 00 . 0 3 0  8 5 0 9 06 . T 35 0  1 00 0 /  1 20 0  1 1 1 1 1 1 1 1 1 1  1 0 1 00 0 1  0 2  
1 00 . 1 0 0 . 0 3 1  46 �E w i L L  DO P.�OTHER S C AN I N  THE 1 0- 1 2  GHz 
1 0 0 . 1 0 0 . 0 3 2  850906 . 1 40 6  1 00 0 /  T 2 0 0  1 1 1 1 1 1 1 1 1 1  1 0 1 00 0 1  0 2  
1 00 . 1 00 . 0 3 3  1 04 TH I S HAS OHL Y BEEH A TE S T . I F  T � I S  HAC 
1 00 . 1 00 . 0 3 4  8 5 0906 . 1 444 1 0 0 0 /  1 2 0 0  1 1 1 1 1 1 1 1 1 1  1 0 1 00 0 1  0 2  
1 00 . 1 0 0 . 03 5  1 09 0  1 09 0  � � z  2 0 0  m s e c  ANT PAT 
1 00 . 1 00 . 0 36 8 5 0 9 06 . 1 5 0 2  1 0 0 0 /  : 2 0 0  1 1 1 1 1 1 1 1 1 1  1 0 1 0 0 0 1  0 2  

0000}  
000 0 }  
0 0 0 0 } 
0 00 0 }  
0 0 0 0 }  
0 0 0 0 }  
0 0 0 0 1  
00 00 } 
000 0 }  
0 0 0 0 }  
0 0 0 0 }  

} ' ; 
0 0 0 0 }  

} 
} 
} 
} 
} 
} 

0 0 0 0 } 
} 

0 0 0 0 }  
} 

0 0 0 0 }  
8�,...0 . }  

0 0 0 0 }  
B EEH A }  

0 0 0 0 } 
1. 
J 

0 0 0 0 } 

N o t e : I t  h a s  b e � n  r a t n t n g o u t s t d e .  a n d  t h e  a n t e n n a  t o w e r  h a s  b e e n  b u r n e d  o 
f f  b y  a l t gh t n t n g s t r o k e .  T h e  f o l l ow t n g d a t a  w a s  m ea s u r e d  w t t h o u t  r e c a l t b r a t t  
n g  t h e  s y s t em a n d  m a y  b e  i n c o r r e c t d u e  t o  t h e  b u r n e d - o f f  a n t e n n a  s t u b s . I f  t t m  
e p e rm t t  t h e  m e a s u r eme n t s  w 1 l l  be d o n e  o v e r . }  
} 
@WSSCAH 
<!SUPSCN 
t!SLPSCI't 
@SlJ P S C N  
�SI.;PSCN 
\!SUPSCN 
(!S c P S C N  
@ S L P S C N  
@SLPSCN 
@SU P S C N  
@W6SCAN 
@SUPSCN 
(!SLJPSCN 
(!S UP S C N  
<!SUPS C N  
@wBSCAH 

1 0 0 . T 00 . 0 3 7  8 5 0 9 0A . 1 � 1 5  
1 0 0 . T 0 0 . 0 3 8  8 5 0906 . 1 5 1 5  
1 0 0 . 1 0 0 . 0 39 85 0 9 06 . 1 5 1 5  
T 0 0 . 1 0 0 . 04 0  8 5 0 9 06 . 1 5 1 5  
T 0 0 . 1 00 . 04 1  85 0 9 06 . 1 5 1 5  
T O O .  1 0 0 . 04 2  8 5 0 9 06 . T 5 1 5  
1 0 0 . 1 0 0 . 043 8 5 0 9 06 . T S 1 5  
T OO .  T 00 . 044 85 0 9 0 6 . 1 5 1 5 
T 0 0 . 1 0 0 . 045 850906 . T 5 1 5  
T O O . T 0 0 . 04 7  85 09 06 . 1 5 3 T  
1 0 0 . T 0 0 . 049 85 0906 . 1 6 3 3 
1 0 0 . T O O . OS O  8 5 0 9 06 . 1 6 3 3  
T 0 0 . 1 0 0 . 05 1  850906 . 1 6 3 3  
1 0 0 . 1 00 . 05 2 85 090 6 . 1 6 3 3  
1 0 0 . 1 00 . 05 3  85 0 90 6 . 1 6 3 3 
1 0 0 . T 0 0 . 05 4  8 5 0 9 0 6 . 1 6 5 3 

1 0 0 0 /  
2 1 00 /  
2 1 0 0 /  
2 1 0 0 /  
2 1 0 0 /  
2 1 0 0 /  
2 1 0 0 /  
2 1 00 /  
2 1 0 0 /  
2 1 0 0 /  
1 0 0 0 /  
2 1 0 0 /  
2 1 0 0 /  
2 1 0 0 /  
2 1 0 0 /  
2 7 0 0 /  

1 2 0 0  
3 1 0 0 
� 1 0 0 
3 1 0 0 
3 1 0 0 
3 1 0 0 
3 1 1J O 
l T O O 
3 i fl 0  
3 1 0 0 
1 2 0 0  
3 1 0 0 
3 1 0 0 
3 T O O 
3 1 0 0 
2 9 0 0  

! 1 1 1 1 1 1 1 1 1  
1 1 1 1 T 1 T 1 T 1 
T 1 T  I 1 1 1 1 1 1 
T T 1 1 1 1 1 1 1 1  
1 1 T 1 1 1 1 1 1 T 
1 1 1 1 t 1 i T 1 1 
1 1 1 1  1 1 1 1 1  1 
1 1 1 1 1 1 i i 1 1 
T T 1 T T 1 1 T 1 l  
1 1 1 1 1 1 1 1 1 1  
1 1 1 1 1 1 ! 1 1 1 
1 1 1 1 1 1 1 T 1 1  
1 1 1 1 1 1 1 1 1 1  
1 l 1 1 1 1 1 1 1 1  
T 1 1 T 1 1 1 1 T 1  
1 T 1 1 1 1 1 1 1 T  

1 0 1 0 0 0 1 0 2  
T 0 1 0 0 0 1 0 1  
1 0 1 0 0 0 1  0 1  
1 0 T 0 0 0 1  0 1  
1 0 1 0 0 0 1  0 1  
T O T 0 0 0 1 0 1  
1 0 1 0 0 0 1 0 1  
1 0 1 0 0 0 1  0 1  
1 0 1 0 0 0 1  0 1  
1 0 1 0 0 0 1 0 1  
1 0 1 0 0 0 1 0 2  
1 0 1 0 0 0 1 0 1  
1 0 1 0 0 0 1 O T  
1 0 1 0 0 0 1  0 1  
1 0 1 0 0 0 1 0 1  
! 0 1 0 0 0 1  0 5  

F i gure 1 -1 0 .  A n  exampl e  o f  a n  " AUTOLOG" f i le 
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t) O O O }  
0 0 0 0 } 
0 0 0 0 } 
0 0 0 0 }  
0 0 0 1) }  
0 0 0 0 } 
0 0 0 0 } 
0 0 0 0 } 
0 0 1) 0 ;  
D O IJ O }  
0 0 0 0 } 
0 0 0 0 }  
0 0 0 0 } 
0 0 0 0 } 
0 0 0 0 }  
0 0 0 0 } 



ba nd i s  unde r s tudy now because the C C I R  a nd 
the I nternat ion al Ma r i t ime Orga n i zat ion ( I MO ) 
a re de s ign i ng a new d i g i tal select i ve ca l l i ng 
( DS C ) sys tem for th i s  ba nd that would eve n­
t ua l ly rep lace the manual watchkeep i ng on 
s h ip s  a nd s hore s ta t i o ns currently requ ired 
for t he sa f e ty and d i s tr es s  ch annel s . Accu­
rate s t a t ist i c s  on t he current u sage pa t terns 
( me s sage le ng th s tat i s t ic s , tot al numbe r of 
c a l l s  dur i ng pe ak hou rs , e tc . ) ne ed to be 
i nc o rp ora ted i n to traf f i c  mod e l s  to de term i ne 
t he proper s i z i ng of the proposed esc sys tem . 

The RSMS made ba nd usage me as ureme nts in the 
New York harbor area a nd on the c oast of Long 
I s la nd S ound in J u l y  and August of 1 9 8 5 .  
u sage measureme nts we re made o n  a l l  chann e l s  
i n  t he Mar i t ime ba nd , samp l i ng e ach ch annel 
e ve ry 5 s .  I n  ad d i t io n ,  f i ve channels we re 
s e l e c t ed to be me asured every 0 . 1  s,  so that 
r e l i ab le mes sage le ng t h  s ta t i s t ics could be 
o bt a ined--even for s ho rt mes sag e s . I n c luded 
i n  the f i ve channels were g l o bal a nd local 
s af e ty a nd d i s tres s a nd cal l i ng ch a nnel s .  
Several days of me as ureme nt s  were made a t  
e ac h  s i te in t h i s  ba nd o n  a 2 4-h/day ba s i s .  
A l im i t ed numbe r o f  aud io r ec o rd i ng s  we re 
also made so that usag e  c ou l d  be c orrela ted 
w i t h  the ac tual type of mes sage be i ng 
t rans m i t ted . 

A typ i c a l  2-m i n  sample of cha nnel usage i s  
s hown i n  F igure 1 -1 1 ,  s how i ng mes sages 
t rans m i t ted from a t  le as t thr e e  s i tes ( as 
d is t i ng u i s hed by rece i ved powe r ) , i n c l u d i ng 
r ep l i es from the loca l C oa s t  Guard s i te .  
These raw data we re proces s s ed to g i ve mes­
s age le ng th s ta t i s t ic s  s im i l a r  to tho s e  s hown 
i n  F igure 1 -1 2 .  F igure 1 -1 2  s hows mes sage 
l e ng t h s  grouped into var ious 1-s bi ns , w i t h  
t h e  h ighest number of mes sages f al l i ng i nto 
t he 0- 1 s bi n .  Two types of data are s hown 
in F igure 1-1 2 .  The mes s age le ngth s ta t i s­
t ic s  are s hown w i t h  so l id l i nes , a nd the 
mes sage i nterval stat i s t i c s  are s hown w i t h  
d ot ted l i nes . At the pres e nt t ime , onl y 
smal l samp les of s i g n a l s  have bee n  an aly z ed , 
but t h i s  smal l sample sugge s t s  a P o i s so n  
d i s t r ibut ion o f  mes s age lengths . 
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S ignal level me as ureme nt s of 
the 1 5 6 . 8  MH z D i s tress C al l i ng 
Cha nnel 1 6  made at E a to ns Neck 
P o i nt o n  August 1 6 ,  1 9 8 5 .  
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F igure 1 - 1 2 .  Mes sage le ng t h  s tat i s t ic s  

de r i ved f rom the data o f  F igure 
1 - 1 1 for the 1 3 0-se c ond pe r i od 
beg in n i ng a t  1 6 1 0  E S T  on 
Augus t  1 6 ,  1 9 8 5. 

An i n t e res t i n  low freque ncy ( L F )  r ad i o  f r e­
quency n o i se resu lted i n  the Med ium Freque n cy 
( M F )  S ign al a nd No i se M e as ureme nt s to de te r­
m i ne rf levels i n  t he 1 0  to 1 0 0  kH z freq ue n cy 
r ange i n  the o f f i ce e nv i r onme nt . These areas 
typ i c a l ly i nc l ude c omputer sys tems and 
dev i c e s  that rang e  f r om m i c rocomput e rs for 
local o f f ice u se to m i n i c ompute rs for la rge r 
i nt e rof f i c e  sy s tems and l a rge ma i n f r ame c om­
pute rs i n  ba n k i ng c omplexes a nd la rge data 
hand l i ng f ac i l i t ies . 

A compact po rt ab le me as urement sy s tem was 
as semb led as dep i ct ed i n  F igure 1 -1 3 . I t  
c ons i s ted o f  a d i g i t iz i ng spe c t rum a nal y ze r ,  
a de sk-top c ompute r ,  two s h i e l ded-loop 
a nt e n nas , a nd a 1 / 2 - i n ch mag n et ic t ape 
d r i ve .  Th i s  sys tem would al low e f f i c i e n t  
ope ra t io n  w i t hout be ing a d i s tr ac t io n  fo r the 
o f f  i ce wo rke rs . 

HP 356!A 
Spectrum Analyzer 

Desktop 
Computer 

1/2" Magnetic 
Tape dri ve 

F ig ur e  1- 1 3 . Block d i agr am of me as urement 
sys tem. 

The a nt e nna sy s tem c ons i s ted o f  two cros sed­
loop antennas , wh i ch were se ns i t i ve to the 
magn et ic f i el ds onl y ,  c onnec t ed to t he s pe c­
t rum analyzer t hrough a s e l e c to r  sw i tch . 
T h i s  al lowed a da t a  se t to be t ak e n f r om e ach 
a ntenna a nd la ter c ombi n ed i n  s o f tware . Th i s  
would avo i d  the inhe r e nt d i rect iv i ty o f  the 
loops a nd e l im inate the ne ed for h a rdware 
p has i ng ci r cu i t s .  The se l e c t o r  sw i tch was 
con trol led t hrough the s pe c t rum analy z e r  
c i r cu i t s .  

T he spe ct rum anal y z e r  i s  t he type that 
d i g i t i z es the 1 nc om1 ng s i gn a l  a t  a 250 kHz 
r ate . I t  the n pe rfo rms a F as t  F ou r i e r  Trans ­
fo rm ( F FT )  o n  the d i g i t i z ed dat a .  T h i s  



ins trume nt i s  capa b le of an ope ra t i ng f r e­
quency ra nge of f r om 0 to 1 0 0  kH z i n  e i the r  a 
s ingle f r eque ncy spa n o r  in smal le r spa ns 
w i th a r e s u l t a nt h i ghe r f r eque ncy r e s o l ut ion . 
The d a t a  f r om e i the r the fr eque ncy spe ctrum 
d i s p lay o r  the raw d i g i t i z ed t ime data can b e 
r ec ov e red and s to red f o r  la te r proce s s i ng .  

Data s to rage for the me a s ureme nt system was 
o n  magn et ic t ape . The se l e c t e d  un i t  ope ra ted 
at 1 6 0 0  b i t s  pe r i n ch a t  1 2 . 5 i n ches pe r 
s ec ond . Th i s  c ou l d  ho l d  e nough da t a  to al low 
unatte nded ope ra t ion of the sys tem for a t  
l e as t two days . 

The ove ra l l  sys tem control was prov ided by a 
d e sk-top c ompute r .  Th i s  prov i ded the 
r equ i r ed speed o f  da ta tr ans fe r be twe e n  the 
analyzer a nd magnet ic t ape as w e l l  a s  
g r aph ic s capab i l i ty f o r  m i n imal on-s i te da t a  
proces s i ng .  

Sys tem ca l i b rat io n was pe r f o rmed a t  the 
a ntenna ra nge of the Nat ion al Bure au of 
s t and a rd s  us �ng a k nown f i el d  s tr e ng th a nd 
r e c o rd i ng the output from the s pe c t rum a n aly­
ze r ,  thu s  t ak i ng into ac c ount al l o f  the 
system c ompone nt s a nd r ed u c i ng the unce rt a i n­
t i es . Da t a  were rep r e s e nted i n  un i t s  rela­
t i ve to 1 p i c o-Tes s l a  ( dBpT ) . 

Rad i o  freque ncy me as ureme nt s were made in 
three of f i ce bu i l d i ng s  i n  the Bou l de r/De nve r 
a rea and two bu i l d i ng s  in New York C i ty--the 
Wo r l d  T r ade C e n te r a nd the New York S to ck 
E xchang e . F igures 1-14 and 1 - 1 5  show the 
me asureme nt sys tem a nd i t s  p l a ceme nt in a 
worl d Trade C e n t e r  of f i c e  are a .  

Da ta we r e  c o l l e c t ed a t  a l l  hou rs o f  the d ay 
a nd t hr ough the week e nd i n  o rde r to be ab le 
to cha racte r i z e  the are as as to cyc l ic a ct i v­
i ty .  Da t a  col le c t ion was ge neral ly made on a 
5 5-m i nute cyc le to avoid any hourly r epet i­
t ive eve nt s .  Dur i ng the s e  pe r i od i c  c o l le c­
t ion t imes , me asureme nts we re made by f i rs t  
t ak i ng 4 0  record s  o f  1 0 0 0-poi nt t ime samp l e s  
e ach a nd s to r i ng t h e  t ime-samp le data f o r  
l a t e r  u s e . A freque ncy s teppi ng mode was 
the n pe r f ormed in wh i ch 20 F FT trac es o f  4 0 0  
po i n t s  e ach were t ak e n  a nd ave rage d  a t  e ach 
1 kHz s t ep o f  1 kHz ba ndw i dth acros s  the 
f r eq ue nc y  ba nd f r om 1 to 9 9  kH z .  The s e  two 
mode s  were r epe a t ed tw ice , once for e a ch 
a nt e nna se l e ct io n ,  o n  e ach hou r l y  me as u r eme nt 
cyc l e .  

D a t a  proce s s i ng rout ines were de v e l oped o n  a 
l a rge r o f f i ce c ompute r sys tem wh i le the me as­
u r eme nt sy s tem was col le ct ing da t a .  The 
magne t i c t ape un i t  prov ided the required data 
i nt e rf a c i ng a nd c ompa t ib i l i ty be tw e e n  the two 
systems . 

Seve ral type s of anal ys i s  were pe rf o rmed on 
the d a t a . I n i t i ally the t apes were proc es sed 
to c o l le c t  the pe ak , RMS ave rage , a nd m i n imum 
amp l i tude p o i nt s  pe r f r eque ncy t hr oughout the 
du ra t io n  of the tape . The s e  pro ce s se d  da ta 
were the n s tored on d i sk f i les f o r  e a se of 
a c ce s s .  The n  the f r eq ue ncy s pe c t rum was 
p l ot t ed a nd major c o n t r i buto rs i d e nt i f i ed as 
much as pos s i b le . An examp l e  of th i s  l i near 
freque n cy output i s  shown in F igure 1 - 1 6 .  
The t r ac e s  show the amp l i tudes i n  dBpT , the 
max imum v a l ue on the top trace , the n the RMS 
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ave rage on the nex t low e r  trac e ,  a nd f i nal ly 
the m i n imum v a l ue at e a ch poi nt on the trac e 
f o r  the 2-day pe r i od . Te n of the s e  trac e s  
c ompri se a s e t  of pl ot s  from 1 t o  9 9  kH z .  

The se l i n e ar fr eq ue ncy plot s rep r es e nt a 1 0 -
to-1 c ompres s ion of the o r i g in al 4 0 0-po i n t  
F FT p l o t s  b y  tak i ng the pe ak value i n  a gr ou p  
o f  4 0  p o i n t s  a nd p l ot t i ng tha t as a s i ng l e  
po i nt ;  l i k e w i se , the ave rage and m i n imum 
v alues . 

D iu r nal var i a t io ns of s ig n al s are shown in 
F igure 1 - 1 7 . Th i s  is 2 -days' data pro c e s s e d  
a s  to t ime of day f r om 0 hou rs t o  2 4 0 0  
hou rs . The traces show the RMS ave rage o f  
the s ig n a l s  fo r e ach freque ncy f r om 1 t o  
9 9  kHz w i th 1 0  freque n c i es pe r gr aph . 

Log a r i thmic fr eq ue ncy plot s are shown in 
F igures 1 - 1 8  a nd 1 - 1 9 . These p l ot s  are f r om 
t he same proce s sed da ta as the l i n e ar 
f r eque ncy p l ot s  o nly p l ot ted ag a i ns t  a log 
f r eq ue ncy sca le . 

Ampl i tude proba b i l i ty d i s tr ibut ions ( APD ) 
were gene ra t ed by re i nse rt i ng the s tored 
t ime-doma in da t a  i nto the s pe c t rum 
a n alyze r .  Th i s  al lowed the da ta a n alys i s  
p r og r am t o  c ontrol the pe rf o rmance o f  the F FT 
on d i sc r e t e  t ime reco rd s .  From e ach F FT ,  
t he n ,  the amp l i tude of e ach of n i ne freque n­
c i es was reco rded a nd p l ot t ed on a Ray le i gh 
d i s tr ibut io n .  A sample of the s e  A:PD' s i s  
shown i n  F igure 1 -2 0 .  E ach APD i s  a r e s u l t  
o f  ap pr ox imately 4 3 0 0  samp le s .  The lowe r 
s o l id l i ne on the p l ot dep i ct s  the theo­
r e t ic a l  Gau s s i a n  noi se d i s t r ibut io n .  

Results o f  the me as urements a nd data analys i s  
show that e ach o f  s i x  s i te s  se l e c t ed f o r  
me asureme nts e xh i b i ts cha racte r i s t ics that 
d i f fe r  f r om e ach of the ot he r  s i te s  in many 
aspe c t s . Two of the s i t es ,  the Br oadway 
Bu i l d i ng in B ou l de r a nd the New Yo rk S to c k  
E xcha nge i n  N e w  Yo rk C i ty ,  d i sp lay s im i lar­
i t i es i n  the t ime doma i n  da t a  w i th each show­
i ng pronoun ced 6 0  H z  f i el d s , probab l y  ow i ng 
t o  the old maso n ry c ons truct io n a nd ele ct r i­
c a l  w i r i ng .  The newe r  f a c i l i t i es s howed some 
s im il a r i t ies in s ig n al act iv i ty .  Mos t 
l o ca t ions s howed more s i gnals than could be 
l oca ted in the ac ce s s ib le areas of the 
measureme nt s ,  i nd i cat i ng rad i a t ion from 
ad j ac e nt are as o r  c ond uct io n by power w i r i ng .  

When the Naval Research L abo ra to r i es was 
pla nni ng to de v e l op a new sa te l l i te c ommun i­
cat ions sys tem,  they came to ITS to help them 
de te rm i ne whe the r the se l e ct ed fr eq ue ncy 
bands wou l d  be free f r om i nte rfere n ce at al l 
of the pla n ned gr ound s t a t io n  s i te s . Unde r 
t he NRL S i t e  S u rvey Consultat ion pr o j e c t , ITS 
deve l oped a pr opos ed s i te survey te chn iq ue , 
wh i ch wou l d  prov ide the max imum oppo rtun i ty 
t o  de tect harm f ul i n t e rf e rence for a m i n imum 
s u rvey t ime . 

T h i s  pla n cons ide red the types of s ig n a l s  
that m ight c au se i nte rference t o  the s a t e l­
l i te sys tem , i nc lud i ng the i r  ang u l a r  loca t io n  
w i th respect t o  the ground stat io n , s i gnal 
power a nd modu la t io n  ch arac t e ri s t ic s ,  ope ra­
t ional d u ty cyc le pa t te r ns ,  a nd othe r f ac­
t o rs . Based on the se ch aract e ri s t ic s--a nd 
s im i lar char acte r i s t i c s  of the satel l i t e  
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F igure 1- 1 7 . Diurnal var i a t i on o f  s ignals i n  t h e  4 1  to 5 0  kHz range . 
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F igure 1 - 1 8 . Log a r it hmic f requency versus ampl i t ud e , 1 t o  2 0  kHz . 
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F i gure 1 - 1 9 .  Logar i t hmic f r equency versus amplitude , 2 0  to 1 0 0  kHz . 
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sys tem--the cha ract eris tics of an ef fici ent 
s ite survey program were determined . Th is 
program inc luded the frequency bands to be 
measured, required bandwidths and antenna 
ga ins , ant enna poi nting angles , and a recom­
mended total measurement time . 

The rec ommended program was cons ide red , along 
with other frequency management opt ions , to 
ensure that the sate l li te sys tem wou ld not be 
degraded by uninte ntional inte rference . At 
the current time , othe r fr equency management 
techniques are being used to determine the 
likel ihood of harmful interfe rence . 

'I'he I nsti tute has provided technical support 
to the Air Force duri ng the procurement of 
the AN/MSR-T4 Receiver System . The des i gn i s  
based on a prototype model developed by the 
I nsti tute wh ich se rved as the bas is for the 
product ion dec i s ion by the Air Force Sys tems 
Command . 

The AN/MSR-T4 is a mobile , ful ly automatic , 
mult ip le receiver system that is to be 
emp loyed by the Air Force to acqui r e ,  
analyz e ,  and output key ope rat ional 
parameters /characte ri s tics of radar thr eats 
and electronic countermeasure equipment 
duri ng electronic warfare tes ts and 
e xercises . 

The ef fort of ITS has be en primarily tech­
nical gui dance to the Air Force procurement 
officers and eng ineers to ensure that 
hardware/software design approaches and 
ope rational strategi es by the AN/MS R-T4 
contractor are in comp liance with specifi­
cation requirement s .  

A s tudy of some of the F-15 Maintenance 
Consu ltation problems was undertaken by th e 
National Bureau of Standards ( NBS ) to check 
whether lack of sufficiently accurate 
s tandards and tes t  methodology was 
respons ible for some maintenance prob lems 
occurri ng on the U . S .  Air Force ' s  F- 15 
fighter aircraft . The I nstitute became 
invo lved in this work joi ntly with NBS 
because of its experience with automatic t es t  
sys tems and the F-15  rada r .  

The work involved several orientat ion trip s  
t o  A i r  Force bases where F- 15 ' s  were be ing 
mai ntained, familiarizat ion with the t est 
procedures being used , and sort ing through 
many , many maintenance records . These main­
tenance records were put into a sui tab le 
data-base form and sorted to show correla­
tions between certain test procedures and 
higher-than-normal maintenance prob lems . 

The Air Force Geophys ical Laboratory ( AFGL ) 
of Hanscom AFB ,  Bedford , MA, was tasked to 
make atmospheri c  meas urement s  duri ng the 
operational tests of the AN/TRC 1 7 0  tropo 
radio . For proj ect AFGL/LYT Refractometer 
Consu ltat ion , ITS deve loped a microwave 
r efractometer and as sisted AFGL pe rsonnel in 
making the atmospheric refractivity measure­
ment s throughout the tests . 

The AN/TRC 1 7 0  is a mi litary tactical radio 
in the 4 GHz frequency ba nd . It uses the 
troposphere as a s cattering medium to make 
nonli ne-of-s ight,  two-way communications in 
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the range of about 3 0 0  to 500  km . A seri es 
of tests were proposed by Mitre Corporation , 
the tes t dir ector ,  to col lect real-time data 
under different weather condit ions and over a 
va ri ety of te rrains . 

The paths were fr om B iloxi , MS , to Eglin AFB, 
FL , for a coastal path ; from Phoeni x ,  AZ , to 
Ft . Huachuca , AZ , for a high pla ins des e rt 
path ; from Bentwate rs , Eng land , to the Hook 
of Ho lla nd for a sea pa th ; from Eglin AFB, 
FL , to Montgomery, AL, for a wooded path ; and 
from the Eve rg lades to Tampa , FL , for a low 
ma rsh path . 

The atmos phe ri c  refract ivity in the region 
where the two antenna beams met ( the common 
volume ) needed to be s tudi ed wh ile the radio 
was in ope ration to determine what weather 
condi tions af fe ct ed the radio . To make thes e  
measurements ,  ITS deve loped a n  airborne 
microwave refractometer for AFGL that cou ld 
give the refractive index ve rsus altitu de and 
also the atmospheric tu rbu le nce at any gi ven 
altitude . Pe rsonnel from AFGL and ITS 
developed a flight pa ttern that could be s t  
measure the atmosphe ric refractivity i n  the 
common vo lume . 

A smal l air craft was rented in the area of 
the tes t  and i ns trumented with the refrac­
tomete r .  The aircraft,  pi loted by ITS 
personnel ,  and the data col lection equipme nt , 
ope rated by AFGL pe rsonnel , wou ld fly a 
c limbing spiral path in the common volume 
from the surface to about 3 9 0 0  m. This wou ld 
give a refractive-index-ve rsus -altitude pro­
file to de termine whe r e  the layers were and 
how severe they wer e .  The n ,  level runs would 
be made in areas of interes t ,  determined by 
the ve rtical pr ofi le , to measure the turbu­
lence thr oughout the common vo lume . 

These data will be compared with the ope ra­
tional data obt ained from the radio to be s t  
determine the best weather conditions for the 
radio . 

S ECT I ON 1 . 4  EM WAVE TRANSMIS SI ON 

The radio wave portion of the e lectromagnetic 
s pectrum may be adve rs ely af fected by propa­
gation condit ions in the medium constituted 
by the Earth ' s  surface , the atmosphere , and 
the ionosphere . These condit ions may be 
permanent or time varying ( seasonal or spora­
dic ) ,  and the severity of the adve rs e  ef fects 
i s  freque ncy dependent . The purpos e  of the 
EM Wave Transmiss ion Program is to s tudy con­
di tions in the trans mission medium and pro­
vide models and prediction methods for c ost 
and spectrum effici ent radio sys tem des ign . 

1 . 4 . 1  Radio Propagation in the Lower 
Atmosphere 

Propert ies of radio propagation sys tems that 
depend upon the s tru cture of the lower atmo­
sphere are di scus sed in this sect io n .  

Three areas o f  model evaluat ion and update 
res u lted fr om field meas ur ement s  in the pro­
ject devoted toward Mil limete r Wave Model and 
Expe riment al Data Acqui s ition . In the fi rs t 
area , the ITS atmosphe ric mil limete r-wave 
propagation mode l (MPM ) was updated and 



tes ted w i t h expe riment al da t a  from ho r i z on­
t a l , l i ne- of-s ight l i nks when there is n o  
prec i p i t a t io n .  The MPM c omput e r  prog r am p r e­
d i ct s  a t te nuat ion a nd d e l ay prope rt i es of 
mo i s t  a ir ove r  rang e s  in freq ue nc y  from 1 to 
> 3 0 0  GH z .  I nput v a r i ab l es are rad io pa t h  
d i s tr i but io ns of pres su r e , tempe ra tu r e , r e l a ­
t i ve hum i d i t y ,  a nd a s u s pe nded drop let conce n­
t ra t io n  s imu l a t ing h a z e  and fog cond i t io ns . 

Te rres t r i al propaga t io n  e x pe r iments in the 1 0  
t o  1 0 0  G H z  rang e  were c onduct ed ove r  v a r i o u s  
pa t h  lengths ( 0 . 1  to 27 km ) emp loy i ng c o nt i n­
uous wave and br oad ba nd ( >  1 GH z )  s ig n al s . 
I n  o r de r  to c ompa re MPM pred i ct ions w i t h  
real i s t ic da t a ,  abso l u t e  i n t e ns i ty me as ure­
me nts were pe rformed of pha se-c ohe r e n t  
s ig n a l s  a t  1 1 . 4 , 2 8 . 8 ,  a nd 9 6 . 1  GH z ov e r  a 
27 . 2  km pa t h  l o c a t ed i n  Bou l de r ,  co . C a l i­
b ra ted leve l s  of rece ived s ig n al amp l i tudes 
have be e n  proces sed for t ime pe r i ods free of  
prec i p i t a t io n  to
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obt a in me an values s ( dB )  a nd 

v a r i a n c e s o s ( dB ) as i nd i ca to rs for a tmo­
s ph e r i c  los ses a nd f l uctua t io ns in trod u ced by 
water vapo r ,  turbu lence , a nd pos s ible l aye r­
i ng ef fect s .  Attenu a t io n  ( dB/km ) was me as­
ured at 2 8 . 8  a nd 9 6 . 1  GH z when the a tmosphe r e  
wa s  wel l mi xed ( F igure 1- 2 1 ) . Cal i b ra ted 
me a n  s i gnal  leve l s  pe rm i t ted s tudi es o f  wate r 
vapor los se s . P a t h  da t a  from ot he r 
m i l l ime t e r-wa ve propaga t ion expe r ime nts 
i nc l ude d in t he a nal ys i s  are s hown in F igures 
1-2 2 a nd 1 -2 3 . Good agreeme nt is o bt a ined 
w i t h  t he MPM for tes t freque nc i es up to 
4 3 0  GH z .  I n  add i t io n ,  a s p e c t r a l  a n a l y s i s  
was pe rformed o f  c le ar - a ir sc i nt i l la t io ns 
caused by turbu lence a nd mu l t ipath i nte r fe r­
e nce ( F igure 1 - 2 4 ) .  

M e as u rement s from t he se c ond s tudy area gave 
three ma in r e su l t s :  t he demo ns t rat ion o f  the 
c l i ma t ic dep e nd e nce of ra in rates and a s so ci ­
a t ed s i gnal amp l i tu de a t t e nua t io ns ,  t he c om­
p a r i son of me asured a t te nua t io n  w i th va l ue s  
pr e d i c t ed from ra i n dr op-s i z e  d i s t r i but ion 
mode l s , a nd ve r i f i c a t io n  of t he EHF Te l e c om­
mun icat ion S ys t em E ng inee r i ng Model ( ET S EM ) . 
The m i l l i me t e r-wave ra in a t te nua t io n  me asure­
me nt sys tem ( a  trans po rt ab le probe ) was 
op e ra ted a t  s i te s  in nort he r n  C a l i fo r n i a  a nd 
ce n t r a l  Colorad o .  The pro be da t a  c o ns i s t  of 
s imu l t a neou s me asureme nt s of t he rece ived 
s i g n a l  leve l s  at 2 8 . 8 ,  57 . 6 ,  a nd 9 6 . 1  GH z a n d  
r a i n r a te . 

The pr obe was ins t al le d on a 1- km ( l i ne-o f ­
s ig h t ) pa t h  a t  Gasque t ,  C A ,  i n  J a nu ary a nd 
ope ra ted t hrough Apr i l  1 4 .  Dur i ng t h i s  
pe r iod ,  ra 1 n  occurred o n  2 7  days w i th a n  
a c cumu la t io n  of 5 1 4  mm ( 2 0 . 2 5  i n ) . T h e  pr obe 
was re turned to C o l o r ado a nd i ns t al led on a 
fo l ded 3 0 0-m p a th i n  B ou l de r  ( total ef fe ct ive 
pa t h  le ngth of 6 0 0  m) a nd ope ra t ed from M ay 
1 0  through Augu s t  2 .  Dur i ng t h i s  pe r i od ,  
r a i n  o c c urred o n  2 1  d ays w i t h  a n  ac cumu lat ion 
of 1 2 3 mm ( 4 . 8 5  i n ) . 

A n a l y s e s  pe rformed on t he s e  d a t a  i n c lu de 
c a l c u l a t ions of cumu l a t i ve d i s t r i but ions of 
r a i n r a te a nd s i g n al a t te nu a t io ns f o r  bot h 
s i t es . F r om t h e se d i s t r ibut ions , s pe c i f i c  
a t te nua t io ns ( dB/km ) a re de t e rm i ned fo r t he 
three me a sureme nt freque n c i es . A p l ot of t h e  
cumu la t ive d i s tr i but io ns of ra i n-ra te fo r 
G a sq ue t ,  C A ,  a nd Bou l de r ,  CO , is s hown i n  
F igure 1-25 . M a rked l y  d i f fe rent ra in 
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ch arac t e ri s t ic s  are o bse rv ed from the se 
dat a .  I n  C a l i fo r n i a ,  r a i n  f e l l  ne a r ly 
1 0  pe rce nt of the mo n i to r i ng pe riod , and 
max imum rat es of 5 0  mm/hr were obse rved ; 
wh i l e  in C o l o rad o ,  ra in fe l l  approx imate l y  
1 pe r ce nt of the mo ni to r i ng pe r iod , b u t  ra i n  
r a te s  ap proach ing 9 0  mm/ h we re rec orded . 

Cumu lat i ve d i s t r i but ion c u rves of s i gnal 
a t te nua t io n  a t  28 . 8 ,  5 7 . 6 ,  a nd 9 6 . 1 GH z are 
s hown i n  F igure 1 - 2 6 for the C a l i fornia and 
C o l o rado mo n i to ri ng pe r i ods . H i g he r  a t te nua­
t io ns a nd a mo re un i form freque ncy depe nde nce 
is obse rved in the C al i fo r n i a da t a  compa red 
to the Color ado dat a .  

P l ot s of spe c i f i c a t te nu a t io n  as a funct io n 
of ra i n  r a te fo r t he t hree freq ue n c i es are 
s hown in F igure 1-27 . The much h ighe r 
a t t e nuat ions ( for g i ve n ra i n  ra t e s )  a nd more 
un i fo rm f r eq ue ncy depe nd e nce obse rved in the 
C a l i fo r n i a  data c ompared to t h e  C o lor ado data 
a re a fun ct io n  of ra i nd r op-s i z e  d i s tr ibu­
t io ns . These d i f fe re n c e s  are c o ns i s te nt w i t h  
t he smal le r ra i nd r op s i z e  a s so c i a ted w i t h the 
" w i despread" ra i n  characte r i s t ics of the 
n ort he r n C al i fo rn i a  area i n  w i n t e r  and s pr i ng 
a nd the la rge r ra i ndrop s i z e  as so c i a t ed w i t h  
t he " c onve c t ive " ra i n  s to rm s  in Co lorado i n  
l a te s p r i ng a nd summe r .  Ra i ndrop s i z e ,  
s hape , vel oci ty ,  a nd tempe ra tu r e  al l cont r i­
bute to t he r e s u l t a n t  s i gnal  a t t e nuat ions . 

Val ues of a and b fo r the aRb rel a t io ns h ip 
we re c omputed for the t hree f r eque n c i es and 
tw o c l imates a nd c ompa red to t he values com­
puted for popu lar theo ret i c al drop s i z e  d i s­
t r i but io ns . 

Cumula t ive d i s tr ibut ions of s i g n al a t te nua­
t ion d e t e rm i n ed from t he me asured data a t  
C a l i fo r n i a  a nd C o l orado we re compa red to 
cumu lat i ve d i s t r ibut ions of s i gnal a t te nua­
t io ns ba sed on pred i c t  io ns from ETSEM fo r 
2 8 . 8 ,  5 7 . 6 ,  a nd 9 6 . 1  GH z .  S ample resu l ts a t  
5 7 . 6 GH z are s hown in F igure 1- 28 . Furthe r 
a n a l y s e s  a nd c ompa r i so ns of these da t a  and 
d a t a  res u l t ing f r om t he F Y  8 6  me as ureme nt s in 
t he southe as t U n i t ed S t a t es are p lanned . 
T he se anal ys e s  w i l l pe rm i t  furt he r  tes t ing 
a nd update of the ETS EM mod e l .  

A t  t he i n cep t io n  of the m i l l i me t e r-wave r a i n  
a t te nua t ion expe r ime nt a t  I T S , i t  w a s  
bel i eved t ha t  t he thr e e  freque nc i es of ope ra­
t io n  ( 2 8 . 8 ,  5 7 . 6 ,  a nd 9 6 . 1  GH z )  wou l d  pr ov i de 
s u f f i c i e nt info rma t io n  f r om wh ich pa th­
a ve raged ra i ndr op-s i z e d i s t r i but ions could be 
d e t e rm i ned . I n  t he t h i rd mode l evalua t io n  
a nd t es t i ng ef fo rt , a procedure , known in the 
1 i t e ra tu r e  as the " quad r a tu r e  me t hod , "  was 
app l i ed to some of the t hree-freque ncy ra i n  
a t te nu a t io n  da t a  w i t h  t he i nt e nt o f  extract­
i ng a fe as ible represe ntat ion of t he ra i n­
d rop- s i z e  d i s tr ibut ions a l o ng t he me as ureme nt 
path . Howeve r ,  t h i s  procedure was unsuc c es s­
f u l  be cau se t he se t was to o spa rse or t he 
quadra ture appr ox ima t ion was too c rude o r  
b ot h .  Subse q ue nt t o  t he d i s c ov e ry that thr e e  
f r eque n c i e s  of me a sureme nt were insu f f i c i e n t , 
i t  was de c i ded that mo re po i nt s  cou l d  be 
ad ded by i nte rpo la t i ng between me asured­
f r eq ue ncy d a t a  to i n c rease a r ray s i zes in t he 
quadra ture met hod . But even a·n i ncrease to 
5 0  fr eq ue nc i es by this sch eme fa iled to 
impr ove t he character of t he r e su l t s . 
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Two othe r methods developed at telecommunica­
tions laboratori es other than ITS also origi­
nal ly l ooked promis ing , but apparent gap s and 
incons i s tencies in the ir respective deve lop­
ment s have prevented the ir implementation for 
our analys is purposes as well .  These are a 
maximum-entropy method and an exponent ial 
function-fitting procedure . It appear s ,  
the n ,  that while the re is cons ide rab le need 
to obtain raindrop-size distribution i nforma­
t io n  in order to ac curately predict mil li ­
meter-wave rain attenuat ion , there does not 
at the moment se em to be an adequate method 
of obtaining this information from the recent 
I TS mil limeter-wave data . Ins tead , two othe r 
procedures for analyzing these recently 
obtained mil limeter-wave ra in attenuation 
data have been examined . 

The fi rs t of these procedures is fitting a 
power-law r elat ionsh ip to the obtained values 
of speci fic attenuatio n  ( dB/krn )  a ( f )  and ra in 
rate ,  R ,  in mil limeters per hour of the form 

a( f )  = a ( f )  Rb ( f ) , ( 1 )  

whe re a ( f )  and b ( f )  are frequency,  f ,  depen­
dent coe f ficient s . Equat io n  ( 1 )  is a s tatis­
tical " bes t-fit " relat ionship , and as such ,  
wh ile it tend s  to indicate the rela tions hip 
between a( f )  and R ,  it  loses much of its 
g lamour as a predict ion method . Th is is 
because of the consi derab le variabi li ty among 
various fit s  of the form of ( 1 )  as is exem­
pli fied in Figure 1 - 29 for a ( f )  and R data 
t aken at 28 . 8  GHz duri ng the summer of 1 9 84 
at Bou l de r ,  CO . There is also cons i derable 
variab i l i ty about any one give n  fit of the 
form of ( 1 )  to a data set , as seen in Figure 
1 - 3 0  for the relatively large January 27 
thrOugh February 1 9 ,  1985 , data set taken at 
28 . 8  GHz at Gasquet , CA. Becau se of this 
consi derable variabi lity ,  it was des irab le to 
examine a more straightfo rward approa ch to 
the predict ion of l ink pe rformance via "worst 
case " es timatio n .  

S ince mos t  sys tems ar e des igned o n  the bas is 
o f  reception r eliability requirements ,  either 
fo r a wors t month or on a yearly bas i s ,  it is 
des irab le to repr esent the data col lected by 
the ITS  mil limeter-wave expe riment in terms 
of dis tributions . Us ing the 9 rainy days in 
the pe riod January 27 to February 1 9 ,  1 9 85 ,  
as a " standard sample " of daily distribu­
t io ns , a hypothesized annual di s tr ibution of 
speci f ic rain attenuation has been devel­
oped . An example of this annual di stribu­
t ion, which is based on the use of the sta­
t is tica l  procedure of le as t-squares quadratic 
regress ion , is shown in Figure 1 -3 1 .  In 
F i<;ure 1-3 1  the dashed lines repres ent the 9 
ra�ny-day distributions , a nd the two solid 
l i nes represent the regr es sion fi t and a pro­
j ected "worst case " upper bound at Gasquet , 
CA, a t  a frequency o f  28 . 8  GHz. 

Absorption of moist-air measurements were 
made in the Mil limeter Wave Laboratory 
S tudies . Spectros c opic data cons ist of more 
than 450  parameters describing local o2 and 
H 20 absorption li nes . Dry a ir and water 
vapor continuum terms mus t  be added to the 
s elected group of local o2 a nd H20 resonance 
lines in order to correctly predict atmo­
spheric mil limeter-wave attenuat ion in window 

3 3  

ranges between lines . Laboratory meas ure­
ments at 1 38 GHz of absolute attenuation rates 
of a for moi s t  air with water vapor pres sures 
up to saturat ion were performed in order to 
formula te an improved water vapor continuum. 
Specifications for the expe riment are : 

0 

0 

0 

0 

Resonato r .  Fabry-Perot ref lect ion-type , 
semi-confocal arrangement , 10 em mirror 
di ameter and 20 ern spacing : rnic ro��ter 
tuning i s  0 . 3 17 5  mm/ turn with 1 . 3xlO mm 
r eso lut ion ;  loaded a-val ue is Q = 4 36 , 0 00 
equivalent to an effective path length of 
LR = 0 . 1 5 1  krn. 

Exci tatio n .  Linear ly fr equency-modulated 
klystron with stabilized ( lock-on scheme 
between klys tr on and resonance fR ) center 
frequency ; sweep rate is 5 0 0  Hz with a 
swe ep width of 5 MHz .  

Detect ion . Liquid-hel iurn-coo le1 ( 4 . 2  � 
InSb squa re-law detecto r ,  1 0- 1 w/ IHz 
noise leve l ,  30 kHz bandwidth , 4 . 2  V/mw 
res pons e ;  refle cted s ignal levels for the 
evacuated resonator are a0 = 40 rnV for 
the resonance pe ak and Ao. = 727 rnV for 
the power peak ; sens�tivity arnin ::::: 
0 . 1  dB/krn equivalent to /:;.a ::::: 0 . 2  mv and 
s tab le over several hours ; dB-calibration 
a ccuracy be tter than 5 percent for 
> 1  dB/krn. 

Da ta Run . An example of meas uring atten­
uation a by detecting the resonance peak 
s ignal a1 ( Pk ) with refe rence to vacuum 
( a ) is shown in Figure 1 -3 2 .  First,  

wa 'fer vapor is introduced ( e = 3 2 . 3  
torr ) ,  wh ich is then mixed ( ca .  6 0  min ) 
wi th air at the total pres sur e of 
P = 801  torr and , in the end ,  pumped down 
to vacuum.  

The comput er controlled program for the 
spectrometer is written in BASIC with 
about 5 0 0  li nes of code to control eight 
temperature , two pr es sure , and three 
detecto r signal measur ement channels and 
s tore al l data for future process ing . 
The pr ogram is time-control led ; the 
minimum time for one measurement cyc le is 
30 second s . 

o Expe riment al Result s .  Pres sur e  scans of 
moist-air attenuat ion rates a were taken 
at 1 37 . 96 GHz and 28 7 ,  2 9 6 ,  3 0 6 ,  and 
3 1 5  K for RH � 90 percent and P < 800 
torr . Control meas urement s  with "-los s­
free " dry a ir were extended to P=l300 
torr to sirnula te the refract ive tuning 
properties of moist air . Fitting the 
extens ive parametric data set le ads to a 
tentati ve result on pressure and tempera­
t ur e dependences that is g iven by 

a = [2 . 6  e2e6 • 2 + 0 . 091 ep e-0 . 7J w-3 dB/km, (1 )  

whe re e and p = P - e are  in  torr and 
8 = 3 0 0 /T ( K ) . When the local lines are 
treated wi th a Van Vleck-Weis skop f shape 
and subtracted from ( 1 )2 then the remain­
i ng 94 pe rcent of the e -term and 62 pe r­
cent of the ep-term consti tute the con­
t inuum contr ibut ion . Wat e r  vapor con­
t in u um absorpti on po s s e s s e s  a negative 
t emperature dependence (::::: - 2 % /K) . 
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3 7  



A theoretical mod e l  has be en sugges ted 
based on t he assumpt ion of s imultaneou s  
c on t r i but ions from mo nome r pres sure­
broade n i ng a nd absorb i ng d i me rs .  

I t  i s  pla nned to e x t e nd the se control led 
l abora tory me asureme nts to freque n c i e s  
w i t h i n  t he 9 5  GH z a nd 2 20 GH z a tmosph e r i c  
w i ndow ranges . 

The in i t ial M i l lime t e r  Wave Propag a t io n  S tu­
d i es , begun in 1 9 83 a nd 1 9 84 , were cont inued 
with me asurements i n  u r ban a nd suburba n  
a reas . The obj ect ive of t he program i s  t o  be 
able to pred ict m i l l ime t e r-wave channel pe r­
formance in a ci ty e nv i r onment w i th emphas i s  
on c ommu n i ca t ions app l i ca t io ns .  

M e as ureme nt s were cond u ct ed a t  freq ue nc i es in 
the m icro/m i l l ime ter wave ba nds to o bt a i n 
d a t a  on propagat ion ch arac t e r i s t ic s  in urba n 
a nd suburban env iro nme nt s .  The me a sureme nt s 
we re made for two d i s t inct l y  d i f fe rent con­
f i g u ra t ions , name l y ,  ( l )  n o n l i n e-of-s ight and 
( 2 }  l i ne-o f-s ight ( LOS ) pa ths . The non-LOS 
pa t h s  were concerned w i th abso rpt ion by 
bu i l d i n g s  and s i g n al los s for ot he r propaga­
t ion modes ,  as for examp l e , d i f fract ion from 
edges of obs tru ct io ns us ing te s t  f r eq ue nc i es 
of 9 . 6 ,  28 . 8 ,  a nd 5 7 . 6  GH z .  Atte nuat ion of 
r f  e ne rg y  whe n  pa s s i ng t hr ough mate r i al used 
in domest ic b u i l d i ng s  s u ch as p l a s t e rboard 
a nd plywood was smal l .  Howeve r ,  whe n  t he re 
was a h i gh mo i s ture ( wa te r )  conte nt w i t h i n  
t he ma teri al , a ve ry h ig h  r f  absorpt ion was 
obse rved . Two path s ,  obs tructed by re i n­
fo rced concrete bu i l d i ng s  w i thout w i nd ows , 
a t t e nua ted t he d i rect propagated e n e rgy 
beyond the de tect ion t hr es ho l d  or mo re than 
80 d B  a t  the h i gher two f r eq ue n c i es . S i gnal 
leve l s  ab ove the -1 3 2  dBm de tect ion thr e s ho l d  
we re reco rded whe n t he r f  e n e rgy w a s  tra ns­
po rt ed by ap pa rent dou b le-ed ge d i f fract io n 
mode ove r t he tops of t h e se bu ild i ngs or by 
d i f f ract ion from obj e c t s  w i th i n  t he c ommo n 
volume of the a ntenna be ams . I n  gene r al , for 
a l l  t he ab ove me as ur eme nt s ,  the amount of 
s i gnal l os s  i ncrea sed w i t h  an i ncre ase i n  
f r eq ue ncy . 

Non-LOS pa ths through an of f i c e  bu i l di ng 
c o ns tructed prima r i ly of g l ass produced 
r es u l t s  tha t we re s ha rp ly contras t ing . 
Bu i l d i ng s  w i t h  la rge are as of c lear or t i nted 
g la s s  produced ve ry smal l los se s ,  depe nd i ng 
on pa t h  ge ome try , a nd t he s i gnal levels we re 
about t he same as a c le ar-a ir LOS pa t h .  
Howeve r ,  many of t h e  r e ce ntly c o ns t ructed 
of f i c e  bu i l di n g s  use a fused me t al i z ed c oa t­
i ng on w i ndows to reduce hea t  a nd l ig h t  
t rans fe r into the bu i l d i ng . A bu i l d i ng w i th 
w i ndows u s i ng t he me t a l i z ed c oat i ng was me as­
ured , and t he rece i ved s i gnal le vel was 
reduced a t  le ast 50 dB be low an LOS pat h . 

M e as ureme nt s in a va r i e ty ( i n de ns i ty of 
home s )  of r e s i de nt i al are as were t aken for 
non-LOS pa th le ng t h s  of from o .·l to 1 km . 
These me a surements were c o nd u cted d u r i ng m id­
s umme r ,  a nd the dom i n a nt ab sorber for nearly 
e ve ry pa th reco rded was tre es . As w i th the 
h igh absorb i ng c omme rci al bui l d i ng s  i n  the 
pa th , paths obscured by tree-l aden res i de n­
t i al pr ope rt ies prov ide the s tronge s t  s ig n al 
levels whe n a mutual LOS edge or s ca t te r i ng 
s u r f a c e  was i l lum i n ated in a commo n vo lume of 
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e ac h  antenna ( tr a nsm i t t ing and rec e i v i ng ) .  
I l l um i nated tre es wou ld pred i c t ab ly produce 
de tect ab le s ig n al le v e l s  tha t were a funct io n 
of t he propa g a t ed s i gnal freque ncy--that i s ,  
t he h ig he s t  pa t h  los se s a t  t he h ighe s t  fre­
q ue nc y .  For lo nge r ,  non-LOS paths t hrough 
res ide nt i al are as , t he la rge s t  s ig n a l s  fo r 
al l me a sured freque n c i es o c c ur r ed w i th one 
t e rm i nal eleva ted , such as pos i t io ned on a 
h i l l  or ove r lo o k .  Th i s  i s  n ot su rpr i s i ng 
eve n t hough the pa th is not LOS ; t he de ns i ty 
of the obs truct ions is de f i n i t e l y  l es s . 

T he sec ond se ri es of me asureme nt s i nvo lved 
only LOS paths i n  an u r ban e nv ironme nt . Al l 
of the se me as ureme nt s were rec o rded in 
De nve r ,  co , on 17th S tre e t .  Dur i ng r ecord i ng 
peri ods , t he rec e iv i ng va n was pa rked a t  one 
of two loca t io ns ,  a nd the t r a nsmi t t i ng van 
t rave l ed a t  as un i fo rm a s pe ed as pos s i b le 
( approxima t e l y  8 km/h ) towa rd the rece i v i ng 
t e rm i n al . S ig n al fad i ng as a f un c t io n of 
transm i t te r  pos i t ion was p l o t t ed at 1 1 . 4 , 
2 8 . 8 ,  a nd 3 0 . 3  GH z ,  as s hown i n  F igure 
1-3 3 .  The h i ghest two freque n c i es were used 
t o  compa re fad i ng be tw e e n  a ve ry nar row b a nd­
width cha nnel a t  28 . 8  GH z ( 3  kHz ) a nd a w i de 
band w i d t h  ch a nnel a t  3 0 . 3  GH z ( 7 5 0  MH z ) . As 
expe ct ed , the w i de-ba nd cha nnel f ades were 
n ot as de ep as t he narrow-b a nd ch a nnel . 
F ades in e x c es s  of 3 0  dB on t he narrow-ba nd 
channel we re commo n  a nd not obv i ou s l y  
d e pe nde nt on antenna po la r i za t ion , ve rt ica l 
o r  ho r i z ontal li near . The re was a 
s i g n i f i cant d i f fe rence in mu lt ipath f ad i ng 
when the da t a  from t he two rec e i v i ng t e rm i nal 
pos i t ions were c ompared . F ad i ng data 
c ompa r i ng a rec e 1v 1 ng a nt e nna be amw i d t h  of 
ap prox ima t e l y  2 . 5 °  ( ru n  # 6 ) to a w i de 
b e amw i d t h  ante nna of 3 0 °  ( ru n  # l )  p r oduced 
the expe cted inc re a se in numbe r o f  mu lt i pa t h  
c ompo nent s  in t he nar row ba nd w i d t h  ch a n nel s 
of 1 1 . 4 a nd 28 . 8  GH z .  I n  t he w i de ba ndw idth 
channel , howeve r ,  rece i ved s ig n al fad i ng was 
less be c au se nume r ous fades a nd e nha n ceme nts 
o c cur s imu l t aneou s l y  i n  t he 750 MH z cha nnel . 

An impo rta nt a nd un ique m i l l ime t e r-wa ve d i ag­
n os t ic to ol for s tudy of the pe rfo rma nce of a 
propaga t ion channel i s  the impu l se probe . 
wi th the impulse pr obe , mult ip a t h  s ig n a l s  ca n 
be me asured i n  te rms of amp l i tu de a nd d e l ay 
t ime w i t h a l ns res o lut io n .  Not only does 
t he impu l se me asureme nt al low an a n a l ys i s  of 
t he ref l e c t ion ch a r ac t e ri s t ic s  of obj e ct s ,  
wh ich produce mu lt i pa t h  s i g n a l s  a lo ng a pa t h ,  
bu t i t  also al lows ch a n nel d i s to rt io n t o  be 
pred icted , so that u s ab le bandw idth o r  mod u­
l a t io n  rate limi tat io ns ca n be de t e rm i ned . 

Impu l se me a s ureme nts recorded on the 17t h 
S tr e et pa t h  in Denve r s howed only m i nor d i s­
to rt ion us i ng a 2 , 3 °  r e ce i v i ng a n tenna beam­
w i d t h  whe n t he pa t h  le ng t h  was le s s  than 
about 3 5 0  m .  Howeve r ,  de ep f ad i ng s t i l l  
o c c u r red f o r  pa th le ng t h s  le s s  than 3 5 0  m ,  
but t hey are the r e su l t  o f  s tr o ng mu lt ipath 
s ig n al ref lect io n from t he s tr e e t  surf a c e . 
D e l ay t imes r e la t i ve to t he d i rect path for 
s tr e et ref lect io ns are c ons ide rab ly l e s s  than 
1 ns for t he a n tenna he i g h t s  u s e d . There­
fo re , ve ry l i t tl e  d i s to rt ion of the impulse 
e nvelope oc curred fo r t h e se pa th lengt h s , and 
l i k e w i se ve ry wide ch a n nel be amw i d t hs are 
ava i l ab le b e fore d is to rt ion from these mu lt i­
path s ig n al s  create a proble m .  For pa th 
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leng t h s  be tween 3 5 0  a nd 9 0 0  m ,  mu l t ipa th 
s i g n a l s  nearly equal i n  amp l i tude to the 
d i rect s i gnal were obse rved at de l ay t imes up 
to about 5 ns . As me nt ioned ab ove , two 
rece i v ing term i nal loca t io ns were selected a t  
random ,  a nd t he numbe r a nd s tre ngth o f  mu lt i ­
path s i g n a l s  were v e ry d i f fe re nt , i nd i c a t ing 
that a s tudy o f  pos i t ion depe nde n ce i s  
requi r ed , 

A 3 0 °  be amw id t h  antenna was ins tal led on t he 
rece i v i ng term i n a l  ( the same as on the tra ns­
m i t t ing te rm i n al s ) , wh ich ap pr ox imates t he 
channel pe rformance o f  a l ink w i th omn i ­
d i re c t ional ante nnas . The ma in d i f fe rence 
betwe en omn i d irect ional a n tennas a nd a broad­
beam d i rect ional a nte n na i s  the pos s ib i l i ty ,  
when us i ng t he omn i d i r e c t ional antenna , o f  a 
much long e r  del ayed mu l t ipa t h  ref l e c t io n from 
a sur face beh i nd e i t her term i n a l .  Dat a  for 
t he w ide-be am ante nna s howed tha t s t r ong , 
long-delay , mu l t i path c omponents were ve ry 
numerous a t  pa th le ng t h s  o f  1 0 0  to 4 0 0  m ,  
M u l t i path s i gn a l s  w i t h i n  about 3 dB o f  the 
d i rect pa th w i th de lay t imes of up to 10 ns 
were recorded . 

F igures 1-3 4 a ,  1-3 4 b ,  a nd 1-3 4c are samp le s 
of t hree d i f ferent pr opag at ion cond i t io ns for 
wh ich impulse measur eme nt s were recorded . 
The sequence i n  F igure l-3 4 a  was t aken over a 
1 20-m te s t  pa th , wh ich is free of ve rt ical 
ref l e c t i ng surfaces w i th impu l se mea sureme nts 
a t 2 - s  interval s .  Th i s  seq ue nce demo ns tr ates 
t he s t a b i l i ty o f  the h ig h  data rate hardware 
( 5 0 0  Mb/s ) a nd the c ros s-c orrela t io n  tech­
n ique u s ed to generate t he impu l se respo ns e s .  
Al s o  s hown i s  a s l i g h t  mu lt ipa th ref l e c t io n 
occu r r i ng a t  t he t ra i l i ng edge of t he impu l s e  
cu rve at about a -25 d B  level , wh ich i s  t he 
s i delobe suppr ess ion leve l ,  i nd i cat i ng a 
ref l e c t  io n from t he gr ound be tween term i ­
n al s .  The impu l se cu rves in F igure 1-3 4 b  
we re t ak e n  a t  rough l y  1 0 - s  interval s w i th the 
tra nsm i t te r  term i n al t rave l i ng at abou t 
8 km/h on a Denv e r  s tr e et a t  a d i s tance of 
about 6 0 0  m from the rece i v i ng term i n a l . The 
r ec e iv e r  for t hese imp u l se me asureme nt s used 
a 2 . 3 °  antenna be amw id t h .  Ve ry s trong mu l t i­
p a t h  le ve l s  w i th i n  5 dB o f  the d i rect s ig n al 
( the f i rs t impu l se pe ak ) were se e n  out to 
d elay t imes of ab out 5 ns . Each nanos e c ond 
of de lay t ime repr e se nts ap prox ima tely 3 0  em 
of ad ded pa th le ng t h .  F igure l-3 4 c  d i splays 
the same c o nd i t ions as in F igure l-3 4 b  excep t  
t he rece iv ing antenna be amw id t h  is 3 0 ° ,  W i t h  
t h e  3 0 °  beamw i dth , s trong mu l t ipa th levels 
a re se en out to 1 0  ns or mo re . 

For a c omp lete run down the s treet w i t h  the 
t ra ns m i t te r  s tart i ng l km away from t he 
rece i v ing term i n a l , about 6 0  impu l se measure­
me nt s  were recorded . Also on al t e rnate ru ns , 
b i t  error rates were reco rded on the 5 0 0  Mb/s 
channel so that a correla t io n  be tw een s ig n al ­
to-no i se rat i os dur i ng f ades a nd i ntersymbo l 
i nt e rf e rence result ing f r om mu l t ip a t h  d i s to r­
t ion could be pe rformed . 

The I ns t i tute has al so de ve l oped exte ns ive 
propagat ion mode l s  for determ i n i ng t he a b i l­
i ty to mo n i to r  c ommu n i c a t io n  sys tems from 
s e l e c t ed rece i ve r  s i t es . Th i s  work has bee n 
based on knowled ge of the sys tem parame t e rs 
( t ra nsmi tter locat i o ns , power leve l s ,  antenna 
charac t e r i s t ic s , ante nna ori e nt a t io n ,  
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de ta iled terra i n  c ond i t io ns , rec e iv e r  
a ntenna , a nd re ce i ve r  pe rformance ) .  T o  
d e t e rm in e  the res u l t ant c ommun i ca t io n  recep­
t ion c overage from a n e twork o f  t ra nsm i t t e rs 
cu r re nt l y  req ui res t he use of a ma i n f r ame 
c omputer a nd exte n s i ve c omputat ional t ime a nd 
pe rs o nnel . Th is inc lude s p r ov id i ng recep t io n  
characte r i s t ics for noneng inee r ed ( non opt i ­
mi z ed ) marg i n al c ommun i ca t io n  l i nk s . Th i s  
a l so r equ ires exte n s i ve a n al ys is of " of f  
a x i s "  ( not in t he ma in a nt e nna be am )  c ommun i ­
cat ion condi t io ns . Th i s  approa ch prov ides a 
l i nk-by- l i nk analys i s  of t he commun i ca t io n  
sys tem o r  ne two rk rece i vab i l i ty a t  spe c i f i ed 
r ec e i ve r  s i te s . Whe n t he problem be c omes one 
o f  determ i n i ng t he exte nt o f  c ove rage for 
l a nd mo bi le or mar i t ime rece ive r ope ra t io ns , 
t he prob lem bec omes i n tr a c t ab le ,  g i ve n  the 
l i nk-by- l i nk anal ys i s  prev iously ut i l i z ed . 
Th i s  has neces s i t a ted t he formu lat ion of a 
s imple r ye t s t il l me a n i ng f u l  area c ove rage 
approach to determ ine t he a b i l i ty of a mo b i l e 
r ec e i ve r  to mo n i to r .  The f i rs t  ph ase o f  t he 
propagat ion analys is was to fo rmu late a W ide 
Area P r opaga t io n  Mode l .  Th i s  new mode l  
cha nged from t he prev ious approach o f  a n a l y­
s is of ind i v idual l i nk s  to a cove rage pr o­
c edure r eprese n t ed by gene r ic i nd i v idual 
l i nk s  to red uce da ta c omple x i ty ,  c omput a t io n ,  
a nd pe rsonnel req u i reme nt s . 

T h i s  model devel opme nt is spe c i f ic a l ly ta i­
lored to determ ine rece i ve r  c overage of 
m i c rowave freq ue nc i es . Th i s  mode l i n c lude s 
only the mos t s i g n i f i ca nt pr opag at ion e f f e c t s  
so a s  t o  pe rm i t  rel a t ive l y  fa c i l e  as se s sme nt 
of relat i vely l a rge areas that would be as so­
c i ated w i t h la nd -mo b i l e  o r  near c oa s tal mar i ­
t ime rece i ve r  ope rat ions . The Are a Coverage 
Mode l mode ls the LOS c ond i t io ns : mult ipa t h ,  
surface r e f ract i v i ty ,  a nd a ntenna o r i e nt a­
t io n .  A s t a t is t ic a l  ap pr oa ch has be e n  used 
to i ncorpora te mu lt ipat h ,  s u r face r e f r a ct i v ­
i ty ,  and ante nna ori e nt a t io n .  Th is mod e l  
pr ov i des a relat i vely f as t  met hodol ogy f o r  
a s se s s i ng commun i c a t io n  c ove rage ov e r  la rge 
areas . C omput a t ional requ i reme nt s have bee n 
greatly red uced by t h i s  ap pr oach . 

Phase I I  of t h i s  pro j e ct c o ns i s t ed of ad d i ng 
a tmos ph e r i c  duct ing a nd laye r i ng ef fe c t s  to 
the W i de Area Mode l .  These ef f e c t s  can have 
a ve ry s i g n i f i c a nt impa c t  o n  mic rowave rad i o  
c ommu n i cat ion d i s t ances . Ge ograph i c al loca­
t io n  ( la t i tu de ) ,  l a nd - s e a  i n t e rf a ce s , t empe r­
a ture , a nd seasonal a nd d iurnal e f fects can 
s ign i f ic a nt l y  al t e r  t he modeled pr opagat ion 
pa rame te rs . A rev i ew o f  t he causes o f  duct 
forma t io n  has be e n  cond ucted al ong w i th 
as ses sme nt of t he v a r i ab l es that de s c r ibe 
duct ing . The obj ec t i ve has be e n  to prov ide a 
probabi l i s t ic model for t he purpose of deter­
mi n i ng t he pot ent i al i n c rease in commun i c a ­
t ion d i s t ances ove r that pred i cted by t h e  
W i de A r e a  Mode l . Th i s  duct ing mode l  se rv e s  
as an ad d i t ional analys i s  c apab i l i ty t h a t  ha s 
been added to t he W ide Area Mode l . 

The Duct i ng Model po rt ion i ncorporates two 
data d i s tr ibut io ns to ut il i z e  da ta f r om  bot h 
the E a s t  a nd West Coast areas of the U n i t e d  
s t ates . Furt he r inve s t ig a t io ns a r e  needed to 
characte r i z e  othe r reg i o ns of t he c oun try t o  
r ef i n e  pr opaga t io n  pred i c t  io n proce s se s .  
S pe c i al emphas i s  has bee n  p l aced on prov i d i ng 
a nalys i s  of c oa s tal mar i t ime recep t io n .  
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Impu l se sequence t a ken w i th one 
term i nal i n  moti on on a n  a pprox­
i ma te l y  600-m u r ba n  s treet path 
u ii ng a 2 . 3 -deg rece i v i ng a ntenna . 
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I mpu l se sequ ence a s  i n  F i gure 
28 , except recei v i ng a n tenna 
h a s  3 0 - deg beamwi dth . 

F i gu r e  1 - 3 4 . Examp l e s  o f  impul s e  r esponse d a t a  for three d i ff e r en t  propagation cond i t ions . 



Statis tical analys i s  is neces sary to deter­
mine the frequency of occurrence of thes e 
duct s and the resulting extens ion of communi­
cation boundaries . A duct tends to res trict 
propagation to the horizontal direction and 
hence provides a signal s trength that i s 
approx imately inversely proport ional to 
di stance . Th is is contrasted to the usual 
i nverse square rela tions hip that normal ly 
occurs when ducts are not present . Thi s 
ef fect , together with an extens ion ef fect of 
normal radio horizons , can significantly 
inc rease the resultant signal reception di s­
tance when ducts are present . The duct 
effectivenes s depend s  on the ang les of 
arrival ( crit ical elevat ion angles ) and min­
imum critical fr equenc i es ( frequenci es that 
cannot be effectively coupled into the duct ) . 
These parmeters are a function of the duct ' s  
location , thicknes s ,  and altitude . 

Res ults of this duct ing model are being used 
to assess added communication coverage that 
res ults from duct ing . Signi ficant cov e rage 
increases above the nonducting coverage have 
been predicted , especial ly in coa s tal 
regions . In both ducting and nonducting 
s ituations , this compos ite model has provided 
an effective analys is tool without the neces­
s ity of ut ilizing a mainframe compute r .  

The Insti tute has also provided a propagat ion 
analys i s  service for the Federal Avi ation 
Administration ( FAA ) . A know ledge of' service 
and interfe rence ranges as soci ated with 
exi sting and future Air Navigat ion Aids is an 
import ant part of the FAA ' s spectrum pla nning 
effo rt . Coverage , interference , and propaga­
t io n  prediction capabili ties developed by 
NTIA as part of the Air Navigation Aids pro­
ject provide much of this informatio n .  In 
recent years , most of the proj ect effort has 
been devoted to developing and running 
computer programs that contain the IF-77 
( IT S-FAA- 1 9 7 7 ) propagation model to as sist  in 
the updat ing of various FAA Handbooks . 

The I F- 7 7  propagatio n  model has a 0 . 1  to 
20  GHz frequency range and is applicable to 
a ir /ground , air/air , ground/satel li te , and 
air/satel lite paths . It can also be used for 
ground /ground paths that are eithe r li ne-of­
sight or smooth earth . A c oherent mathemati­
cal des c ription of I F- 7 7  has been publi shed , 
i . e . , " The IF-77 Electromagnetic Wave Propa­
ga tion Model , "  by G .  D .  Gierhart and M .  E .  
Johnson, FAA Report No . DOT/FAA/ES-83/3 , 
Septembe r 1 9 83 , NTIS Order No . ADA 1 3 4504.  

Thi s  model has been incorporated into 10  com­
puter programs that are useful in es timating 
the service coverage of radio systems . These 
pr ograms may be used to obt ain a wide vari ety 
of computer generated microfilm plots such a s  
transmis sion los s vers us path di stance o r  the 
des ired-to-undes ired s i gnal ratio at a 
rec e iving loca tion vers u s  the di stance separ­
ating ( station separation ) the des ired and 
undes ired transmitting facili ties . A report 
covering the 28 plotting capabi liti es ava i l ­
able has been published : i . e . , "Applications 
Guide for Propagat ion and I nte r ference 
Analys i s  Computer Programs ( 0 . 1  to 20 GHz ) , "  
by M .  E .  Johnson and G .  D .  Gierhart , FAA 
<.eport No . FAA-RD-7 7-6 0 ,  March 19 78,  NTIS 
lrder No . ADA 053242 . 
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Three tasks are currently under way : 

1 .  Production of computer-generated propaga­
tion and interfe rence predict ions as 
requested by the FAA. 

2 .  Conve rs ion of the pr ograms from CDC For­
tran 4 to CDC Fortran 5 .  

3 .  Devel opment of an interact ive menu-driven 
program capab le of g uiding an inexperi­
enced user thr ough the proce s s  of speci­
fying a des ired s et of predict ions and 
submitting the requi red program wi th 
appropriate input data for batch process­
ing . 

The VHF/UHF Propagation Studi es project has 
been validating the Irregu lar Terrain Model 
( ITM ) and making improvement s in the model in 
order to include urban and forested s i  tua­
tions . In the original development of the 
model ,  data were used from measurements where 
the rece ive r antenna was fixed in loca tion 
and the transmitter was set up at " random " 
l oca tions and not moved duri ng the meas ur e­
ments . The resulting measurements were spot 
meas urement s .  In the pres ent meas urement s ,  
the transmitter antenna i s  fixed , and the 
r eceiver is on a mobi le van .  Thu s ,  the 
receiver system makes continuous measurements 
of the received s ignal level as the van moves 
along a planned measurement path , and the 
data are recorded on digi tal tape . The meas ­
urement system is ab le , in the UHF band , to 
make meas urement s at intervals of 0 . 0 01 to 1 
wavelength ; for the current set of measure­
me nt s ,  da ta were taken every waveleng th .  
After all the data have been col lected for 
the pla nned pa th , they are proce s sed to 
remove the short-term influences ( multipath 
e ffe ct s ) . The ef fe cts are removed by group­
ing the data into blocks defined to be all 
the da ta col le cted in interval s  of 100 wave­
lengths , for example . Within each interval , 
the signal level di s tr ibut ion is found , and 
the distribution ' s  median and upper and lower 
deciles are de termined . We ca n change the 
block interval s ize to determine what s i ze 
bes t fi ts the da ta to remove the sho rt-term 
variabi lity. 

Duri ng the pas t  year , meas urements have be en 
made over gently rolling terrain at 880 MHz 
from a trans mitte r antenna at a he ight of 
150 ft above ground to a receiver antenna on 
a van at a he ight of 1 1 . 6  ft above ground . 
Figure 1 - 3 5  shows the raw measured s ignal 
levels ove r one pa th that were made by 
sampling the received s i gnal every wavelength 
wh ile the veh ic le traveled at a spe ed of 
40  mph . Figures 1-36  and 1-37  show the 
median, the lowe r ,  and the uppe r decile 
values of the measured data in 3 0  ft ( 27  
waveleng th s )  and 6 0  ft ( 54 waveleng th s )  
intervals ,  respectively .  To compare the 
me as ured da ta with predict ions made by the 
ITM, the path profile is firs t  calculated 
from the dig i tized terrain data base and then 
the ITM is used to estimate the signal level 
at each interval al ong the pa th . Figure 1-38 
shows the predicted s i gnal levels a long the 
path . Figure 1-39 shows the p�edicted s ignal 
coverage for an area surround1ng the trans­
mi tte r at two di f fe rent fi el d s tr engths . 
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Figure 1-3 5 .  Raw rece ived s igna l l e ve l s  mea sured a t  8 8 0  MH z by mob i l e  receiver 
trave l ing a t  40 mi/h . 
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F igure 1-3 6 .  Upper , median , and lower dec i l e  o f  measured mob i l e  received s igna l 
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F igure 1 - 3 9 . Predict ed fi el d s trength 
( 3 4  dBu )  contours for trans­
mitter at loca tion labeled 
Boulder Cel l Sit e .  

The U . S .  Army i s  conduct ing a n  experimental 
program to deve lop the bas ic data ne eded for 
the evaluation of modern wide bandwidth VHF­
UHF communication systems . The current wi de­
band sys tems have be en developed us ing exi s t­
ing propagation models that cons ider only 
narrow-ba nd signal s .  With this experimental 
program, data will be col lected to either 
validate the existing mode l s  or it wil l be 
u sed to develop the models valid at the band­
widths of the proposed sys tems . Under the 
Wideband Consu ltation pro j ect , the I nstitut e  
i s  as s i st�ng the Army i n  developing expe ri­
mental test p la ns for the col lect ion of data 
a nd in providing recommendations and othe r 
consulting as necessary in the development of 
the actual meas urement and data col lect ion 
system . It is expected that data will be 
n eeded over a wide var iety of situations that 
will include both line-of-sight paths and 
beyond line-of-sight paths in mos t  environ­
ments that are expected to af fect the 
propagation of radio signal s . The initial 
e xperiments will be desi gned to test the 
measurement sys tem be fore extending the data 
into more comp lex environments . 

1 . 4 . 2  Radio Propagation in the Ionosphere 

The I nsti tute has a long history of iono­
s pheric research and propagation predict ion 
developme nt . The activit i es currently being 
addres sed by the Ins titute that relate to 
ionospheric propagation are discus sed below . 

A continuous ef fo rt is unde rt aken at the 
I nsti tute to improve the HF propagat ion 
predictio n  programs that have be en developed 

N 
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over the years . Depending upon the needs of 
the users , these improvements are directed to 
e ithe r speci fic component s of the programs or 
to the entire programs . In the past year , 
the Institute continued its s tudy of improve­
ments to the global maps of the F2 region 
ciritical frequency, foF2 . These map s are 
crucial in determining realistic HF propaga­
t io n  predict ions for monthly medi an condi­
t ions . The current set of CCIR numerical 
c oe f fici ent s  that represent the global map s 
of foF2 was developed by ITS over 20 years 
ago . Within the pas t  2 years , ITS has 
developed a new set of numerical coefficients 
that combine obse rved val ues of foF2 with 
values deduced from theoretical calcula­
t ions . Studi es have be en undertaken to 
determine the relative accuracy of the new 
s et of coe f fici ents and the current CCIR 
coeff icients . These s tudies are continuing , 
but the result s obt ained to date indicate 
that in ocean areas the new coefficients give 
better res ults than the CCIR coefficient s .  
In land are as , the CCIR coefficients give 
bette r res ult s for some times . This is due 
to the fact that the new coefficients and the 
C CIR coe f fici ent s  have the same number of 
terms . The data used to generate the new 
c oe f fici ent s  have more s tructure as a func­
t ion of latitude and longi tude than the data 
u sed to ge nerate the CCIR coe f ficient s . The 
numerical fit to the data ( us ing the same 
numbe r  of terms fo r the coe f ficient s )  res ult s 
in a better fit to the data for the CCIR 
coe f fici ent s  than fo r the new coe f ficient s .  
An investigat ion is under way to determine 
yet anothe r set of coe f ficient s  that contain 
h i gher terms so that the overall fit wil l be 
improved . 

A complementary study was undertaken that was 
directed at investigating if a part icular 
solar or ionos pheric index is significantly 
better than any other index for predicting 
foF2 . The indexes s tudi ed were the 1 2-month 
running mean sunspot number ( R1 2 ) and the 
i onos pheri c  index IGl. 2  sometimes referred to 
as the global effect�ve sunspot number .  The 
n ew coe f ficient s  and the CCIR coe f fici ent s  
for foF2 were used with the two indexes . The 
r es ults obt ained indicated that the re was no 
s i gnificant dif ference between the predicted 
values of foF2 using eithe r the index R1 2  or 
IG1 2  when compared to actual observations . 

The Institute has provided continued support 
to NSA in us ing ionospheric circuit 
predict ion methods , and in the evaluation of 
propagation paths that may include both sky­
wave and gr ound-wave propagatio n .  During 
th is past year , ITS has implemented specific 
a nalys i s  capabili ties that al low analys is of 
many types of HF circuit configurations as a 
funct io n of both time of day and the radio 
frequencies used . In addition , a ground-wave 
model was implemented on a mic rocomputer for 
quick access to predi ctions of these types of 
c ir cui ts . 

HF Propagation Study/Tact ical Operation Chart 
P rocedures 

For seve ral years , ITS has provided support 
to the U . S .  Army Communi cations Command­
Electronics Engineering Ins tal lation Agency 
( USA/CEEIA ) in technical areas pertaining to 



HF propagation and numerical s imulation of HF 
propagation system performance . In addit ion 
to providing technical as sistance , ITS has 
accepted speci alized s tudi es in support of 
USA/CEEIA obj ectives and operational requi re­
ment s . In part icular, ITS has developed 
and/or imp lemented specific anal yt ical 
procedures . 

The stu dy unde rt aken was directed toward the 
development a nd imp lementation of proces sors 
that generate tact ical ope ration charts from 
the IONosphe ric Communicat ion Analys is and 
Pred iction program ( IONCAP ) . -The pro j ect 
supports the operat ional requirements of the 
u . s .  Army Communications Command by providing 
specific methodo logy to the Communicat ions 
Engineering Directorate , Propagation 
Engineering Divis ion . 

One task of this proj ect was to develop 
analyt ic techniques to validate and locate 
di f fe rences in var ious implementations of 
propagation predict ion programs . Another 
task inc luded modi fication of the I ONCAP 
interactive input proces sor for specific u . s .  
Army requir ement s . A third task was develop­
ment and implementat ion of specific output 
modules to be ut ilized with the I ONCAP pro­
gram to provide standard AUTODIN transmis s ion 
of various propagation predict ions inc luding 
all of the standard IONCAP output . 

The Voice of America ( VOA )  has the task of 
desi gning several new transmitter sites for 
i ts HF broadcast radio cove rage of the 
world . In o rder to design the transmitters , 
they mus t  firs t know what the predicted 
los s es are between the proposed sites and the 
desired coverage areas . The los ses ca n be 
estimated by running the ITS I ONCAP program . 
Becau se of the seasonal and diurnal variabi l­
ity o f  HF broadcasts , the los s es change as 
funct ions of month, hour , sunspot numbe r ,  and 
transmitter and receiver locat ions . For 1 
transmitter site , 6 0  rece iver sites , 2 sun­
spot numbers ( 1 high ,  1 low ) , 4 month s ,  and 
2 4-hour interval s ,  the re are 1 1 , 5 2 0  predic­
tions of required power and take-off ang le at 
each of 10  pos sib le frequencies . After 
making the predictions , the designer is l eft 
with the problem of choos ing the bes t  fre­
quency with the lowest required power for the 
times the VOA wishes to broadcast to partic­
ular sites . 

The I ONCAP Summary. Program proj ect was 
developed to summa r�ze the predictions for 
the VOA des igners . The output of the program 
is a seri es of tab les and plots that provide 
the bes t  frequencies with the lowes t requi red 
gain . In addition , the program can apply 
algo ri thms for select ing the be st freque ncy, 
for cul ling receiver sites that shoul d  be 
given les s importance be cau se of smal le r 
popu lat ions us ing a part icular language , and 
fo r limiting the trans mitter take-of f angle 
or l imiting the transmitter antenna gain . 
F igure 1-40 is an example output showing the 
required transmitter antenna gain from a 
pos sib le loca tion in Tangier to 1 3  se lect ed 
sites in Poland . By choos ing various options 
for analys i s ,  the VOA des igners ca n de termine 
the best antenna pattern needed to c over the 
des ired areas with broadcasts in des ired 
languages . 
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The u . s .  Coa s t  Guard i s  cons ide ring the 
feas ibi lity of us ing a network of HF shore 
s tations to provide emerge ncy communications 
for maritime ves s el s . The bas ic concept i s  
that i f  a ves sel cou l d  trans mit i t s  loca tion ,  
emergency condit ions , etc . , to a large number 
of monito ri ng sho re stations , then with a 
high probability of succes s ,  at leas t  one of 
the monito ri ng stations wou ld rece ive the 
mes sage . The I nsti tute under the Coast Guard 
Consult ing pr oj ect developed the methodology 
for computing the communi cation probabi lity 
between a simula ted di str es sed ship and the 
worldwide shore stat ions . 

An NTIA Report ent itled "Communication Proba­
bility for the u . s .  Coas t Guard Digital 
Selective Cal ling Sys tem in the North 
Atlant ic , "  by Adams and Cavcey, presents the 
methodology and the res u lt s  of the prel im­
inary s tudy . The ionospheric propagation 
model I ONCAP was used to compute a da ta bas e  
o f  individual sh ip-to-shore circuit r e lia­
bili ties . F igure 1-41 shows the 26 receiver 
sites located around the world that are 
attempt ing to rece ive communications from the 
62 ship locat ions ( cel l s )  of the North 
Atlantic , shown in Figure 1-4 2 . For the 
s tudy, four HF frequenci es , four local times , 
thr ee se asons , and two sunspot numbe rs were 
u sed . An e xample output plot is shown in 
F igure 1-4 3 .  For this and the other plot s in 
the report , the communicat ion probabi lity 
( C  ) of al l the 26 shore stations ab le to 
co�unicate with e ach sh ip ( cel l ) wa s 
computed and plotted , whe r e :  

c p 
26 

l- IT ( 1-Rn ) , 
n=l 

and Rn i s the probabi l i ty of communicatio n  
to the nth shore stat ion . 

The dashed line in the cel l  
re liabi lity was 100 percent . 
Atla nt ic area ,  the probabi l i ty 
communicat ion is given in Tab le 

indicates the 
In the North 

of suc ce s s ful 
1-1 . 

Table 1-1 .  Tabulation of C Averaged OVer All 5 6  
SSP for the IndTcated Times Assuming 
All Four FrEquencies Are Active 

Local 
Time January April Jul::t 

0600 100 100 99 
1200 100 100 100 

SEN=20 1800 100 100 99 
2400 100 100 100 

0600 100 100 99 
1200 95 93 92 

SEN-120 1800 99 99 99 
2400 98 97 96 

In the area of appli ed HF studi es , the ITS 
was a leading pa rt icipant in a ma jor fi eld 
expe rime nt termed BATTLETOAD . This proj ect , 
the name of wh ich stands for Beacon As s is t ed 
Technique To Loca te Emitters -us ing Time O f  
Ar rival Differences , was directed at- deter­
mi ning the usefulnes s of known be ac on loca­
t ions to a id in determining the position of 
noncoope rat ive emitters . An experiment 
involving 5 receiving locations , 1 0  
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1 2  1 4  1 8  1 5  2 0  1 6  1 2  1 9  1 8  
1 0  1 5  20  1 8  2 0  17  17  1 9  20  
1 1  1 7  20  2 0  2 0  20  17  2 0  2 0  

1 5  2 0  20  2 0  2 0  

0 4 0 7 5  2 4 4 5  7 3 3 5  1 22 2 5  6 5 2 0  8 1 5 0  1 6 3 0  1 6 3 0  1 6 3 0  0 
Numbe r o f  T im e s  pe r F r eq u e n c y  
Tot a l  Numbe r o f  Samples : 4 5 6 4 0  

so Uppe r Dec i l e  
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - --

1 0  
1 2 0  

B o t h  

1 5 . 0  
1 2 . 0  
1 3 . 5  

5 . 2 4  
4 .  7 7  
5 . 2 3  

2 1 . 7  
1 8 . 1  
2 0 . 2  

4 0  
3 9  
3 8  
3 7  
3 6  
3 5  
3 4  
3 3  
3 2  
3 1  
3 0  
2 9  
2 8  
27 
26 
25 
24 
2 3  
2 2  
2 1  
20  
1 9  
1 8  
1 7  2 0  
1 6  2 0  
1 5  2 0  
1 4  20  
13  20  
12  2 0  
1 1  2 0  
1 0  1 9  

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

F ig u r e  1 - 4 0 .  An examp l e  table shows the requi re d  t ransmi tter power g a i n  ( dB i )  ver s u s  
t r a n s m i t  t a k e - o f f  angl e  and f requency f o r  H F  transmi s s i o n s  f rom T an g i e r  t o  
r e c ei v e r  s it e s  i n  P o l a n d  f o r  a l l  broad c a s t  hours ( 0 5 ,  0 6 ,  1 6 , 1 7 ,  1 8 , 1 9 ,  
and 2 0  X l O O GMT ) , four s e a s on s , a n d  two sunspot numb er s . 

4 7  
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transm i t t ing loca t io ns , and 3 v e rt ical­
i n c i de n ce ionosondes was c o nd u c t ed i n  Octo be r  
1 9 8 4 . The expe rime nt was ce nt e red i n  K a ns a s ,  
C o l o rado, Wy om i ng ,  U t ah , New Mex ico , A r i z ona , 
a nd Nevada . The exact loca t ions of the 
transm i t t e rs a nd rece i ve rs are g i ven i n  
F igure 1-4 4 ,  wh ich is rep r od u ce d  from la s t  
year ' s  An nual Repo rt , The rad io pa ths for 
wh ich d a t a  were col le c t ed extended f r om 10 km 
to nearly 1 6 0 0  km. 

The expe rime nt al ope ra t io n  i nvo lved the 
transm i s s ion a nd s imu lta neous rec ept ion of 
tw o s i g n a l s  at e ach of the rece iv ing s i te s . 
A t r a nsm i s s ion from one of the tra nsmi t te r  
s i tes was em i t ted cont inu ous l y  f o r  a pe riod 
of n e a r l y  1 hour and was me asured a t  each 
r ec e i ve r  s i te .  Transm i s s i o ns from the ot he r  
tra nsmi t t e r  s i tes were mon i tored a t  the 
recep t io n  s i te s  in 5-m i nu t e  interv a l s . The 
freque n c i es that were tra nsmi t t ed were chosen 
to a s sure cont inu i ty of me as urement as wel l 
as prov i d ing a r epresentat i ve samp l i ng of 
f r eq ue ncy d i f fe re nce s be twe e n  t he two 
s imu l t aneously rece i ved s i gnal s .  Be cause one 
of t he ma j o r  obj e c t ives of the expe ri me nt was 
to d e term i ne t he u sefu lness of be acons i n  
m i n i m i z ing geo loca t io n  e rrors , t he expe rime nt 
was c o nd u c t ed in such a manne r to as sure a 
w i de range of obse rv a t io ns that c ou ld be u sed 
to d e term ine how c l ose in freque n c y ,  t ime , 
a nd spac e t he be ac on s ig n a l s  have to be to 
the s i gnal of t he un know n em i t ter to a id i n  
m i n i m i z ing loca t io n  er rors . 

Curre ntly t he data that were c ol l e c t ed d u r i ng 
t he expe rime nt are und e rg o i ng extens ive 
a n a l ys i s  by the Depa rtme nt of D e fe nse and 
t he ir contrac t o rs . Of t he pla nned 1 10 hours 
of opera t i o n ,  data were col le c t ed for 10 4 
hours . The h igh rate of da t a  col le ct io n was 
due to t he ope ra t ional procedures imp leme nted 
du r i ng the expe rime nt and t he use of real­
t ime ionoso nde i n fo rma t ion to prov ide the 
bas i s  for freque ncy ma nageme nt . The 
freque ncy ma nageme nt s c heme adopt ed d u r i ng 
t he expe rime nt was to ad j us t  long-t erm 
pred i c t io ns of the pe rformance of e a ch 
c i r c u i t ac cord i ng to the io noso nde i n f o rma­
t ion that was prov i ded cont i nuously d u r i ng 
t he expe rime nt . The obse rv a t io ns made at t he 
ionosondes were transm i t t ed ove r phone l i nes 
to t he expe rime nt net control ( loca ted a t  
ITS ) where t hey were u sed t o  u p d a t e  t h e  
c i rcu i t  performance pred i c t io ns cal cula ted 
acc o rd i ng to the IONCAP HF propagat ion 
prog r am .  A s imple pe rce nt age ch ang e  to the 
l o ng-t e rm pred ict ion of t he opt imum frequency 
band was ap p l i ed to de termine the upda ted 
opt imum ba nd . Th i s  upda t ed pred i c t ion wa s 
t he n  g i ve n to the tr ans m i t te r  a nd rece iver 
locat ions ( al so in cons t a nt t e l ephone contact 
w i th net c ontrol ) a nd was used as a spe c i f i c 
s i gn a l .  

F igure 1-4 5 s hows the res u l t s  of the 
frequency manageme nt scheme i n  terms of the 
obse rved pe rformance dur i ng the expe rime nt . 
The pa rame t e r  p l ot ted i s  pe r ce ntage of t i me 
( ca l led he arab i l i ty )  t ha t  the s ig n al on any 
freque ncy that was transm i t ted could be he ard 
by a rece i ve r .  The he arab i l i ty is plot ted as 
a f u n c t ion of d i stance betwee n  t he i nd i v idual 
t ra ns m i t te rs and rece iver loca t io ns . I t  ca n 
be seen that the he arab i l i ty decre a s e s  as the 
d i s ta nce be tw een trans m i t te r  a nd rece iver 

s o  

i nc re as e s , as i s  not unexpe c t ed , Wha t  is 
somewhat s u rp r i s i ng ,  howe ve r ,  i s  the 
rela t ive l y  la rge values of the he arab i l i ty 
out to d is t a n c e s  of 1 0 0 0  km , Th is w i l l  be 
s tud i ed f ur t he r .  

Anot he r area of ap pl i ed H F  s tu d i es be ing 
unde rt aken by the I ns t i tute is t he work 
d i r e c t ed a t  de v e l op i ng an HF b road cas t ing 
se rv i ce p l a n n i ng model w i th d i rect suppo r t  
from NTIA . The F i rs t Ses s io n  of the HF 
Broad c as t i ng C o nfe re n ce d e c i ded u pon the 
c ri te r i a  tha t  are to be used to te s t  HF 
broad c as t i ng p lann i ng p r i n c i p l e s . Th e 
t es t ing is to be do ne in t he pe r i od be twe e n  
the F i rs t  a nd Second S e s s ion of the Confer­
e nce . The I n terna t io nal F r eq ue ncy Reg i s tra­
t io n  Board ( I F RB ) h as bee n t a sked to imp le­
me nt t he pla n n i ng pr i nc i p l e s  a nd to te s t  the 
p lann i ng pro c ed ures .  The I ns t i tute is a l so 
unde rt ak i ng the task of impleme nt i ng a nd 
t es t i ng the HF broad c as t i ng se rv i ce p l a n n i ng 
pr i n c i p le s .  Th i s  is be ing do ne to as s i s t  in 
t he deve l opme nt of U n i t ed s t a t es pos i t i o ns i n  
prepa ra t io n  for the S e c ond S e s s i o n  o f  t he HF 
Broad c as t i ng Confere n ce . 

T he I ns t i tu t e  has impleme nt ed mos t  of the 
pro cedures outl i n ed in the Repo rt to the 
s ec ond ses s io n  of the HF Broad ca s t ing 
Confere n c e . The c omputer program has bee n  
u sed to s tudy the l i k e l i ho od  that U n i ted 
S t a t es broad c as t i ng req u i reme nts w il l  be 
s a t is f i ed w i th the leve l s  of prot ec t io n  
dec ided b y  t h e  F i rs t  S e s s ion of t h e  C o n fe r­
e nce . Al so , nume rou s te s t s  have be e n  unde r­
t aken to i nvest i g a te d if fere nt freque ncy 
a s s ignme nt algori t hms in an ef fo rt to opt i­
m i z e the freq uency as s i gnme nt pro c es s , 

An example of the type of the res u l t s  
o bt a i n ed from the s tu d i es unde rt aken i s  g i ven 
i n F igures 1-4 6 a nd 1-4 7 . The s e  two f i g ures 
s how contours of c a l cu lated f i el d  s trength 
( i n dB u )  de t e rm i ned by use of t he sk y-wave 
propaga t ion pred i ct ion prog ram dec i ded by the 
F irs t S e s s io n  of the Conf e renc e . F igure 1-4 6 
s hows t he f i el d  s trength c ove rage prov i d ed by 
a Voi c e  of Ame r i c a  broad c a s t  se rv ic e  ope ra t­
i ng toward the S ov i e t  Un ion on a freq ue ncy of 
1 18 3 5  kH z ,  a t  2 0 0 0  h UTC , du r i ng M a r ch 
1 9 8 5 . I n  c a l c u la t i ng the f i el d  s tr e ng t h ,  the 
t ra ns m i t te r  powe r was as sumed to be 2 5 0  kW 
and t he a ntenna was as sumed to be a n  
H R  2 / 2 /0 . 3 .  F igure 1-47 s hows compa rab le 
resu l t s  for a BBC broad c a s t  from Cyprus o n  
7 2 3 0  kH z ,  a t  1 9 0 0  h UTC , dur i ng M ar ch 1 9 8 5 .  
Th i s  tra nsm i s s ion i s  a l so d i rected towa rd t h e  
sov i et U n i o n .  I n  ca l cu la t ing the f i el d  
s tre ngth , a transm i t te r  powe r o f  2 7 0  kW a nd a 
4 /2/0 . 5  a nt e nna was used . The powe rs a nd 
antennas as sumed for t he calcu lat ion i n  
F igures 1-4 4 a nd 1-4 5 were de t e rm i n ed f r om 
spec i f ic broad c a s t  req u i reme nts a nd are 
c ons i s tent w i th ope ra t io nal c ond i t io ns .  
F igures of t he type i l lustrated in F igures 
1-4 6 a nd 1-4 7 have be en used to de term i n e  the 
are a that a qual i ty broad c as t  serv ice i s  
l i k e l y  to c ov e r  us i ng t he c r i te ri a  i n c luded 
in the p la n n i ng proc es s .  

Anot he r  example of the type of res u l t s  
o bt a i ned i s  g i ven in Tab l e s  1 -2 a nd 1 -3 . 
The s e  t ab le s show res u lt s of the ent ire 
p lann i ng pro c es s  for two d i f fe rent levels of  
c och a nnel ( f i rs t )  and ad j ac e nt- c h a nnel 
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Figure 1-4 6 .  Contours o f  c a l c ul at e d  f i e l d  s trength ( in dBu) for a VOA t ransmi s s i o n  f rom 
Kava l l a ,  Greec e ,  on 1 1 8 3 5  kHz w i t h  a pow e r  of 2 5 0  kW and an HR 2 / 2 / 0 . 3  
antenna for March 1 9 8 5 ,  2 0 0 0  h UTC . The h eavy l i n e  d ep i c t s  t h e  antenna 
bore s i gh t . 
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Figure 1-4 7 .  Contours o f  c a l c ulated f i e l d  s trength ( in dBu )  f o r  a B B C  transmi s s i o n  from 
Cypru s  on 72 3 0  kHz for a powe r  o f  2 70 kW and an HR 4/2/0 . 5  antenna for 
March 1 9 8 5 ,  1 9 0 0  h UTC . The heavy l in e  d ep i c t s  the antenna bore s i g h t . 
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MHz 

6 . 1 

7 . 2  

9 . 6  

1 1 . 8 

1 3 . 7  

1 5 . 3  

1 7 . 8  

2 1 . 6  

2 5 . 8  

TOTAL : 

MHz 

6 .  1 

7 . 2  

9 . 6  

1 1 . 8 

1 3 . 7  

1 5 . 3  

1 7 . 8  

2 1 . 6  

2 5 . 8  

TOTAL : 

T ab l e  1-2 . Re s u l t s  of T e s t in g  the Mode l f o r  S eptember 1 9 8 4 ,  1 8 0 0  h 
UTC, for P r o t e c t ion Rat io s  of ( 2 7 ,  -8 ) dB 

LOW E R  H F B C  ALGOR ITHM 
CHAN N E LS REQ U I REMENTS BOUND REQ . SATISF I E D  DENSITY 

3 5  34 23 33 . 7 1 7  

2 0  1 23 1 04 3 2  . 95 5  

4 0  2 1 9 1 92 6 0  . 9 2 0  

4 0  2 7 0  2 3 5  5 9  . 92 5  

2 0  2 4 9  1 85 41  . 9 26 

50 1 78 1 2 9 80 . 900 

3 5  1 3 7 94 66 . 864 

40 1 65 1 04 68 . 924 

43 1 1 1  83 60 . 944 

3 1 3  1 486 1 1 4 9  4 9 9  

Tab l e  1-3 . Res u l t s  o f  T e s t ing t h e  �1o d e l  for Sept embe r  1 9 8 4 ,  1 8 0 0  h 
UTC , for Protect ion Ratios o f  ( 17 I -1 8 )  d B  

LOW E R  H F B C  ALGOR ITHM 
CHAN N E LS REQ U I  REt� ENTS BOUND REQ . SATISF I E D DENSITY 

2 5  3 4  2 2  34 . 57 0  

2 0  1 23 87 49 . 800 

40 2 1 9 1 54 9 2  . 8 1 0  

4 0  2 7 0  1 63 1 02 . 84 2  

2 0  249 1 1 5  6 5  . 8 1 8  

50 1 78 8 9  1 1 3 . 7 6 1  

3 5  1 3 7 6 7  9 2  . 694 

40 1 6 5 8 2  1 06 . 7 57 

43 1 1 1  63 82 . 848 

3 1 3  1 48 6  842 734 
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( se c ond ) protect ion ra t ios ( 2 7 ,  -8 ) dB and 
( 17 ,  - 1 8 ) d B .  The resu l t s  s hown were deduced 
f r om broad cas t requi reme nt s typ ical  o f  tho se 
for S ep tembe r 1 9 8 4 , 1 8 0 0  h UTC . The requi re­
me nt s were ded u ced f r om t he Tent a t ive 
Freque nc y  S chedu le pub l i s hed quarterly by the 
I FRB . The resu l t s  are prese nted for each of 
t he f reque ncy bands a l located to the HF 
b road c a s t ing se rv ic e . The numbe r of requi re­
me n t s  for e a ch freque nc y  ba nd i s  g i ven in the 
s e c ond column of the t ab le s .  The numbe r of 
cha nnel s  ava i lable i n  e ach ba nd is g i ven i n 
t he t h i rd column . C o l umn four shows the 
number of requ ireme nts that were sat i s f i e d  
u s i ng t he freque ncy as s i g nme nt algori thms 
dev e l oped by ITS . I t  i s  c le a r  by c ompa r i ng 
t he res u l t s  g i ve n i n  t he two tab le s that 
there are more req u i reme nts for broad cas t i ng 
t ha n  ca n be sa t is f i ed a nd mo re req ui reme nt s 
are sa t i s f i ed whe n t he prot ect ion ra t io i s  
r ed u ce d . 

T he s t u d i e s  be ing und e rt aken by t he I n s t i tu t e  
to support u . s .  HF Broad c as t i ng C o n ferenc e 
pr epa ra t io n  w i l l  cont inue u p  to and dur i ng 
the Second S es s ion of the C o n fe rence , wh ich 
is s ched u le d  for J a nuary to March 1 9 87.  

An o t her s tudy d irected towa rd preparat ion for 
t he S e c ond Ses s i o n  o f  t he HF Broad c a s t ing 
C o n f e re n ce relat es to determ i n i ng the 
l o ca t io n  of em i t te rs cau s i ng intent io nal 
h armful i n te r fe re n ce to the HF broad c as t  
s e rv ic e . Th i s  s tudy i s  be ing suppo rt ed a t  
t he I ns t i tu te b y  t he V o i ce o f  Ame r i ca a nd i s  
part o f  a worl dw ide p r og r am to mo n i to r  the 
o c c u rrence of i n te nt ional harm f u l  
i nt e rf e rence ( j amm i ng ) to t he HF broad c a s t ing 
se rv i c e . 

The I FRB , fol lowing f r om t he de c i s ions of t he 
F i r s t  sess ion of the HF Broadcas t i ng Co nfer­
e nc e , has impleme nt ed worldwide mo n i to r i ng 
prog rams of t he occurre n ce of j amm i ng i n  
o c t o be r  1 9 84 a nd M a r ch /Apr i l  1 9 8 5 . The dura­
t io n  of both o f  these mon i tor i ng prog rams w a s  
t hr e e  weeks . A s  pa rt o f  t he s e  worl dw ide pro­
g rams , se lec ted Adm i n i s trat ions in t he worl d 
h av e  agr eed to unde rt ak e  a more coord i nated 
mon i to r i ng ef fort . The s t a t ions that are 
pr ov id ing obs e rv a t io ns as pa rt of t h i s  
coord i n a ted program are l i s t ed i n  T ab le 1 - 4  
a l o ng w i th the coord i n a tes a nd the type of 
mo n i to r i ng a ntenna u sed at t he s t a t ion .  

Obse rv a t io ns made a t  t he s t a t io ns i nd i c a ted 
in Tab le 1 - 4 have bee n  prov i ded d irectly to 
t he I ns t i tu t e  whe re t he da t a  were che cked , 
grouped , a nd subj ected to f u rther an alys i s .  
Th i s  analys i s  i n c luded de term i n i ng t he 
l o c a t ion of t he emi t te rs of j amm i ng s i gnals 
by us i ng the obse rv a t io ns of t he be ar i ng of 
t he s i gnals reco rded a t  t he mon i to ri ng 
s ta t io ns . The loca t io n  proce s s  was made 
pos s ib le by t he f a c t  that mos t i ns t a nces of 
j ammi ng are a s so c i ated w i t h  em i t te rs that 
se nd out two-cha racter call s i g ns a s  part o f  
t he j amm i ng s ig n al . As sum i ng that the two­
character cal l s i gn is a s so c i ated w i th a 
s pe c i f ic loca t io n ,  pr oced ures were ad opted by 
t he I ns t i tute to determ ine t he l i k ely 
l oca t io n  of t he em i t te r .  F igures 1-48 a nd 
1 - 4 9  s how t he locat ion of v a r i ous j amme rs 
o bse rved to be ope rat ing i n  E a s te r n  Europe 
a nd t he western pa rt of the S ov i e t  Un ion 
d ur i ng t he Octobe r  1 9 84 ( F ig u re 1-4 8 ) a nd t he 
March/Ap r i l  1 9 8 5  ( F igure 1-49 ) t i me 
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pe riods . The two-ch arac t e r  ide nt i f i e r  i s  
s hown i n  b o t h  f igures a t  t he l i kely locat ion 
t h a t  was de t e rm ined in t he a n al ys i s  proce s s ,  

Resu l t s  o f  t he oc curre n ce o f  j amm i ng a nd the 
l o ca t io ns of the em i t te rs o f  i n t e nt io nal 
harmful i n te r fere n ce have be e n  forwa rded to 
t he I FRB a s  pa rt of the of f i c i al mo n i to r i ng 
prog rams . Ad d i t ional mo n i to r i ng pe r i ods w i l l  
be und e rt ak e n  i n  J a nu a ry 1 9 8 6  a nd June 
1 9 8 6 .  T he results of these pe r i od s  will be 
prov ided by the I ns t i tu t e  f o r  subm i s s i o n  to 
t he I FRB . The resu l t s  w i l l  a l so be u sed by 
t he U n i ted S t a tes to de ve l op pos i t ions in 
prepa ra t ion for the S e c o nd S e s s ion of the HF 
B roa d c a s t ing Confe rence . 

1 . 4 . 3 Ground-Wave C ommun icat ions 
P r oj e c t s  

F o r  se ve ra l  ye ars , I T S  h a s  be e n  i nvo lved in 
model deve lopme nt , a n a l y s i s , a nd s tudy 
e f fo rt s  i n  gr ound-wave c ommun i c a t io ns a t  HF 
( 3 -3 0 MH z )  a nd lowe r f r eq ue n c i es .  Model 
devel opment fo r use i n  c ommun i c a t io n  sys tems 
a n al ys i s  us ing nume r i c a l  c a l c u lat ions of 
g r ound-wave and s k y-wave propag a t io n  has be e n  
a n  o ng o i ng e f fo rt a t  ITS . T he fol low i ng 
t hr e e  rel a ted proj ect s are curre nt l y  und e r  
way : a grou nd-wave c ommun i c a t ion sys t em 
a nal ys i s  c omput e r  mod e l  f o r  t he U .  s .  Army,  
an MF ground-wave broad c a s t  sys tem analys i s  
c omput e r  mod e l  fo r t he V o i c e  o f  Ame r i c a  
( VOA ) , a nd a c omb ined MF grou nd-wave a nd sky­
wave sy s tern pe rf o rma nce a nd i n t e rf e  renee 
a n alys i s  program, a l so for VOA . In ad d i t ion 
to t he s e  t hree gr ound-wave rel a ted p r og r ams , 
ITS h as bee n  pe rform i ng s p e c i a l i z ed s tu d i e s 
of c omme rci al broad ca s t  sy s tem s in su ppo rt of 
the Federal C ommun icat ions C omm is s ion ( FC C )  
a nd t he comme rci al broad ca s te rs . One s tudy 
curre ntly f u nded in th is cat egory i s  t he AM 
C le ar C h a n nel B road ca s t  S tudy , 

--

I n  t he pas t ,  ground-wave propaga t ion mod e l s  
h ave be e n  devel oped a t  I T S  f o r  bot h smo ot h  
a nd irreg u l a r  terra i n  u s i ng e leme nt ary s ho r t  
d i po l e  a nd mo nopo le refe rence ante nnas . The 
resu ltant models have be e n  c ompared w i t h  
me as ured da t a  fo r veri f i c a t io n .  The me asured 
data we re t ake n us i ng t he same e leme ntary 
a nt e nna c onf ig ura t io ns t h a t  were used in t he 
mode l s . A need was then recog n i z ed by the 
u . s .  Army and VOA fo r a mode l  that mo re 
c l osely resemb led typ i c a l  c ommun icat ions and 
b road ca s t  sys tems w i th mo re than element ary 
a n te nn as . The models h ad to be v a l i d  for al l 
g r ound c ons t ant s and antenna geomet r i es . I n  
add i t ion , t he models h ad t o  b e  u se r  f r i e nd l y  
s uch t ha t  t he model c ou l d  be used b y  ind i v i­
d u a l s  of moderate sk i l l  levels w i th l i t t le o r  
n o  tr a in i ng for rap id a n al ys i s  of many 
d if fe re nt c ommun i cat ions sys tems in d i f fe re n t  
g e og r aph ic areas and unde r var i ed ope ra t ing 
c o nd i t io ns . The ground-wave mod e l s  c urre ntly 
be ing de v e l oped cont a in spe c i al ante nna 
mod e l s  a nd are u se r  f r i e nd l y  to me et these 
n ew requi rement s .  

T he U . S .  Army Gr ound-Wave 
P e r f o rmance Analys i s  ( GWAPA)  

Autom a ted 

The u . s .  Army I n f o rma t io n  S ys tem s E ng i ne e r i ng 
Support Act iv i ty ( US A I S E SA ) , F o r t  H uachu c a , 
A Z ,  has rec og n ized t ha t  c ommun i c a t io ns u s ing 
UHF and m i crowave s a te l l i te s  a r e  quite 



T a b le 1 - 4 . Loca t io ns of D i rect ion- F i nd i ng S t a t io ns and Antenna Type 

STATION CODE 

ANCHORAGE , ALASKA AN 

BELFAST 1 MAINE BE 

IJCXJGLAS I ARI ZONA DS 

FE�DALE I WASHIN3TON FE 

FT. LAUDERDALE 1 FLORIDA FL 

GRAND ISLAND , NEBRASKA GI 

KINGSVILLE 1 TEXAS KI 

LAUREL I MARYLAND LR 

LIVERMORE , CALI FO�IA LV 

POWDER SPRI N3S , GEORGIA PS 

SABANA SECA, PUERIO RICO SS 

WAIPAHU 1 HAWAI I WP 

CJITAWA, CANADA OT 

NEDHORST OON BERG ,  NETH , NE 

KREFELD, GERMANY KR 

NORWAY NO 

NORWAY, STATION 1 

NORWAY 1 STATION 2 

NORWAY, STATION 3 

CROWSLEY PARK , U . K .  

SEOUL, SOUTH KOREA 

OSAKA, JAPAN 

TOKYO , JAPAN 

TEL AVIV, ISRAEL 

ITZEHOE , GERMANY 

KONSTANZ ,  GERMANY 

MUNCHEN 1 GERMANY 

BERLIN 1 GERMANY 

BALCOCK I u. K • 

DARMSTADT I GERMANY 

N1 

N2 

N3 

UK 

9J 

OS 

'lU 

TA 

IT 

KO 

MU 

BL 

BD 

Dr 

LATI'IUDE LONGI'IUOO ANTENNA TYPE 

6 1 ° 09 1 43 "N 149 ° 59 1 55"W FIXED MONOPOLES WITH GCNIOMETER (WIOO APER'IURE ) 

44°26 1 42"N 69 °04 1 58 "W FIXED MONOPOLES WITH GONICMETER (WIDE APERTURE) 

3 1°30 1 02"N 1 09 ° 3 9 1  12"W FIXED MONOPOLES WITH GCNIOMETER (WIOO APER'IURE) 

48 °571 2 1"N 122°3 3 1  1 2"W FIXED MONOPOLES WITH GONICMETER ( WIDE APERTURE) 

26°06 1 08"N 

40°5 5 1 2 1"N 

27°26 1 29"N 

39 °09 1 54"N 

37°43 1 3 0"N 

3 3 °51 1 4 4"N 

18°27 1 2 3 "N 

2 1° 2 2 1 45"N 

45°25 1 00"N 

52 ° 14 1 3 1 "N 

5 1 ° 26 1 00"N 

58 ° 48 1 48 "N 

66°10 1 48 "N 

6 9 ° 16 I 3 4 "N 

71 °04 1 3 4"N 

51°3 0 ' 5 5 "N 

37°3 0 1 00"N 

3 4 ° 3 0 1 00"N 

35°3 4 1 00"N 

3 2°04 1 00"N 

53 °54 1 00"N 

47° 4 1  1 00"N 

48 °10 1 00"N 

5 2 °3 4  1 00 "N 

52 °00 1 00"N 

49°51 1 00"N 

80 ° 16 1 42 "W FIXED MONOPOLES WITH GCNIOMETER (WIOO APER'IURE ) 

98°25 1 4 2"W ROTATIN3 ADCOCK TYPE 

97°53 1 00 "W FIXED MONOPOLES WITH GCNIOMETER (WIOO APER'IURE ) 

76°49 1 17"W FIXED MONOPOLES WITH GONICMETER (WIOO APERTURE ) 

12 1 °  4 5 1  1 2 "W FIXED MONOPOLES WITH GCNIOMETER (WI 00 APER'IURE ) 

84°43 1 26 "W FIXED MONOPOLES WITH GONICMETER (WIOO APERTURE) 

6 6 ° 1 3 ' 37"W FIXED MONOPOLES WITH GCNIOMETER (WIOO APER'IURE) 

157°59 1 54"W FIXED MONOPOLES WITH GONICMETER (WIOO APERTURE ) 

75 °43 1 00"W 

05°04 1 38 " E  

0 6 ° 28 1 00"E 

05°4 0 1 09"E 

NO BEARIN3 INFORMATION 

8-ELEMENT ADCOCK ANTENNA 

ADCOCK ANTENNA 

ADCOCK ANTENNA 

l2°3 3 1 3 3 "E ADCOCK ANTENNA 

16°08 1 40"E ADCOCK ANTENNA 

24°06 I 58 " E  ADCOC K  ANTENNA 

00°  57 1 1 3 "W BANDWIDTH MEASUREMENTS ONLY 

1 28 °54 1 OO"E UX: PERIOOIC ANTENNA 

l35°30 1 00"E CIRCULAR ARRAY OF MONOPOLES 

l39 °45 1 00"E 8-ELEMENT ADCOCK 

3 4 ° 471 00"E UNKNOWN 

09 °3 1 1 OO"E ADCOCK ANTENNA 

09 ° 12 I 0 0 "E ADCOCK ANTENNA 

l l  028 1 OO"E ADCOCK ANTENNA ( 8-3 0 MHZ ONLY ) 

13 ° 18 I 0 0 "E ADCOCK ANTENNA 

0 0°08 1 00"E FIXED MONOPOLES WITH GONICMETER (WIDE APERIURE ) 

08 °40 1 00"E ADCOCK ANTENNA 
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vulnerab le du r i ng a m i l i t ary conf l i c t . A 
s a t e l l i te cannot s i ng l y  be r e l i ed u pon to 
p r ov i de u n i nt e rru pt ed c ommun ica t io ns , becau se 
i t  can be e a s i l y  j ammed or des troye d . H F  and 
l ower f reque ncy commu n i ca t io ns v i a  t he io no­
s phere cou l d  prov i de a backup to UHF and 
m i c rowave sa te l l i tes , but in the eve nt of 
w i des pread nuc le ar explos ions , c ommun icat ion 
v i a  t he io nos phe re may not be pos s i b le . How­
eve r ,  t he ground wave at HF a nd lowe r 
f r eq ue nc i es w i l l prov ide rel i ab le commun ica­
t ions capab i l i ty u nde r these c o nd i t ions for 
s ho rt e r  d i s tances . 

A comput e r  program is prese nt l y  be ing 
devel oped at ITS for USAIS E SA that w i l l 
p r ov ide an au t oma ted sys tems pe rformance 
t e chnique to a id i n  t he est imat ion of 
p e r f o rmance of commu n i ca t io ns c i rcui t s  tha t  
u se the ground wave a s  t he primary mode of 
propa g a t io n .  The c omput e r  program GWAPA is a 
s tru c tu r ed set of a numbe r of c omp uter 
p r og r ams tha t pred i c t  propa g a t io n  los s ,  
e l e c t r ic f i el d  s treng t h , rece i v ed s i g n a l  
powe r ,  noi se , s i gn al-to-noi se ra t io , a nt e n na 
f a c tors , a nd sys tem c a l c u l a t ions . T he pro­
g ram cont a i n s  three sep a ra te propa g a t io n  
mode l s :  a Smooth E a rt h  model ( S E ) , a Smooth 
Earth M i xed Path mode l  ( S EMP ) , a nd a n  ir reg­
u l ar te rra i n  model that i nc l udes fores t ed and 
bu i l t-up terra in ( WAGSLAB ) .  The ir reg ula r 
terra in model ac c e s s e s  terra i n  f i les au to­
ma t ic a l ly g i ve n t he ap prop r i ate trans m i t te r  
a nd rece i ve r  lat i tudes a nd long i tudes o r  the 
l a t i tude and long i tu de of t he trans m i t te r  
w i th be a r i ng a nd d i s t ances to rece i ve r .  The 
u se r  may a l so e nt e r  te rra in manu a l ly .  

T he comp uter prog ram c omb i n es t he propaga­
t io n ,  sy s tem , a nd ante nna mod e l s  into a use r 
f r i e nd ly an alys i s  mode l .  The c omp ute r  pro­
g r am is be ing de s igned w i t h a ma j o r  emphas i s  
o n  u se r  f r i e nd l iness a nd c o nve n i e n c e . The 
c omput e r  mod e l  a l s o  prov id e s  t he capab i l i ty 
to calcu late t he ach i evab le d is t a n ce g i ve n 
t he req ui red- s ign al-to-n oi se ra t io and 
r e l i ab i l i ty ,  as wel l as the ach i e v ab l e 
r el i ab i l i ty g i ve n t he req ui red- s i g n al-to­
n o i se rat io a nd d i s t ance . The a ntenna mode l 
c ont a ins s imple lookup tables a nd algebra ic 
a l go r i t hms to d e sc r i be t he pe r fo rmance of 
s everal antennas as a funct io n of antenna 
geome t r y ,  ground condu ct iv i ty ,  ground 
d i el e c t r i c  cons tant , f r eque ncy ,  and a zmut hal 
d i rect ion . T he lookup t ab l es a nd a l go r i t hms 
we re de ri ved f r om e x te ns ive method of mom e nt s 
c a l c u l a t ions u s i ng the Nume r i c a l  E le c tro­
magn et i c s  Code ( NE C ) -Ve rs ion 3 .  

T he antenna model al lows f as t  pred i c t ion of 
a ntenna pe rf o rmance s i nce al l comp lex a nd 
t ime co nsum i ng e l e c tromagnet ic c a l c u l a t ions 
h ave be e n  prev iou s l y  pe rf o rmed " o f f l i ne . "  
T he N E C  i s  u s ed to determine t he g a i n  of a 
s ho rt d ipole ove r  los sy e ar t h  w i th respe c t  to 
a n  i s otrop ic rad i a tor i n  free s pace for al l 
g round cond u c t iv i t ies , g r ound d i el e c t r i c  
c o ns t a nt s ,  a nd freque n c i es . A rat io cal led 
t he rel a t ive commun i c a t io n  e f f i c i e ncy i s  t he n  
c a l c u l a t ed for e ach subj e c t  a ntenna r e fe r ­
e nced t o  a s ho rt d i pole as a fun ct io n  of 
g round c o ns t a n t s , f reque n c y ,  a nd a n te n n a  
geome t r y .  T h e  comb i ned n e t  res u l t  i s  t he 
equ i v a le nt g a i n of the subj e ct antenna ove r 
l os sy earth w i t h res pe c t  to an i sot rop i c  
rad i a tor in f re e  s pace . 
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T h e  e nt ire GWAPA prog r am i s  expe c t ed t o  be 
d e l ivered to t he s ponsor by J a nuary 19 8 6 .  

T he Vo i c e  of Ame r i c a  Gr ound W ave ( GWVOA ) 

The Voice of Ame r i c a  ( VOA ) req ui res a ground­
wave an alys i s  capa b i l i ty for pe rforma n ce pre­
d i c t io n  fo r M F  broad c a s t ing purpose s .  The 
VOA h as t a s k ed ITS to mod i fy prog ram G WAPA 
s pe c i f ic a l ly fo r MF anal ys i s  purpose s and 
i ns t a l l  t he prog ram on ITS T e l ecommun i ca t ions 
Anal ys i s  S e rv ic es ( TA S e rv ices ) .  The VOA 
c omputer program w il l  have al l of t he capa­
b i l i t i es of t he orig i n al GWAPA program w i th 
t he exc ept ions of the Army Antenna Model . 
T he mod i f i c a t io ns to the GWAPA pr og r am 
i nc l ude s pe c i al i nput/output conf igurat ions 
a nd a spe c i al ly t a i l o red MF a ntenna mod e l  
imp leme nt a t ion . The Vo i ce of Ame r i ca w i l l  
u se the res u l t ing mod e l  to pred i c t  VOA 
s t a t ion c ove rage . T he te rra i n  acces s  sub­
rout ine a l so had to be mod i f ied to ac cept 
coa rse ( 8  km s p a c i ng ) terra in data for 
pred i c t io n  ove r  i r reg u la r terra i n .  

The c omputer prog ram can prov ide fast  turn­
a round pred i c t ions prese nted in a repo rt 
ready format .  The computer prog ram h as bee n  
wr i t te n  in s u c h  a manner t o  pe rm i t  workers 
w i t h  mode rate s k il l levels to pe rform the 
nec es sary ca l cula t io ns with l i t tle or no 
t ra i n i ng .  

T he res u l t ing c omput e r  prog ram w i l l be ca l le d  
GWVOA a nd w il l  b e  res i de nt on T A  S e rv ices 
octo be r  19 8 5 . 

T he Vo i c e  of Ame r i c a  C omb i ned MF Ground-wave 
a nd MF S k y-wave I n tegr a ted Pe rfo rmance and 
I n t e rf e rence Analys i s  Program ( M F RESYDE ) 

The VOA has tasked I T S  to de velop a complete 
sys tem pe rformance a nd i n te r fe rence model ( M F 
R E SYDE ) fo r analys i s  of MF broad c a s t  sy s tems . 
The model w i l l  be u s ed to as sess present and 
f uture VOA s i te pe rf o rmance and de t e rm i n e  
pote nt i al i n te rfere n ce prob lems w i th s i t e  
des ign . The MF RESYDE w i  1 1  be composed o f  
t hree ma jor sys tems of prog rams t h a t  t he u se r  
c a n  se lect . Each sys tem w i l l  be ab le t o  draw 
on a set of ground-wave mod e l s  a nd sk y-wave 
mode l s . The se t of g r ound-wave mode l s  that 
w i l l  be ava i l ab le to MF RE S YDE w i l l  be Smooth 
E a rt h ,  Smoot h E a rt h  M ixed P a t h ,  WAGSLAB 
( i rreg u lar terra i n ) , t he FCC ground-wave 

mode l , a nd t he I n t e rna t io nal Freque ncy 
Reg i s trat ion Board ( I F RB )  grou nd-wave model . 
T he M F  RE SYDE w i l l al so be ab le to draw upo n 
a set of M F  sky-wave mod e l s .  T he mod els tha t 
w i l l  be ava i l a b le are t he FCC Inte rreg io nal 
Sky Wave Mode l ,  the C C I R  model rec omme nded a t  
t he la s t  P l e nary As semb ly ( 19 8 2 ) ,  the mod e l  
developed by J .  C .  H .  Wang ( Re f :  I E E E  T ra n s .  
o n  B road ca s t ing , M ar ch 19 8 5 ) ,  a nd the mod e l  
u s ed b y  the I FR B .  

T he t hree ma j o r  sy s tems of pr og r ams conta ined 
w i t h i n  MF RE S Y DE are : 

Sys tem 1 

A comb i na t io n  of f i ve ground-wave mod e l s  and 
four sky-w ave models that w i l l  c ompu te the 
s k y-wave s i g n al s tr e ng t h  for 10 , 5 0 ,  a nd 9 0  
pe rcent of t he t ime ; t he ground-wave s i gnal 
s treng t h ,  t he noi se le vel for 10 , 5 0 ,  a nd 9 0  



pe rce nt of the t ime ; a nd s i gnal- to-noi se 
ra t io for 50 pe rce nt o f  the t ime ( ba s ed on 
the larg e r  of the gr ound-wave and sk y-wave 
s i g n a l s ) .  

sys tem 2 

Th i s  mod e l  c on t a ins S ys tem 1 capab i l i ty w i th 
the add i t ion of a channel occupa nc y  mod el . 
Th i s  mod e l  l i s t s t he interfe rence 
i nt e r act ions that w i l l  t ake p l ace in a u s e r  
s pe c i f i ed popula t io n  ce nt e r  whe n VOA 
broad casts on e a ch of t he chann e l s  in t he AM 
band . Th i s  mod e l  w i l l  pred i c t  the f i el d  
s trength , s i gn al-to-n o i se ra t io ,  a nd s i gn a l­
to- i nt e r f e re nce-p l us-noi se rat io for t he VOA 
s i gnal . The model w i l l  a l so pred ict f requen­
c i es on wh ich the re i s  no interfe rence to or 
from the VOA s i gnal i n  t he recept ion are a 
b e i ng exam ined for var ious interf e re nc e  
marg i ns .  

sys tem 3 

Th i s  sy s tem w i l l  be used to prod u ce plot s of 
f i e l d  s trength conto u rs from the VOA s t a t ion , 
f ie l d  s tr e ng t h  c ontours of ot he r  s t a t io ns 
ope ra t i ng w i t h i n  3 0  kHz  o f  the VOA s t a t ion , 
a nd reg io ns by i n t e rf e re nce to and from t he 
VOA stat ion . The conto u rs w i l l  be d rawn o n  
top o f  c omput e r-drawn map s w i th d i f fe rent 
u se r- s e l e cted scale f a c t o rs . 

T he comput e r  program MF RESYDE w i l l be 
c ompleted i n  J une 1 9 8 6 . 

AM Cle ar Cha nnel Broad ca s t  S tudy 

Powerf u l ,  C l a s s  I -A c le ar ch annel AM broad­
cas t stat ions have long bee n prot e c ted from 
harm f u l  i n t e rf e rence by res tr ict ing c ocha nnel 
C l a s s  I I-D stat ions to dayt ime ope ra t ion . 
Rec e nt l y  t he Fede ral Commun i c a t io ns 
Comm i s s ion ( FC C ) i n  BC Doc k e t  N o .  8 2-53 and 
RM 3 9 83 ,  ame nde d  P a rt 73 o f  i t s  Rules and 
Regulat ions to al low I I-D dayt ime stat ions t o  
ope ra te presun ri se and pos tsuns e t .  Ope ra t io n  
o f  t h e  I I-D stat ions i s  now al lowed i f  n o 
h arm f u l  interf e rence o c curs to the I -A c le ar 
channel s t a t ions . 

I n t e res ted part i es have req ue s ted the F C C  to 
rev i ew the protect ion g i ve n to C l as s  I-A 
c le ar channel stat io ns a nd de term i ne if cur­
rent l i s t e n i ng pa t te r ns o f  AM patrons wou l d  
a l low some loos e n i ng of pres e nt res tr i c t io ns 
p la ced on dayt ime AM stat i o ns . The FCC ha s 
ag r e ed to c ons ide r the matter w i th a pos s i b le 
goal of pe rm i t t i ng greater ope ra t ion t i mes to 
dayt ime stat io ns . 

s u bse q ue nt to th i s ,  NTIA was g i v e n  the task 
o f  as s es s i ng t he approp r i a te n es s  o f  FCC Rule s 
a nd Regula t io ns reg ard i ng the ope ra t ional 
l im i t s  o f  C l ass I I-D d ayt ime only stat i o ns , 

A f t e r  techn ical c ons ide ra t io ns , NT I A  ha s 
e l e c t ed to survey AM rad io l i s te n e rs in rural 
a re as and de term i n e  t he ir l i s te n i ng hab i t s .  
These l i sten ing h a b i t s  s hou l d  r e f l e ct cho ices 
based on program i ng content and/or ava i l a b le 
s i gnal qual i ty .  

I n  t he f i rs t  phase , a rural town ( C l i nto n ,  
NC ) a nd the area around i t  w i l l  be surveyed . 
Th i s  part ic u la r  area l i es w i thin mo re than 2 0  
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prot ected c ontours o f  t he powe rf u l  C l a s s  I -A 
c le ar channel s t a t ions a nd h as two C l as s  I I  
c och an nel s tat io ns as wel l as sev e ral nearby 
AM stat ions . T he s ec o nd phase , i f  purs ued , 
w i l l  ut i l i z e  i n f o rma t io n  obt a ined in the 
f i rs t  phase to help des i gn surveys in seve ral 
reg ions of the cont iguous Un i ted S t ates to 
determine nat ional tre nds in AM rad i o  
l i s te n e r  pa t te r ns . 

T he ou t c ome of the surve y s hou ld he l p  i n  
d e c i s ions invo l v i ng prot e c t ion c o ntours and 
h ours of ope ra t io n  f o r  dayt ime only a nd 
prese nt c l ass I - A  s t a t i o ns . 

S EC T I ON 1 . 5  APPL I C AT I ON OF PROPAGAT ION 
MODE LS 

A numbe r of s tu d i es have be e n  und e rt ak e n  t ha t  
apply t he resu 1 t s  o f  more bas ic s tu d i es t o  
impr ove t he pe rfo rmance a nd de s ig n  of 
t e l ecommun i cat ion sys tems . The s tu d i es are 
addr es sed i n  t h i s  sect io n .  

Advan c ed Radar Tes t M e t hodo l ogy 

M i l i tary C-E sys tems in t h e  Concept a nd the 
E ar l y  Eng i n e e r i ng Devel opme nt L i fe Cycle 
phases are exp l o i t i ng adva n c ed ECCM 
( E le c t ronic Cou n t e r  Countermeas ur e )  
techn iques to maxim i z e  pe rformance and 
ope ra t io nal su ppo rt capab i l i t ies 1n t he 
c omp lex EM e nv ironme nts i nd i ca t ed by curre n t  
s c e narios . I n c reased e nv i r onme nt al s tres s 
c o n ce r ns the EM i nte rfere nce ( EMC ) ,  f ri e nd l y  
a nd hos t ile fo rce c oun t e rme as ures ( EC M ) , a nd 
t he fu ture H i g h  Powe r M icrowave ( HPM ) 
i nt e rfe rers . 

T h i s  pr og r am ad dres ses t he ide nt i f ica t io n  of 
t he characte r i s t ics a nd capa b i l i ty requ ire­
me nt s fo r ad va nced Army rad a r  sys tem s ,  de f i n­
i ng spe c i f ic t e s t  requ i reme nt s for t h e  
Devel opment Te s t  ( DT )  phas e , a nd de ta i l i ng 
AEPG/T ECOM fac i l i ty e nha n ceme nts to sup po r t  
t he DT requi reme nt . A s e c ond phase o f  t h i s  
prog ram i n  FY 8 6  w il l  det a i l  t e s t  p lan n i ng 
a nd impleme nt a t io n  procedures and de f i ne da ta 
analys is a nd corr e la t ion t e chn iques . 

Adva nced radar sy s tems i n c l ude a ir def e ns e , 
c ounter i n trus ion , s u rve i l la n ce , a nd we apon 
c ontrol ap p l i c a t ions . A i r  de f e ns e  a nd sur­
ve il lance systems i nc l u de t hreat a nd e ngage­
me nt as se s sme nt capa b i l i t i es . The ad v a nced 
EM control a nd i nteract ion f u n c t io ns emp loyed 
by the s e  radar sy s tem s are l i s ted be l ow :  

0 

0 

0 

0 

W i de-ba nd mod u la t ion 
i n c lu d i ng fr eq ue ncy hop 
correlat ion c ode mod es . 

te chno l og y , 
a nd spe c i al 

Ar ray ante nnas w i th mu l t ip le nu l l  capa­
b i l i t i es .  C urrently one sys tem w i l l  use 
VLS I  c onf igurat ions fo r the a nt e nna , 
tra nsm i t te r  a nd rece i ve r ,  a nd c o n tr o l  
c omput e r  mod u le s .  

Lo ok-thr ough mode s  
moni tor re ce i ve r  
ope ra t io n .  

us i ng a wide-ba nd 
to c o n trol b u rs t 

H i g h-res o lut io n s ig n al proce s s i ng to 
e nhance t a rget rec og n i t ion a nd S / I  and 
S/J trac k s t ab i l i ty .  



o Distr ibuted ape rtures to maximize surviv­
ability a nd detections and track accu­
raci es . 

The DT requi rement includes initializatio n  
and operat ional modes . Initialization 
i nc ludes sector organization and c lut ter 
filter parameter setting . Operat ional 
f unct ions include detect ion ,  sca n control , 
i denti fication, track, ECCM respons es , 
alarm/ act ion event s ,  and as ses sment . 

This initial test methodology development 
phase includes the listed areas : 

o Operational s cenario s election procedure 
speci fication, including terrain , meteor­
ology, target dens ity variations , and ECM 
act ions . The sce narios would include 
European ( AIR-LAND 2000 ) and contingency 
ope rations . 

o Structuring of funct ional time-eve nt 
models to indicate funct ional priorities 
for radar equipment and software element s .  

o Uti lities of the Electrorna.gnetic Environ­
ment Test Facil i ty ( EMETF ) and Stres s 
Load Facility ( SLF ) in development of EM 
e nvironment s rela tive to ope ratio nal 
actions , detai led propagation-related 
s ignal distort ions , and speci fic itera­
tive procedur es for s tatistical evalua­
t io n .  These cons ide ratio ns are req ui red 
for the sensitivity analys es in test 
planning and execut ion of funct io nal 
tests . 

Analys i s  of the Antenna Tes t  Fac i l i ty 
addres sed the utility of near field measure­
me nt s and the use of a Compact Range . The 
latter provides overriding advantages in data 
c ol le ct io n  ef fici ency ( cos t and time ) fo r 
adaptive antennas where measurements will  
i nc lude spatial patte rns ( ca l l  modes and 
frequenci es ) ,  adaptive nul l  depth a nd width , 
nu l l  loop stabi l i ty ,  nu l l  loop trans i ent 
respons e ,  and pattern distortions caused by 
the carri er veh ic le or roas ting . 

Advanced Antenna Char acteristics and 
Measurement Requirements 

The dynamic EM environments as sociated with 
c omba t sce narios in the 1 9 85 - 1 9 95 pe riod have 
required the exploitat ion of software con­
t rol led array antennas for communications , 
radar,  electronic warfare ( EW ) ,  and radiom­
e try applica tions . Dynamic ape rtures are 
important for interference r e j ection , noise 
r educt ion ,  and frequency reuse . 

The review of Army C-E concept and develop­
ment al programs indicated a s ignificant 
increase in the use of adaptive antenna 
c onfigurations . Th is inc ludes sys tems 
operating in HF , VHF , UHF , microwave , and 
mil limeter-wave band s for the previously 
ind i cated app lications . The dynamic and 
dens e  EM environment s ( EMC , ECM ,  and EW 
intercept is s ues ) are the primary drivers for 
u se of these antennas . Adapt ive antennas 
include gain vari ability and control of 1 to 
1 0  simultaneous nu l ls ,  us ing analog , hybrid , 
and digital control techniques . 
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The existing Antenna Test Fac i l i ty at AEP G  is 
useful for low-gain ( -� 1 0- 1 5  dB range ) anten­
nas having sophisticated control capabili­
ties . For moderate and high-gain antennas 
wi th adaptive capabi li ties , the Compact Range 
will be r equired . These antennas involve 
ga in in the 30 to 60 dB range , nulls of 30 to 
40 dB depth , and in many systems sidelobes 
< 40 to 60 dB bel ow the rnainbearn. 

The existing Antenna Test Facility is being 
improved by ad di tio n  of a la rge r  comput er for 
control and data analys is , the design of a 
more ac curate tur ntab le ,  and mechanical 
modifications to the sensor tracks . Addi­
t ional modi fications wil l be required in 
reflective and dif fract ion rnult ipath reduc­
t io n  and cros s polarization control to ac com­
modate HF to UHF low-ga in antenna subsystems 
that have adaptive fe atur es . 

Specificat ions for the Compact Range were 
devel oped- -te s t  area plane wave tolerances , 
dynamic range , frequency range , and atmo­
spheric and se ismic environment isolation 
requirements . The advantages in test program 
cos ts and log i s tic s  in the phys ical integra­
tion of the ATF and SLF were detailed . Thi s 
i s part icu la rly evide nt in evaluating C-E 
system pe rformance in complex and dynamic EM 
environment s ( e . g . , 1 0 0  to 5 00 sources 
illuminating an aperture )  if antenna and 
other funct ional tests are ac compli shed with 
the same test configuration ( s ) .  

The primary ant enna meas ur ement s required are 
listed . The se tests must inc lude coverage of 
all ope rat ing freque nci es and modes . Data 
accuraci es were also de rived based on the C-E 
sys tem functio nal modes as soci ated with the 
listed antenna parameters : 

o rnainbearn ga in and width ( s um and di ffe r­
ence patterns ) 

o side l obe pe ak arnpli tude and nul l  depths 
and spati al distributions 

0 

0 

0 

0 

adaptive nu l l ( s }  
position ( s )  

depth and spa tial 

pa tte rn di s to rt ion (rna inbe arn and 
s ide lobes ) with active null ( s )  

nu l l  loop ( s )  j itt7r 
stat ionary and rnov�ng 
varying source ampli tudes 

when tracking 
sources , with 

null loop transient response with varyi ng 
source ampli tude s .  

A subseque nt phase of this program wil l  
addres s speci fic Compact Range design and 
ve rification tes t  issues . 

EW Simulator Desi gn 

The USAISC i s  res pons ib le fo r the pla nni ng , 
engineering, deployment , and operation of 
cornrnunica tio ns sys terns in the Echelons Above 
Corps ( EAC ) areas in the Army combat doc­
trine , Army base cornrnunica tio ns , element s  of 
host country communications facilities that 
wou ld suppo rt mili tary ope rations , and s tr a­
tegic and tact i cal gateway systems . One 
pr incipal ope rat ional readines s area fo r 



USAISC concerns the Electronic Warfare ( EW ) 
threa t .  

A s  related to USAISC li fe-cycle respons ibil­
ities , an  ECM Environment Simulator i s  
required for su sceptibi lity evaluation o f  the 
Engineering and Ope rational phases . Operator 
profici ency must be included in the Ope ra­
tional phase for USAISC systems . This s imu­
lato r  wil l  provide ECM s ignal and ope rational 
mode replicat ion and the recording of C-E 
sys tem response to ECM exci tatio n .  

The simu lator desi gn provides ranges o f  
int el ligent and "brute force " j ammer modes as 
defined by EM threat specifications for the 
1 9 85- 1 9 95 pe riod . Connection to the C-E 
systems al lows evaluat ion of al l funct ional 
responses and prot ect s secure signal s from 
external detectio n .  

The sys tem des ign fe atures modularity ,  
expandab le software control and data proces­
s ing , and signal format var iabili ty .  Valida­
tion test requirements for specific tropo­
spheric sca tte r ,  mic rowave line-of- sight 
relay, and satel lite terminal systems have 
been def ined . 

Deve l opment of a prototype mode l  has be en 
initiated . This s imu lator will be evaluated 
at CONUS s i tes having communications facil­
iti es as specified in the Validat ion Test 
Requirement s .  Th is mode l  and the as soci ated 
documentation will form the bas is for pro­
curement of 5 to 10 units through industry 
contract . 

c s2 Sys tem Evaluation 

In response to Army comba t doctrine , a bas ic 
architecture has been defined for the Army 
command and Control Sys tem ( ACCS ) and the 
inter face s tructure for the Echelon Above 
Corp s  ( EAC ) sys tems . The ACCS arch itecture 
is being upgraded and mes sage requirements 
defined for the ACCS element s--Air Defens e ,  
Combat Service Support , I ntel ligence , Fire 
Support , and Maneuver Control . 

This program for FY 85/86 will speci fical ly 
examine the da ta el�ment s  and trans mission 
priorities of the cs component and develop 
the specificatiqns of the models requi red to 
evaluate the cs operat ional support capabil­
i ty .  The mode l  wil l include scenario snap­
shots derived from AIR-LAND 2000 and s e l e cted 
c ont ingency ope rations , communica tions sys tem 
and traf fic event and mes sage descripto r s ,  
and dynamic fri end ly and hos tile force EM 
sourc es control led by scenario events . Fuzzy 
s et analys is techniques are required be cau se 
of the statistical relationsh ips between 
funct ions and dec i s ion element s  in the 
operational and communications e lement 
descriptors . 

Link model s  wil l include meteorolog ical and 
terrain signal modifiers in the propagat ion 
modules to extend the real i sm in dynamic 
snapshot zones . Both l ink s ets and s cenario 
snap shot models wil l ope rate off-line to the 
communications model .  

For the cs 2 evalua tio n ,  
profi les for the other 

the as sumed mes sage 
four ACCS e lements 
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wil l be used unt il subseque nt evaluation of 
the data requirements for these element s . 
This upda ting wil l be ac compli shed ove r  a 3 -
year period to b e  compatib le with the " fine 
tuning " of force structures , ACCS arch i­
tecture , and EAC-ACCS gateway specificat ions . 

Eval uation model devel opment for the cs 2 
e lement will involve a cooperative effort 
between I T S ,  USA TRADOC ( Training and 
Doctrine Command ) ,  USA I SC Engine e ri ng 
Agency, and USA/AI R-MICS . The fi nal mode l  
w i l l  be used by AIR-MI CS and TRADOC for 
communica tions functional and ope ratio nal 
support analys is r equirement s . This capabil­
ity wil l be fundamental in evalua ting 
doctrinal , architectural , system functional , 
and procedural devel opme nt s with evo lving 
combat do ctrine . 

Spread Spectrum Communications Tes t 
Methodology 

Army communica tions sys tems are us ing spr e ad 
spectrum techniques because of significantly 
expa nded requi rement s  fo r signal security ,  
j amming suscept ibility r educt ion , and spec­
trum u sage ef fici ency . Freque ncy hop and PSN 
modes are employed . Appl ications inc lude 
s tr ategic area and tactical networks and 
dedicated service links . 

This program included review of Army deve l op­
ment agencies to define operational support 
r equirement s and funct io nal charact eristic s  
for spread spectrum systems , specification o f  
Development Test requi rement s ,  analys i s  o f  
AEPG/TECOM faciliti es for t e s t  planning and 
exe cut io n ,  and the detail i ng of the test 
p lanning and imp lementation procedures . 

The tes t  methodology inc ludes the fol lowing 
e lements : 

0 

0 

0 

0 

Select ion of ope rat ional scenarios and 
snapshots that i ndicate maximum and 
medium level s  of EM e nvironment s tres s .  

Specification of funct ional and empirical 
models to be used by the EMETF for inter­
ference and j ammer sensitivity testing . 
T ime , spa c e ,  and pr opagation di s to rt ion 
factors are included in this sensitivi ty 
eval ua tio n .  These se ns itivi ty tests are 
used in t est planning to determine 
speci fic meas ur eme nt priori ties , spe c i fy 
the EM environments r equir ed for tes ting , 
and de rive the priori ty propagation­
related distortion event s . These exer­
ci ses al low specification of the EM 
environment sources , scenario-re lated 
control and pa rameter select ion event s ,  
propagat ion paramete rs , and measurements 
r eq ui r ed fo r tes ting . 

Specificat ion of data analys is proced�res 
fo r the sys tem meas ur ement s .  FunctJ.ons 
measured inc lude minimum usable signal , 
s ignal acqui sition tr ans ient respons e ,  
synchronizat ion function response , ECCM 
mode res pons e s ,  and da ta error envelopes . 

Definition of the funct ional integrat ion 
of the EMETF a nd SLF in tes t execution 



0 

0 

for scenario control , pa rameter 
variat ion , and real-time analyses . 

Def inition of technique s  for relating 
system pe rformance scores with scenario 
event s  to de ri ve ope rational support 
capabi lity ranges . This informat ion can 
be related to the Required Ope rational 
Capability initiated through TRADOC or 
u se r  commands for speci fic mis s ion 
requirements . 

Speci fica tion of propagation models fo r 
the EMETF that would al low' modal sens i­
t ivity tes ting and repres ent the signal 
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parameters requi red fo r adaptive wide­
band systems . Parameters include 
va riab le s tatis t ical windows fo r 
amplitude , Doppler , and space and time 
cohe rence . Modes include direct line-of-
sight,  reflection , refraction , and 
scatte r ;  varying thr ough a dynamic 
snapshot as dictated by geometry and 
control eve nt s .  Fuz zy set analys is 
techniques are employed for determining 
the likel iho od  of dec i s ion and control 
events in the operat ional and functional 
int erconnection tr ees that relate 
communi cat ion pe rformance measur es to 
sc enario ope rational act ions and eve nt s . 





CHAPTER 2. SYSTEMS AND NETWORKS 

T h e  S y s t ems a n d  N e t wo r k s  
r e s e a r c h a n d  a n a l y s i s  
p r inc ipal a r ea s :  

D i v i s i o n 
p r o g r a m s  

c o n d u c t s  
i n  f o u r  

1. d e v e l o p m e n t  a nd p romu l g a t ion o f  na t ional 
a n d i n t e r 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 ta ndards ,  

2. u s e r  r e q u i r e m e n t s  a n a l y s i s , s y s t e m  
d e s i gn , and ne two r k  a r c h i t e c ture planning 

3.  d ev e l opmen t  and a pp l i c a t ion of mea s ur ement 
m e t h o d s  a n d  p r o t o t y p e  me a s u remen t  too l s  
f o r  t e l e c o m m u n i c a t i o n  p e r f o r m a n c e  
a s s e s sme n t  

4 .  iden t i f i c a t ion and r e s o lut ion o f  techn i c a l  
i s s u e s  i n f l u e n c i n g t e l e c omm u n i c a t i on 
po l i cy developmen t .  

T h e  D i v i s i o n ' s  p r o g r a m s  p r om o t e  dome s t i c  
c o m p e t i t i o n  a n d  i n t e r n a t i o n a l t r a d e  i n  
t e l e c o mm u n i c a t i o n p r o d u c t s  a n d  s e r v i c e s ,  
a s s i s t  o t h e r  F e d e r a l  ag e n c i e s  a n d  p r i v a t e 
s e c t o r  u s e r s  i n  e f f i c i e n t l y  me e t i n g  th e i r  
t e l e c omm u n i c a t ion needs , and strengthen NTI A 
c o n t r i b u t i o n s  to dome s t i c  a nd interna t ional 
t e le c ommu n i c a t ion po l i c y  f o r ums . 

T h e  D i v i s i o n ' s  o u t p u t s  c o n s i s t  o f  b a s i c 
r e s e a r c h  r e s u l t s , such a s  sta t i s t i c a l  mod e l s  
o f  s y s t e m a nd ne two r k  compone n t  per formanc e ;  
e n g i n e e r i n g t o o l s  a n d  a n a l y s e s ,  s u c h  a s  
t r a n s m 1. s s 1. o n  l i n k  s imu l a t o r s , p e r f o r m a n c e  
m e a s u r e m e n t s o f t w a r e , t e c h n o l o g y  i m p a c t  
s t u d i e s ,  a n d  c o s t/bene f i t  ev a lua t ion s ;  tech­
n i c a l  s ta ndards and r e l a te d  docume n t s , such as 
s y s tem acqui s i t ion , ope r a t ion , and improveme n t  
g u i d e l i n e s ; a n d e x p e r t  s e r v i c e s  s u c h  a s  
t e c h n i c a l  l e a d e r s h i p o f  n a t ional and i n te r ­
n a t i ona l stand a r d s  comm i t te e s .  Mo s t  o f  the se 
o u t p u t s  are doc umented i n  techn i c a l  pub l i c a ­
t i on s . Typ i c a l  pu b l i s h e d  o u tpu t s  a r e  NTI A  
T e c h n i c a l  Re po r t s  a n d  Memo r a n d a , a r t i c l e s  
i n  t e c h n i c a l  j o u r n a l s ,  c o n t r i b u t i o n s  t o  
n a t i o n a l  a n d  i n terna t iona l s tandards comm i t ­
t e e s , and f i l in g s  w i t h  the Federal  Commun i c a ­
t i o n s  Comm i s s i on . D i v i s i o n  p r o g r am s  a l s o  
p r o d u c e  p r o t o t y p e  h a r d w a r e  a n d  s o f t w a r e  
s y s t e ms t h a t  a r e  u s e d  i n  t e l e c ommu n i c a t ion 
p r o p a g a t i o n med i a  s i mu l a t i on ,  p e r f o r m a n c e  
p r e d i c t i o n , s y s t e m  d e s i g n  a n d  a n a l y s i s , 
p e r f o r m a n c e  measureme n t ,  and ne two rk manag e ­
ment . 

T h e  D i v i s i o n ' s  t e c h n i c a l  p r o g r a m s  a r e  
s u ppo r t e d  r o u g h l y  e q u a l l y b y  D e p a r tme n t  o f  
C o mm e r c e  a n d  o t h e r - a g e n c y  r e s o u r c e s . T h e  
Comme r c e - spon sored prog r ams prov ide te ch n i c a l  
s uppo r t  t o  t h e  Adm i n i s t r a t i on and the Depa r t ­
m e n t  i n  a c h i e v i n g F e d e r a l  t e le commu n i c a t ion 
policy ob j ec t iv e s .  Th e other - ag ency spon s o r ed 
p r o g r a m s  a p p l y  I T S e x p e r t i s e i n  s o l v i n g 
s p e c i f i c  t e l e commu n i c a t ion problems of other 
Federal agenc i e s  and , i n  some case s ,  s ta te and 
l o c a l  g o v e r nm e n t s . Th e two c a t e g o r i e s  o f  
p r o g r a m s  a r e  c o m p l e m e n t a r y  a n d  o f t e n  
synerg i s t i c . 

T h e  S y s t em s  a n d  N e t wo r k s  D i v i s ion compr i s e s  
f o u r  g r oups : the S w i t c hed N e twor k s  Ana lys i s  
G r o u p , t h e  S a te l l i te Ne two rk Ana ly s i s  Group , 
t h e  S y s t em Per formance S ta ndard s and De f i n i ­
t i o n  G r o u p , a n d  t h e  S y s t e m P e r f o r m a n c e  
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E n g i n e e r i n g  A n a l y s i s  G r o u p . T h e  sp e c i f i c  
F Y  8 5  p r o g rams a n d  a c c omp l i shments of each 
g r o u p  a r e  s umm a r i z e d  i n  t h e  f o l l o w i n g  
p a r a g r a ph s .  Mo r e  d e t a i l e d  i n f o r ma t i o n  i s  
provided i n  the r e f e r enced pub l i ca t ion s . 

SECT ION 2.1 SW I TC HED NETWORKS ANALY S I S  

T h e  swi tched ne twor k  tha t n e a r l y  everyone i s  
f a m i l i a r  w i t h i s  t h e  p u b l i c t e l e p h o n e  
n e twork . I n  th i s  countr y , i t  wa s owned and 
o p e r a t e d  l a r g e l y  by t h e  B e l l  s y s tem f r om 
a r o u nd t h e  t u r n  o f  the century unt i l  1 9 8 4 . 
Other swit ched ne twor k s , such a s  the Fede r a l  
T e l e ph o n e  S y s t e m  ( F T S ) , pub l i c  and private 
p a c k e t  s w i t c h e d  n e t wo r k s , a n d  l o c a l  a r e a  
n e t w o r k s  ( LAN ' s )  a r e  fami l i a r  t o  many large 
t e l e c o m m u n i c a t i o n s  u s e r s . T e c h n o l o g y  
a d v a n c e s  a n d ,  i n  p a r t i c u l a r , t h e  A T & T  
d iv e s t iture hav e grea t ly expanded the number 
a n d  d i v e r s i t y o f  i n d e p e n d e n t  s w i t c h e d  
n e t w o r k s  i n  t h e  U n i t e d S t a t e s  a n d  h a v e  
c o n s i d e r a b ly increased the need f o r  ne twork 
inte roper a b i l i t y  and per formance s t ud i e s . 

Th e S w i tched Netwo r k s  An a l y s i s  Group in the 
Systems and Ne two r k s  D i v i s i on of I TS conduc t s  
r e s e a r c h  a n d  eng ineer ing programs invo lv i ng 
a l l  a s p e c t s  o f  sw i t c h e d  t e l e communicat ions 
n e t w o r k s . G r o u p  p r o j e c t s  e n c ompa s s  both 
ana log and d ig i ta l  sys tems ; cable , r ad i o ,  and 
s a t e l l i t e t r a n s m i s s i o n  m e d i a ; c i r c u i t ,  
m e s s a g e , p a c k e t , a n d  h y b r i d s w i t c h i n g 
t e c h no l o g i e s ; a nd a r ange o f  user appl ica­
t i o n s  e x t e n d i n g f r om m i l i t a r y  c o mm a n d  
a n d  c o n t r o l  und e r  c o n d i t i o n s  o f  n a t i on a l  
eme r ge n c y  t o  r o u t in e  in te ro f f i c e  communica­
t i o n s w i t h i n  a F e d e r a l  b u i l d i n g  or o f f i c e  
c omple x . A par t i cular f o c u s  o f  t h e  Group ' s  
w o r k  i s  t h e  deve lopme n t  of i n te roperab i l i ty 
a n d  p e r f o r m a n c e  s t a nd a r d s  f o r  f i b e r  op t ic 
ne twork s .  

S u p p o r t for the Group ' s  programs come s from 
v a r i ou s  Gov e r nme n t  ag e n c i e s  with d i f ferent 
m i s s i o n s a n d  t e l e c o mm u n i c a t i o n s  n e e d s .  
R e s e a r c h d u r i n g  t h e  p a s t  y e a r  i n c l u d e d  
s t ud i e s  o n  the mod e l i n g  a n d  s im u l a t ion of 
n e t w o r k s  that use a var i e ty o f  transmi s s ion 
med i a  ( w i r e ,  r ad io ,  e tc . ) , the cha r a c te r i z a ­
t i o n  o f  a m i l i t a r y  c omm u n i c a t i o n s  a c c e' s s  
a r e a , a n d  a s u r v e y  o f  L A N  t e c h n o l o g y  a n d  
a pp l ica t ions . Other work examined methods o f  
i n t e r f a c i n g c u s t om e r  p r em i s e  f i b e r  op t i c  
LAN ' s  w i t h  a n  I SDN , a s s e s sed the s t a te o f  the 
a r t  i n  d i g i t a l  s w i t c h t e c h n o l o g y , a n d  
e x a m i n e d I S D N  a d d r e s s i n g a n d  s i g n a l i n g  
i s s u e s . E c o n o m i c  a n d  t e c h n i c a l  i m p a c t  
a s s e s sme n t s  w e r e  p e r f o r med for several new 
mod em and encryp t ion s tandard s .  

One aspect o f  a ne two r k , or a channe l ,  i s  how 
w e l l  i t  p r e s e r v e s  t h e  t r a n s fe r r ed in forma ­
t i o n . Wo r k  i n  t h i s  a r e a  c o mp r i s e s  two 
of the G r o u p ' s  r e s e a r c h  p r o g r am s  t h a t  are 
d i r e c t ed at how to q u a n t i t a t i v e l y  a s s e s s  
vo i c e  qua l i ty ,  o r  i t s  degrad a t ion , through a 
ne two rk or channe l .  I n  one pro j e c t ,  the use 
o f  e x p e r t  p a t t e r n  recogn i t ion techniques to 
a u t o m a t i c a l l y ,  a n d  ob j e c t i v e l y , e v a l u a t e  
vo i c e  qua l ity i s  be i ng s tud ied . I n  the other 
p r o j e c t , t h e  v o i c e  q u a l i t y o f  a n e w 
mod u l a t i o n  s c h em e  f o r  l a nd -mob i l e  rad io is 
being eva luate d  using c la s s i c a l  vo ice scoring 
techn ique s . 



Mo s t  o f  the Group ' s prog r ams inc lude i nvo lve­
ment in standard s deve lopmen t .  Group member s 
a r e  a c t iv e  in the Ame r i can Na t iona l S tandards 
I n s t i t u t e  ( A N S I ) ,  the Fede r a l  Tele commu n i c a ­
t i o n s S t a n d a r d s  C o m m i t t e e  ( F T S C ) , t h e  
I n s t i t u t e  o f  E l e c t r i c a l  a n d  E l e c t r o n i c  
E n g i n e e r s  ( I EEE ) se lected mi l i ta r y  s ta nd a r d s  
c omm i t t e e s ,  a n d  t h e  I n t e r n a t iona l Teleg r aph 
and Te lephone Con s u l ta t i ve Comm i t te e  (CC I TT ) . 
New technolog i e s  involving modems , the d i g i t a l  
e n c r y p t i on s t a nd a r d  ( DE S )  a n d  o t h e r  crypto­
gr aph ic techn ique s , cable and f i ber s i z e s  and 
t y p e s ,  a n d  v o i c e  qua l i t y a r e  some of t h e  
t o p i c s  d e a l t  w i t h  a t  m e e t i n g s  w i t h  t h e  
var ious s ta nd a rd s comm i t te e s .  

I n w h a t f o l l o w s , t h e G r o u p ' s  t e c h n i c a l  
p r o g r a m s  a n d  p r o j e c t s  a r e  e a c h  d e s c r i b e d  
i n  mo r e  d e ta i l .  Th e ma j o r i ty o f  the Group ' s  
p r o j e c t s  a r e  f u n d e d  by the T e c h n o l o g y  a n d  
S ta ndards G r o u p  o f  t h e  Na t ional Commu n i c a t ions 
S y s t e m  ( NC S ) . Th e " I SD N  Techn i c a l "  p ro j ec t  
w a s  f u n d ed by N T I A .  Other pro j ec t  spon sors 
a r e  iden t i f i ed whe r e  appropr i a t e . 

Mu l t i m e d i a  N e two r k  Mode l i ng and S imula t i on . 
The Rome A i r  Deve lopment Center ( RADC ) o f  the 
U . S . A i r  Force is dev e l op i ng spec i a l i zed te s t  
e q u i p m e n t  f o r  m o d e l i n g  a n d  p e r f o r m a n c e  
s i m u l a t i o n  o f  c o mm u n i c a t i on c h a n n e l s  a n d  
f u t ur e  mu l t imed i a  ne twor k s . Th e I TS Swi tched 
N e t wo r k s  An a l y s i s  G r o u p is s uppor t i n g  th i s  
work i n  two sepa r a te tasks . 

Th e f i r s t  ta s k  i s  concerned with the i nd i v i d ­
u a l  l i n k  imp a i r m e n t  mod e l s .  I t  a t temp t s  to 
e s t a b l i s h a c o m p r e h e n s i v e s e t  o f  l i n k  
" d e s c r i p t o r s "  f o r  v a r i o u s  c l a s s e s  o f  l i nks 
( e . g . , HF sky wav e ,  troposcatter , VHF meteor­

b u r s t , s a t e l l i t e , te r r e s t r i a l  mic rowa v e , the 
s w i t c h e d  t e l e p h o n e  n e t w o r k , and o t h e r s ) .  
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S i n c e  the mos t  useful mod e l s  tend to evolve 
f r om j o i n t  a n a l y s i s  of t h e o r e t i c a l  a n d  
exper imenta l r e s u l t s , th i s  e f f o r t  s t r i v e s  to 
comb i ne theory with mea sured d a ta . Spec i f i c ­
a l l y , sever a l  s imple 2 - s ta te Ma rkov a n d  3 ,  4 ,  
and 5 - s t a te Fr itchman mod e l s  have been f i t ted 
t o  b i t - e r r o r  s t a t i s t i c s o f  t h e  
a b o v e - m e n t i o n e d  c h a n n e l s . S e v e r a l  
s ta t i s t ic a l  func t ion s o f  mea sured d a t a , such 
a s  t h e  e r r o r  g a p  d i s t r i b u t i o n , t h e  
bloc k - error probab i l i ty , and the probab i l i ty 
o f  und e tec ted block error , have been f i t ted 
r emarkably we l l  to the Fr i tchman mod e l .  An 
examp l e  i s  p r e s e n t e d in F i g u r e  2 - 1 , wh i ch 
c o m p a r e s  t h e  e r r o r  g a p  d i s t r i b u t i on s  o f  
2 - s t a t e  a n d  5 - s ta t e F r i tchman mod e l s  for a 
1 9 7 1  d a t a  s a m p l e  f r om a s w i t c h e d  p u b l i c 
network channe l .  

T h e  s e c o n d  t a s k  a d d r e s s e s  t h e  i s s u e s  o f  
a l l - d i g i t a l n e t w o r k s .  S p e c i f i c a l l y , t h e  
study seeks to ident i fy parame te r s ,  f a c t or s ,  
a n d  mod e l s  t h a t  a r e  n e e d e d  f o r  e n d - t o - end 
pe r f o rm a n c e  s i m u l a t i o n  o f  m i l i ta r y  d i g i t a l  
n e twork s .  The key fac tor s t o  b e  empha s i zed 
a p p e a r  to b e  t h e  n e t w o r k  t o p o l o g i e s , the 
mu l t im e d i a  l i nk s ,  the swi tch ing ( and othe r )  
nod e s , the protoco l s , the tr a f f i c , the s t r e s s  
s c e n a r i o s , a n d  t h e  n e t w o r k  p e r f o r m a n c e  
c r i t e r i a  th a t  a r e  r e l ev a n t  t o  the mi l i ta r y  
end user . 

Mi l i ta ry Acc e s s  Area Char a c te r i za t i on s , E I SN 
E xp e r i m e n t a t i o n , a n d  LAN As s e s sme n t . Th i s  
p r o j e c t  co v e r s  th r e e  ma j o r  t a s k  a r e a s , a s  
l i s t e d  i n  th e t i t l e . I t  w a s  i n i t i a te d  i n  
1 9 8 4  by the I n f o rma t i o n  S y s tems Management 
A c t i v i t y ( I S M A )  o f  t h e  u . s . A r m y  i n  
F t . Mo nm o u t h , N J . T h i s  i s  a c on t i n u i n g  
e n g i n e e r i n g  s u p p o r t p r o g r am with the f i r s t  
pha se t o  b e  comp le te d  i n  1 9 8 5 .  

GAP SIZE 
F igure 2 - 1 . Error gap comp a r i son of the two- s t a t e  and f i v e - s t a t e  

F r i t chman mode l s  f or swit ch e d  t e l ephone n e twork data . 
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T h e  s t u d y  to c h a r a c t e r i z e m i l i ta r y  a c c e s s  
a r e a s  c o n s i s t s  o f  two ph a s e s . Th e f i r s t  
phase involved developing the methodology for 
charac te r i z ing ac c e s s  a r e a s  based on a number 
o f  d e f i n i n g  p a r a m e t e r s .  The s e c on d  pha s e  
w i l l  i n v o l v e  s t r u c t u r i n g  t h e  c o n c e p t  f o r  
c omp u t e r  imp l eme n t a t ion and d ev e loping plans 
f o r  t h e  a d m i n i s t r a t i o n , o p e r a t i o n ,  a n d  
m a i ntenance o f  the networ k .  Th e f i r s t  pha s e  
o f  t h e  s t u d y  h a s  b e e n  c o m p l e t e d  a n d  i s  
s umma r i z e d  i n  N T I A  Re po r t  8 5 - 1 8 5 ( L i n f i e ld 
a n d  N e s e n b e r g s )  i s sued in Decembe r  1 9 8 5 .  A 
s e c o n d  ph a s e i s  p l a n n e d  f o r  F Y  8 6 .  T h e  
r e s u l t s  o f  t h e  f i r s t  pha se a r e  s umma r i zed i n  
the f o l lowing pa r a g r a ph s . 

I n  t h e  pa s t , t h e  m i l i ta r y  a c c e s s  areas we r e  
t y p i c a l l y v i ew e d  a s  c ommu n i t i e s  o f  u s e r s , 
u n d e r  M i l i t a r y  D e pa r tme n t  ( M I LDEP ) con t ro l ,  
w h o  s h a r e  l o c a l  s w i t c h i n g  a n d  t r a n sm i s s i on 
f a c i l i t i e s  a n d  h a v e  comm o n  a c c e s s  to th e 
l o n g - h a u l  n e t w o r k s  ( e . g . , A U T O V O N  a n d 
A U T O D I N ) . I n  t h e  f u t u r e ,  th i s  s i mpl i f i e d  
v i ewp o i n t m a y  n o  l o n g e r  a p p l y  b e c a u s e  the 
l o c a l  n e t w o r k s  a n d  t h e  D e f e n s e  S w i t c h e d  
N e two r k  ( D S N )  a r e  evo lv i ng i n to a much mor e  
c o m p l e x  s t r u c t u r e  o f  m u l t i p l e  n e t w o r k s  
b a s e d  o n  d i g i t a l t e c h n o l o g i e s , a n d  b e c ause 
d e r e g u l a t i o n  a n d  comp e t i t i o n  are imp a c t i n g  
t h e  m i l i t a r y  c ommun i c a t i o n s e n v i r o nm e n t  i n  
some very s i g n i f i c a n t  wa ys . 

The c u r r e n t  pos t - d ives t i tu r e  s i tu a t i on can be 
v i e w e d  in e i t h e r  o f  two w a y s - - a  c o mp l e x  
d i s a r r a y  o r  a n  o p p o r t u n i t y . D e r e g u l a t e d  
s e r v i c e s  a nd cus tomer premi s e s  equ ipmen t  can 
a n d  s h o u l d l e a d  to d i v e r s i t y of s e r v i c e s , 
expanded e nd - user option s ,  and termina l s  w i t h  
g r e a te r  s u r v i v a b i l i t y .  Compe t i n g  i n d u s t r y  
v e n d o r s  w i l l  b e  mo t iv a te d  to produce innova ­
t i v e  s y s t e m s , p o t e n t i a l l y  a t  r e d u c e d  c o s t .  
New techno log i e s  w i l l  lead to greater hardwa r e  
a n d  s o f tw a r e  r e l i a b i l i ty and , f i n a l ly , nove l  
f e a t u r e s  a n d  f u n c t i o n s  w i l l  i n c r e a s e s ta f f  
produc t iv i ty .  

A t  t h e  s a m e  t i m e , n e w  i s s u e s  a b o u n d . 
P r o c u r em e n t  p o l i c i e s  and r eg u la t ions requ i r e  
t h e  D e p a r tme n t  o f  D e f e n s e  ( D OD ) to acqu i r e  
s e r v i c e s  o n  a c o m p e t i t i v e  b a s i s .  T h e  
m u l t i v e n d o r  e q u i p m e n t  a n d  a utomated sys tems 
e n v i r o nme n t  c omp l i c a t e s  m i l i tary admin i s tr a ­
t i o n , o p e r a t i o n s , a n d  m a i n t e n a n c e  ( AO & M )  
p r o blems . Th e separ a t ion o f  acc e s s  area and 
l o n g - h a u l  n e twork r e spon s i b i l i t y  b e tween the 
M I L D E P S  a n d D e f e n s e  Comm u n i c a t i o n s  Ag e n c y  
( DC A )  i n troduces ne twor k  manageme n t , con t r o l ,  

a n d  r e s tor a t ion problems s im i lar to tho s e  i n  
t h e  p o s t - d i v e s t i t u r e  c o mm e r c i a l  s e c t o r . 
T h e r e  i s  n o  s i n g le end - t o - e nd re spon s i b i l i ty 
f o r  t h e  n e two r k , n o r  a ny c e n tr a l i zed system 
f o r  ov e r a l l  ma n a g ement and contro l .  In the 
p r e s e n t  e n v i r o n m e n � , i t  i s  d i f f i c u l t  to 
i m p l e me n t  a techn i c a l ly sound sy s tem concep t 
tha t prov i d e s  for i n t e g r a t ion of vo i c e , d a ta , 
a n d  o t h e r  s e r v i c e s . Th i s  s e p a r a t i on a l s o  
c o m p l i c a t e s  t h e  a l l o c a t i o n  o f  t h e  t o ta l  
p e r f o r m a n c e  b u d g e t  a c r o s s  t h e  l o c a l  a n d  
long-haul port ions o f  t h e  ne twork . 

T h e s e  d y n a m i c  c h a n g e s , b o t h  r e a l i z e d  a n d  
contemp l a ted , r a i s e  que s t ion s about t h e  acce s s  
a r e a  c o n c e p t . D o e s  any a c c e s s  area conc e p t  
ma k e  s e n s e  o r  b e n e f i t  t h e  m i l i t a r y ?  Do we 
need a c c e s s  a r e a s ?  How many? How a r e  they to 
be c o n f i g u r e d ?  Op e r a t e d ?  Ma n a g e d ?  Wh a t  
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a f f e c t s  t h e i r s i z e ?  
S e c u r i t y ?  
requ i r ement s ?  

C o s t ?  Wh a t  
S u r v i v a b i l i t y ?  

a r e  t h e  s t a f f i n g  

The L i n f i e ld and Ne senber g s  r eport add r e s s e s  
many o f  t h e s e  que s t io n s  d i rec tly , and recom­
m e n d s  procedures for answer i n g  other s .  The 
s t u d y  d o e s n o t  r e c o m m e n d  a n y  s i n g l e  
d e f i n i t ion for a l l  a c c e s s  a r ea s . I n  fac t ,  i t  
c on c lud e s  that the r e  i s  n o  f i xed s t r uc ture or 
univer s a l  solution . Ra the r , each co l l e c t ion 
o f  p o s t s , c a m p s , s t a t i o n s , a i r  b a s e s or 
sh ipyards has i t s  own unique cha r a c te r i s t i c s  
b a s e d  o n  m i s s i o n a n d  t e l e c ommu n i c a t i o n s  
n e e d s . Th e s e  n e e d s  c a n  b e  p e r c e ived as a 
c omb i n a t ion of thr e e  c r i t ic a l  features seen 
b y  t h e  u s e r s : o v e r a l l  p e r f o r m a n c e , 
s u r v i v a b i l i ty ,  and o f te n  the mo s t  impor ta n t  
i tem- - low co s t ! 

An u l t im a t e  ob j e c t i v e of the pro j ec t  i s  to 
d e v e l o p  g o a l a r c h i t e c t u r e s  f o r  a l l  a c c e s s  
a r e a s  tha t prov ide t h e  fr amewo rk f o r  d e f i n i ng 
s t a n d a r d s to acc e s s  the lon g - h a u l  ne twork s ,  
for rout ing intra - and i n t e r a r e a  t r a f f i c , and 
f o r  d e v e l o p i n g e n d - t o - e n d p r o c e d u r e s  or 
p r o t o c o l s  for d a t a  r e c ov e ry , secur i t y , and 
error con t ro l .  A s ub s ta n t i a l  s imp l i f i c a t ion 
wou ld oc c u r  if a s i n g l e a r c h i t e c ture could 
s a t i s fy the needs o f  a l l  loc a t ions . For the 
e n d  u s e r , s u c h  a g o a l a r c h i t e c t u r e  would 
i d e a l l y  1 )  m e e t  m i s s i o n r e q u i r e m e n t s  
i nc lud ing secur i t y  requ i r eme n t s , 2 )  mee t both 
l o c a l  and l o n g - haul per formance ob j ec t ive s , 
3 )  pro v i de surv ivable/end urable service , and 
4 )  b e  c o s t  e f f e c t i v e . F o r  t h e  n e two r k  
p l a n n e r , th i s  go a l  a r c h i t e c t u r e  wo u l d  1 )  
i d e n t i f y  l o c a t i o n s  a n d  t yp e s  o f  n o d e s  and 
termina l s ,  and spec i f y  t r a f f i c  intensity with 
a l l o w a n c e  f o r  i t s g r o w t h ; 2 )  a s s i g n  
t r a n sm i s s i on l i n k s  i n c l u d i n g  me d i a  type s ,  
conne c t iv i ty , and the i r  capa c i ty ; 3 )  spec i fy 
c o n t r o l  s i g n a l i n g  f o r  s w i t c h c o n t r o l , 
r o u t i n g , n e tw o r k  m a n a g eme n t ;  and 4 )  def ine 
i n t e r f a c e s  for inte r a c c e s s  a r e a  tr unk ing . 

Wh e n  one c o n s id e r s  the m i s s ion requ i r eme nts 
a n d t h e i r  e f f e c t  o n  t e l e c o mm u n i c a t i o n  
f e a t u r e s  ( e . g . , on e lec tron i c  ma i l )  and the 
f u n c t i o n s  to be pe r f o r m e d  by t h e  n e two r k  
( e . g . , p r e emp t i o n ) ,  i t  a pp e a r s  p r u d e n t  to 

p e r m i t  each base to be qu i t e  d i f fe r e n t  from 
o t h e r  b a s e s . E v e n  i f  t h e  f e a t u r e  a n d  
f u n c t i o n  l i s t s  w e r e  i d e n t i c a l , t h e  
p e r f o r m a n c e  r e qu i r eme n t  numb e r s , t r a f f i c  
l e v e l s , a n d  d e s t i n a t i on s t a t i s t i c s  would 
d i f f e r . I t  i s  conc luded tha t the r e  can be no 
s i n g l e  s e t  o f  p a r a m e t r i c r e q u i r e m e n t s  
d e f i n ing ev ery acc e s s  a r ea . 

Th i s  r e po r t  recog n i z e s  two broad c l a s s e s  o f  
p a r a me t e r s  t h a t  p e r t a in to t h e  a c c e s s  area 
d e f i n i t ion- - nontechn i c a l  and techn ica l .  The 
n o n t e c hn i c a l  parame t e r s  hav e the i r  roots in 
the n a t iona l cha in of command and the leg a l , 
economic , comme r c i a l , pol i t i c a l , and regula­
tory a r e na s . Nontechn i c a l  i s s u e s  such a s  the 
impa c t  o f  d e r e g u l a t i o n  a n d  d i v e s t i t u r e  on 
m i l i t a r y  commun i c a t i o n s  are covered in the 
e a r l y s e c t i o n s  o f  t h e  r e p o r t .  T e c h n i c a l  
s y s t e m p a r ame t e r s  inc lud ing s i ze , topology , 
s w i t ch i n g , c o n c e n t r a t i o n , a d m i n i s t r a t i on ,  
o p e r a t i o n , a n d  m a i n t e n a n c e  a r e  a l s o  
add r e s sed . 



The a p p r o a c h  u s e d  to characte r i z e  an access 
area i s  e xpla i n ed in F igure 2 - 2 .  G i ven a set 
o f  f i xed inpu t s  ( e . g . , sub s c r iber number s and 
l o c a t i o n s )  a n d  a s e t  o f  v a r i a b l e  i n p u t s  
( e . g . , c a n d i d a t e h u b  c a p a c i t i e s  a n d  l o c a ­
t i o n s ) , o n e  c a n  c o n c e i v e  a l a r g e  n umb e r  
o f  a r c h i t e c t u r a l  cho i c e s  for a r e g ion . Each 
cho i c e  is evalua ted based on c r i t i c a l  factor s , 
s u ch a s  c o s t  and survivab i l i ty . New cho i c e s  
a r e  made by changing some or a l l  o f  the input 
v a r i a b l e s  un t i l  an apparent opt imum cho i c e  is 
s y n t h e s i z e d . The v a l u e s  of a l l  t h e  i n p u t  
parame t e r s  then d e f ine the goal a r ch i t e c tur e .  

T h e  a b o v e  i s  a f a i r l y s t a nd a r d  p r o c e s s  for 
s e l e c t i n g  opt imum a l te r n a t i v e s  in any s t udy . 
T h e p r o b l e m  i s  t h a t t h e  e x t r e m e l y  l a r g e  
n umb e r  o f  a c c e s s  a r e a  r e l a t e d  i n p u t s ,  both 
f i x e d  and v a r i a b l e , e f f e c t i v e l y  p r oh i b i t  a 
c o mp r e h e n s i v e  m a n u a l a s s e s s m e n t .  A k e y  
recommendat ion for the next pha se is th a t  the 
proc e s s  be imp lemented with a fa s t ,  au toma ted 
c ompu ter mode l .  

To ma ke any mod e l  r ea l i s t i c , c e r t a i n  requ i r e ­
me n t s  must b e  s a t i s fied or ba s i c  a s s ump t ions 
made . Con s i d e r  the long-haul Defense Switched 
N e two r k  ( D S N ) , wh i c h  mo s t  l o c a l  a r e a s  mu s t  
a c c e s s . Th e a s s umed D S N  a r c h i t e c t u r e  h a s  
i m p o r t a n t  c o n s e q u e n c e s  on the a c c e s s  a r e a  
characte r i z a t i on . For e xample , i f  one a s s ume s 
that a l l  i n t e r a c c e s s  t r a f f i c  mu s t  f low through 
a s i n g l e  ga teway to the bac kbone ne twor k , then 
e a c h  s u b s c r i b e r  l o c a t i on ( p o s t , c a mp , or 
s t a t i o n )  must be tree or star conne c ted to the 
g a t e w a y  n od e ,  a n d  the problem is reduced to 
d e f i n ing the number of node s ,  the i r  loc a t ion s ,  
a nd the i r  tr unk ing capac ity . I f ,  o n  the other 
h a n d , one a s s ume s a mi xed -med i a  a r ch i te c ture 
t h a t  a l lows each sub s c r iber loc a t ion to take 
m a x i m um a d v a n t a g e  of a l l  a v a i l a b l e  f a c i l ­
i t i e s , t h e n  o p t i m i z a t ion o f  the a c c e s s  area 
t o p o l o g y  a n d  t r u n k i n g b e c o m e s f a r  mo r e  
c o mp l e x .  A l l o f  t h e s e  a s p e c t s  w i l l  b e  
con s id e r ed i n  future mod e l  deve lopme n t . 

Th e E x p e r ime n ta l  I n t e gr a ted Switched Ne twor k  
( E I S N )  e x p e r i m e n t a t i o n  p r o j ec t  requi red the 

d e s i g n  o f  e x p e r i m e n t s  a n d  imp l e me n t a t i on 
c o n c e p t s  u s i n g  E I S N n o d e s  a s  a c o n c e p t  
v a l i d a t i o n  f a c i l i t y  ( CV F ) f o r  t h e  D e f e n s e  
S w i t c h e d  N e two r k . The I n s t i tu te recommended 
s e v e r a l  e xper iments and deve loped an expe r i ­
m e n t  p l a n , i nc l u d i n g a d e t a i led te s t  equip­
m e n t  l i s t . T h e e x p e r im e n t s  we r e  d i v i d e d  
i n t o t h r e e  l e v e l s  o f  c o m p l e x i t y . Th e s e  
l e v e l s  w e r e  c a l l e d  d emo n s t r a t i o n s , t e s t s , 
and eva lua t i on s . Demon s t r a t ions a r e  qua l i t a ­
t iv e , t e s t s  a r e  qua n t i t a t i v e , a n d  evaluat ions 
i n v o l v e  c o m p a r i s o n s t o  s e l e c t  o p t i m u m  
e l e m e n t s . A t  e a c h  e x p e r i m e n t a l  l e v e l  
d i f f e r e n t  a t t r i b u t e s  o f  t h e  s y s t e m c a n  be 
m e a s u r e d . Th e s e  a t t r i b u te s  inc lude service 
f e a t u r e s  (as  seen by the use r ) , func t io n s  ( a s  
p e r f o r m e d  b y  t h e  s y s t e m ) , o r  f a c i l i t i e s  
( h a r d w a r e  a n d  s o f t w a r e  e l e m e n t s  o f  t h e  

n e two r k ) .  Table 2 - l  d e f i n e s  the exper imenta l 
g o a l s  a t  e a c h  l e v e l  o f  demon s t r a t i on , te s t , 
a n d  e v a l u a t i o n  a n d  f o r  e a c h  f e a t u r e , func ­
t ion , and fa c i l i ty .  

The l i s t  o f  expe r iments included mea surements 
on v o i c e  q u a l i t y ,  n o i s e a n d  i n t e r f e r e n c e  
t e s t s , v o i c e  a n d  d a t a  i n t e g r a t i o n  demo n ­
s t r a t i on s , common channel s i gn a l i ng te s t s , LAN 
d e mo n s t r a t i o n s , v i d e o c o n f e r e n c i n g , a n d  

6 6  

i n t e r n e t w o r k i n g  w i t h  t h e  P u b l i c  S w i t c h e d  
Tel ephone Ne twor k .  

T h e  t h i r d  m a j o r t a s k  w a s t o  a s s e s s t h e  
c u r r e n t  s t a t u s  o f  L o c a l  A r e a  N e t w o r k s  
( L A N ' s ) . Th i s  t a s k  r e s u l t e d  i n  a n  N T I A  

Repor t ( " Loc a l  Ne twork A s s e s sment , "  b y  D .  V .  
Glen ) . 

Loc a l  Ar ea Ne twor k s  a r e  used to i n t e r conne c t  
termi na l equipmen t ,  compute r s ,  and per iph e r a l  
d ev i c e s  con c e n t r a ted in a l im i ted a r e a  such 
a s  a n  i nd u s t r i a l  p a r k  o r  o f f i c e  comp l e x .  
L A N ' s  e x i s t  i n  n u m e r o u s  c omb i n a t i o n s  o f  
topo l o g i e s , t r a n sm i s s i o n  me d i a , l e v e l s  o f  
conne c t i v i ty , s i gn a l i n g , and ac c e s s  me thod s . 
T h e y  a l s o e x i s t  i n  v a r i o u s  d e g r e e s  o f  
c o n f o r m a n c e  w i t h  s t a n d a r d s .  T h e r e  a r e  
mu l t iple s ta ndard s beca use no s i n g le ne two r k  
t e c h n o l o g y  s e r v e s  t h e  n e e d s o f  a l l  u s e r s .  
Ma j o r  s e c t ions of the NTI A  r epor t a r e  devoted 
to LAN s tandard s .  

S ta n d a r d i z a t i o n  o f  l o c a l  ne twor k  protoc o l s  
h a s  b e e n  on g o i n g  s i n c e  February 1 9 8 0 ,  whe n  
the wo r k  on P r o j e c t  8 0 2  wa s b e g u n  i n  t h e  
U n i t e d S t a t e s  b y  the I EEE . T h e  p l a n n e d  
o u t p u t  o f  P r o j e c t  8 0 2  i s  a f a m i l y  o f  s i x  
s t a n d a r d s  t h a t w i l l  d e f i n e a s e t  o f  
i n t e r f a c e s  a n d  p r o t oc o l s  th a t  p e r m i t  u s e r  
a p p l i c a t i o n s  to b e  s e r v e d  by a numb e r  o f  
networked devic e s . The app l i c a t io n s  inc lude 
f i l e  t r a n s f e r , g r a p h i c s ,  wo r d  p r o c e s s i n g , 
e l e c t r o n i c  ma i l , o f f i c e  automa t i on , d i g i t a l  
v o i c e , a n d  d i g i ta l  v ideo . D a ta dev i c e s  on 
t h e  n e two r k  i n c l ud e  comp u t e r s , t e r m i n a l s , 
ma s s  storage dev i c e s , p r i n t e r s /  p l o t t e r s ,  and 
bridges and g a teways to other netwo rk s .  

The I EEE 8 0 2  Comm i t t e e  includes s i x  wor k i n g  
g r o u p s ,  8 0 2 . 1  t h r o u g h  8 0 2 . 6 ,  a n d t w o  
Techn i c a l  Adv isory Group s (TAG ' s )  - - 8  0 2 .  7 and 
8 0 2 . 8 .  T a b l e  2 - 2 i s  a l i s t i n g  of t h e  
standards produced b y  t h e  wor k i ng groups and 
the s t a t u s  o f  the i r  docume n t s . The B r o adband 
T e c h n i c a l  Adv i sory Group ( 8 0 2 . 7 )  prepared a 
Recommended P r a c t i c e/Guid e l i ne w i t h  the f i r s t  
d r a f t  p r o d u c e d  i n  J u n e  1 9 8 5 . T h e  F i b e r 
O p t i c s  T e c h n i c a l  A d v i s o r y  G r o u p  ( 8 0 2 . 8 )  
p r o v i d e s  ad v i c e  to the other groups and i s  
not prepa r ing a s t a ndard . The TAG ' s  do not 
produce s tandard s .  

The 8 0 2 . 1  document d e s c r i b e s  the r e l a t io n sh ip 
b e t w e e n  the 8 0 2  s t a nd a r d s  and the I n t e r n a ­
t i o n a l O r g a n i z a t i o n  f o r  S t a n d a r d i z a t i o n  
( I S O )  O p e n  S y s t e m s  I n t e r c o n n e c t i o n  ( O S I )  

Re f e r e n c e  Mo d e l . I t  also expl a in s  the 8 0 2  
s tandards r e l a t iv e  t o  h i gher layer pro t oc o l s , 
i n t e r n e t w o r k i n g , a n d  n e t w o r k  ma n a g em e n t  
i s sue s a s  dep i c te d  i n  F igure 2 - 3 .  The 8 0 2 . 2  
Log i c a l  L i n k  Con t r o l  ( LLC ) docume n t  spec i f i e s  
p r o t o c o l s  t o  con t r o l  o n e  o r  mo r e  l o g i c a l  
l i n k s o n  a s i n g l e  m e d i u m .  T h e 8 0 2 . 3  
s t a n d a r d , C a r r i e r S e n s e  M u l t i p l e  
A c c e s s / C o l l i s i o n  D e t e c t i o n ( C S M A / C D ) ,  
s p e c i f i e s  a n  i n t e r c o n n e c t ion techn ique for 
s ta t ions to share acc e s s  to a 5 0 - ohm ba seband 
c o a x i a l  c a b l e  b u s . Th e 8 0 2 . 4  t o k e n  b u s  
s t a n d a r d  s p e c i f i e s  a n  i n t e r c o n n e c t i o n  
t e c h n i q u e  f o r  d e v i c e s  to sha r e  a c c e s s  on a 
b u s  to po l ogy , d e f i n e s  pro toc o l s  used by the 
p h y s i c a l  l a y e r  a n d  med i um a c c e s s  c on t r o l  
(MAC ) sub layer , and r e l a te s  the LAN protoc o l s  
t o  h i g h e r  l a y e r s .  T h e  8 0 2 . 5  t o k e n  r i n g  
s t a n d a r d  s p e c i f i e s  a po i n t - t o - p o i n t  r i n g  
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Figure 2 - 2 . 

VAR I A B L E  

INPUTS 

I N P U T  CONTROL 

EVA LUAT E  

C H O I C E S  

P R E F E R R E D  
CHO I C E S  

Approach to c h a r a c t e r i z ing a c c e s s  areas . 

Table 2 - 1 . Experime n t a l  Goa l s  

FEATURES FUNCTIONS FAC I L I T I ES 

S e r v i c e  p a r ame t e r s  ( e . g . ' a c c e s s  t ime , C o n f i rma t i on that s w i t c h ing , t r a n s - Hardware and software components 
throughpu t ,  g r a d e  of s e r v i c e , e tc . )  a s  m i s s ion , contr o l s ,  and p r o t o c o l s  a r e  r e l i ab l e  a n d  w i t h i n  spec i f i -
p e r c e i ved by u s e r s  a r e  deemed a c c e p t - a r e  o pe r a t ing s a t i s f a c to r i l y .  c a t ions based on d a i l y  ope ra t i o n s  
a b l e  based on s ub j e c t i v e , qua l i ta t i v e  a n d  outage occurrence s .  
o b s e r va t i on s . 

Spec i f i c  u s e r - o r i ented per formance and Network f un c t i o n s  such as e r ror Synchr o n i z a t io n ,  s i gna l i ng , 
e n g i n e e r i n g  p a r ame ter s a r e  mea s u r ed cont r o l , med i a  a c c e s s ,  s e c u r i ty ,  transmi s s ion , swi tch ing , and 
and the i r  v a l ue s  a r e  f ound to be and l e a s t  c o s t  r o u t i n g  a r e  t e s ted other major s u b s y s tems meet 
w i t h i n  t o l e r a b l e  l i m i t s .  and qua n t i t i e s  m e a s u r e d  ind i ca t e  r e l i a b i l i ty and ava i l a b i l i ty 

p e r t i nent p a r ame t e r s  ( e . g . '  e r r o r  requ i r eme n t s  b a sed on qua n t i ta-
r a te , swi tch ing t ime ) a r e  w i t h i n  t i v e  mea s u r e s  o f  downt ime and 
spec i f i ed v a l ue s .  MTTR over long p e r i o d s  of time . 

S e r v i c e  o f f e r i ng s  a n d  t r a n s m i s s i on Quan t i ta t i v e  compa r i s o n s  between Admi n i s t r a t ion , ope r a t ion , and 
med i a  are eva l ua ted by compa r i ng v a r i o u s  s y s t em a l te r na t i ve s  ( s uch ma i n tenance procedure s ,  and 
v a r i ou s  t e r r e s t r i a l  and s a te l l i t e  a s  r o u t i n g  'a lgor i thms , o v e r l oad e q u i pmen t s  a r e  a s s e s sed and con-
systems u s i n g  common qua n t i t a t i ve cont r o l s , c r i s i s  management tech- trol tech n i q u e s  ( c e n t r a l i zed and 
mea s ur e s  o f  the a t t r i b u t e s  o f  e a c h  n i qu e s , and MLP P )  p r o v i d e  me a n s  t o  d i s t r i buted ) eva l u a ted in order 
sys tem . P r e f e r r ed o f f e r i ng s  o r  m e a n s  s e l e c t  opt imum based on p e r f o rmance to s e l e c t  opt imum netwo r k  
a r e  i d e n t i f i ed b a sed on a n a l y s i s  o f  and c o s t .  management system . 
c o s t  e f f e c t i v e ne s s . 
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Table 2 - 2 . I EEE P ro j e c t  8 0 2  Commi t t e e �  S ta nd a r d s  and S ta tus 
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I I 
I I 
I 

I 
I 
I 
I 
I 
I 
I 
I 
I I 

L .l  J 

'l'I TLE 

Ove � v i ew , I n t e r n e twor k i n g , a nd 
l'la nagemen t 

Log i c a l  L i nk Control 

CSMA/CD Acc e s s  Me thod and 
Phys i c a l  L a ye r  Spec i f i c a t ions 

Toke n - P a s s ing Bus Acce s s  Me thod 
a nd Phys i c a l  L a yer S pec i f i ca t ions 

Toke n - P a s s ing Ring Acc e s s  Method 
a nd Phys i c a l  Layer Spec i f i c a t ions 

Me tropo l i ta n  Network Acc e s s  Method 
a nd Phys i ca l  Layer Spec i f i ca t i o n s  

802 . f INTERN ETWORK lNG 

HIGH L E V E L  I N T ERFACE ( H I L l ) 

802 .2 LOG ICAL LINK CONTROL ( L L C )  

802 .3 802 . 4  802 . 5  
MEDIUM MEDIUM MEDIUM 
ACCESS ACCESS ACCESS 

CONTROL CONTROL CONTROL 

STA'ru s  

Comp l e t i on n o t  
pro j ec ted 

P ub l i shed , 1 9 8 5  

P ub l i shed , 1 9 8 5  

Publ i shed , 1 9 8 5  

T o  b e  compl e ted i n  
1 9 8 5  

I n i t i a l  Deve lopmen t  

HIGHER 
LAY E R S  

- ..., 

I LLC 
SUBLAYE R  

O S I  
> DATA LINK 

802 .6 LAYER 

MEDIUM MAC 
ACCESS 

CONTROL 
SUBLAYER 

- - - - - - - - - - - -

802 . 3  802 .4  
PHYSICAL PHYS I C A L  

C S MA / C D  TOK E N  B U S  
BASEBAND 
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t o p o l o g y  a n d  a t o k e n  p a s s i ng ac c e s s  method . 
The 8 0 2 . 6  s tandard w i l l  spe c i f y  protoco l s  for 
Me t r op o l i ta n  Area N e two r k s  (or MAN ' s ) , wh ich 
e n c o m p a s s  l a r g e r  g e o g r a p h i c a l  a r e a s - ­
t y p i c a l l y b e t w e e n  5 km a n d  5 0  km . Th i s  
s tandard i s  i n  i n i t i a l  deve lopment . 

T h e  t u t o r i a l  l o c a l  a r e a  n e t w o r k  s u r v e y  
d e s c r i b e d h.e r e  i s  e x p e c t e d t o  p r o v i d e  a 
f o u n d a t i o n  f o r  f u t u r e  I T S s t ud i e s  o f  LAN 
t e c h n o l o g y , i n t e r conne c t ion , and per formance 
i n  support o f  I SMA and other Fed e r a l  agenc i e s . 

O p t i c a l  F i b e r  A pp l i c a t i o n s  t o  I S D N  U s e r  
I n t e r f a c e s .  Fed e r a l  agency r equ i r emen t s  for 
i n t r a f a c i l i t y  ( " o n - p r em i s e " )  d a t a  commu n i ­
c a t i o n s  h a v e  b u r g e o n e d  a s  t h e  r e s u l t  o f  
unprecedented growth i n  o f f i c e  automat ion and 
d i s t r i b u t e d  d a t a p r oc e s s i n g . Th i s  g r o wth , 
n o t  o n l y  i n  agg r e ga te capa c i ty requirement s ,  
b u t  o f t e n  a l s o i n  h i g h e r  d i g i t a l  b i t  r a t e s  
f o r  i n d i v i d u a l  w o r k  s t a t i o n s ,  h a s  b e e n  
p a r  a l l e  l e d  b y  a n n o u n c em e n t s , f r om s e v e r a l  
c a r r i e r s , o f  nea r - term o f f e r i n g s  o f  I SDN- type 
d i g i t a l  t r a n sm i s s i on s e r v i c e s  t o  c u s t om e r  
p r e m i s e s .  Th e s e  pla nned serv i c e s  r a n g e  from 
t h e  I S D N  B a s i c I n t e r f a c e  r a t e  of 2B + D to 
t h e  I S D N  P r ima r y  I n t e r f a c e . T h e  s e r v i c e s  
w i l l  b e  a v a i l a b l e  m u c h  e a r l i e r  t h a n  wa s 
p r e d i c t e d  j u s t  a y e a r  a g o . Th i s  i s  for t u ­
i t o u s  f o r t h e  n u m e r o u s  F e d e r a l  a g e n c i e s  
f a c i n g  i n t r a f a c i l i ty commun i c a t io n s  upg rades 
to a c c ommoda te dra s t i c increases i n  transmi s ­
s i on r e q u i r em e n t s . Wh i l e  i t  i s  s t i l l  true 
t h a t  s om e  8 0 %  of a l l  d a t a  t r a n s a c t i o n s  
a r e  b e tw e e n  e n d - u s e rs-

w i t h i n  a l o c a l  s i te , 
t h e  l o n g - h a u l  2 0 %  m a n i f e s t ly i n c r e a s e s  with 
tota l t r a f f i c  load . 

The pot e n t i a l  ava i la b i l i ty of d i g i t a l  " p ipe s "  
t o  the o u t s i d e  wor ld o f f e r s  new opportun i t i e s  
t o  t h e  p l a n n e r  o f  on - p r em i s e  s y s t ems , b u t  
a l s o  p r e s e n t s  n e w  c h a l l e n g e s  a n d  o f t e n  
r e q u i r e s  a b a s i c  r e o r d e r ing o f  conv entional 
a pp r oa c h e s - - e . g . , thinking i n  terms o f  to t a l  
r e q u i r e d  d i g i t a l  c a p a c i t y r a t h e r  t h a n  
mu l t i p l e s  o f  analog vo i c e  c i r c u i t s . Me thod s 
o f  inte r f a c i ng to ou t s i d e  ne two r k s  a r e  now o f  
c o n s i d e r a b l e  impor tance t o  t h e  planner who s e  
pr ima r y  con c e r n  i s  de s i g n  o f  a communica t i on s 
s y s t e m  w i t h i n  a ma j o r  b u i l d i n g or comp l e x . 
T h e  p l a n n e r  m u s t  n o t  on ly d e s i g n  the i n t r a ­
f a c i l i ty sys tem ( be i t  a loc a l  a r e a  networ k ,  
c omb i n e d v o i c e / d a t a  PBX , or both)  to handle 
m a x imum a n t i c i p a t e d  i n t er n a l  load , but mu s t  
a l s o m a k e  c e r t a i n  t h e  s y s t e m  i s  comp a t ible 
w i t h e x t e r n a l  i n t e r f a c i n g to I S D N .  The 
penalty for not doing so i s , a t  be s t ,  costly 
f u t ur e  g a t e wa y s . For a ma j o r  i n s t a l l a t ion , 
t i m e  b e tw e e n  i n i t i a l  bud g e t  s ubm i s s i on and 
s y s t e m  c u t - o v e r  may be 5 y e a r s .  P l a n n i n g  
a h e a d - - i n  te rms o f  both a n t ic ipat ing tr a f f i c  
r e q u i r em e n t s  and choo s ing the b e s t  av a i lable 
t e c h n o l o g y  t o  h a n d l e  t h e m - - i s  c r u c i a l  i n  
m i n im i z i n g  chanc e s  o f  ea r ly obsole scenc e .  

The techno logy emp loyed e xc lu s i v e l y  tod ay for 
n ew - i n s t a l l a t i on , l o n g - h a u l  c ab l e  tr ansm i s ­
s i o n  i s  f i b e r  o p t i c s . S o m e  t e l e p h o n e  
o p e r a t i n g compa n i e s  a r e  i n s t a l l i n g  f i be r  i n  
t h e  l o c a l  l o o p , a n d , i n  add i t ion to ser v i n g  
b u s i n e s s  c u s tome r s , h a v e  announced p l a n s  for 
" w i r i n g "  r e s i d e n t i a l  h o m e s  w i t h  f i b e r . 
F i b e r  i s  l i ke ly to be the p r imary t r a n sm i s s ion 
m e d i um for b r i n g i n g  I SDN se r v i c e s  to the end 
use r , and it i s  the r e f o r e  a l og i c a l  cand idate 

6 9  

for con s i d e r a t i on i n  extend ing those s e r v i c e s  
to t h e  intra fac i l i ty data user . 

Near the end of FY 8 4 ,  the Feder a l  Tele commu­
n i c a t io n s  S tandards Committee , cha i red by the 
Na t i on a l  Communicat ions Sys tem ( NC S ) , e s tab­
l i shed an interagency F i ber Opt i c s  Task Gr oup 
( FTSC/ FOTG ) to : 

o exchange i n forma t i on on eme r g ing op t i c a l  
f i b e r  t e c h n o l o g i e s  a n d  t h e i r  potential  
o n - p r em i s e  a pp l i ca t ions , inc l ud ing cost 
v s . p e r f o rmance capab i l i t i e s ; 

o c o l l e c t  a n d  d i s c u s s  r e q u i r em e n t s  f r om 
F e d e r a l  o f f i c e s  on s y s t e m s  t h a t  m i g h t  
u s e  f i be r  op tic s ;  

o c r e a t e  a m e c h a n i s m b y  w h i c h  t h e  
Go v e r nm e n t  r e qui r emen t s  can be conveyed 
t o  v e n d o r s  and to vo l u n t a ry s tandards­
dev e loping organ i z a t i on s ;  and 

0 d ev e l o p g u i d e l i n e s  
a g e n c i e s  tha t w i s h  
f i b e r  i n t r a f a c i l ity 
m i nd c o s t  trad e - o f f s . 

f o r  u s e  by F e d e r a l  
t o  c o n s i d e r  optical 
sys tems , keep ing in 

D u r i n g  F Y  8 5 ,  the F T S C /FOTG , cha i r ed by an 
I T S s t a f f  m e mb e r , h e l d  f i v e  2 - or 3 - d a y  
wor k ing mee t in g s  devoted t o  fu l f i l l i ng the se 
g o a l s . To p r om o t e  i n f o r m a t i o n  e x c h a n g e ,  
numerous comme r c i a l  f i rms , inc l ud ing c a r r i e r s  
a n d  m a n u f a c t u r e r s / v e n d o r s  o f  l o c a l  a r e a  
ne twor k s ,  PBX ' s ,  and systems compone n t s  were 
i n v i t e d  to g i v e  t e c h n i c a l  pre s e n ta t ions to 
F O T G  p a r t i c ipants rep r e s e n t i n g  15 c i v i l  and 
DOD agenc i e s . Empha s i s  wa s on sta te - o f - the­
a r t  i n t r a f a c i l i ty systems , and much valuable 
i n f o r m a t i o n  w a s  r e l e a s e d  to a t t e n d e e s . 
I m p o r t a n c e  o f  I S D N  d i g i t a l  i n te r f a c i n g  wa s 
s t r e s s e d  b y  s e v e r a l  f i r m s . C o n t e n t  o f  
p r e s e n ta t i o n s  wa s n o t  l im i t e d  t o  s y s t ems 
u s i ng f i be r  opt i c s , but empha s i s  wa s on the 
growing app l i c a t ions , advanta g e s - - and systems 
ava i l ab i l i ty - - o f  op t i c a l  transm i s s ion . 

Many FOTG p a r t i c ipants represent agenc i e s  who 
f a c e  immed i a t e , ma j o r  upd a t i n g  o f  i n t r a ­
f a c i l i t y  c omm u n i c a t i o n s y s t e m s . T h e s e  
i n c l u d e  t h e  L ibrary o f  Congr e s s , Depar tment 
o f  A g r i c u l t u r e , D e p a r t m e n t  o f  H u m a n  
R e s o u r c e s , a n d  V e t e r a n s  A d m i n i s t r a t i on . 
Others a r e  analyzing nea r - term requ i r ements . 
A t t e n d e e s  h a v e  b e e n  e n c ouraged to descr ibe 
i n d i v idua l ag ency need s ,  a s  we l l  as potent i a l  
s o l u t i o n s  o f f e r ed b y  vendor s .  T h e  FOTG thus 
r e p r e s e n t s  an inte r a c t ive forum for compa r ing 
current , mutual problems . 

T h e  F O T G  h a s , a s  t h e  r e s u l t  o f  v e n d o r  
i n t e r a c t i on s , ach i eved con s iderable e xposure 
i n  the pr ivate sec tor , mak ing ma j or pot e n t i a l  
s u pp l i e r s  mor e  awa r e  o f  Governmen t  require­
m e n t s ,  in  a d d i t i o n  to e x p e d i t i n g  i n d u s try 
i n f o r m a t ion trans fer to the agenc i e s . Th i s  
e xpo sure a ls o  appl i e s  t o  the s tandards a r ena : 
N C S ,  I T S , a n d v i r t u a l l y a l l  o t h e r  F OTG 
member s are a c t iv e  in the FTSC , and many a l so 
p a r t i c i p a t e  i n  E I A  W o r k i n g G r o u p s  a n d  
Acc red ited S tandards Comm i t t e e s  o f  ANS I . The 
F O T G  cha i rman has kept the group adv ised of 
p e r t i n e n t  a c t i v i t i e s  in a l l  dome s t i c  s tan­
d a r d s  organ i za t ions . 



O n e  p r o po s ed Fed e r a l  S tandard ( pF S )  has been 
o r i g i n a t e d w i t h i n  t h e  F O T G : p F S - 1 0 7 0 , 
" S t a nd a r d  O p t i c a l  Wa v e g u i d e  F i b e r  Ma t e r i a l  
C l a s s e s  a n d  P r e f e r r e d S i z e s "  ( a  r ew r i te o f  
E I A  RS - 4 5 8 - A ) . Th e pFS was prepared by I TS , 
r e v i e wed by t h e  FOTG , a n d  s u bm i t ted to the 
F T S C , w h i c h  a p p r o v e d  i t  i n  l a t e  F Y  8 5 .  
F i n a l  s teps pr ior to forma l adopt ion w i l l  be 
d i s t r ibut ion to Fed e r a l  agenc i e s  for commen ts 
a n d  pub l i c a t i on i n  t h e  F ed e r a l  Re g i s te r  for 
i n d u s t r y  c o mm e n t s , f o l lowed by a n  impa c t  
a s s e s s me n t .  T a b l e  2 - 3  g i v e s  t h e  pF S - 1 0 7 0  
r e c ommended s i z e s  for mul t imod e , graded index 
f i b e r s . 

An i n - p r o g r e s s  j o i n t  NTI A/NCS r epor t ,  to be 
p u b l i s h e d  e a r l y i n  FY 8 6 , w i l l  a d d r e s s  
a c t i v i t i e s  o f  the Ta s k  G r o u p  a n d  s umma r i z e  
t h e  l e a r n i ng expe r i ence s ince i t s  incept ion . 
I t  w i l l  a l so present techn i c a l  a s s e s smen t s  o f  
s e v e r a l  c u r r e n t  d i g i t a l  P r i v a t e  B r a n c h  
E x c h a n g e s  ( P B X ' s )  a n d  p e r t i ne n t  t e c h n i c a l 
f a c to r s  to be inc luded in loc a l  area ne twor k s  
a n d  i n t r a f a c i l i t y w i r ing plans . T h e  ob j ec ­
t i v e  o f  t h e s e  a s s e s sm e n t s  i s  to e s t a b l i s h 
s om e  ov e r a l l  g u i d e l i ne s  for se lec t in g  a PBX 
and/or a LAN that w i l l  opt ima l ly serve agency 
need s now and in the ne x t  sev e r a l  yea r s . The 
n umber o f  ava i lable PBX ' s  and LAN ' s ma kes the 
s e l e c t ion proc e s s  very complex . The method s 
o f  sw i t ch i ng data v i a  PBX ' s  a r e  con t inuously 
e x p a n d i n g . P B X ' s  i n  t h e  4 0 0 - to r o ug h l y  
2 0 , 0 0 0 - l i n e  c a t e g o r y  a r e  b e i n g a s s e s s e d  
according t o  a r c h i tectu r e , e a s e  o f  upg rade to 
I n t eg r a t e d  S e r v i c e s  D i g i t a l  Ne twor k  ( I SDN ) , 
m a j o r a p p l i c a t i o n  p r o c e s s o r s ,  a n d  r e l i ­
a b i l i t y .  Th e d i f f e r e n t  vendor techn i ques for 
i n t e g r a t i ng v o i c e  and d a t a  a r e  b e i n g com­
p a r ed .  No pr i c e  or feature compar i sons w i l l  
be mad e . 

I n  t h e  r e p o r t ,  t e c h n i c a l  a n d  p e r f o rm a n c e  
d i f f e r enc e s  between the many type s o f  LAN ' s 
a r e  d i s c u s sed and s pec i f i c  cha r a c t e r i s t i c s  o f  
L A N ' s t h a t a r e  imp o r t a n t  f o r  f i b e r  o p t i c  
implementation a r e  presented . Key que s t ions 
to pose to LAN vendo r s  hav e been deve loped . 

Wor k  o f  the FOTG w i l l  con t inue through FY 8 6 ,  
a n d  i s  expec ted to r e s u l t  i n  formu l a t ion o f  
F e d e r a l  g u i d e l i n e s  f o r  u s e  b y  a g e n c i e s  
p l a n n i n g to u s e  op t i c a l  t r a n sm i s s i on f o r  
i n tr a fac i l i ty commu n i c a t i on s . 

DES - Re l a te d  Fede r a l  S tanda rd s .  The I n s t i tute 
h a s  a s s i s t e d  NCS i n  t h e  d e v e l o pm e n t  o f  
F e d e r a l  S t a n d a r d s  t h a t  s p e c i fy i n te rope r a ­
b i l i t y r e q u i r e m e n t s f o r  u s e  o f  t h e  D a t a  
En c r yp t i o n  S t and ard (DES ) i n  t e l e commun i c a ­
t i o n s  a pp l i c a t i on s . T h e  typ i c a l  I TS . r o l e  i n  
d e v e l o p i n g  t h e s e  s t a n d a r d s h a s  i nv o l v e d  
e i t h e r  wr i t in g  a n  i n i t i a l  dra f t  o f  s i gn i f i ­
c a n t  p o r t ions o f  the standa r d , o r  prov id ing 
r e c o mm e n d a t i o n s  on the i n i t i a l  t e c h n i c a l  
con tent o f  the standard . The I n s t i tu t e  a l s o  
e xami n e s  industry a n d  Government comments o n  
t h e  p r o p o s e d  s t a n d a r d s  a n d r e c o mm e n d s  
rev i s ions ba sed on the se comme n t s . 

The I n s t i tu t e  has a s s i s ted in the deve lopmen t  
o f  e nc ryp t ion stand a r d s  for data , vo i c e , and 
C C I T T G r o u p  3 f a c s i m i l e . T h e G e n e r a l  
S e r v i c e s  A d m i n i s t r a t i o n  r e q u i r e s  th a t  a n  
a s s e s sm e n t  o f  t h e  p o t e n t i a l  t e c h n i c a l  and 
e c o n o m i c  i m p a c t  o f  a l l  p r o p o s e d  F e d e r a l  
S t a n d a r d s  b e  per formed pr ior t o  the i r  adop­
t ion . The I n s t i t ute ' s  ma j or con t r i b u t i o n  to 
the D E S - r e la ted standards e f f o r t  dur ing the 
p a s t  y e a r  w a s  c o n d u c t i n g  s u c h  an impa c t  
a s s e s s m e n t  f o r  p r o p o s e d  F e d e r a l  S t a n d a r d  

Table 2 - 3 . Optional S i z e s  o f  Opt i c a l  F i be r  Waveg u i d e s  

Mate r i a l  C l a s s  I ( G l a s s  Core , G l a s s  Clad ) 

Nominal 
Core D i ame ter Outside (Clad ) Nume r i c a l  

urn D i ameter , urn Ape r ture ( NA )  

5 0  1 2 5  0 . 1 9 to 0 . 2 5 

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

8 5  1 2 5  0 . 2 5 to 0 . 3 0  

1 0 0  1 4 0  0 . 2 5 to 0 . 3 0 

Mater i a l  C l a s s  I I  ( G l a s s  Cor e , P l a s t i c  C lad ) 

Core D i ameter Outside ( C l ad ) Nume r i c a l  
urn D i ame t e r , urn Ape r ture ( NA ) 

2 0 0  To be spe c i f i ed To be spec i f i ed 

4 0 0  To be spe c i f i e d  To be spec i f ied 

Note : A l l  d i ame ter tolerances sha l l  be c a l l ed out 
i n  an appl i c able d e ta i l  spec i f i c a t i on . 
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1 0 2 9 , w h i c h  r e l a t e s  t o  t h e  e n c r y p t i on o f  
d i g i t i zed speech . 

H i g h - S p e e d  Mo d e m F e d e r a l  S t a n d a r d s .  I n  
c o n t i n u i n g s u p p o r t  o f  NCS and the FTSC , the 
I n s t i t u t e  h a s  p r o d u c e d  two propo sed Fede r a l  
S tandard s .  Th e f i r s t , pFS - l 0 0 5 A ,  " Cod i ng and 
Mo d u l a t i o n  Requi r ements for 2 , 4 0 0  Bi t/S econd 
M o d e m s , "  to s u p e r c e d e  F S - 1 0 0 5 , i s  b a sed on 
techniques d e s c r ibed in CC I TT Recommend a t ions 
V .  2 2  b i s ,  V .  2 6 , and V .  2 6  b i s .  Th e standard 
d e s c r i b e s  two a l t e r n a t ive modem type s : ( l )  a 
" c o n v e n t i o n a l "  4 - w i r e  f u l l - d u p l e x  a n d / o r  
2 - w i r e  h a l f - d uplex modem f o r  2 , 4 0 0  b / s  oper a ­
t i on , w i th oper a t ional f a l lback t o  1 , 2 0 0  b/s , 
a n d  ( 2 )  a 2 - w i r e  f u l l - d u p l e x  m o d e m  f o r 
2 , 4 0 0  b/ s oper a t ion , w i t h  ope r a t i o n a l  f a l lback 
to 1 , 2 0 0  b/s . The latter d e s ign u t i l i z e s  an 
enhancement o f  the we l l - e s t a b l i shed fr equency­
d i v i s i o n  t e c h n i q u e  for 2 - w i r e  f u l l - d u p l e x  
ope r a t i on . 

T h e  s e c ond o f  t he propo sed Fede r a l  S tandards 
i s  pFS - l 0 0 6 A ,  " Coding and Mod u l a t ion Requ i r e ­
m e n t s  f o r  4 , 8 0 0  B i t / S e c o n d  Mo d e m s , "  wh i c h  
w i l l  supe r c ede F S - 1 0 0 6 .  Like pFS - l 0 0 5 A ,  th i s  
d r a f t  p r e s e n t s  r e q u i r e m e n t s  f o r  a l l  th r e e  
t r a n sm i s s i o n  mod e s . T h e  2 - w i r e  fu l l - d up le x  
m o d e  i s  b a s e d  o n  t e c h n i q u e s  d e s c r i b e d  i n  
CC I TT Re c omme n d a t i o n  V . 3 2 .  U n l i k e  prev i ous 
modem t e c h n i ques th a t  use fr equency d iv i s ion 
o f  the 2 - w i r e  c i r c u i t  to d e r i v e  two d i s t inc t 
c h a n n e l s  f o r  f u l l - d u p l e x o p e r a t i o n , V . 3 2 
r e c omm e n d s  emp l o ym e n t  o f  e c h o  c a n c e l l a t i on 
technique s .  Th e Recommend a t ion furthe r  c a l l s  
f o r  t h e  u s e  o f  a d a p t i v e  e q u a l i z a t ion and a 
mod u l a t i o n  t e c h n i q u e  known a s  D i f f e r e n t i a l  
Quad r a n t  encod ing . 

D u r i n g  t h e  p a s t  y e a r  I T S  a l s o  c o n d u c t e d  a 
t e c h n i c a l  and econom i c  impa c t  a s s e s sme n t  for 
p F S - l 0 0 5 A ,  wh i c h  h a s been submi t ted to NCS ,  
a n d  i s  now i n  forma l coor d i n a t ion w i t h i n  the 
F e d e r a l  Go v e r nme n t . Th i s  t y p i c a l l y is the 
l a s t  s t e p  p r i o r  t o  a F e d e r a l  S t a n d a r d ' s  
a d o p t i o n . A d r a f t  o f  p F S - l 0 0 6 A h a s  b e e n  
p u b l i s h e d  a n d  G o v e r n m e n t ,  i n d u s t r y , a n d  
pub l i c  comme n t s  have been so l i c i te d . 

U s e r - O r i ented Da ta Commu n i c a t io n s  P e r formance 
S t a n d a r d s . Th e I n s t i tu t e  ha s pioneered the 
d e v e l op m e n t  of m e t h o d s  a n d  p r o c e d u r e s  f o r  
s p e c i f y i n g  a n d  me a s u r ing per formance o f  d a ta 
c omm u n i c a t i on s  s y s t e m s  and serv i c e s  a s  seen 
b y  t h e  e n d  u s e r . Th e S y s t em P e r f o rm a n c e  
S t a n d a r d s  a n d  De f i n i t ion Group h a s  conducted 
m e a s u r e m e n t s  o n  t h e  A R P A N E T  a n d , m o r e  
r e c e n t l y ,  on sev e r a l  P ub l i c Da ta N e twor k s  to 
v a l i d a t e  me a s u r em e n t  a p p r o ac h e s  planned for 
i n c o r p o r a tion i n to n a t iona l s tandard s .  Th i s  
w o r k  r e s u l t e d  i n  t h e  a d o p t i on o f  the f i r s t  
s u c h  d o c um e n t  i n  1 9 8 3 :  Am e r i c a n  N a t i o n a l 
S t a nd a r d  ( A N S ) X 3 . 1 0 2 ,  " D a t a Comm u n i c a t i on 
S y s t em s  a n d  S e r v i c e s - - U s e r - O r i e n te d  P e r form­
ance P a r amete r s . "  

I n  1 9 8 5 ,  t h e  F e d e r a l  T e l e c o m m u n i c a t i o n s  
S t a n d a r d s  Comm i t te e  ( FTSC ) propo s ed adop t i on 
o f  ANS X3 . 1 0 2 as F e d e r a l  S tandard ( FED STD) 
1 0 3 3 , to be mand a tory for a l l  ag ency procur e ­
m e n t  o f  d a t a  c o mm u n i c a t i o n s  s y s t e m s  a n d  
s e r v i c e s .  Th e f i n a l  a c t i on p r i o r  to F T S C  
a p p r o v a l  a n d  s u b m i s s i o n  t o  t h e  G e n e r a l  
S e r v i c e s  Ad m i n i s t r a t ion ( G S A )  - - who pub l i sh e s  
a n d  i m p l e m e n t s  F E D  S T D ' s - - w a s  t h a t  o f  
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conduc t i ng an impac t  a s s e s sment i n  accordance 
with GSA requi r emen t s . 

The pr imary purpose of the impac t a s s e s smen t  
i s  t o  ascer t a i n  probab le econom i c  and techno­
lo g i c a l  imp a c t  of the S t a ndard ' s  adop t ion , 
a n d  t o  s u r v e y  comm e r c i a l  a v a i l a b i l i t y o f  
p r o d u c t s  r e q u i r e d  t o  imp lement i t . A n  ITS 
s t a f f  memb e r  con d u c t e d  the a s s e s sme n t  for 
p r o p o s e d  F ED S T D 1 0 3 3 , r e v i e w i n g  f o rma l 
commen t s  on the doc ument and i t s  predecessor 
ANS X 3  . 1 0 2 .  He a l s o  con d u c t e d  t e l e ph o n e  
i n t e r v i e w s  w i t h  d a t a commu n i c a t i o n  u s e r s  
( i n c l u d i n g  F e d e r a l  ag enc i e s/depa r tme n t s  and 
p r i v a t e - s e c t o r  f i rm s ) , d a t a  c ommu n i c a t ions 
s e r v i c e  p r o v i d e r s , a n d  t e s t  e q u i p m e n t  
manufactur e r s . 

Th i s  s t udy r e v e a l e d  m a r k e d  e n t h u s i a sm for 
Fed e r a l  adop t ion of the proposed FED STD and 
d o c um e n te d  tha t voluntary use o f  ANS X 3 . 1 0 2  
i s  g r o w i n g  a n d  i s  s e r v i n g  a v i ta l  purpose 
for both Fed e r a l  and pr i v a te data u s er s .  As 
r e f l e c t e d  by t h e  u s e r  s u r v e y , t h e r e  i s  
c o n s i d e r a b l e  o p t i m i s m o v e r  f u t u r e  c o s t  
s a v i n g s  r e s u l t i n g  f r om implemen t a t ion of a 
Feder a l ly adopted per formance s tandard . One 
ma j o r  F e d e r a l  a g e n c y  tha t h a s  mo s t  e f fec­
t i v e l y  imp lemented pa r ame t e r s  o f  an ear l i e r  
v e r s i o n  o f  t h e  s ta n d a r d  f o r  d a t a  s e r v i c e  
p r oc u r em e n t  c omme n t e d  tha t i t s  " e f f i c iency 
a n d  c o s t - e f f e c t i v e n e s s  h a v e  b e e n  w e l l  
proven . "  

Feder a l  S tandard 10 3 3  wa s forma lly adopted in 
l a te s umme r  o f  1 9 8 5 . A compan ion s tandard on 
per formance mea su remen t  me thodo logy , a l so the 
r e s u l t  o f  ITS wor k ,  wa s in the forma l b a l lo t ­
i n g  p r o c e s s  f o r a d o p t i o n  a s  a n  Ame r i c a n  
N a t i o n a l  S t a n d a r d  i n  l a t e  F Y  8 5 . Th i s  
p r o p o s e d  s t a n d a r d  i s  b r i e f l y  d e s c r i b e d  in 
Sec t ion 2 . 3 .  

Other Work i n  U . S .  S tandard s Commi t t ee s . One 
o f  the ta s k s  that I TS is fu l f i l l ing for NCS 
i s  t h a t  o f  r e p r e s e n t i n g  NCS/TS ( Techno logy 
a n d  S t a nd a rd s  O f f i c e )  on s e l e c ted standards 
comm i t te e s . 

Re p r e s e n t a t i v e s  f r om I T S  h a v e  a c t i v e l y 
p a r t i c i p a t e d  i n  w o r k  o f  Ame r i c a n N a t i o nal 
S t a n d a r d s  I n s t i t u t e  ( A N S I )  A c c r e d i t e d  
S tandard s Comm i t t e e  ( ASC ) Task Group X 3 S 3 . 7 .  
Th e i n t e r e s t  o f  th i s  Comm i t te e  i s  r e f le c ted 
in i t s  t i t l e , P ub l i c  D i g i t a l  Ne two rk Acce s s . 
Me e t i n g s  o f  th i s  Comm i ttee a r e  l week long 
a n d  o c c u r  f i v e  to s i x t i m e s  p e r  y e a r . 
S t a n d a r d s  c on t r i b u t i o n s  a r e  s e n t  t o  X 3 S 3  
( t h e  p a r e n t  comm i t t e e )  and the n ,  a s  appro­
p r i a te , to the I nt e r n a t iona l Organ i za t ion for 
S t a n d a r d i z a t i on ( I SO )  and the I n te r n a t ional 
Te legr a ph and Te lephone Con s u l t a t iv e  Comm i t ­
tee (CC I TT ) . The ANS I  i s  t h e  o f f i c i a l  U . S .  
M e m b e r  B o d y  i n  t h e  I S O .  U n i t e d  S t a t e s  
con t r i b u t ions t o  CC I TT a r e  coord ina ted by the 
Depa r tment of S ta t e .  

I n  t h e  p a s t ,  T a s k  G r o u p  X 3 S 3 . 7  h a s  been a 
l e a d e r  i n  d e v e l o p i n g  C C I TT Re comm e n d a t i on 
X .  2 5 ,  wh i c h  d e s c r i b e s  t h e  d a t a  t e r m i n a l  
e q u i pm e n t  ( D T E )  / d a t a  c i r c u i t - t e r m i n a t i n g  
equ i pment ( DCE ) inter face for packet switched 
p ub l i c  d a t a  n e t wo r k s . The 1 9 8 0  ver s ion of 
CC I T T  X .  2 5  h a s  been adopted by the ANS I  a s  
Am e r i c a n  N a t i ona l S tandard ( ANS ) X 3  . 1 0 0  and 
by the F ed e r a l  Government as Feder a l  S tandard 



( F S )  1 0 4 1 / F e d e r a l  I n f o r m a t i o n P r o c e s s i n g 
S t a n d a r d  ( F I P S )  1 0 0 . S u b s e q u e n t l y a new , 
u p d a t e d  v e r s i o n  o f  X . 2 5  w a s  a d o p ted by the 
CC I TT in 1 9 8 4 . 

Th e I n s t i t u t e  c o o p e r a t e d w i t h c o mm i t t e e  
r e p r e s e n t a t i v e s  f r om t h e  N a t ional Bureau o f  
S t a n d a r d s  ( N B S ) , t h e  N a t i ona l Commu n i c a t ions 
S y s t em ( NCS ) , and the Ame r ican Te lephone and 
T e l e g r a ph C o m p a n y  ( A T & T )  i n  w r i t i n g and 
coord inating approval o f  a new vers ion of ANS 
X3 . 1 0 0  based on X . 2 5  ( 1 9 8 4 ) . O r i g i n a l  d r a f ts 
w e r e  d e v e l o p e d  a n d  t h e n  r e v i s e d  a t  I TS t o  
r e f l e c t  c o mm e n t s  f r o m X 3 S 3 . 7  T a s k  G r oup 
memb e r s .  Fu r t h e r  c h a n g e s  in the t e x t  a r e  
expec ted a s  the wor k  prog r e s s e s  into the next 
f i s c a l  y e a r .  One o f  the goa l s  o f  th i s  work 
is to a l ign FS 1 0 4 1/ F I P S  100 w i t h the new ANS 
X 3 . 1 0 0  s o  th a t  t h e r e  a r e  a s  few d i f f e r ences 
as p o s s i b l e  b e t w e e n  the s e  s tandard s .  Th i s  
w i l l  enable the Feder a l  Gove r nment t o  proc ure , 
a t  a mor e r ea sonable cos t ,  X . 2 5 - ba sed sys tems 
tha t are compa t i b l e  w i t h  X . 2 5  n e tworks in th i s  
c o u n t r y . Th i s  t y p e  o f  e f f o r t  e nh ances the 
i n t eroperab i l i ty of government commu n i c a t ions 
sys tems i n  t imes o f  n a t i onal emergency . 

Am o n g  o t h e r  w o r k , I T S p r e pa r e s  t e c h n i c a l  
r e p o r t s  f or t h e  N C S . S h o r t ,  s umma r y - type 
t e ch n i c a l  b r i e f s  d e s c r i b e  t e c h n i c a l  and/or 
econom i c  deve lopments impa c t i n g  commun i c a t ions 
sys tems . Top i c s  d e a l t  w i th in FY 8 5  inc luded 
C o m p u t e r  I n q u i r i e s  I ,  I I ,  and I I I  b y  the 
F e d e r a l  Comm u n i c a t i o n s  Comm i s s i o n , and the 
F e d e r a l  Co u r t  d e c i s i o n  t h a t  d e a l t  w i th the 
d iv e s t iture of AT& T .  

A n  N T I A  Repor t ,  e n t i t l e d  " Sw i t c hed N e twor k s  
a n d  S i g n a l i n g  f o r  t h e  I S D N , "  i s  a l so being 
p r e p a r e d . T h i s  r e p o r t  d e s c r i b e s  r e c e n t  
c omm u n i c a t i o n s  n e t wo r k  h i e r a r c h i c a l  s t r u c ­
t u r e s ,  s i g n a l i n g , a n d  t h e  c h a n g e s  tha t are 
t a k i n g  p l a c e  i n  t h e s e  n e t wo r k s  as a r e s u l t  
o f  t h e  A T & T  d i v e s t i t u r e . S w i t c h e s  a n d  
tec hnology that a r e  invo lved i n  the se network 
c h a n g e s  and the e v o l u t i on to a n  I n t e g r a ted 
S e r v i c e s  D i g i ta l  Ne twor k  ( I SD N )  are add r e s s ed 
in d e ta i l . 

O t h e r  s t a nd a r d s  c omm i t t e e s  wh e r e  I TS s ta f f 
m e m b e r s  h a v e  r e p r e s e n t e d t h e  N C S  i n c l u d e : 
E I A  3 0 . 1  ( S igna l Qua l i ty ) , E I A  F0- 2 Comm i t te e s  
o n  F i b e r O p t i c s  S t a n d a r d s , E I A F 0 - 5  
( I n d u s t r i a l  L i a i s o n  f o r  G o v e r nm e n t  Op t i c a l 
F i b e r  S y s t e m s ) , t h e  D O D  J o i n t  S t e e r i n g 
Comm i t t e e  for the M I L- STD - 1 8 8 - Se r i e s , and ASC 
TlD 1 . 3  ( P hy s ical Layer ) . 

S y s t e m s  E n g i n e e r i n g S uppo r t to the N a v a l 
O c e a n S y s t e m s  C e n t e r  l n  M e t e o r - B u r s t  
C o mm u n i c a t i o n s . T h e N a v a l O c e a n  S y s tems 
C e n t e r  ( N O S C ) is  t h e  f o c a l  p o i n t  f o r  the 
d e v e l o pm e n t  of a n umb e r  of Navy , D e f e n s e  
C o mm u n i c a t i on A g e n c y  ( D C A ) , a n d  o t h e r  DOD 
m e t e o r - b u r s t  comm u n i c a t i on s  s y s te m s . The 
d e t a i l s  of t h e s e  s y s t em s  are c l a s s i f i e d . 
T h e  I n s t i t u t e  h a s  b e e n  p r o v i d i ng t e c h n i c a l  
e x p e r t i s e  a n d  a s s i s t a n c e  t o  N O S C  i n  the 
a n a l y s i s ,  d e s i g n , a n d  d e v e l o pm e n t  of these 
s y s t e m s , and h a s  b e e n  p r o v i d i n g  s y s t ems 
e n g i n e e r i n g  support i n  sev e r a l  areas rela ted 
to meteor - b ur s t  commun i c a t i on s .  Th i s  support 
i n c l u d e s  t h e  d e v e l o pm e n t of f u n c t i o n a l 
r e q u i r em e n t s  f o r  the s y s tems , a s s i s tance in 
o v e r a l l  s y s t e m s  d e s i g n i nc l u d i n g h a r d wa r e  
d e f i n i t i o n , s o f t w a r e  d e s i g n , i n t e r f a c e s to 
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o t h e r  s y s t ems , estab i i s hment o f  l i n k  proto­
c o l s  a n d  n e t wo r k i n g . Another ma j o r  e f f o r t  
u n d e r  t h i s  pr o j e c t  i s  t h e  d e v e l o pme n t  o f  
c r y p t o g r a p h i c  a p p r o a c h e s  to mee t i n g  the 
secur i t y  requi r ements o f  the se sys t ems . The 
pro j e c t  a l so requ i r e s  the deve lopmen t  of te s t  
me thod o l ogy to ev a lu a te s y s tem and compone n t  
per formanc e . The I n s t i t u te has been pa r t i c ­
i p a t i n g i n  t e c h n i c a l  a n d  a dm i n i s t r a t i v e  
wor k in g  groups in the me te o r - b ur s t  commun ica­
t i o n s  a r e a . T h e s e  g r o u p s  i n c l u d e  b o t h  
Gov e r nme n t  a n d  i n d u s t r y  p e r s o n n e l  w h o  are 
engaged i n  the deve lopmen t  o f  the s y s tems , or 
who a r e  the eventual users o f  the s e  sys tems . 

A m a j or con tr ibut ion the pa s t  year has been 
the d e v e l o pme n t  of a u n i q u e  c r y p t o g r a p h i c  
d e s i g n  t h a t  u s e s  a n  a p p r o v e d  D O D  COMSEC 
d ev i c e , yet s t i l l  m e e t s  the requ i r emen t  of 
me t eo r - b u r s t  commun i c a t ions for low synchro­
n i z a t ion overhead . Another con tr i b u t ion wa s 
t h e  d e v e l o pm e n t  o f  t h e  p r e l im i n a r y  s y s tem 
d e s i g n f o r  a s h i pb o a r d  p o s i t i o n  l o c a t i on 
s y s t e m t h a t  u s e s  me t e o r - b u r s t  commu n i c a ­
t ions . 

I S D N  T e c h n i c a l .  T h e D i r e c t o r  o f  t h e  
I n s t i t u te for Telecommun i c a t ion S c iences a l so 
serves as the Cha i rman o f  the ANS I - Ac c r e d i ted 
T e l e c omm u n i c a t i on s  S t a n d a r d s Comm i t t e e ' s 
T e c h n i c a l  S ub c omm i t t e e  T l D l  o n  I n t e g r a te d  
S e r v i c e s  D i g i t a l  Ne t wo r k s  ( I S D N ' s ) . T h i s  
s u b c o mm i t t e e  c o o r d i n a t e s  u . s .  e f f o r t s  t o  
d e v e l o p  N a t i o n a l s t a n d a r d s  o n  I S D N  a n d 
p r o v id e s  input to the u . s .  CC I TT I SDN Joint 
Wor k i ng P a r ty , wh ich prepar e s  U . S .  con t r ibu­
t i o n s  to the CC I TT S tudy Groups r e s pon s ible 
f o r  i n t e r n a t i o n a l  I S D N  s t a n d a r d i z a t i on .  
Wh e r e  a p p r o p r i a t e , I TS p e r f o r m s  i n t e r n a l  
techn i c a l  stud i e s  t o  a s s i s t  the s e  comm i t t e e s  
in exp lor ing and r e so l v i n g  k e y  I SDN i s sues a s  
they ar i s e . 

The I n t e r n a t i o n a l  T e l e g r a ph a nd T e l e ph o n e  
Con s u l t a t i v e  Comm i t te e  d e f i n e s  an I SD N  a s :  

" A  n e t w o r k  e v o l v e d  f r o m  t h e  
t e l e p h o n e  n e t w o r k  t h a t  p r o v i d e s  
e n d - t o - e n d  d i g i t a l  c o n n e c t i v i ty to 
s u ppo r t  a w i d e  r a n g e  o f  s e r v i c e s , 
inc lud ing voice and nonvo i c e  s e r v i c e s  
t o  w h i c h  u s e r s  h a v e  a c c e s s  b y  a 
l im i ted set of s tandard mult ipurpose 
c u s tomer interfaces . "  

Th e e n d - t o - e n d d i g i t a l  c o n n e c t i v i ty e l im i ­
n a t e s  t h e  r equi r emen t  f o r  analog vo i c e - band 
modems to c omm u n i c a t e  d a t a . However , some 
form of voice d i g i t i z a t ion is required . 

Th e o r i g i n a l  I S D N  c o n c e p t  a s s umed tha t the 
I S D N  wo u l d  be a d i g i t a l  s u c c e s s o r  to t h e  
p u b l i c  t e l e p h o n e  n e t w o r k  a n d w o u l d  b e  
transparent to the type o f  informa t i on b e i n g  
transm i t t e d - -whether i t  be speec h ,  f a c s im i le , 
o r  d i g i t a l  d a t a . As CC I TT s t ud i e s  h a v e  
prog r e s sed , i t  h a s  been recog n i zed t h a t  th i s  
m a y  be a n  over - s impl i f i ed approach . I n  the 
r e a l  wor ld i t  may be ne c e s s ary to be awa r e  of 
the t yp e s  of i n f orma t i on being transm i t ted 
and to ta ilor or ad apt ne twork f a c i l i t i e s  to 
e f f i c i e n t ly meet user need s . The conc e p t  now 
i s  t h a t  a l i m i t e d  s e t  o f  m u l t i p u r p o s e  
u s e r /n e tw o r k  i n t e r f a c e s  w i l l con n e c t  u s e r s  
w i t h  " a n  I SDN"  t h a t  may be a cong lome r a te o f  



mu t u a l l y  i n t e r c o n n e c t e d  n e tworks not nece s ­
s a r i l y  hav ing the same characte r i s t i c s .  

A m a j o r p r em i s e  i n  I S D N  p l a n n ing i s  that a 
b r o a d  r a n g e  o f  v o i c e and d a ta se r v i c e s  w i l l  
b e  s u p p o r t e d . T h e s e  s e r v i c e s  w i l l  b e  
i n t e g r a t e d  t h r o u g h  d i g i t a l  c o n n e c t i v i t y 
b e t w e e n  u s e r s . S e r v i c e s  such a s  te leme tr y , 
s e c u r i t y mon i t o r i n g , e l e c t ro n i c  ma i l , e l e c ­
t r o n i c  f u n d s  t r a n s f e r , v o i c e ,  f a c s i m i l e , 
g r a ph i c s ,  v i d e o t e x , a n d  b u l k  d a ta t r a n s f e r  
be twe en compute r s  a r e  i n tended to be ava i l ab l e  
through I SD N .  I n  the U n i te d  S ta te s , the I SDN 
s e r v i c e s  w i l l  u s e  pub l i c  and l e a s e d  d a t a  
channe l s  and both c i r cu i t - a nd pac k e t - swi tched 
f a c i l i t i e s  a n d  w i l l  p r o v i d e  e x t e n s i v e  
i n t e r c o n n e c t i o n  amo n g  n e twor k s .  Med i a  w i l l  
c on s i s t  o f  w i r e  pa i r s , coax i a l  cable , op t i c a l  
f i b e r  c a b l e , a n d  s a t e l l i t e s y s t e m s . 
Me s s a g e - sw i t c h i ng doe s  no t app e a r  a s  p a r t  o f  
t h e  c u r r e n t  p l a n n i n g , b u t  m a y  b e  o f f e r e d 
l a te r . 

E x i s t i n g n e t w o r k s  u s e  m a n y  i n t e r f a c e s  i n  
c o n n e c t i n g t o  u s e r  t e r m i n a l s .  Mo s t  o f  
t h e s e wou ld b e  e l iminated a s  the I SD N  i n te r ­
f a c e s  e v o l v e . E x i s t i n g  i n t e r f a c e s  ( e . g . , 
R S - 2 3 2 - C )  c o u l d  o p e r a te in an I SD N  e nv i ron­
ment u s i n g  a spe c i a l  adapte r . Such an i n te r im 
s o l u t ion wo uld eventua l ly b e  pha sed out . 

T h e  b a s i c  I S D N  u s e r - n e tw o r k  i n t e r f a c e  w i l l  
h a v e  two 6 4 - kb/ s " B  channe l s "  f o r  i n forma t i on 
t r a n s f e r  a n d  a 1 6  k b / s  " D  c h a n n e l "  f o r 
s i g n a l i n g  a n d  low - s p e e d  d a t a . Th i s  i s  the 
2B + D b a s i c  c h a n n e l  s t r u c t u r e . Mu l t i p l e s  
a n d  s u bm u l t i p l e s  o f  the s e  d a ta r a t e s  a r e  
b e i ng d e t e r m i n e d  by the CC I TT . H i g h - vo lume 
u s e r s  w i l l  h a v e  a v a i l a b l e  a 2 3 B + D 
c on f i g u r a t i o n a t  the u s e r / n e twork i n t e r face . 
Th i s  i s  a pr ima ry r a t e  cha nne l s t r uc tu r e  for 
a P ABX or LAN conne c t ion s to the I SD N . 

T h e  I SD N  i s  being s tr uc tured so tha t  current 
s e r v i c e - d ed i c a ted netwo r k s  may be i n t e g r a te d  
i n t o  " a n I S D N "  w h e r e  a p p r o p r i a t e  a n d  
c o s t - e f fe c t i v e . Examp l e s  o f  e x i s t i ng ne two r k s  
t h a t  may be i n t e g r a ted into a f u t u r e  I SD N  a r e  
p a c ke t - sw i tched ne twor k s  a n d  c i r c u i t - swi tched 
data n e twor k s  such as t e l e x . P r i v a t e  ne two r k s  
a n d  LAN ' s  a r e  n o t  e xpec ted to be i ntegra ted , 
a l t h o u g h  t h e y  may b e  i n t e r c o n n e c t e d  to the 
I S DN as shown in F igure 2 - 4 . The evolut ion to 
I S D N  i s  e x p e c t ed to ta ke one or two decad e s  
a n d  w i l l  p r o b a b l y  t a k e  p l a c e  a c c o r d i n g  t o  
n a t i o n a l  o r  g e o g r aph i c  bound a r i e s , b a s ed on 
n a t ional p r ior i t i e s  and need s .  

F a c i l i t i e s  t h a t  a r e  a l r eady i n  place a r e  to 
b e  p a r t o f  t h i s  t r a n s i t i o n . T h e  p r e s e n t  
d i g i ta l  n e twor k s  w i l l  b e  a po i n t  o f  depa r t u r e  
f o r  t h e  i n t e g r a t i o n  o f  s e r v i c e s  ba s e d  on 
e c o n o m i c  c o n s i d e r a t i o n s  a n d  t e c h n o l o g i c a l  
e v o l u t ion . Equ ipmen t  i s  not be ing d i s carded 
except through obso l e s c e nc e . The 6 4  kb/s PCM 
d i g i t a l  s i g n a l ,  t h e  T - c a r r i e r s , s t o r e d  
p r o g r am c on t r o l , a n d  u s e r - n e twork s i g n a l i n g  
w i l l  a l l  be e s s e n t i a l  compon e n t s  o f  t h e  I SDN . 

P r e v i o u s  w o r k  o n  I S D N  b y  I TS s t a f f  memb e r s  
p r o d u c e d  a b a c k g r o u n d  r e p o r t o n  t h e  I S D N  
g l o b a l  numb e r i ng plan . Th i s  year the report 
has been e xpanded and r ev i s ed for pub l i c a t ion 
as an NT I A  Re por t  ent i t l ed " I SDN : Number i n g , 
A d d r e s s i n g , a n d  I n t e r w o r k i n g "  ( b y 
P i e tr a s iewic z e t  a l . ) .  
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I n  F Y  8 5 ,  t h e  I n s t i t u t e  a l so comp l e ted and 
p ub l i s he d  a s t udy on voice qua l i ty me a s u r e ­
m e n t s  a n d  r e l a t e d s t a n d a r d s  d e v e l o pm e n t  
( NTI A Re por t  8 5 - 1 8 8 , Hoffmeyer ) .  Th i s  s tudy 
r e v i e w e d  c ur r e n t  and planned techniques and 
s t a n d a r d s  f o r  d e s c r i b i n g  t h e  qua l i t y o f  
t r a n sm i t t ed s p e e c h  and pointed out severa l 
a r e a s  w h e r e  s u b s t a n t i a l  new r e s e a r c h  i s  
r e qu i r e d . Th i s  work w i l l  be con t i nued and 
e xpanded in FY 8 6 .  

A r e l a t e d  e f f o r t  i n  F Y  8 5  w a s  d i r e c t e d  
towa r d  d e v e loping improved vo i c e  qua l i t y  of 
s e r v i c e  ( QOS ) s ta ndards for te lephony sys tems 
us ing s i gn a l  proc e s s ing and pa t te r n  recogn i ­
t i on t e ch n i q ue s . The I TS approach involves 
t h e  use of an e xp e r t  pa t te r n  r e c o g n i t i o n  
m e t h o d o l o g y a n d  sy s t e m  f o r  a u toma t i c a l l y 
e v a l u a t i n g a n d  s e l e c t i n g  ob j e c t i v e  v o i c e  
qua l i t y  parame t e r s  and c l a s s i fy i n g  te s t  data 
i n  a m a n n e r  c on s i s t e n t  with the sub j ec t i v e  
p e r c e p t i o n s  o f  h um a n s . D e v e l o p i n g  th i s  
methodo l ogy h a s  led to iden t i f i c a t ion o f  f i ve 
s e p a r a t e  p r o j e c t s : ( l )  S t a n d a r d  S p e e c h  
S o u r c e  D e s i g n , ( 2 )  I m p a i r m e n t  G e n e r a t o r  
D e s i g n , ( 3 )  T e s t b e d  D e v e l o p m e n t , 
( 4 )  S ta t i s t i c a l  Te s t  De s ig n , and ( 5 )  Te s t  S e t  

D e s i gn . T h e  Te s t  S e t  i s  the f i n a l  output o f  
t h i s  p r o j e c t  a nd is expected t o  be used i n  
t e s t i n g t h e  p e r f o r m a n c e  o f  o p e r a t i o n a l  
t e l e ph o n e  s y s t e m s . The t e s t  s e t  w i l l  make 
the de s i r ed ob j ec t ive parame ter mea s ur ements 
( i n c l ud i n g  the e f f e c ts of de l a y )  from each 
end a n d  w i l l  map the v e c t o r  of p a r am e t e r  
v a l ue s  into one o f  f i v e  c l a s s e s  o f  qua l i ty . 
The end r e s u l t  could be a readout of one of 
f i v e  pe r f o r ma n c e  c l a s s e s , i . e . , exce l l e n t , 
good , f a i r , poor , or una cceptab le , a long w i t h  
a n  a s soc i a te d  measurement conf idence leve l . 

The ma i n  thr u s t  of the pro j e c t  thu s  far has 
b e e n  i n  t h e  p l a n n i n g o f  the T e s t  S e t  as 
d e s c r i b ed by F i g u r e  2 - 5 .  P r e v i ou s  t e s t s  
m ea s u r i n g l o s s , no i s e , a nd echo parame t e r s  
h a v e  shown tha t sub j ec t ive ( huma n )  c la s s i f i ­
c a t ion spreads over a l l  five c la s s e s . Th ese 
d a t a w e r e  r e g e n e r a t e d  f r om t h e i r  s umma r y  
t a b l e s  a n d  h a v e  b e e n  p r o c e s s e d  u s i n g  t h e  
s ta n d a r d  s t a t i s t i c a l  p a c k age . The package 
perm i t te d  a quick subopt imum ana lys i s  o f  the 
d a t a  u s i n g c o r r e l a t i o n , r e g r e s s i o n , a n d  
l i near d i s c r im i nant ana lys i s . Th i s  ana lys i s  
shows t h a t w i t h  the se standard mea s u r eme nts 
of l o s s ,  n o i s e , and e c h o  and u s i n g  l i near 
d i s c r i m i n a n t  f u n c t i o n s , t h e  c l a s s i f i e r  
per formanc e i s  qu i t e  poor . The s e  con c l u s ions 
suppor t the need for con t i nued deve lopmen t  o f  
t h e  expert s y s tem c l a s s i f i er i n  F igure 2 - 5 . 

At the c l o s e  o f  FY 8 5 ,  the Fede r a l  Commun i c a ­
t i on s Comm i s s i o n ( FC C ) i s s u e d  a No t i c e  o f  
P r o p o s e d  Ru l emak ing ( NPR) con c e r n i n g  p o l i c y  
a n d  r u l e s  f o r  comp e t i t i v e  c ommo n  c a r r i e r  
s e r v i c e s . Th i s  no t i c e , known a s  the Th i rd 
Comp u t e r  I nqu i ry , i s  expected to have ma j o r  
impac t o n  t h e  te lecommun i c a t ions industry and 
t h e  f u t u r e  d e v e l opment o f  I S DN ' s .  The FCC 
p r o p o s e s to e l imi n a te s t r uc tu r a l  sepa r a t ion 
f o r  d om i n a n t  c a r r i e r  p r o v i s ion o f  enhanced 
s e r v i c e s . The I n s t i tu te prov ided techn i c a l  
inpu t s  to NTIA policy expe r t s  r e spon s i b le for 
p r e p a r i n g the Admi n i s t r a t i on ' s  r e spon se to 
th i s  N P R .  Techn i c a l  areas cov ered inc luded 
I S D N , P a c k e t  S w i t c h e d  S e r v i c e s  on t h e  
D - C h a n n e l , N e t w o r k  C h a n n e l  T e r m i n a t i n g 
Equ i pm e n t , U n d e r lying Networ k  Technolog i e s , 
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Comparably E f f i c i e n t  I n t e r c onnec t i on , and the 
e x i s t e n c e  o f  p o s s i b l e  bot t le neck fac i l i t i e s . 
O n e  c o n c e p t  d e v e l o p ed i n  t h e  I TS i np u t  i s  
th a t  r egula tory and accounting con t r o l s  might 
be d i r e c t e d  towa r d  e n s u r i n g  th a t  dom i n a n t  
c a r r i e r s  p rovide c e r t a i n  b a s i c  f unc t io n s  and 
s i g n a l s  a t  e q u i t a b l e  r a t e s  t o  p o t e n t i a l  
c omp e t i t o r s ,  r a th e r  t h a n  ensur i n g  tha t they 
pr o v i d e  " c omp a r a b l y  e f f i c i e n t  i n t e r c o n n e c ­
t i o n "  t o  bottleneck fac i l i t i e s  u s ed i n  the i r  
o w n  c om pe t i t i v e  o f f e r i ng s .  The I TS par t i c i ­
p a t i o n  i n  t h e  T h i r d  C o m p u t e r  I n q u i r y  i s  
e x p e c t e d t o  con t i nue throughout the proceed­
i n g s  and we l l  i n to FY 8 6 . 

Amp l i t u d e  Companded S ideband (AC S B ) Per form­
a n c e  M e a s u r e m e n t s . T h e  i n t r o d u c t i o n  o f  
n a r r ow b a n d  t e chnolo g i e s  into the land -mob i l e  
b a n d s  prom i s e s  t o  a l l ev i a te t h e  c rowd ing tha t  
i s  b e c o m i n g  a s i g n i f i c a n t  prob lem i n  me t r o ­
po l i t a n  a r e a s . A N o t i c e  o f  P r o p o sed Ru l e ­
ma k i n g  i s s u e d  by t h e  F e d e r a l  Commu n i c a t ions 
Comm i s s ion ( FC C )  i n  Apr i l  of 1 9 8 4  d e s c r i b e s  a 
c h a n n e l  s t r uc t u r e  and l i c ens ing plan for the 
u s e  of n a r r o w b a n d  t e chnolo g i e s  on a r egular 
ba s i s  i n  the 150  MH z band o f  the P r i v a te Land 
Mob i le Rad i o  S e r v i c e . In Ma rch o f. 1 9 8 5 , the 
FCC r e l e a s e d  a R e p or t and Order that amends 
P a r t  9 0  of the FCC Ru l e s  and Regu l a t ions to 
au t h o r  i ze the use o f  nar rowband techno l o g i e s  
i n  t h e  1 5 0  MHz b a n d  b y  spl i t t ing t h e  3 0  kH z 
c h a n n e l s  i n t o  5 - k H z  subchanne l s . The Repor t 
and Order a l lows for the l i c e n s i ng and use o f  
AC S B  r ad i o  sys tems , a narrowband te chno logy , 
on a non inter f e r i ng b a s i s .  

T h e  L a w  E n f o r c e m e n t S t a n d a r d s  L a b o r a t o r y  
( LE S L ) o f  t h e  N a t i o n a l  B u r e a u  o f  S t a nd a r d s  
( N B S ) , w o r k i n g w i t h a n d  f o r  t h e  N a t i o n a l  
I n s t i tu te o f  J u s t i c e  ( N IJ ) , dev e lops per form­
a n c e  s t a n d a r d s  for the f u l l  r a n g e  of l a w  
e n f o r c em e n t e qu ipmen t  i nc lud ing rad io equip­
m e n t .  S p o n s o r e d  by t h e  L E S L / N B S , t h e  
I n s t i t u t e  i s  wo r k i n g  o n  the d e v e l opment o f  
p e r f o r manc e mea s u r e s  for ACS B .  Th e purpo s e s  
o f  t h i s  2 - y e a r  p r o j e c t  a r e  t o  i d e n t i f y  
a n d / o r  d e v e l o p  t h e  a p p r o p r i a t e  p e r f o r m a n c e  
me a sur e s  f o r  ACSB , a n d  t h e n  t o  d e te rmine the 
v a l u e s  for the se mea s u r e s  tha t represent the 
s am e  l e v e l  o f  p e r f o rmance that is spec i f i e d  
for F M  rad i o s  in N I J  S tandard s .  

AC S B  r a d i o  u s e s  a s i ngle s i d eband , amp l i tude 
mod u l a t ed e m i s s i on w i t h  a f u l l y  s u pp r e s s e d  
c a r r i e r  and includes a p i lo t  t o n e  a s  shown i n  
F i g u r e  2 - 6 .  T h e p i l o t  t o n e  p r o v i d e s  a 
fr equency r e fe r ence for the rece i v er , and i t s  
l e v e l  i s  i n v e r s e l y p r o p o r t i o n a l  t o  t h e  
i n s t a n t a n e o u s  amo u n t  o f  compr e s s i on o f  the 
a u d i o  s i g n a l  o c c u r r i n g  in the t r a n s m i t te r . 
T h e  r e c e i v e r  u s e s  t h e  l e v e l  o f  t h e  p i l o t  
t o n e  t o  r e s t o r e  t h e  d y n a m i c  r a n g e  o f  t h e  
a u d i o  s i g na l . The pa i r  o f  bloc k d i ag r ams o f  
F i gure 2 - 7  show the ma j or e l emen t s  o f  a n  ACS B  
t r a n sm i t te r  a n d  r ec e iver , r e spec t i v e ly . Many 
c l a im th a t  AC S B  i s  " a s  good or b e t te r "  than 
F M  i n  t e r m s  of r a n g e  a n d  i n t e l l i g i b i l i t y .  
The e f f e c t i v e  i n c r e a s e  i n  spe c t r um e f f i c i e ncy 
h a s  b e e n  e s t i ma t e d  to b e  a bo u t  a fac tor of 
three . 

E f f o r t s  d u r i n g  FY 8 5  h a v e  b e e n  d i r e c te d  a t  
c o l l e c t i ng i n f o rma t i o n  a n d  ma k i n g  p r e p a r a ­
t i ons for the a c tu a l  per formance mea sureme n t s  
t o  b e  m a d e  i n  the n e x t  f i s c a l  y e a r . Th e 
m i n imum l e v e l o f  a c c e p t a b le per formance for 
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2 5 - o r  3 0 - k H z  FM sy s tems i s  usua l ly repre­
sented by a S I NAD v a lue o f  12  dB . ( S I NAD i s  
t h e  ra t io o f  a 1 0 0 0  H z  te s t  tone + i n t e r f e r ­
e n c e  + no i s e  + d i s to r t ion to the inter fer ence 
+ n o i s e  + d i s t o r t i o n  as mea s u r e d  at t h e  
output of t h e  rece iver . )  T h e  o r i g i n s  o f  t h i s  
d e  f a c to s t a nd a r d a r e  unc l e a r ; h owever i t  
a ppe a r s  tha t a n  ea r l i e r  measure of min imum FM 
p e r f o rm a n c e - - 2 0 dB q u i e t i n g - - i s equ ivalent 
t o  t h e  1 2  d B  S I NAD . I n i t i a l  I TS s t ud i e s  
ind i c a te tha t some sor t o f  S I NAD mea surement 
is not on ly a ppropr i a te , but a l so a pr a c t i c a l  
m e a s u r e  o f  A C S B  p e r f o rman c e . The S I NAD 
me a s u r e  for AC S B  mu s t  somehow i n c l u d e  the 
e f f e c t s  of comp a n d in g .  Two of the sever a l  
a pproaches b e i n g  e xamined are : S I NAD v e r s u s  
t he r e la t ive lev e l s  o f  t h e  aud io tone a n d  the 
p i l o t  ton e , and S I NAD v e r s u s  the b a s eband 
a ud io input lev e l . 

D u r i n g  FY 8 5 , var ious S I NAD me asur e s  for ACS B  
w e r e  i d e n t i f i e d , a s  we l l  a s  t e c h n i q ue s  t o  
me asure o t h e r  per formance par ame te r s  s u c h  a s  
p e a k  e n v e l o p e  p o w e r . O t h e r  a c t i v i t i e s  
i n c l u d e d  a t h o r o u g h  l i t e r a t u r e  s e a r c h , 
o b s e r v a t i on s  of oper a t ing AC SB s y s tems , and 
p r e l i m i n a r y  me a s u r e m e n t s  on AC S B  r a d i o s . 
I n  F Y  8 6 , t h e  i n t e l l i g i b i l i t y ( pr o b a b l y  
r ep r e s ented b y  the sub j e c t iv e  mea s ur e  ca l led 
a r t i c u l a t ion scor e )  o f  an FM system oper a t i n g  
a t  1 2  dB S I NAD w i l l  be de termined . The n , the 
v a l u e  o f  S I N A D  f o r  an AC S B  s y s t e m t h a t 
p r o d u c e s t h e  s ame l e v e l  o f  inte l l i g ib i l i ty 
w i l l  be sough t .  The s t udy w i l l  con t i nue i n to 
FY 8 7 . 

SECTION 2 . 2  SATELLI TE NETWORK ANALYS I S  

T h e  c omme r c i a l  s a t e l l i t e  i nd u s t r y  i s  w e l l  
e s ta b l i shed a n d  a w i d e  s e l ec t ion o f  s a te l l i te 
c o mm u n i c a t i o n  s e r v i c e s  i s  a v a i l a b l e . 
H o w e v e r , s t r o n g u . s .  e f f o r t s  to e n h a n c e  
sate l l i t e  technology and t o  improve spec t r um 
and orb i t  e f f i c i e nc y  are needed tod ay for two 
r e a s o n s : t o  a s s u r e  c o s t  e f f e c t i v e  a n d  
c ompe t i t iv e  s a te l l i t e  commun ication serv ices 
to U . S .  user s i n  the future , and to ma i n t a i n  
U . S . l e a d e r  s h i p  i n  t h e  d e  v e l  o p m  e n  t a n d  
a p p l i c a t i o n  o f  s a t e l l i t e c omm u n i c a t i o n  
technology . The Na t i ona l Tele commun i c a t ions 
and I n f o rm a t i o n  Adm i n i s t r a t i on is wo r k in g  
w i t h  o t h e r  F e d e r a l  ag enc i e s  t o  ensure that 
a d e q u a t e  f r e qu e n c y  a n d  g e o s t a t ionary orb i t  
resources a r e  av a i la b le t o  suppo r t  growth and 
compe t i t ion in the U . S .  s a te l l i te commun i c a ­
t i o n s  i n d u s t r y . T h e  S a t e l l i t e  N e t w o r k 
A n a l y s i s  G r o p p  i n  N T I A ' s  I n s t i t u t e  f o r  
T e l e commun i c a t ion S c i e nc e s  conduc t s  r e s e a rch 
and e n g i n e e r i n g  p r o g r ams tha t support th i s  
g o a l .  T w o o b j e c t i v e s  a r e  e m p h a s i z e d : 
s uppor t ing u . s .  prepara t ion for interna t i ona l 
n e g o t i a t i o n s  o n  s a t e l l i t e  c o mmu n i c a t i o n  
f r e q u e n c y  a n d  o r b i t  a s s i g n m e n t s , a n d  
a s s e s s i n g  t h e  p e r f o r m a n c e  a n d 
c o s t - e f f e c t i v e n e s s  o f  a d v a n c e d  s a t e l l i t e 
technolog i e s . 

B r o a d  r e s p o n s i b i l i t y f o r i n t e r n a t i o n a l  
r e g u l a t i o n  o f  t e l e c ommun i c a t i o n s  r e s i d e s  
i n  the I n te r n a t ional Te lecommun i c a t ion Un ion 
( I TU ) . C o o r d i na t i on of spec t r um and o r b i t  
u s e  among countr i e s  i s  e f f e c ted through I TU 
Admi n i s t r a t i v e  Conference s .  The 1 9 7 9  Wor ld 
Adm i n i s t r a t i v e  Rad io Conference ( WARC ) pas sed 
a r e s o l u t i o n  c a l l i n g  f o r  a W o r l d  S p a c e  
Adm i n i s t r a t iv e  Rad io Con ference ( S pace WARC ) 
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Figure 2 - 7 .  Block diagrams o f  a n  amp l i tude companded s i deband ( ACSB ) 
t r an smi t t e r  and an ACSB r e c e i ve r . 
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t o  b e  c o n v e n e d  i n  two s e s s i on s .  The f i r s t  
s e s s i on w a s  d i r e c t e d  to d e c i d e  wh i c h  space 
s e r v i c e s  a n d  f r e q u e n c y  b a n d s s h o u l d  b e  
pl anned and to e s tab l i sh pr inc i p l e s , te chn i c a l  
p a r ame t e r s , a n d  c r i t er i a f o r  plann i ng . Th e 
s e c o nd s e s s i on was d i r e c ted to imp lement the 
d e c i s ions taken at the f i r s t . " P lanning"  here 
d e s c r i b e s  t h e  a c t i o n s  and n e g o t i a t i o n s  
n e c e s s a r y  t o  a ch i ev e  internat ion a l  agr eement 
on the a s s i g nm e n t  of f r e q u e n c i e s  and or b i t  
l o c a t i o n s  f o r  f u t u r e  s p a c e  ( s a t e l l i t e )  
s e r v i c e s . A m a j o r o b j e c t i v e  o f  t h e  
I n s t i t u t e ' s  F Y  8 5  p r o g r a m i n  s a t e l l i t e 
c o m m u n i c a t i o n s  w a s  t o  con t r i b u t e  t o  U . S .  
p r e p a r a t i on s  f o r  th e s e two c on f e r e n c e  s e s ­
s i ons . 

The mos t  prom i s ing mea n s  o f  improving spec t r um 
a n d  o r b i t  e f f i c i ency in s a te l l i t e  commun i c a ­
t i o n s  r e qu i r e  t h e  d e v e l o pme n t  o f  a d v a n c e d  
t e chnology . Proposed tec hno logy enhancemen t s  
for sate l l i t e  commun i c a t ions includ e : 

o h i g h e r  f r e q u e n c i e s  th a t  p e r m i t  nar rower 
beamw i d th s  ( for closer s a te l l i te spac i n g s ) 
a n d  g r e a t e r  b a nd w i d t h s  ( f o r  i n c r e a s e d  
capac i t i e s  p e r  sate l l i t e )  

o mul t iple , swi tched spot beams d i r e c ted to 
r e l a t i v e l y  sma l l  r e g i o n s  o f  t h e  e a r t h 
( for inc r e a s ed f r equency reuse ) 

o s i n g l e  a n d / o r  m u l t i p l e  s c a n n i n g  s p o t  
beams ( f or enhanced sate l l i te ver s a t i l i t y )  

o o n - b o a r d  s w i t ch i n g ( t o p r o v i d e  d y n a m i c  
adaptab i l i ty t o  user need s and to r ea l i z e 
t h e  f u l l  b e n e f i t s  o f  f i xed and scann ing 
spot beams ) .  

T h e  I n s t i t u t e ' s  F Y  8 5  a d v a n c e d  s a t e l l i t e  
t e c h n o l o g y  wo r k  h a s  b e e n  a im e d  a t  d e f i n ing 
e x p e r im e n t  c r i te r i a  and spec i f i c  e xp er imen t s  
n e e d e d  t o  r e a l i z e a n d  op t im i z e  t h e s e  tech­
nolo gy enhanc emen t s . 

T h e  F Y  8 5  w o r k  o f  t h e  S a t e l l i t e  N e t w o r k  
A n a l y s i s  G r o u p  c o m p r i s e d f i v e  t e c h n i c a l  
p r o j e c t s : a s a t e l l i t e  commun i c a t ions pro j e c t  
i n  e a c h  o f  t h e  two a r e a s  j u s t  d e s c r i bed , and 

t h r e e  r e l a t e d  p r o j e c t s a d d r e s s i n g  r a d i o  
chann e l  and equ ipment cha r a c ter i z a t ion . Each 
pro j e c t  is d e s c r ibed in mor e  deta i l  be low . 

Techn i c a l  S uppo r t  t o  P lanning and P r epa r a t ion 
for the 8 5/ 8 8  Space WARC . The support by I TS 
to prepa r a t ion for the Space WARC encompassed 
thr e e  sepa r a te tas k s : ( l )  Enhanc ement o f  the 
G e o s t a t i o n a r y  S a t e l l i t e  O r b i t  A n a l y s i s  
Prog ram ( G SOAP ) , ( 2 ) S t ud i e s  o f  Ear th S t a tion 
A n t e n n a  S i d e - L o b e  C h a r a c t e r i s t i c s ,  a n d  
( 3 )  P a r t i c i p a t i on i n  t h e  I RAC A d  H o c  1 7 8  

group r e spon s i b l e  for Space WARC p r epa r a tory 
stud i e s . 

A s a t e l l i t e  ne two r k  con s i s t s  of a sate l l i t e  
a n d  a l l  e a r t h  s t a t i on s  a s soc i a ted w i t h  i t . 
G S O AP i s  a s o f tw a r e  s y s t em f o r  a n a l y z i n g  
m u t u a l  i n t e r f e r e n c e  a m o n g  g e o s t a t i o n a r y  
sate l l i te ne two r k s . Figure 2 - 8  i l l u s t r a t e s  
t h e  i n t e r f e r e n c e  p r o b l e m  i n  a v e r y  s imple 
c a s e , whe r e  on ly two s a te l l i t e s  are in o r b i t  
a n d  thr e e  e a r t h  s t a t ions a r e  a s soc i a te d  with 
e a c h . T h e  s o l i d  l i n e s  c o n n e c t i n g  t h e  
s a t e l l i t e s  a n d  e a r t h s t a t i o n s  r ep r e s e n t  
w a n  t e d  path s , wh i l e  the da shed lines repre­
s e n t  i n t e r f e r i n g  pa th s . Each ear th- s ta t ion 
transm i t ter a c t s  as an uplink inter f e r e r ,  and 
each s a te l l i te transm i t t e r  acts as a down l i n k  
i n t e r f e r e r , t o  t h e  o t h e r  n e t w o r k . The 
i n t e r f e r e nc e  power a t  the f i n a l  d e s t inat ion 
o f  a s i gn a l  ( i . e . , an e a r th - s t a t ion r e c e ive r )  
i s  t h e  t o t a l  o f  a l l  up l i n k  and down l i n k  
inter fer ence powe r s . The actual s i t u a t ion i s  
mor e  comp l i c a ted because the r ad io s i g n a l  in 
each path shown w i t h  e i ther a solid or d a shed 
l i n e  c on s i s t s  of a s e t  of mu l t i p l e  t r an s ­
ponder signa l s , e a c h  a s s igned t o  one o f  two 
o r t h o g o n a l p o l a r i z a t i o n s . T h e  o v e r a l l  
c a r r i e r - to - i nt e r ferenc e  r a t io ( C I R ) must be 
c a l c u l a t e d  f o r  e a c h  t r a n s p o nd e r  s i g n a l o f  
e a c h  n e t w o r k .  T h e  C I R ' s d e p e n d  o n  t h e  
r ad i a t e d  powe r s  f r om ,  and the t r a n s p onder 
a r r a n g em e n t s  o f ,  the wa nted and inte r f e r ing 
t r a n sm i t t er s , the r ad i a t ion pa t te r n s  o f  the 
e a r th s ta t i on and sa te l l i te antenna s , and the 
po lar i za t i on angle s , propag a t i on loss e s , and 
r a i n - i n d u c e d  d e p o l a r i z a t i o n  of b o t h  the 
wanted and the inte r f e r ing rad io signa l s . 

Fiqure 2 - 8 . S a t e l l i t e  n e twork s .  ( Two symbo l s ,  E and S ,  
s t and f o r  s a te l l i te and e a r t h  s t a t ion , 
r e sp e c t i v e l y . A s o l i d  l i n e  i s  a wanted 
p a t h , and a d a s he d  line i s  an i n t e r f e r i n g  
p a t h . ) 
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An i n i t i a l  vers ion of GSOAP wa s developed a t  
I T S i n  p r i o r  f i s c a l  yea r s . A s  d e s c r ibed i n  
mo re deta i l  below , GSOAP currently c a l c u l a t e s  
C I R ' s b a s e d  o n  t h e  r e c t a n g u l a r - s p e c t r u m 
a s s ump t i on . GSOAP i mp l emen t s  t h r e e  p r opa ­
g a t i on mode l s - - t h e  CC I R ,  1 9 7 7  WARC - B S , and 
1 9 8 3  RARC - B S - R2 mode l s . GSOAP implements 8 
a n d  1 2  emi s s i on p a t t e r n s  f o r  t h e  s a t e l l i te 
a n d  e a r t h - s t a t i on a n t e nn a s ,  r e s p e c t i v e l y , 
e i ther taken f rom the I TU and Fede r a l  Commun i ­
c a t i o n s  Comm i s s ion ( FCC ) documents o r  dev e l ­
o p e d  b y  I T S . I t  i s  p l a n n e d  t h a t  G S O A P  
w i l l  c a l c u l a t e  b a s e b a n d  s y s tem per formanc e s  
such a s  the s i gna l - to- n o i s e  r a t io s  (SNR ' s )  or 
b i nary error probab i l i t i e s  in the f u t ur e . 

Enhancemen t  o f  GSOAP h a s  con t i nued throughout 
F Y  8 5 .  All techn i c a l  problems known to da te 
f o r  t h e  d o ub l e  p o l a r i z a t i o n , r e c t a n g u l a r ­
s p e c t r u m ,  s i n g l e  a n t e n n a /m o d u l a t i o n , and 
m u l t i p l e - t r a n s p ond e r  s c e n a r i o  v e r s i o n  h a v e  
b e e n  r e solved . Solut ions f o r  the se problems 
h a v e  b e e n  imp l em e n t e d  i n  the l a t e s t  vers ion 
o f  the p r o g r a m .  I n  a d o u b l e - p o l a r i z a t i o n  
s c e n a r i o ,  e a c h  s a t e l l i t e  c a n  hav e u p  t o  two 
o r t h o go n a l po lar i z a t ion s . I n  a rec tang u l a r ­
s p e c t r um s c e n a r 1 o , i t  i s  a s 3 umed t h a t , for 
the s i g n a l  p a s s i n g  through each transponder , 
t h e  s h a p e  o f  b o t h  t h e  s i g n a l s p e c t r um a n d  
r e c e i v e r  p a s s b a nd a r e  r e c tangular a n d  the i r  
b a n d w i d t h s  a r e  i d e n t i c a l . I n  a s i n g l e ­
ante nna/modula t i on scena r i o , each earth point 
h a s  a s i n g l e  a n t e n n a , a n d  a s i n g l e  
mod u l a t i o n - t y p e  s i g na l i s  t r a n sm i t t e d  over 
t h e  s a t e l l i t e  n e t w o r k  t h r o u g h  each t r a n s ­
pond e r . I n  a mu l t iple - transponder scena r i o , 
e a c h  s a te l l i t e  ha s a number of tran sponde r s . 

S u b s t a n t i a l  r e d u c t i o n s  o f  r e q u i r e d a r r a y  
s i z e s  i n  GSOAP were ach ieved i n  F Y  8 5 .  GSOAP 
c a n  n o w  a n a l y z e  a s c e n a r i o i n v o l v i n g  1 0 0  
s a t e l l i t e s  a n d  1 0 0 0  e a r t h  p o i n t s  o n  a 
g e n e r a l - p u r p o s e  compu t e r .  Sev e r a l  improve­
m e n t s  h a v e  b e e n  m a d e  in t h e  i n p u t  d a t a  
f i l e  and output pre sen t a t ion forma t s . 

T h e  I TS e f f o r t  i n  d ev e loping GSOAP h a s  been 
c o o r d i na ted c lo s e l y  w i t h  the O f f i c e  of Spec ­
t r um Management ( OSM) o f  NT I A .  The OSM plans 
t o  use GSOAP in prepar ing for inte r s e s s ional 
m e e t i n g s  a n d  t h e  s e c o n d  s e s s i o n  o f  t h e  
1 9 8 5 / 1 9 8 8  S p a c e  WARC , b o t h  i n  the U n i t e d  
S t a t e s  and a t  the s i te o f  the con ferenc e . I t  
i s  e xpec ted tha t GSOAP w i l l  inter face with a 
d a ta base deve loped by NTIA/OSM and a scena r io 
synthe s i s  prog r am being deve loped under a con ­
t r a c t f rom OSM to pr i v a te industry . 

A p r o g r am c a l l e d  t h e  d a ta retr i e v a l  pro g r am 
( a l s o  c a l l e d  t h e  i n t e r f a c e  p r o g r a m )  tha t 

r e a d s ne c e s s a r y  d a ta f rom the data base and 
r e f o rma t s  t h e  d a t a a s  t h e  GSOAP i nput data 
f i l e s  h a s  b e e n  d e v e l o p ed by N T I A/OSM and 
t r an s fe r r ed to I TS .  Th i s  vers i on o f  the d a ta 
r e t r i e v a l  program inte r f a c e s  with an ea r l i er 
v e r s i on of G S O AP t h a t ana l y z e s  only s i ngle­
po l a r i za t ion and s i ng le - t r an sponder scenar i o s . 
An e f fort i s  under way to ad apt the inte r face 
prog r am to the la test v e r s ion of GSOAP . 

An a l g o r i t hm , d e v e l o p e d  by I T S  a n d  impl e ­
m e n t e d  i n  GSOAP , f o r  mode l i ng a shaped - beam 
s a t e l l ite antenna wa s i n s t a l led on a compu ter 
o pe r a t e d  by the I n t e r n a t ional Te lecommun i c a ­
t i on U n i on i n  G e n e v a , S w i t zer land , a t  the i r  
r e q u e s t . Th i s  a l g o r i t hm a l lows the u s e r  t o  
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c a l c u l a te the sa t e l l i t e  antenna ga in i n  the 
d i r e c t i o n  o f  an a r b i t r a r y  earth po i n t  when 
the emi s s ion pattern of the antenna is g i ven 
graph i c a l l y  on the s u r f a c e  of the Earth w i t h  
sev e r a l  con tour l i n e s  correspond ing to a s e t  
o f  gain value s . 

Sev e r a l  techn i c a l  pub l i c a t ions on GSOAP were 
pub l i shed or comp l e te d  in FY 8 5 .  A polar i z a ­
t i on a n g l e  r e p o r t ,  N T I A  Repor t 8 4 - 1 6 3 , wa s 
p u b l i s h e d  i n  O c t o b e r  1 9 8 4 . A d r a f t  NT I A  
Repor t ,  techn i c a l  ba s i s  for GSOAP , i s  under 
rev iew and w i l l  be pub l i shed ear ly in FY 8 6 . 
A d r a f t  NT I A  T e c h n i c a l  Memo r a n d um , " U s e r  
Manu a l  for GSOAP , "  h a s  a l so been prepared and 
w i l l  be pub l i shed in FY 8 6 . 

The s e c ond t a s k  under the 8 5/ 8 8  Space WARC 
p r o j e c t  i n v o l v ed s t ud i e s  o f  e a r th s t a t ion 
antenna s i d e - lobe cha r a c te r i s t i c s . Th i s  wor k  
i s  b e i n g m o t i v a t e d  b y  t w o  f a c t o r s : t h e  
m a n d a t o r y  u s e  o f  r e f e r e n c e  p a t t e r n s  i n  
c a l c u l a t i n g i n t e r f e r e n c e  i n  t h e  U n i t e d 
S t a t e s ,  and the scarc i t y  o f  data de s c r i b i n g  
the pe r f o r m a n c e  o f  e a r t h  s t a t i o n  a n t e n n a s  
u s e d  f o r  F i x e d - S a t e l l i t e S e r v i c e  ( F S S ) , 
par t i cu l a r ly a t  1 4 / l l  GHz . 

I n  r e s p o n s e  to the s e  n e e d s f o r  t e c h n i c a l  
in forma t ion , I TS h a s  c o l l e c ted o f f - a x i s  g a i n  
per formance p a t t e r n s  o f  antennas prod uced by 
s e v e r a l  U . S .  manu f a c t ur e r s . Mea sured s id e ­
l o b e  p e r f o r m a n c e  d a t a  f o r  a l l  a v a i l a b l e  
antennas l i s ted i n  app l i c a t ions for l i cen s i ng 
by the FCC in the 1 4 / l l  GHz band for common 
c a r r i e r  s e r v i c e s  h a v e  b e e n  o b t a i n e d  a n d  
a n a l y z ed , and t h e  r e s u l t s  h a v e  b e e n  m a d e  
ava i l able t o  space serv i c e s  p l anner s ,  i n c l ud ­
ing CC IR s t udy/wor k i n g  group s . The I n s t i t u te 
i s  p a r t i c u l a r l y c o n c e r n e d  w i t h  t h e  s y s tem 
per formanc e e f f ec t s  of inter ference lev e l s  to 
and f rom ad j acent sate l l i t e s  in l i g h t  o f  the 
FCC ' s  Re po r t  and O r d e r , Docket No . 8 1 - 7 0 4 ,  
wh ich w i l l  eventua lly red uce sa te l l i t e  orb i t  
separa t ions f rom the present 4 °  t o  2 ° .  

The a n t e n n a  s i d e - l o b e  s t udy con s idered the 
immed i a t e s i d e - l o b e  r e g  i on ( l  o to 7 o away 
f r om bo r e s i g h t )  and a l so g r ea ter angle s to 
t h e  e x t e n t  th a t  d a t a  we r e  a v a i l a b l e  f r om 
manu fac turer s .  Ac tua l antenna patterns from 
d i f f e r e n t  ma n u f a c t u r e r s we r e  o b t a i n ed a n d  
d i g i t i z ed t o  prod uce a d a ta ba s e  con s i s t i ng 
of 5 0  s e pa r a t e pa t te r n s  for 14 antennas in 
t h e  l l  GHz ( s p a ce - to - e a r th )  frequency range 
and 4 6  patterns in the 14 GHz range ( ea r th ­
t o - s p a c e ) f o r  t h e  s ame 1 4  a n t e n n a s . The 
antennas s tud ied range f rom 3 . 5 to l l . O  m in 
d i ame t e r  w i t h  d i ame te r - to -wavelength ra t io s  
( D/ A )  f r om 1 3 9  t o  5 2 3 . 

A l l  a n t e n n a s  ev a l u a t e d  i n  th i s  s t u d y  we r e  
des igned to mee t  the r u l e s  and regula t i o n s  o f  
the FCC a s  upd a ted in 1 9 8 3 , a s  g iven by : 

G ( 6 )  = 

2 9  - 2 5  log e dB i ,  for l o  < e < 7 0 

+ 8 dB i I for 7 0 < e < 9 .  2 ° 

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

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



w h e r e  8 i s  t h e  a n g l e  i n  d e g r e e s  f r om t h e  
a n t e n n a  b o r e s i g h t . T h e  FCC r e q u i r e s  th i s  
r e fer ence d i ag r am for copo lar s i gna l s  for a l l  
a n t e n n a s  t r a n sm i t t ing i n  the F i xed - S a te l l i t e  
S e r v i c e . I n  a d d i t i o n , t h e  FCC h a s  s t a t e d  
t h a t th i s  c u r v e m a y  n o t  b e  exceeded between 
l 0 and 7 ° .  

T h e  CC I R ,  i n  Recommendat ion 5 8 0 , h a s  adopted 
a s i m i l a r  de s i g n  ob j ec t ive for an tennas w i t h  
a D/1. > 1 5 0 . T h a t  de s i gn obj ec t i v e  i s  tha t 
a t  lea s t  9 0 %  of the s id e - lobe peak amp l i t ud e s  
not exceed 

G ( 8 )  = 2 9 - Z5 log e dB i ,  for 1 ° ; 8 ; z o o . 

T h e  r e c ommend a t i o n  f u r th e r  sta te s tha t th i s  
r e q u i r em e n t  s ho u ld b e  m e t  f o r  a n y  o f f - a x i s  
d i r e c t i o n  w i t h i n  3°  o f  t h e  g e o s t a t i on a r y ­
s a t e l l i t e  or b i t .  Re c omm e nd a t i on 5 8 0  m akes 
n o  me n t i o n of r e c omm ended s i d e - lobe g a i n  a t  
angle s 8 > z o o .  

F i g u r e  Z - 9  s h o w s  s t a t i s t i c a l  r e s u l t s  o f  ITS 
a n a l y s i s  f o r  a l l  a n t e n n a s s t ud i ed in t h e  
d o w n l i n k  ( l l G H z )  f r e q u e n c y  r a n g e . 
F i g u r e  Z - 1 0  s h o w s  r e s u l t s  f o r  a l l  a n t e n n a s  
s t u d i e d  i n  the u p l i n k  ( 1 4  G H z )  range . The 
r e g i o n  b e t w e e n  l 0 a n d  4 ° a w a y  f r o m  t h e  
b o r e s i g h t  i s  a n  extremely sen s i t i ve inte r v a l  
w i t h r e s p e c t  t o  i n t e r f e r e n c e  t o / f rom t h e  
e a r t h t e r m i n a l .  The FCC ' s  dec i s ion to move 
u . s .  s a t e l l i t e s  f r om 4 °  t o  z a  s e p a r a t i o n 
r e d u c e s  the level for the r e ference envelope 
to avoid unacceptable inte r f er ence . 

F r o m t h e  s t u d y  r e s u l t s  s u mm a r i z e d  i n  
F i g u r e s  2 - 9  a nd Z - 1 0 , i t  c a n  b e  c o n c l u d e d  
tha t :  

o T h e p e r f o r m a n c e  o f  s o m e  o f  t h e  n e w  
U . S .  a n t e n n a s d o  n o t  c o n f o r m  w i t h  the 
c u r r e n t  F C C  r e q u i r em e n t s .  For examp l e , 
s e e  t h e  a n a l y s i s  r e s u l t s  s h o w n  i n  
F i gure Z - 1 0  for the angular reg ion 1 ° - 4 ° . 

o I n  t h e i r  d e c i s i o n  t o  mo v e  s a t e l l i t e s  
f r om t h e i r  p r e s e n t  3 ° - 4 °  s e p a r a t i o n , 
t h e  F C C  h a s n o t e d  th a t  e x i s t ing sma l l e r  
a n tenna s ( 3 - 7  m in d i amete r ) w i l l  not , in 
m o s t  c a s e s ,  meet t h e  n e w  r eg u l a t i o n s . 
T h e  F C C  h a s  g i v e n  u s e r s  o f  e x i s t i n g 
a n t e n n a s  unt i l  1 9 8 7  to e i ther replace or 
r e tro f i t  the se e x i s t i n g  antennas in order 
t o  c o n f o r m  t o  the n e w  r e g u l a t i o n s .  In 
l i g h t  o f  o u r  s t u d i e s , i t  i s  p r o b a b l e  
t h a t  even whe n  retr o f i t ted , many antennas 
s t i l l  w i l l  no t mee t  the rules and regula­
t ions , pa r t ic u l a r ly in the reg ion between 
l o and 7 ° .  

T h e  t h i r d  ta s k  u n d e r  t h e  8 5 / 8 8  S p a c e  WARC 
p r o j e c t  w a s  to s up p o r t t h e  I RAC Ad Hoc 1 7 8  
Wo r k i n g  G r o u p . FY 8 5  s uppor t  to Ad Hoc 1 7 8  
w a s  d i r ec ted pr imar i ly t o  the development o f  
s a t e l l i t e  u s a g e  s c e n a r i o s  a n d  a n a l y s e s  o f  
t h e se sce nar i o s  u s ing GSOAP . The r e s u l t s  o f  
t h e s e  s c e n a r i o a n a  l y s e s  we r e  r e p o r t e d  a t  
A d  H o c  l 7 8 m e e t i n g s . I TS d e v e l op e d  i n p u t  
d a ta f o r  GSOAP to d e s c r ibe a scena r i o w i t h  4 4  
s a te l l i t e s  and 5 6 0  earth po in t s . The s cena r i o  
i n c l u d e d  8 I N T E L S A T  s a t e l l i t e s , 2 5  U . S .  
d ome s t i c  s a t e l l i t e s , 3 C a na d i an s a te l l i t e s , 
3 Me x i c a n  s a t e l l i t e s , a n d  5 s a t e l l i t e s  for 
I n ter- and South-Ame r i can na t ions . The a c t u a l  
t r a n s p o n d e r  c a p a b i l i t i e s  ( n umber , oper a t ing 
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f r e q u e n c y , a n d  o u t p u t  p o w e r )  o f  e a c h  
s a t e l l i te we r e  mode led . Va r i a t i ons of th i s  
b a s i c  s c e n a r i o w e r e  t h e n  a n a l y z e d  t o  
d e t e r m i n e c o n d i t i o n s  t h a t  wo u l d  p r o d u c e  
min imum inte r ference . A compu ter prog ram wa s 
a l s o  d e v e l o p e d  t o  p r o v i d e  s t a t i s t i c a l  
compar i sons between two ana lyses of scena r i o s  
that inc luded the same number o f  s a te l l i te s .  
Th i s  compa r i s o n  p r o g r am p r o v e d  t o  b e  very 
useful in ev a l uat ing the ana ly s i s  results . 

Adv anced Sate l l i t e  Commun i c a t ions Techno logy 
S t u d i e s . S e v e r a l  e l e m e n t s  o f  a d v a n c e d  
te chno logy for commun i c a t ions sate l l i t e s  were 
n o t e d  e a r l i e r . Th e s e  t e c hno log ies provide 
b e n e f i t s to both c omm e r c i a l  and m i l i t a r y  
u s e r s . T h e  a d v a n c e d  t e c h n o l o g i e s  a n d  
a s s o c i a t e d  b e n e f i t s  a n d  b e n e f i c i a r i e s  a r e  
i l l u s tr a ted i n  F igure 2 - l l .  

Dur ing FY 8 4 ,  I TS c a r e f u l l y  examined the role 
i t  should play in support ing the deve lopment 
of adva nced tec hno l ogy for s a te l l i te c ommun i ­
c a t i on s .  I t  wa s c o n c l u d e d  tha t t h e  mo s t  
important i n i t i a l  con tr ibut ion I TS could make 
would be to par t i c ipate as an exper imenter in 
t h e  N a t i o n a l A e r o n a u t i c s  a n d  S p a c e  
Ad m i n i s t r a t i o n ( NA S A )  spon s o r e d  Ad v a n c e d  
Commun i c a t i o n s  T e c h n o l o g y  S a t e l l i te (ACTS ) 
p r o g r a m . N A S A  a n n o u n c e d  i n  1 9 8 2 i t s 
i n t e n t i on to f u n d , d e v e l o p  and l a u n c h  an 
Advanced Commun i c a t ions Techno logy Sate l l i t e . 
The purpose of the prog r am i s  to advance the 
s t a t e o f  t h e  a r t  i n  t h e  u s e  o f  h i g h e r  
f r e que n c i e s  ( 2 0 / 3 0  G H z ) , m u l t iple scanning 
b e a ms , f r e qu e n c y  r e u s e , and on - b o a r d  c a l l  
routing . The prototype sy s tem i s  d e s i g ned to 
p r o v i d e  b o t h  th i n - r o u t e , c u s tome r - p r em i s e  
s e r v i c e  a n d  h e a v y - r o u t e , t r u n k i n g  
c a p a b i l i t i e s . Pr ivate indus try , Government 
a g e n c i e s , and educ a t i on a l  i n s t i tut ions were 
inv i ted to par t ic ipate as exper imenter s .  In 
i t s  ro l e  as a N a t i o n a l  t e l e c ommun i c a t i on s  
l a b o r a t o r y ,  I T S p r o p o s e d  a n u mb e r  o f  
e x p e r im e n t s  d e s i g n e d  t o  me a s ure end - to-end 
sys tem performance . NASA responded favorably 
to th i s  propo sa l , pa r t i c u l a r ly s i nce no other 
exper imenter had sugg e s ted such mea su rements . 
The NASA p r o g r a m  w a s  f u l ly funded in FY 8 5  
and a pr ime con t r a c t  wa s awa rded t o  RCA Astro 
E l e c t r o n i c s .  The l a u n c h  of AC T S  i s  now 
schedu led for 1 9 8 9 , with a sub sequent Z - year 
per iod o f  program-pa r t i c ipant exper iments . 

The I n s t i t u te ha s been succ e s s ful in obta in­
i n g both a P o r t a b l e E a r th T e r m i n a l  ( P E T )  
veh i c l e  from NASA and a F i xed Ear th Terminal 
( FET ) from the U . S .  Army S a te l l i t e Commun i c a ­
t i o n s  A g e n c y . F o r t y - f i v e  c omp a n i e s  h a v e  
expr e s sed the i r  inte r e s t  o r  f i rm intent ion to 
b e  p a r t ic i pan t s  in the program . The I n s t i ­
t u te ' s  c a p a b i l i t i e s  a n d  exper ience i n  data 
c ommun i c a t i on s t andar d s ,  propag a t ion mod e l ­
i n g , a n d  s c i e n t i f i c  s u pp o r t  to b o t h  the 
Government and pr ivate sec tor te lecommun i c a ­
t i o n  c omm u n i t y  p l a c e i t  i n  an e x c e l l e n t  
pos i t ion t o  prov ide unb i a sed guidance t o  a l l  
user s .  

Th e s tud i e s  planned by I TS w i l l  foc u s  on the 
fo l low ing a r ea s :  

o f o o t p r i n t  c h a r ac te r i s t i c s  of both f i xed 
and s c a n n i ng beams ut i l i z ing the Globa l 
Po s i t ion ing S a te l l i t e ( GPS ) con s te l l a t ion 
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F i gu r e  2 - l l .  The r e l a tionships between advanced s a te l l i t e  t e c hnolog i e s  and 
a s s oc i a te d  bene f i ts and benef i c i a r i e s . 

f o r  e x t r em e l y  a c c u r a t e  p o s i t i o n i n g and 
t im i ng d a ta 

o D e m a n d  A s s i g n e d  Mu l t i p l e  Ac c e s s  ( D AMA ) 
a c q u i s i t i o n , a c c e s s , a n d  s w i t c h i n g 
d e lays 

0 e f f e c t s  
inc lud ing 
i z a t ion 

o f  a t m o s p h e r i c 
e xc e s s  a t tenua t ion 

p h e n o m e n a , 
and depo l a r -

o i m p a c t  o f  e n c r y p t i o n  s c h e m e s  s uc h  a s  
D E S  ( D a t a  Enc ryp t ion S tandard ) o n  sy s tem 
throughput 

o d e l a y s  in beampo int ing and sw i t ch ing . 

T h e I T S e x p e r i m e n t s  w i l l  b e  mo r e  f u l l y 
d e f i n e d  dur ing FY 8 6 ,  and w i l l  be doc umented 
i n  t e s t  p l a n s . A d e ta i le d  prog ram schedule 
through 1 9 9 1  w i l l  be prepar ed and all an t ic i ­
p a t e d  b u d g e t  requ i r eme n t s  de termined . C lo s e  
c o o r d i n a t i o n  w i th N A S A  a nd other e xper imen ­
t e r s  w i l l  b e  c o n t i n u e d  t o  e n s u r e  m a x imum 
b e ne f i t  for all par t ic ipan t s .  

Ro u n d e d  Ob s t a c l e D i f f r a c t i o n S t ud i e s . The 
d i f f r a c t i o n  o f  e l e c t r oma g n e t i c  wa v e s  by a 
r o u n d e d o b s t a c l e  w a s  i nv e s t i g a t e d  i n  I TS ­
s p o n s o r e d s t u d i e s  t o  e x t e n d  a n d  c o r r e c t  
p r e v i o u s l y  pub l i shed r e s u l t s . The I n s t i t u te 
d e v e l o p e d  e q u a t i o n s  a n d  c u r v e s  f o r  t h e 
p r e d i c t i o n  o f  d i f f r a c t i o n  l o s s  t h a t  a r e  
s u i t a b l e f o r  b o t h  h o r i z o n t a l and v e r t i c a l  
p o l a r i z a t i o n a n d  a f u l l  r a n g e  o f  g r o u n d  
c o n d u c t i v i ty a n d  d i e l e c tr i c  con stan t s . The 
c u r v e s  provide a t tenuat ion pred i c t i ons in the 
t r a n s i t i o n  r e g i o n  b e t w e e n k n i f e - e d g e  a n d  
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smoo t h - e a r t h d i f f r a c t i on t h e o r y . A p a per 
d e s c r i b i n g  the r e s u l t s  of th i s  s t u d y  wa s 
p ub l i shed in the May - J une 1 9 8 5  i s sue of Rad io 
S c ienc e .  

-----

P u l s e D i s t o r t ion S tud i e s  (Phase I I ) . FY 8 5  
work o f  the S a te l l i te Ne twor k  Ana ly s i s  Group 
inc l uded an ana ly t i c a l  s t udy to d e termine the 
c h a nge in pulse shape for a pulse re flec ted 
f r om the iono sphe r e . Re s u l t s  from the f i r s t  
p h a s e  o f  t h e  s t u dy a r e  pub l i s h e d  i n  t h e  
N o v e m b e r - D e c e m b e r  1 9 8 4  i s s u e  o f  Ra d i o  
S c i e n c e . The p a p e r  d i s c u s s e s  the impu l se 
r e s po n s e  f or r e f l e c t ion from an ionospher i c  
l a y e r  with a sech 2 e l e c tron den s i ty pro f i le , 
a con s tant e le c t ron co l l i s ion fr equency , and 
a ve r t i c a l  compone n t  of the Earth ' s  magne t i c  
f i e l d . Numer i c a l  e x amp l e s  of the r e sponse 
are shown for some repr e s enta t i v e  c a s e s  of E 
a n d  F l a y e r  r e f l e c t i o n a s s u m i n g  v a r i o u s  
v a l u e s  o f  p e n e t r a t i o n  f r e q u e n c y , 
g y r o  f r e qu e n c y , c o l l i s i o n  f r e q u e n c y , l a y e r  
thickne s s , and inc idence angle e .  

I n  the second par t o f  the study , the ana ly s i s  
h a s  b e e n  e x tended t o  includ e  the d i s to r t ion 
e f f e c t s  on a rectangular pu l s e  r e f le c te d  from 
t h e  s e c h 2 mo d e l  i o n o s phere and ob served a t  
t h e  o u t p u t  o f  a s im p l e  r e c e i v e r  band p a s s  
f i l t e r . S t a t ionary pha s e  methods we r e  used 
t o  d e v e l o p  a n  e xp r e s s i on , s u i t a b l e  for a 
sma l l  de s k - top computer , that calculate s the 
t ime doma in enve lope of the r e c e i ved pu l s e . 
I ono sphe r i c , source pul se , and f i l te r  pa r am­
e t e r s  c a n  be v a r i e d  to e s t ima t e  d i s t o r ­
t ion cha r a c ter i s t i c s .  A paper d i scuss ing the 
r e s u l ts of th i s  l a t t e r  wor k  w i �l be pub l i shed 
in FY 8 6 . 



S t r e s s  L o a d i ng F a c i l i t y ( S L F ) Me t h o d o l ogy 
I n v e s t i g a t ion s .  The S t r e s s  Loading Fac i l i t y  
( S L F ) u n d e r  d e v e l opm e n t  b y  t h e  U . S .  Army 
E l e c t r o n i c  P r o v i n g  G r o u nd (USAEPG ) i s  env i ­
s i on e d  a s  an integrated test sys tem d e s igned 
to p r e s e n t  a n  e l e c t r omagne t i c  (EM ) th r e a t  
t e s t  e n v i r o n m e n t  t o  r ad i o  f r e q u e n c y  ( r f )  
Sys tems Under Te s t  ( SUT ) wh i le s imul taneously 
mon i t o r i n g  t h e  r e sponse of tho se sys tems by 
me a s u r i n g k e y  pe r f o r mance par ame te r s . Th i s  
p r o j e c t  i n v o l v e s  t h e  i n v e s t i g a t i o n a n d  
d ev e l opmen t ,  by I TS , o f  Measures o f  Func t i onal 
Pe r f orma n c e  ( MOFP ' s)  and recomme nd a t ions for 
a s s o c i a t ed t e s t  me t h o d s t o  s t r e s s  those r f  
sys tems whose f unc t ional per formanc e is being 
meas ured . 

I t  i s  important tha t  r f  sys tems de s i gned for 
u s e  in a d e n s e l y popu l a ted EM e n v i r onmen t 
b e  t e s t ed , and h a v e  t h e i r  per formance f unc ­
t i o n s  s t r e s s e d , by cond i t i o n s  t h a t  a r e  a s  
r e a l i s t i c  a s  p o s s i b l e . I t  i s  an t i c i p a t e d  
t h a t  S U T ' s  w i t h i n  the SLF w i l l  e n c o u n t e r  
s i m u l a t ed E M  th r e a t s  th a t  c l o s e l y r e s emble 
t h o s e  th a t  the s y s tem may en c o u n t e r  u n d e r  
" r e a l - w o r l d "  c o n d i t i o n s . An r f  s y s t e m  
u s u a l l y  h a s  s e v e r a l  m a j o r  func t ions tha t i t  
mu s t  pe r f o r m  t o  a c h ieve i t s  purpo se . The se 
m u s t  be c a r e f u l l y  d e f i n e d  to p r o v i d e  a 
s u i t a b le te s t  f r amewor k .  The per formance o f  
t h e  s y s t em ' s ma j o r f u n c t i o n s  mu s t  t h e n  b e  
t e s t e d  a n d  mea s ured us ing ca r e f u l l y  d e s igned 
s i mu l a t i o n  of the r f  env i r o nme n t  i n  wh i c h  
the sys tem i s  expec ted t o  oper a te . 

T h e  p u r p o s e  o f  t h e  F Y  8 5  S L F  Me t h o d o l o g y 
I n v e s t i g a t i o n s  w a s  t o  e x a m i n e  t h e  m a j o r  
f u n c t i o n s  o f  two s p o n s o r - s e l e c te d  s y s t e m s , 
t h e  per formance c r iter i a , the MOFP ' s  used to 
add r e s s  each c r i ter ion for each f unc t ion , and 
t h e  mea n s  by wh i c h  the two s y s t e m s  may be 
t e s t e d  and the r e s u l t i ng mea s u r ed f unc t i ona l 
pe r fo rmance . 

T h e  p e r f o r m a n c e  c r i t e r i a  s e l e c t e d  f o r  the 
purpose o f  th i s  s tudy were : 

o S p e e d  H o w  f a s t  i s  t h e  f u n c t i o n  
a c comp l i shed ? 

o Ac c u r a c y  - How c o r r e c t  i s  the f u n c t i on 
outpu t ?  

0 R e l i a b i l i t y  
c e r t a i n t y  i s  
per formed? 

W i t h w h a t  d e g r e e  o f  
t h e  func t i o n  s u c c e s s f u l l y  

o Ava i l a b i l i ty - I s  the func t ion ready and 
operable wh en needed ? 

0 M a i n t a i n a b i l i t y 
o p e r a b l e , i s  t h e  
r epa i r e d ?  

I f  n o t  r e a d y  a n d  
f u n c t i o n r e a d i l y 

o V u l n e r a b i l i t y - U s i ng D a ta L i n k  Vulner ­
a b i l i t y An a l y s i s  (DVAL ) Me thodo logy , how 
v u l n e r a b l e  i s  t h e  func t i o n to e x t e r n a l  
r f  inter f erence , ho s t i l e  and fr iend ly? 

Th e ma j o r  s y s t e m  f u nc t ion s selec ted for the 
purpose of th i s  s tudy we re : 

o S i gna l  Dete c t ion and Acqu i s i t ion 

o S i gnal Proc e s s i n g  
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o S i gna l C l a s s i f i c a t ion and Ident i f i c a t ion 

o Em i t t e r  C l a s s i f i c a t i on and I d e n t i f i c a ­
t ion 

o Emi t ter Loc a t ion 

o Da ta Commun ica t ion L i nk ( I n t r a s y s tem and 
User s )  

o Target D i s c r im i n a t ion . 

A ma t r i x  t h a t  i l l u s t r a t e s  r e l a t i on s h i p s  
b e t w e e n  p e r f o r m a n c e  c r i t e r i a  a n d  m a j o r 
system f unc t i ons i s  shown in Table 2 - 4 . 

A d r a f t  o f  t h e  r e p o r t  " S L F  Me t h o d o l o gy 
Inve s t ig a t i on s : Volume I - MOFP Developme n t "  
wa s del ivered t o  USAEPG in September . 

SECTI O N  2 . 3  SYSTEM PERFORMANCE STANDARDS 
AND DEF I N I T I O N  

Wor k  o f  t h e  Sys tem Per formance S ta nd a r d s  and 
D e f i n i t ion Group is focused on the develop ­
ment and app l i c a t ion o f  na t iona l and i n t e r n a ­
t i o n a l t e l e c omm u n i c a t i o n  s t a n d a r d s .  Th e 
Gr oup condu c t s  two ma j or NTIA progr ams . The 
f i r s t , t h e  D a t a  C o m m u n i c a t i o n s  p r o g r a m ,  
add r e s s e s  a g row ing need for e f f i c ient mea n s  
o f  r e l a t i n g  the d a t a  commun i c a t ion per form­
a n c e  r e q u i r e m e n t s  of end u s e r s  w i t h  t h e  
capab i l i t i e s  o f  compe t i ng sys tem and netwo r k  
o f f e r i n g s . T h e  s e c o n d , t h e  I n t e r n a t i on a l  
S t a n d a r d s p r o g r am , a d d r e s s e s  t h e  n e e d  for 
t e c h n i c a l l y  s t r o n g , b r o a d l y  b a s e d  U . S .  
c o n t r i b u t i o n s  to i n t e r n a t i o n a l  s t a n d a r d s  
organ i z a t ions whose pub l i shed recommend a t ions 
i n f l u e n c e  U . S .  t r a d e  i n  t e l e c ommun i c a t i o n  
prod ucts and ser v i c e s . The two prog r ams are 
com p l emen t a r y  i n  promo t i n g  econom i c  growth 
and e f f i c i e n t  u s e  of t e l e commu n i c a t ions in 
dome s t i c and interna t iona l mar kets . 

D a t a  C o mm u n i c a t i o n s . T e c h n i c a l  p r o j e c t s  
w i t h i n  t h e  I n s t i t u t e ' s  D a t a  Commun i c a t ions 
p r o g r am are d i r e c t e d  toward two l o n g - t erm 
g o a l s . The f i r s t  is to s t r e n g th e n  p r i c e /  
p e r f o r m a n c e  c o m p e t i t i o n a n d  t e c h n o l o g y  
i n n o v a t i on i n  t h e  u . s .  t e l e c ommun i c a t i o n s  
indus t r y .  The sec ond i s  t o  promote e f f i c i e n t  
p r o c u r e m e n t  and u s e  o f  t e l e c ommun i c a t i on 
equ ipment and serv i c e s  w i th in u . s .  Governmen t  
and pr i v a te sec tor organ i z a t ions . Both goa l s  
a r e  b e i n g  pu r s u e d  t h r o u g h  the deve lopment , 
p r o m u l g a t i o n , a n d  a p p l i c a t i o n o f  d a t a  
c ommu n i c a t i on per formance standard s .  Ma j or 
e n d  p r o d  u c t s a r e  F e d e r a l  a n d  Am e r i c a n 
Na t i o n a l S t a nd a r d s , wh i ch provide a common 
l a n g u a g e  f o r p e r f o r m a n c e  d e s c r i p t i o n  a n d  
e n s u r e  me a s u r em e n t  comparab i l i ty ; prototype 
t e s t  s y s t e m s , wh i c h  m a k e  imp lementa t ion o f  
the - s t a n d a r d s  p r a c t i c a l  and e f f i c ient ; and 
t e c h n i c a l  r e po r t s  and j ournal pub l i c a t ions , 
wh i c h e n c o u r a g e  u s e  o f  the s t a nd a r d s  by 
d e s c r i b i n g  t h e i r  a p p l i c a t i o n i n  t h e  
s p e c i f i c a t i o n  a n d  m e a s u r e m e n t o f  
repre senta t i ve data communicat ion ne�work s .  

P r i o r  wo r k ,  cond u c t e d  i n  coope r a t i o n  w i t h  
Ame r i can Na t i ona l S tandards I n s t i t u te (ANS I )  
Ac c r e d i t e d  S t a n d a r d s  Comm i t t e e  ( A S C ) T a s k  
Group X3 S 3 . 5 ,  has r e s u l ted i n  the deve lopment 
o f  t w o  s t a n d a r d s . T h e  f i r s t ,  Am e r i c a n  
N a t i o n a l S t a n d a r d  ( A N S ) X 3 . l 0 2 - l 9 8 3 , 
spec i f i e s  2 1  user - o r ien ted d a ta c ommun i c a t ion 
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Table 2-4 . Re l a t ionships Between Perf o rmance C r i te r i a  and M a j o r  System Functions for Sy stems Under T e s t  U s i ng the 
Stre s s  Loa d i n g  F a c i l i ty ( S LF ) 

MAJOR P ERFORMANCE CRITERIA 

SYSTEM 
FUNCT I ONS 

SPEED ACCURACY RELIAB I L ITY AVAI LAB I L I TY MAI NTAI NABI L I TY VULNERAB I ITY 

S i g n a l  Detecti o n  BW , Freq uency Accuracy , Acqu i s i ti o n  No i se BW , ( Per Test I nc i den t ( Per Tes t I nc i dent Frequency Range , 
PW Range , Sens i ti v i ty Recei ver Noi se Report - Army Mater i a l  Report - Army Materi a Recei ver Noi se 

S I GNAL P R I  Range,  F i gure , Detecti on Command Reg u l a t i o n  Comman d  Reg u l a t i o n  F i g ure , Ai r Craft 
DETECTN/ACQSTN Sens i ti v i ty Pro babi l i ty 70- 1 3 )  70- 1 3 )  S k i n / F i e l d  Effects 

S i g n a l  Proces s i ng Sys tem C l oc k  Accuracy Freq uency Res o l u t i o n ,  " " Dynami c Range , 
T i me , S i g n a l  System C l o c k  Gracef u l  Degrada ti o n ,  Spuri ous Reject i o n , 

S I GNAL Di g i ti zi ng T i me ,  Stabi l i ty F a l seA l a rm Image Rej ecti on 
P ROCES S I NG Thro u g h p u t  P robabi l i ty ,  Fa l se-

A l a rm Rate 

T i me to C l a s s i fy and Freq uency Accuracy , PW Meas urement " " 

S I GNAL 
I denti fy a S i g na l  A pri ori Memory Capabi l i ty ,  

Capab i l i ty Percentage Correct , 
CLASS/ I DE NT S i g na l  I denti fi cati on 

T i me to C l a s s i fy and Freq uency Accuracy , P R I  Acc uracy , " " 

I denti fy a n  Emi tter PRI Reso l u ti o n ,  P W  Accuracy , 
EMITTER A p r i o r i  Memory Percen tage Correc t ,  

C LASS/ I DE NT Capabi l i ty Emi tter 
I denti fi cati on 

Di recti o n  F i nder Spati a l  Resol u ti on ,  Percentage Correc t ,  " " 

Bandwi dth , Requ i red DF Accuracy , Emi tter Loca t i o n  
EI4 I TTER T i me to Locate Azimuth Coverage , 

LOCATI ON Emi tter Antenna Po l ar i za ti on , 
Beamwi dth , L i ne of 
Beari ng Accuracy 

Modu l a t i o n  Tech n i q u e ,  c 2 
Error Rate , c 2 

Re l i a b i l i ty 
" " 

c2 S u s cepti b i l i ty ,  
Data Rate 

DATA COM L I NK Error Detecti on and Acces s i b i l i ty ,  

( System/Users ) Correcti o n ,  Bi t Error I ntercepti bi l i ty ,  
Rate Feasi bi l i ty ( OVAL ) 

E M I MPACT ON P ROCES S I N  

Mu l ti pl e  Target Sorti ng T i me and Mu l ti p l e  Target " " 

Detecti o n  Accuracy S i g na l / Em i tter , ! den-
TARGET P robabi l i ty ,  ti fi cati o n  Probab i l -

D I  SCRi t� I  NATI ON Mu l ti p l e  Target i ty ,  Mu l ti p l e  Target 
P roces s i ng T i me Emi tter , Loca t i o n  

Probabi l i tv 

I 
I I 
I I 

! 

! 



p e r f o r ma n c e  p a r ame t e r s  ( F i g u r e  2 - 1 2 )  . The 
s p e c i f i e d  p a r a m e t e r s p r o v i d e  a m e t h o d  of 
d e s c r i b i n g  d a ta commu n i c a t ion per formanc e tha t  
i s  i n d e p e n d e n t  o f  n e t w o r k  t e c h n o l o g y , 
t o p o l o g y , a r c h i t e c t u r e , and pro toc o l . Th i s  
p r o p e r t y o f  s y s tem i nd e p e n d e n c e  ma k e s  the 
parame t e r s  useful a·s a " c ommon de nomi n a t o r "  in 
c o mp a r i n g d a t a c omm u n i c a t i o n  s y s t e m s  th a t  
provide s i m i l a r  s e r v i c e s  by mea n s  o f  d i f f e r e n t  
d e t a i l e d  d e s i g n s . B e c a u s e  t h e y  a r e  system 
i n d e p e n d e n t ,  t h e  p a r ame t e r s  are a l so u s e f u l  
i n  a l l o c a t i n g e n d - t o - e n d p e r f o r m a n c e  
o b j e c t i v e s  t o  n e t wo r k  s u b s y s tems - - th e  s ame 
b a s i c  p a r ame t e r s  c a n  be u s e d  i n  d e s c r ib i n g  
d a t a  commu n i c a t ion per formance a t  a n y  p a i r  o f  
d i g i t a l  inter f a ce s .  ANS X3 . 1 0 2  was forma l l y  
a d o p t e d  a s  a m a n d a t o r y  F e d e r a l  
Telecommun i c a t i on S tandard i n  July o f  1 9 8 5 . 

T h e  s e c o n d  s t a n d a r d , p r o p o s e d  Am e r i c a n  
N a t i o n a l  S t a n d a r d  X 3 S 3 . 5 / 1 3 5 , s p e c i f i e s  
uni form me thod s o f  mea s u r i n g  nume r i c a l  v a lues 
f o r  the A N S  X 3 . 1 0 2  p a r a m e t e r s .  Th e ba s i c  
c o n t e n t  o f  th a t  s t a n d a r d  w a s  comp l e t e d  i n  
F i s c a l  Y e a r  1 9 8 4 . F i s c a : Y e a r  8 5  w o r k  
r e s u l ted i n  the deve lopmen t  o f  a hypothe t i c a l  
n e tw o r k  m e a s u r ement e xamp le sha t i l l us tr a t e s  
t h e  s tandard ' s  use . The example wa s added t o  
t h e  b a s i c  s t a n d a r d  a s  a n  a p p e n d i x  a t  the 
r e que s t  o f  Ta s k  Gr oup X3S 3 . 5 .  Th e r e s u l t i ng 
d o c um e n t  w a s  s u bm i t t e d  to ASC S u b c omm i t tee 
X 3 S 3  for f o r m a l b a llot ing in Apr i l  o f  1 9 8 5 . 
T h e  X 3 S 3  b a l l o t  w a s comp l e ted suc c e s s f u l l y , 
and i t  i s  l i kely that the proposed mea s u r ement 

s t a n d a r d  w i l l  b e  pu b l i s h e d  as an a p p roved 
AN S I  stand a rd i n  FY 8 6 . Fede r a l  adop t i on of 
the ANS I s tandard i s  p l anned . Wide spread use 
o f  t h e  t w o  A N S I s t a n d a r d s  i n  F e d e r a l  
proc u r em e n t  s ho u ld prov ide sub s ta n t i a l  c o s t  
s a v i n g s  b y  ena b l ing Fede r a l  agenc i e s  to ( 1 )  
spec i fy the i r  d a ta commun i c a t ion requ i r eme n t s  
mo r e  p r e c i s e l y , a n d  ( 2 )  v e r i f y t h a t t h e  
p e r f o r m a n c e  v a l u e s  s t a t ed by equ ipme n t  and 
service prov ider s are i n  f a c t  me t .  

Techn i c a l  wor k  i n  the I n s t i t ute ' s  FY 8 5  D a ta 
Comm u n i c a t i o n s  p r o g r a m  wa s d i r e c te d  toward 
three spec i f i c  obj e c t iv e s : 

1 .  D e v e l o pm e n t  a n d  d o c umen t a t i o n  o f  t h e  
mea surement app l i c a t ion example , a n d  the 
p r e s e n t a t i o n  of proposed ANS X 3 S 3 . 5 / 1 3 5  
t o  G o v e r n m e n t  a nd i n d u s t r y  s t a nd a r d s  
comm i t te e s  and pote n t i a l  user s . · 

2 .  Deve lopment o f  te s t  so f tware and s ta t i s ­
t i c a l  p r o c e d u r e s  i m p l e m e n t i n g t h e  
proposed mea s u r ement standard s ,  and the i r  
d i s s em i n a t i o n  to U . S .  telecommu n i c a t ion 
s e r v i c e  p r o v i d e r s  and t e s t  e q u i p m e n t  
manu f a c tur e r s .  

3 .  D e ta i l ed ana ly s i s  o f  pub l i c  d a ta ne two r k  
per formance mea s u r ement d a ta c o l l e c ted by 
NTI A/ I TS d ur i ng FY 8 4 .  

The ANS X 3 S 3 . 5 / 1 3 5  m e a s u r ement app l i c a t ion 
example wa s deve loped with two ob j ec t iv e s :  

FUNCTION 
PERFORMANCE CRITERION PERFORMANCE 

TIME 
ALLOCATION SPEED 

ACCESS ACCESS T IME 

BLOCK TRANSFER USER 
INFORMATION TIME 

TRANSFER 

USER INFORMATION 
BIT TRANSFER 

RATE 

DISENGAGEMENT DISENGAGEMENT 
TIME 

ACCURACY RELIABILITY 
ACCESS DENIAL 

INCORRECT ACCESS PROBABI LITY 
PROBABILITY ACCESS OUT AGE 

PROBABI LITY 
BIT ERROR PROBABILITY 
BIT MISDELIVERY PROBABILITY BIT LOSS 

PROBABILITY 
EXTRA BIT PROBABILITY 
BLOCK ERROR PROBABILITY BLOCK LOSS 
BLOCK MISDELIVERY PROBABILITY PROBABILITY 

EXTRA BLOCK PROBABILITY 

TRANSFER DENIAL PROBABILITY 

DISENGAGEMENT DENIAL PROBABILITY 

Legend . 

C_] 
� 

Primary Parameters 

Anci l lary Parameters 

F i gu r e  2 - 1 2 . Matr i x  repre s e n t a tion of the ANS X 3 . 1 0 2  parame t er s . 
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1 .  to ensure tha t  the mea s u r ement procedur e s  
a n d  g u i d e l i ne s spec i f i ed i n  the proposed 
s t a n d a r d  c a n  be e f f i c i e n t l y  u s e d i n  
p l a n n i n g , c o n d u c t i n g , a n d  a n a l y z i n g 
p r a c t i c a l  netwo r k  meas urements 

2 .  t o  p r o v i d e  i n i t i a l  use r s  o f  the standard . 
w i t h a r e a l i s t i c  p r i o r  a pp l i c a t i o n t o  
r e f e r  t o  i n  a p p l y i n g t h e  s t a n d a r d  to 
the i r  par t i cu l ar me a s u r ement s i tuat ion . 

A s  d e 's c r i b e d  i n  t h e  p r o p o s e d  me a s u r em e n t  
s tandar d , the per formance mea surement proc e s s  
i s  a c c omp l i shed i n  f our p r imary pha s e s : 

1 .  E x p e r ime n t  D e s i g n . G e n e r a l  mea surement 
o b j e c t i v e s  are deve loped into a d e t a i led 
exper imen t  plan tha t d e f i n e s  the spec i f i c 
p e r f o rm a n c e  i n f o r m a t i o n to be collecte d  
a n d  t h e  foc u s  a n d  cond i t ions o f  ind i v i d ­
ual te s t s . 

2 .  D a t a  E x t r a c t i o n .  S i g n a l s  t r a n s f e r r e d  
a c r o s s  s e l e c t e d  p a i r s  o f  d i g i ta l  u s e r /  
s y s t em i n t e r f a c e s a r e  mon i t ored i n  rea l 
t i m e . A t  e a c h  mo n i t o r ed inte r face , the 
n a t u r e  a n d  t i m e  o f  o c c u r r e n c e  o f  
p e r f o r manc e - s i g n i f i c a n t  inter face s i gna l s  
a r e  recorded i n  a chron o l o g i c a l  r e f e r ence 
event h i stor y .  

3 .  D a t a R e d u c t i o n . T h e  r e c o rded r e f e r ence 
e v e n t  h i s t or i e s  a r e  me rged and pro c e s sed 
to p r o d u c e  e s t i m a t e d  m e a n  v a l u e s  for 
s e l e c t e d  ANS X 3 . 1 0 2  p e r f o r m a n c e  pa r am ­
e t er s .  

4 .  D a t a  A n a l y s i s . T h e  r e d u c e d  d a t a  a r e  
e x am i n e d s t a t i s t i c a l l y t o  d e t e rmine the 
p r e c i s i o n  o f  i n d i v i d u a l  p a r a m e t e r  
e s t imate s and any a s s o c i a te d  conc l u s i on s . 

T h e  a pp l i c a t i on e x am p l e  d e s c r i b e s  in deta i l  
h o w  e a c h  ph a s e c o u l d  b e  a c c omp l i s h e d  in a 
p a r t i c u l a r ,  r e p r e s e n t a t i v e  m e a s u r e m e n t  
s i t u a t i o n . I n  t h e  e x amp l e , i t  i s  a s s um e d  
t h a t  a d a t a  c ommu n i c a t i o n  s y s t e m  i s  be i n g  
d e v e l o p e d  t o  e n a b l e i n f o r m a t i on e xc h a n g e  
b e t w e e n a p p l i c a t i o n  p r o g r am s  i n  h o s t  com­
pute r s  a t  1 0 0  geog r a ph i c a l ly d i sper sed s i te s .  
T h e  p o s t u l a t e d  d a t a  c o m m u n i c a t i on s y s tem 
c om p r i s e s  d a t a  tr a n sm i s s i o n ,  switch ing , and 
c i r c u i t - t e r m i n a t i n g e q u i p m e n t  c a p a b l e  o f  
c o n n e c t i n g  a n y  pa i r  o f  h o s t s ; a nd the host 
c o m p u t e r  c o mm u n i c a t i o n  a c c e s s  s o f t w a r e , 
i n c l u d in g  the ope r a t i ng s y s tems . Key compo­
n e n t s  o f  t h e  e x a m p l e  a r e  i l l u s t r a t e d  i n  
F i g ur e  2 - 1 3 . The e xamp l e  doe s not provide a 
d e t a i l e d  d e s c r i p t i o n  o f  the internal d e s ign 
o f  the d a ta commun i c a t ion ne two r k , s i nce on ly 
an appl i c a t ion prog r am- to - a pp l i c a t ion prog r am 
( e n d - t o - e n d ) p e r f o r m a n c e  a s s e s s m e n t  i s  
sough t .  The pos t u la ted s e r v i c e  could thus be 
p r o v i d e d  v i a  a p a c k e t - s w i t c h e d  ne two r k ,  a 
c i r c u i t s w i t c h e d  n e t w o r k ,  o r  o t h e r  n e tw o r k  
type s .  

T h e  dec i s ion context o f  the exper iment i s  an 
a c c e p t a n c e  t e s t . Th e t e s t  i s  p l a n n e d  t o  
d e t e r m i n e  wh e t h e r  t h e  d a t a c omm un i c a t i on 
s y s t e m  me e t s  s p e c i f i e d  p e r f ormance require­
m e n t s . The s e  requ i r emen t s  have been d e f ined 
i n  t e r m s  o f  a c c e p t a n c e  t h r e s h o l d s for a 
s ub s e t o f  t h e  ANS X 3  . 1 0 2  par amete r s , c a l led 
the " sp ec i f i ed par ame ter s . "  
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User/System 
Interface 

I 
HOST COMPUTER 

User/System � 
Host 2 

• 

• 

User/System 
Interface 

IB !� I  
Host i 

Host 1 

F i gu r e  2 - 1 3 . 

DATA TRANSMISSION, 
SWITCHING, 

AND 
CI RCUIT-TERM I N ATING 

EQUIPMENT 

• • 

User/System 
Interface 

Host 100 

• 

• 

User/System 
Interface 

Host J 

Key components o f  the example . 

The ob j ec t i v e  o f  the exper imen t  i s  to deter­
m i n e  wh e t h e r  t h e  a c c e p t a nc e  th r e shold s  are 
m e t  u n d e r  s p e c i f i e d  c o n d i t i o n s . T h e s e 
c o n d i t i o n s  i n c l u d e : a d e f i n e d  d a t a  
c ommun i c a t ion s e s s ion pro f i l e , con t r o l l ed by 
a pp l i c a t i o n  p r o g r ams spec i f i c a l ly deve loped 
for per f ormance mea s uremen t ;  f i xed values for 
key per f ormance fac tor s ;  and a repre senta t ive 
b a c k g r o u n d  t r a f f i c  d i s t r i b u t i o n . I t  i s  
pos tu la ted tha t the outcome o f  the exper iment 
w i l l  b e  u s e d , w i t h the r e s u l t s  of o t h e r  
e v a l u a t i o n s , i n  d e c i d i n g  wh e t h e r  t o  ( 1 )  
immed i a t e ly place the computer commun icat ion 
n e t w o r k  i n  f u l l  o p e r a t i o n a l s e r v i c e , 
r eplac ing an e x i s t ing networ k ; o r  ( 2 )  sub j ec t  
the sy stem t o  further deve lopmen t  and te s t i ng 
p r i o r  to such accepta nc e . Th e u s e r s  wish to 
a c c e p t  t h e  s y s t em i f  the tr ue ( popu l a t i on) 
v a l u e s  for all spec i f i e d  pa r ame t e r s  a r e  equa l 
t o  o r  b e t t e r  t h a n  t h e i r  a c c e p t a n c e  
t h r e s h o l d s ,  a n d  t o  r e j e c t  t h e  s y s t e m 
otherw i s e . 

The accepta b i l i t y  o f  the system i s  eva lua ted 
by a hypothe s i s  te s t  e xper iment of the type 
d e s c r i b e d i n  t h e  s t a n d a r d . F o r  e a c h  
s p e c i f i e d p a r a m e t e r , t h e  t e s t e d ( n u l l )  
hypothe s i s  i s  sta ted a s  fol lows : 

T h e  t r u e  ( popu l a t i on )  v a lue of the 
spec i f i ed parameter l i e s  in a d e f ined 
f u l l y  s a t i s f a c tory reg i on . 



P r e c i s i o n  ob j e c t i ves for the acceptance te s t  
a r e  s t a t e d  by s p e c i f y i n g p r o b a b i l i t i e s  for 
t h e  Type I a nd Type I I  e r r o r s  o f  c l a s s ical 
s t a t i s t i c s : i . e . , the probab i l i ty o f  i ncor­
r e c t l y r e j e c t i ng a s a t i s f a c t o r y  s y s tem and 
t h e  p r o b a b i l i t y o f  i n c o r r e c t l y accepting an 
u n s a t i s f a c t o r y  s y s t e m .  S t a tem e n t  o f  the 
e x p e r im e n t  ob j ec t ive in s t a t i s t i c a l  terms is 
n e c e s s a r y t o  e n s u r e  a r e a sonable compromise 
between me a s urement prec i s ion and co s t .  

T a b l e  2 - 5 s umm a r i z e s  t h e  r e s u l t s  o f  t h e  
p o s t u l a t e d  e x p e r i m e n t  a s  p r e s e n t e d  i n  the 
X 3 S 3 . 5 / l 3 5  e xample , and a l so i l l us t r a t e s  how 
the r e s u l t s  of rea l accep tance te s t s  would be 
p r e s e n t e d  i n  a c c o r d a n c e  w i t h  the s t a nd ard . 
F o r  e a c h  s p e c i f i e d  p a r ameter , the f o l l owing 
i n f o rma t i on is presented : 

o t h e  th r e s h o l d  value o r i g i na l ly spec i f i ed 
i n  d e f i n ing the exper iment obj ec t i ve s  

o t h e  d e c i s i on cr i ter ion for accept ing the 
t e s ted hypoth e s i s  

o the lower ( 9 0 % )  con f i dence l im i t  

o t h e  v a l u e m e a s u r e d  i n  t h e  e x p e r imen t 
( ov e r a l l  sample mea n )  

o the upper ( 9 0 % )  con f i dence l imi t 

o a " p a s s "  or " fa i l "  dec i s ion based on the 
s ta ted c r i ter ion . 

As T a b l e  2 - 5  ind i c a te s , a l l  spec i f i ed par am­
e t e r s  w e r e  p o s t u l a t e d  t o  s a t i s f y t h e i r  
ind i v idual acceptance c r i t e r i a  in the examp le 
exper iment , and therefore the ove r a l l  dec i s ion 
would be to accept the sys tem . 

A l t h o u g h  t h e  e x p e r i m e n t  d e s c r i b e d  i n  the 
X 3 S 3 . 5 / 1 3 5  a p p e n d i x  i s  h yp o t h e t i c a l , the 
me a s u r ement s i t ua t i on descr ibed may be qu i te 
typ i c a l  o f  that faced by industry and Govern­
ment commun i c a t i on managers in the procurement 
a n d  o p e r a t i o n  o f  d i s t r i b u t e d  c o m p u t e r  
n e t w o r k s . The d a t a  e x t r a c t ion , d a ta reduc­
t i on , and s t a t i s t i c a l  d e s i g n  and data ana lys i s  
s o f tware systems descr ibed in the exampl e  are 
r e a l  programs tha t are , i n  f ac t , being used in 
e x p e r i m e n t a l  m e a s u r e m e n t s  o f  p ub l i c  d a t a  
n e t w o r k s  a t  I T S a n d  e l s e w h e r e .  T h e s e 
p r o g r a m s , a n d  r e l a t e d  s t a t i s t i c a l  t o o l s  
d e v e l o p e d  a t  I T S d u r i n g F Y  8 5  a n d  p r i o r  
year s ,  a r e  b r i e f l y  d e s c r i bed below . 

T h e  p r o t o t y p e  d a t a  e x t r a c t i o n  s o f t w a r e  
developed b y  I TS t o  implement the mea s ur ement 
s t a n d a r d  c on s i s t s  of two d i s t i nct programs . 
O n e  p r o g r a m , c a l l e d XM I T ,  or i g i n a t e s  t e s t  
d a t a  c omm u n i c a t i on s e s s i o n s , transm i t s  user 
i n f o rm a t i o n d ur ing e s t a b l i shed ses s i on s , and 
r e c o r d s  a n d  t ime - s tamps a l l  inter face even ts 
t h a t  occur dur ing such s e s s ions . The second 
program,  cal led RECV , per forms the complemen­
t a r y  f u nc t i o n s  a s s o c i a t ed w i t h d a t a  r e c ep­
t i on . 

F i g u r e  2 - 1 4  i l l u s t r a t e s  t h e  u s e r / s y s t e m  
i n t e r f a c e s  and inter face even t s  mon i tored by 
the XMI T  and RECV programs dur ing a te s t . I n  
e a c h  compu t e r , t h e  u s e r / sys tem interface i s  
d e f i n ed t o  c o r r e s pond t o  the s o f tware f unc ­
t i o n a l  inter face between the te s t  app l i c a t i on 
p r o g r am ( XM I T  or REC V )  and the comp u t e r ' s  
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o p e r a t i n g  s y s t e m . S i g n a l s  commun i c a t e d  
a c r o s s  t h e s e  i n t e r  f a c e s  a r e  o f  two gene r a l  
type s :  sys tem c a l l s , wh i ch are i s s ued by an 
a pp l i c a t i on program to reques t  the per f orm­
a n c e  o f  a p a r t i c u l a r  o p e r a t i n g s y s t e m 
f u n c t i o n ;  a n d  s y s t e m  r e s p o n s e s , w h i c h 
a r e  i s s u e d  b y  t h e  o p e r a t i n g s y s t e m t o  
ind i c a te comp l e t i on o f  a prev iously reque s ted 
f unc t i on . Each such commun i c a t i on i s  c a l led 
an inte r face even t . 

T h e  f o u r  c o mm u n i c a t i o n - r e l a t e d  i n t e r f a c e  
e v e n t s  that may b e  i n i t i a ted by app l i ca t i on 
programs exec u t ing in the selec ted computers 
are OPE N ,  WRI TE , READ , and CLOSE . OPEN and 
C L O S E  a r e  u s e d  t o  e s t a b l i s h a n d  r e l e a s e  
c o n n e c t i o n s  b e tw e e n  t h e  t e s t  a pp l i c a t i o n  
programs . WRITE causes a spec i f i ed block o f  
u s e r  i n forma t i on t o  b e  pas sed f r om the XMI T  
a pp l i c a t i o n p r o g r am to i t s loca l ope r a ting 
s y s tem for transmi s s i on over an e s t a b l i s hed 
c o n n e c t i o n . R E A D  c a u s e s  r e c e i v e d  u s e r  
i n f o r m a t ion to be pa s s ed from the rece i v i ng 
o p e r a t i n g  s y s t e m  to t h e  RECV a pp l i c a t i o n  
p r o g r am . I n  t h e  n o rmal c a s e , t h e  system ' s 
" c om p l e t e "  r e s p o n s e s  i n d i c a t e  t h a t  t h e  
p r e v i o u s l y  r e q u e s t e d f u n c t i o n h a s  b e e n  
s u c c e s s f u l l y  accompl i shed . Sys tem f a i l u r e s  
a r e  i nd i c a t e d  by " c omp l e te "  r e s ponses w i t h  
spec i a l  e xcept ion code s .  

Figure 2 - 1 5  s hows the norma l f l ow o f  the XMI T  
a n d  R E C V  p r o g r a m s  a n d  t h e  i n t e r a c t i o n s  
b e t w e e n  them . D u r i n g e a c h  t e s t ,  t h e  two 
p r o g r a m s  p r o g r e s s  i n  s y n c h r o n i sm t h r o u g h  
t h r e e  c o n s e c u t i v e  ph a s e s  o f  o p e r a t ion : a 
preexchange pha s e , assoc i a ted w i t h  conn e c t ion 
e s t a b l i s hment or acces s ;  an exchange pha s e , 
a s s o c i a t e d  w i t h a c t u a l  u s e r  i n f o r m a t i on 
t r a n s f e r ;  a n d  a p o s t e x c h a n g e  p h a s e , 
a s s o c i a t e d  w i t h c o n n e c t i o n  r e l e a s e  o r  
d i s engagement . 

The XM I T  and RECV programs are d e s igned to 
p e r f o r m t w o  t y p e s  o f  t e s t s : a c c e s s /  
d i s e n g a g e m e n t  t e s t s  and u s e r  i n f o rm a t i on 
t r a n s f e r  t e s t s . The numb e r s  o f  s e s s i o n s  
o r i g i n a t e d  a n d  b l o c k s  t r a n sm i t t e d  i n  e ach 
t e s t ( and the de lays , i f  any , between them ) 
a r e  s e l e c t e d  by the te s t  ope r a to r . I n  the 
I TS p ub l i c  d a t a  n e t wo r k  measuremen t s , each 
a c c e s s / d i s e ngagement te s t  compr i s e d  2 0  d a t a  
c omm un i c a t i o n se s s ions i n i t i a ted a t  regular 
i n t e r v a l s  o v e r  a 1 - h o u r  per i o d . A s i ngle 
5 1 2 - by t e  b l o c k  w a s t r a n sm i t ted dur ing each 
s e s s ion . Each user informa t i on transfer te s t  
comp r i sed a s i ngle d a ta c ommun i c a t ion s e s s ion 
i n  wh i c h  1 0 , 2 4 0  by t e s  o f  u s e r  i n f o r m a t i on 
w e r e  t r a n sm i t t ed . The 1 0 , 2 4 0  by t e s  w e r e  
d i v ided into user informa t i on blocks in three 
w a y s  to examine the i n f l uence of block s i z e 
on pe r f o r m a n c e : 1 6 0  b l o c k s  o f  6 4  by t e s , 
8 0  b l o c k s  o f  1 2 8  b y t e s , a n d  2 0  b l o c k s o f  
5 1 2  by t e s . A t  e a c h  block s i z e , two i n t e r ­
b l o ck delay selec t ions wer e  used : n o  d e l a y  
( o t h e r  t h a n  t h e  c l o c k  r e a d t i m e , a b o u t  
1 3 3  m i l l i second s ) , and a 1 - se cond delay ( p lu s  
the same c l o c k  r e a d  time ) . 

Cor r e l a t ion o f  event t imes requi r e s  accurate 
s y n c h r o n i z a t ion o f  clocks in the geo g r a ph i ­
c a l l y  r em o t e  compu t e r s  ho s t i n g  e a c h  u s e r  
pa i r . Th i s  i s  accompl i shed by the XM I T  and 
RECV programs through the use -of a Na t i ona l 
Bureau o f  S tand a r d s  ( NBS ) t ime d i s s emina t ion 
ser v i ce prov i ded via the Nat iona l Ocean i c  and 



Table 2 - 5 .  Exampl e  Measurement Re s u l t s  Summary 

MEASUREMENT RESULTS SUMMARY 
(HYPOTHESIS TEST EXPERIMENT) 

TESTED HYPOTHESIS: Population value of parameter lies i n  fully satisfactory range 

SIGNIFICANCE LEVEL: 5% 

SPECIFIED PERFORMANCE PAR A M ETER 
VALUE 

1 .  Access Time 12.0 s 

2. Incorrect Access Probability 1 x  1 0 -3 

3. Access Denial Probability 1 x 1o - 2 

4. Access Outage Probability 1 x 1 o - 2 

5. Bit Error Probability N/A 

6. Bit M isdelivery Probability N/A 

7. Bit Loss Probability N/A 

8. Extra Bit Probability N/A 

9. Block Transfer Time 2.5 s 

10. Block Error Probability 1 x  1 0 - 4 

1 1  Block Misdelivery Probability N/A 

1 2  Block Loss Probability 1 x 1o -4 

1 3. Extra Block Probability 1 x 1o - 4 

1 4  User Information Bit Transfer Rate 1000 bps 

15. Transfer Den1al Probability 1 x 1o - 3 

16. Disengagement Time 3.0 s 

17 Disengagement Denial Probability 1 x 1o - 3 

18. User Fract1on of Access Time 0.15' 

19. User Fraction of Block Transfer T1me 0.13' 

20. User Fraction of 
0.13' 

Sample Input/Output T1me 

21 User Fract1on of Disengagement T1me o· 

N /A - N o t  Appl icable in this exa m p l e  experiment 
'Val ues incl uded for refernce o n ly. 

DECISION 
C R ITERION LOWER 

CON FIDENCE 
L I M I T  

LCL<;10.8 s 10.53 s 

LCL<;3.16 x 1 0 -4 3.1 5 x  1 0 - 3 

LCL<;3.16x 1 0 - 3 2.16 x 10 -3 

LCL<;3.1 6 x 1 o - 3 2.71 x 1o - 3 

N/A 

N/A 

N/A 

N/A 

LCL<;2.25 s 1.94 s 

LCL<;3.16x 1 0 - 5 1 .83 x 10 - 5 

N/A 

LCL<;3.16x 1 0 -5 0 

LCV3.1 6 x 1 0 - 5 0 

UCL;>1100 bps 1231 bps 

LCL<;3.16x 1 0 - 4 2.92x 1 0 - 4 

LCL<;2.7 s 2.51 s 

LCL<;3.16x 1 0 - 4 0 

N/A 

N/A 

N/A 

N/A 
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M EASUREM ENT RESULTS 

ESTIMATED VALUES 

UPPER 
MEAN CON FIDENCE 

LIMIT 

10.62 s 10.71 s 

1 .60x 1 0 - 3 5.20x 10 - J  

4.79x 10 -3 9.55 x 1o - 3 

5.59x 1 0 - 3 1.06 x 1 0 - 2 

N/A 

N/A 

N/A 

N/A 

1.94 s 1.94 s 

9.32 x 1 0 - 5 3.05x 1 0 - 4 

N/A 

4.66x 1 0 - 5 1.96 x 1 0 - 4 

0 1.94 x 1 0 - 4 

1236 bps 1241 bps 

7.14 X 1 0 - 4 1.53 x 1 0 - 3 

2.54 s 2.57 s 

8.63x 1 0 - 4 3.62 x 1 o - 3 

0.162' 

0.154' 

0.140' 

o· 

DECISION 

Pass 

Pass 

Pass 

Pass 

N/A 

N/A 

N/A 

N/A 

Pass 

Pass 

N/A 

Pass 

Pass 

Pass 

Pass 

Pass 

Pass 

N/A 

N/A 

N/A 

N/A 



OJ 
OJ 

Transmitting (Originating) Computer 

End U ser 

User/System 
I n terface 

System 

APPLICATI O N  
PROG RAM 

X M IT 

OPERAT I N G  
SYSTEM 

0<:;:·-i..e<:-'-co G -:<..e \0 

System Cal l  
• Open 
• Write 
• Close 

System Response 
• Open Com p l ete 
• Write Com p l ete 
• C lose Com p l ete 

DATA TRANSM ISS I O N ,  
SWITCH I N G ,  

A N D  
CI RCUIT-TE R M I NATI N G  

EQU I P M ENT 

System Cal l  

Receiving Computer 

User/System 
I n terface 

System 

OPERATI N G  
SYSTEM 

lol)lerl"<tc 
• 
6>1)/.s 

End User 

APPLICATI O N  
PROG RAM 

RECV 

System Response 
• Open (Li sten) • Open Complete 
• Read • Read Complete 
• Close • Close Compl ete 

F igure 2 - 1 4 . User/system interface character i s t ic s . 



Q) "' c: "' .t: <.> )( w � 0. 

Q) "' c: "' .t: <.> )( w 

Q) "' c: "' .t: 
� w "ti; 0 0. 

XMIT PROGRAM 

-- ---

Create and 
Write Preface 

Record 

Open Net 

Read Clock 

Send Block 

of Data 

Read Clock 

Close Net 

Write Trailer 

Data Records 

Figure 2 - 1 5 . 

DATA I COMMUNICATION 
SYSTEM I 

I 
I 
I 
I 
I 
I 
I 
I 

I I 
I I 
I I 

I I 
I Transmit N 

Data Blocks 

I I 
I I I I I I 
I I 

---, -- -- -- -- I 
CtosinQ 

Handshake 

RECV PROGRAM 

Create and 
Write Preface 

Record 

Open Net 

Read Clock 

- --

Receive 
Block of Data 

Read Clock 

Close Net 

Write 

Overhead & 

Write Trailer 

Data Records 

D a t a  extraction program f l ow char t s . 
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A tmo s p h e r i c  Adm i n i s t r a t i on ' s GOES sate l l i te . 
Th i s  s e r v i c e  mak e s  i t  p o s s i b l e  to obta in a 
t i m e  s i g na l accura te to w i t h i n  1 ms anywhere 
i n  N o r th Am e r i c a . Sev e r a l  v endo r s  supply a 
c l o c k  r e c e i v e r  un i t  to obta in t ime from the 
s a t e l l i t e . Th e r e c e i v i n g  a n t e n n a  i s  1 f t  
s q u a r e  a n d  ope r a t e s  s a t i s f a c t o r i l y  i n s i d e  
m a n y  bu i l d i n g s .  The c lock t ime can b e  read 
b y  e x t e r n a l  d e v i c e s  t h r o u g h  a s t a n d a r d  
RS- 2 3 2 - C  interface . The c o s t  o f  the un i t  i s  
about $ 2 , 5 0 0 . 

A d e t a i l e d  d e s c r i p t i o n  a n d  l i s t i n g  o f  the 
XM I T  a n d R E C V  c o m p u t e r  p r o g r a m s  w i l l  b e  
pub l i shed in F Y  8 6 . The progr ams a r e  wr i t ten 
i n  " C "  l a n g u a g e  and a r e  e x e c u t a b le on many 
1 6 - b i  t m i c rocompu te r s . Th ey are ava i l ab le to 
F ed e r a l  a g e n c i e s  and t h e  p ub l i c . O f f - l i ne 
" C "  l a n g ua g e  p r o g r ams t h a t  c on s o l i d a t e  the 
e x t r a c t e d  d a t a , p e r f o r m t im e  c o r r e c t i o n , 
g e n e r a t e A S C I I c h a r a c t e r  f i l e s  f o r  d a t a  
r ed uc t ion , and produce spec i a l i z ed mea s urement 
r e s u l t s  s u ch as  d e l a y  h i s t o g r ams are a l s o  
ava i lable . 

The d a t a r e duc t ion so f twa r e  sys tem deve loped 
by I TS t r ans forms ASC I I - coded records of the 
i n t e r f a c e  e v e n t s  ob s e r ved by the XM I T  a nd 
RECV p r o g r ams i n t o  e s t ima ted v a l ue s  for the 
ANS X3 . 1 0 2  parame t e r s . The sys tem compr i s e s  
t h r e e  F O R T R A N  p r o g r a m s , e a c h  o f  wh i c h  
imp l e me n t s  a d i s t i n c t  pha s e  o f  th e over a l l  
r e d u c t i o n  p r o c e s s  ( F i g u r e  2 - 1 6 ) . T h e  
r e d u c t i o n o f  e x t r a c t e d  t e s t  d a t a  i s  accom­
pl i shed in two types of reduct ion r un s .  One 
t y p e  p r o c e s s e s  per formance d a ta f rom acce s s /  
d i s e n g a g ement te s t s , a n d  t h e  o t h e r  proc e s s e s  
d a t a  f r o m  b l o c k  t r a n s f e r  t e s t s . E a c h  
r ed u c t i on run proc e s s e s  the per formance data 
f r om a s i ngle te s t ,  and i s  execu ted o f f - l i ne 
a f t e r  a l l  d a ta for the t e s t  have been r e corded 
and conso lida ted in one compute r .  

Each reduct ion r un has an a s soc i a ted spec i f i ­
c a t i o n s  i n p u t f i l e . Th i s  f i l e  c o n t a i n s  
i d e n t i f i e r s  t h a t  cha r a c te r i ze the par t icular 
r u n and p r o v i d e  the i n f orma t i o n  n e e d ed to 
c o n t r o l  the v a r i ou s  r e d u c t i on p r o c e d u r e s . 
The l a t t e r  informa t ion inc lud e s  the te s t  type 
( w h i c h d e t e r m i n e s  t h e  s e t  o f  A N S  X 3 . 1 0 2  

p e r f o r ma n c e  p a r ame t e r s  to be evaluated ) and 
t h e p e r f o r m a n c e  t i m e o u t  a n d  t h r e s h o l d  
s p e c i f i c a t ion s t o  b e  u sed i n  c la s s i fy ing the 
o u t c o m e s o f  i nd i v i d u a l p e r f o r m a n c e  t r i a l s  
( e . g . , a c c e s s  a t t e mp t s ) .  Th e p e r f o r m a n c e  

d a ta b a t c h  f o r  e a c h  r u n  i s  t h e  s e t  o f  ASC I I  
c h a r a c t e r  f i l e s  r e p r e s e n t i n g t h e  e v e n t s  
recorded by XMI T  and RECV d u r i n g  a pa r t icula r  
t e s t ,  a s  descr ibed abov e . 

P RO L O G  i s  t h e  f i r s t  p r o g r am e x e c u t e d  i n  a 
r e d u c t i on r u n . I t  c a r r i e s  o u t  p r e l iminary 
v a l i d a t i on and me r g i n g  o f  t h e  inpu t d a t a . 
P ROLOG f i r s t  r e a d s  t h e  s p ec i f i c a t ions input 
and per formance d a ta f i l e s  and sub j ec t s  the i r  
c on t e n t s  t o  a ser i e s  o f  va l i d i t y  chec k s . I f  
n o  e r r o r s  are d e t e c ted , PROLOG then comb ines 
the s o u r c e  and d e s t i n a t i o n r e f e r e n c e  event 
r ecor d s  to c r e a te a uni f i ed event h i s tory . 

A N A L Y Z ,  t h e  s e c o n d  p r o g r a m  e x e c u t e d  i n  a 
r educ t ion r un ,  i s  re spon s i b l e  for per formance 
d a ta a s s e s sment and pa r ame ter e s t imat ion . I t  
b e g i n s  by r e a d i n g the s p e c i f i c a t i o n s  f i l e  
genera ted by PROLOG and i n i t i a l i z i ng r e levant 
p e r f o r m a n c e  s t a t i s t i c s  ( o u t c ome c ou n t s  and 
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c u m u l a t i v e  p e r f o r m a n c e  t i m e s )  t o  z e r o . 
A N A L Y Z  t h e n  e x a m i n e s  t h e  r e f e r e n c e  e v e n t  
r e c o r d s  t o  i d e n t i f y i nd i v i d ua l  per formanc e 
t r i a l s  a n d  c l a s s i f y the i r  o u t c ome s .  As 
ou t c ome s are dete rmined , ANALY Z upd a t e s  the 
a f f e c t e d  p e r f ormance s ta t i s t i c s  and rec ord s 
e a c h  o u t c ome in the appropr i a te performanc e 
o u t come f i l e  for later da ta ana lys i s . When 
p e r f o r ma n c e  d a t a  a s s e s s m e n t f o r  a r u n i s  
comp le te , ANALYZ uses the r e s u l ta n t  per form­
ance sta t i s t i c s  to ca lcula te e s t imated values 
f o r  t h e  s p e c i f i e d ANS X3  . 1 0 2  p e r f o r ma n c e  
parame te r s .  

EP I LO G  i s  the l a s t  p r o g r am e x e c u t e d  i n  a 
r ed u c t  ion run . I t  prod u c e s  the pe r fo rmanc e 
a s s e s sm e n t  s umma ry , a comprehe n s i v e  l i s t in g  
o f  r e d u c t i o n s p e c i f i c a t i o n s ,  p e r f o r m a n c e  
s t a t i s t i c s , a n d  mea s ured per formance par am­
e te r  v a l u e s . 

The s e  d a ta reduct ion programs a r e  wr i t ten in 
ANS I ( 1 9 6 6 )  Standard FORTRAN and are adapt­
a b l e for use on mo s t  g e n e r a l  p u r p o s e  com­
pu t e r s  h a v i n g a wo r d  l e n g t h  o f  1 6  or mor e  
b i t s . B e c a u s e t h e  p r o g r a m s  o p e r a t e o n  
ASC I I - coded re ference event h i s t or i e s , wh ich 
a r e  system independent , they may be used to 
reduce per formance data e x t r a c te d  at any p a i r  
o f  d i g i t a l  inter face s .  The programs w i l l  be 
u pd a t e d  to ANS I ( 1 9 7 7 ) S tandard F ORTRAN and 
w i l l  b e  d o c um e n t e d  and l i s t e d  i n  a n  N T I A 
Re por t  in FY 8 6 . Th e prog r ams a r e  ava i lable 
to Fed e r a l  ag enc i e s  and the pub l i c . 

Th e t h i r d  p e r f o rm a n c e  me a s u r ement so f tw a r e  
t o o l d e v e l o p e d  by I TS i s  t h e  s t a t i s t i c a l  



d e s i g n  a n d  a n a l y s i s  p r o g r am .  Th i s  program 
a u toma t e s  t h e  complex ma thema t i c a l  proc e s s e s  
o f  ( l )  d e t e rm i n i n g  t h e  me a s u r emen t s amp l e  
s i z e n e e d e d  to o b t a i n  p a r ame t e r  e s t im a t e s  
w i t h  a d e s i r e d  s t a t i s t i c a l  p r e c i s i o n ,  and 
( 2 )  ana l y z ing c o l lec ted t e s t  d a ta to de termine 
t h e  p r e c i s i o n  a c t u a l l y  a c h i e v e d  i n  a 
m e a s u r e m e n t . A l t h o u g h  t h e  p r o g r a m w a s  
s p e c i f i c a l l y d e v e l o p e d  t o  f a c i l i t a t e  
me a s uremen t  o f  the user - or i e n ted per formance 
p a r a m e t e r s  s p e c i f i e d  i n  A N S  X 3  . 1 0 2 ,  the 
s t a t � s t i c a l  m e t h o d s  u s e d  a r e  e q u a l l y 
a p p l i c a b l e  t o  a n y  d e l a y , r a t e , or f a i l u r e  
p r o b a b i l i t y m e a s u r e me n t . T h e  p r o g r a m  i s  
i n t e r a c t i v e  a n d  i s  norma l l y  a c c e s s e d  f r om 
a da ta termina l .  

T h e  I T S s t a t i s t i c a l  d e s i g n  a n d  a n a l y s i s  
p r o g r am c o n s i s t s  o f  two ma j o r s ub p r o g r ams : 
t h e  s a m p l e  s i ze determin a t ion subprog r am and 
t h e  d a t a  a n a l y s i s  s u b p r o g r am .  The samp l e  
s i z e d e t e r m i n a t i o n s u b p r o g r a m l e a d s  t h e  
o p e r a t o r  t h r o u g h  a s e r i e s  o f  dec i s ions that 
r e s u l t  in the s e l e c t i on of a mea s u r e m e n t  
s a m p l e  s i z e f o r  a p a r t i c u l a r  p e r f o r m a n c e  
p a r ame t e r . Th e c a l c u l a t i on s  a n d  d e c i s i ons 
a r e  b a s e d  o n  op e r a to r - s p e c i f i e d  p r e c i s i o n  
o b j e c t i v e s  a n d  e s t i m a t e s  o f  p e r f o r m a n c e  
v a r i a b i l i t y .  Th e d a t a  a n a l y s i s  s u b p r o g r am 
e x a m i n e s  c o l l e c t e d  d a t a t o  d e t e r m i n e  t h e  
p r ec i s ion a c tu a l ly ach i eved i n  a mea s urement .  
Th i s  sub pr o g r am promp t s  the opera tor to enter 
t h e  me a s u r em e n t  r e s u l t s , o r  r e a d s  the d a ta 
f r o m  f i l e s , a n d  t h e n c a l c u l a t e s  t h e  
approp r i a te s ta t i s t i c s . 

I n  d e t e r m i n i n g  the a p p r o p r i a t e samp l e  s i z e 
f o r  a n  e x p e r ime n t , a l l  par ame te r s  a s soc i a ted 
w i t h  the c ommun i c a t i o n func t ion o f  inte r e s t  
( e . g . , b lock t r an s f er )  are norma l l y  cons ide red 
t o g e t h e r . S a mp l e  s i z e s  for the i n d i v idual 
p a r a m e t e r s  a r e  d e t e r m i n e d  b y  s u c c e s s i v e  
e n t r i e s  t o  t h e  s a m p l e  s i z e d e t e r m i n a t i on 
s u bp r o g r am .  T h e  ov e r a l l  e xper ime n t  sample 
s i z e  is then d e t e rmined by the parame ter whose 
m e a s u r e m e n t  p r e c i s i o n  o b j e c t i v e  i s  mo s t  
s t r i ngen t .  

F i g u r e  2 - 1 7  i l lu s t r a te s  the computer program 
l o g i c  u s e d  i n  d e t e r m i n i n g  s amp l e  s i ze s  for 
de lays and r a te s .  The program f i r s t  a s k s  the 
o p e r a to r  to s e l e c t  a c o n f i d e n c e  l e v e l  f o r  
wh ich the parame ter va lue i s  t o  be e s t ima ted . 
E i t h e r  o f  t w o  c o n f i d e n c e  l e v e l s  m a y  b e  
s e  l e e  t e d : 9 0  o r  9 5 pe r c e n t . Th e s e c o n d  
d e c i s i o n  i s  t h e  c h o i c e  o f  a t e s t - l im i t i n g  
c r i t e r ion . Two cho i c e s  m a y  b e  mad e , depend ing 
o n  t h e  o p e r a t o r ' s  t e s t  o b j e c t i v e s  a nd con­
s t r a i n t s . I n  t h e  f i r s t , b u d g e t  i s  t h e  
t e s t - l im i t i n g  c r i t e r i on ,  a nd n o  sta t i s t ic a l  
s a m p l e - s i z e d e t e r m i n a t i o n  p r o c e d u r e  i s  
r equ i r ed ( T e s t  A )  . 

I n  t h e  s e c o n d  c a s e , the op e r a t o r  w i s h e s  to 
e s t ima te a parame te r ' s  v a l ue w i t h  a spec i f i ed 
p r e c i s i on . The p r e c i s i o n  i s  s p e c i f i e d  i n  
a b s o l u t e  t e r m s  i n  t h e  c a s e o f  t h e  t i m e  
p a r a m e t e r s - - f o r  e x amp l e , p l u s  o r  m i n u s  5 0  
m i l l i s econds for a delay mea su r ement o r  plus 
or  m i n u s  5 0  b/ s for t r a n s f e r  r a te mea s u r e ­
me nt . T h e  prog r am n e x t  a s k s  t h e  oper a t o r  i f  
t h e  v a r i a b i l i ty (ma x imum s ta nd a r d  dev i a t i on)  
of t h e  me a s u r e d  v a lue can b e  e s t ima ted f rom 
p r i o r  d a t a . I f  not , i t  should be e s t imated 
f r om a pre l iminary mea s ur eme n t  ( Te s t  B ) . 
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F igure 2 - 1 7 .  S amp le s i z e determi n a t i on 
for delays and r a te s . 

O n c e  a v a l u e  f o r  m a x imum v a r i a b i l i t y  i s  
e n t e r e d , t h e  p r o g r a m i n qu i r e s  a b o u t the 
dependence o f  succe s s ive observa t ion s , i . e . , 
wh e t h e r  a d j a c e n t  t r i a l s  a r e  s t a t i s t i c a l l y 
independent .  I f  not , the prog r am a s k s  i f  the 
c o r r e l a t i o n  b e t w e e n  s u c c e s s i v e  t r i a l s  i s  
known . I f  not , i t  should be e s t imated i n  a 
p r e l im i nary exper imen t  ( T e s t  B ) . O ther w i s e , 
i t  i s  e n t e r e d , a n d  t h e  s a m p l e  s i z e i s  
determined u s i n g  the proc edure f o l lowed when 
the cor r e l a t i on is zero . 

I n s t r uc t ions are l i s ted for each o f  the three 
t y p e s  of t e s t s .  Wh e n  the s amp le s i z e i s  
d e t e r m ined by a bud g e t  lim i t a t ion ( T e s t  A ) , 
the i n s t r uc t i ons s imply ide nt i fy the in forma­
t i o n  t h a t  the data analy s i s  subprogram w i l l  
n e e d  t o  a n a l y z e  the mea s ured data . When a 
pr e l iminary e xper iment i s  required (Te s t  B ) , 
t h e  i n s t r u c t ions a l so spec i fy the number of 
d e l a y s  ( ty p i c a l l y a b out 1 0 )  tha t shou ld be 
mea s ured i n  tha t  exper iment .  Wh en the samp le 
is determ i ned by a pre c i s ion ob j ec t ive and no 
pr e l iminary exper imen t  is requ ired ( T e s t  C ) , 
t h e  i n s t r u c t i o n s  d e f i n e  t h e  s amp l e  s i z e 



n e e d e d  to a c h i e v e  t h a t p r e c i s i o n  g o a l  plus 
other nece s s a r y  data analys i s  va lue s . 

O n e  v e r y  u s e f u l  f u nc t ion o f  the I TS s ta t i s ­
t i c a l  d e s i g n  a n d  a n a l y s i s  program i s  dete r ­
m i n i n g  wh e t h e r  d a t a  f r om t w o  or mor e  te s t s  
c ome f r om t h e  same s t a t i s t i c a l  popu l a t ion . 
I f  t h e y  d o , t h e  d a t a  c a n  b e  g r o u p e d  t o  
p r o v i d e  a s h o r t e r  c o n f i d e n c e  i n t e r v a l ,  and 
henc e , more i n fo rma t i on about the per formanc e 
parameter . Figure 2 - 1 8 a shows the r e s u l t s  of 
s t a t i s t i c a l  c a l c u l a t i o n s  p e r f o rmed by the 
p r o g r am to d e t e r m i n e  i f  a c c e s s  t i me s f r om 
1 1  p ub l i c  d a t a  n e t w o r k  t e s t s  c o n d u c t e d  by 
I T S c a n  be c o n s idered to come f rom the same 
s t a t i s t i c a l  popu l a t i o n . The p r o g r am s um ­
m a r i z e s  t h e  c o n d i t i o n s  o f  e a c h  t e s t  b y  
p r i n t i n g  t h e  s p e c i f i e d  l e v e l s  f o r  e a c h  o f  
f o u r  p e r f o r m a n c e  f a c t o r s : t h e  s o u r ce c i ty 
( i n the se te s t s , Wa s h i ng ton , DC ) ; the ne two rk 
u s e d ( o n e  o f  t h r e e  pub l i c  d a t a n e t wo r k s , 
l a b e l e d  A ,  B ,  a n d  C )  ; the d a y  o f  the w e e k  
( Mo n d a y  t h r o u g h  Th u r s d a y ) ; a nd t h e  time o f  

d a y  ( f i v e  p e r i o d s  r e p r e s e nted , four daytime 
a n d  one at n i g h t ) . A l s o  p r i n t e d  a r e  f o u r  
s ta t i s t i c a l  quan t i t i e s  tha t cha r a c te r i z e each 
te s t : the number o f  t r i a l s ,  the e s t imate of 
t h e  m e a n , t h e  e s t i m a t e  o f  t h e  s t a n d a r d  
d e v i a t i o n , a n d  t h e  e s t ima t e  o f  the c oe f f i ­
c i e n t  o f  var i a t ion ( i . e . , the e s t imate o f  the 
s tandard dev i a t i on d iv id ed by the e s t imate o f  
the m e a n )  . 

The p r o gram compu te s a s ta t i s t i c , cal led the 
F s t a t i s t i c , u s i ng d a ta fr om the te s t s . I t  
t h e n  compa r e s  th i s  s t a t i s t i c  w i th the value 
o f  t h e  F d i s t r i b u t i o n a t  i t s  u p p e r  9 5 %  
p r o b ab i l i ty poin t .  I f  the computed · value o f  
t h e  F s t a t i s t i c  i s  be low th i s  po int , we can 
be at least 9 5 %  con f ident that the da ta f rom 
t h e  t e s t s  a r e  f r o m  t h e  s a m e  s t a t i s t i c a l  
p o pu l a t i on . I n  t h e  c a s e  i l l u s t r a t e d , the 
value o f  the F s ta t i s t i c i s  1 . 1 8  a nd the 9 5 %  
po i n t  o f  t h e  F d i s t r i b u t i o n  i s  1 . 8 3 .  The 
r a t i o  o f  t h e s e  two numb e r s  i s  c a l l e d  the 
a c c e p t a n c e  r a t i o ; i t s  v a l u e  is 0 . 6 4 .  Th e 
t e x t  p r i n t ed be low t h e se values sta te s  tha t 
t h e  t e s t s  c a n  be g r o u ped a n d  p r o v i d e s  the 
e s t ima te of the mean o f  the grouped data with 
a s s o c i a ted con f i dence l im i t s .  

F i g u r e  2 - 1 8 b  i s  a h i s t o g r am o f  the g r ouped 
d a t a . T h e  1 1  t e s t s  h a v e  a t o t a l o f  1 9 2  
t r i a l s .  The data appear to be approx ima te ly 
norma l ly d i s tr i buted . 

The s t a t i s t i c a l  d e s i g n  a nd ana l y s i s  program 
d i s c u s s e d  here can sub s ta n t i a l l y  improve the 
e f f i c i ency and economy of per formance mea s u r e ­
me n t s  b y  prov id ing s imple method s o f  determi n ­
i n g  t h e  qua n t i t a t i v e  r e l a t i o n s h i p s  b e tween 
t e s t  d urat ion and test prec i s ion . P r e l iminary 
a pp l i c a t i o n s  of t h e  p ro g r am ind i c a te tha t a 
d e s i r e d prec i s ion can o f te n  be ach i eved w i th 
f a r  l e s s  measurement t ime ( a nd co s t )  than te s t  
e n g i n e e r s  i n t u i t i v e l y  e xpec t .  Pr o j ec t  cost 
sav i n g s  f rom such i n forma t i on can be sub s tan­
t i a l .  

The s t a t i s t i c a l  d e s i g n  a nd ana l y s i s  program 
i s  w r i t t e n  in ANS I ( 1 9 7 7 )  sta ndard FORTRAN . 
I t  c an be d i r ectly execu ted on mo s t  gene r a l ­
purpose compute r s . The program i s  documented 
a n d l i s t e d  in N T I A  R e p o r t 8 4 - 1 5 3  and i s  
a va i l able to Fed e r a l  agenc i e s  and the pub l i c . 
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S u b s t a n t i a l  p r o g r e s s  t ow a r d  broad industry 
imp l e me n t a t i on o f  ANS X 3 . 1 0 2  and X3 S 3 . 5 / 1 3 5  
b e c a m e  e v i d e n t  d u r i n g  F Y  8 5 .  A t e c h n i c a l  
paper pub l i shed b y  AT & T  Be l l  Labor a to r i e s  i n  
t h e  I C C 8 5  Confer enc e Proc e e d i n g s  descr ibes 
e xp e r im e n t a l te s t  equ i pm e n t  t h a t is be ing 
u s e d  t o  mea s u r e  key ANS X 3  . 1 0 2  per formance 
parame t e r s  on an AT &T pub l i c  pa c k e t  switching 
networ k .  The paper sta te s that the mea sure­
m e n t  e q u i pmen t " i s  a n  imp l e me n t a t i o n  o f "  
X 3 S 3 . 5 / 1 3 5 .  An o t h e r  p a pe r , p u b l i s h e d  by 
Tymne t ,  I nc . , in the GLOBECOM 84 Con f er ence 
P r o c e e d i n g s  outlines a plan to con t i nuously 
mo n i tor a group o f  ANS X 3 . 1 0 2  parame t e r s  on 
t h e  Tymn e t  pub l i c  d a t a  n e t wo r k  u s i n g data 
c o l l e c t i o n  s o f tw a r e  to be insta l led i n  all 
n e twork node s .  I n  the pape r , Tymnet s t a t e s  
tha t the ANS X3 . 1 0 2  par ame te r s  " a r e  pa r t icu­
lar ly r e levant to pub l i c  packet ne two r k s  l i k e 
Tymne t , "  and pred i c ted tha t  the i r  mea s u rement 
" w i l l  e n a b l e  Tymn e t  to r e spond quickly and 
e f f e c t i v e ly to user -perce i ved ne two r k  service 
degradations in the coming e r a  o f  the soph i s ­
t i c a t e d  d a t a  c ommun i c a t i on s user . "  Tymnet 
n o w  o f f e r s  F e d e r a l  u s e r  o r g a n i z a t i o n s  
procurement spec i f i c a t ions conforming to the 
X 3 . 1 0 2  s t a n d a r d . S e v e r a l  o t h e r  c o m m o n  
c a r r i e r s ,  a n d  comp u t e r  a n d  te s t  e q u i pment 
ma nufac turer s ,  a r e  dev e loping or con s id e r ing 
per formanc e measur ement sys tems conforming to 
the se standard s .  

A s  a n  ad j unc t to the s ta t i s t i c a l  d e s ign and 
ana lys i s  prog r am ( and an extension of ea r l i er 
s t a t i s t i c a l  s t ud i e s ) ,  I TS c omp l e te d  dur ing 
F Y  8 5  a d r a f t  ma n u s c r i p t  tha t d e s c r i b e s  in 
d e t a i l  the s ta t i s t i c a l  method s tha t a r e  mos t  
u s e f u l  i n  ev a lu a t i n g  the per formance o f  data 
c omm u n i c a t i on sys tems . Th i s  2 0 0 - page manu ­
s c r i p t , e n t i t led " S t a t i s t i c a l  Me thod s f o r  
Me a s u r i ng the Per f ormance o f  Da ta Commu n i c a ­
t ion Systems , "  de f i ne s  t h e  f o l l ow i n g : 

o P l a u s i b l e s ta t i s t i c a l  d i s t r ibut ions for 
the per formance parame te r s . 

o M e t h o d s  o f  d e t e r m i n i n g  the sample s i z e 
r equi red to obta in a spec i f i e d  prec i s i on 
in me a s u r i ng per formance at a spec i f i ed 
con f i dence lev e l . 

0 M e t h o d s  o f  a n a l y z i n g  t e s t  r e s u l t s by 
c ompu t i n g  the " b e s t  e s t im a t o r " o f  t h e  
mean a n d  a s soc i a ted con f i dence l im i t s . 

o Me thod s o f  de termi n i ng i f  mu l t iple te s t s  
c a n  b e  c on s i d e r e d  to b e  f r om t h e  s ame 
s ta t i s t i c a l  popula t ion . I f  so , the d a ta 
c a n  b e  c o mb i n e d ; t h e  l a r g e r  s a m p l e  
u s u a l l y r e s u l t s i n  c l o s e r  c o n f i d e n c e  
l im i t s  and mor e  knowledge o f  the mea n . 

o Me thod s o f  determin ing i f  data commun i c a ­
t i o n s y s tems c a n  b e  c o n s i d e r e d  t o  b e  
s i g n i f i c a n t l y d i f f e r e n t  i n  t e r m s  o f  a 
pa r t icular per formance pa r ame te r . 

o Me thod s o f  comb i n i n g  d e l a y o r  f a i l u r e  
p r o b a b i l i t y p a r a m e t e r s  t o  p r o d u c e  
c o m p o s i t e p a r a m e t e r s  d e s c r i b i n g ,  f o r  
e x amp l e , t h e  ag g r e g a t e  p e r f o r m a n c e  o f  
sever a l  l i n k s  conne c ted i n  ta ndem . 

An important feature o f  th i s  wor k  i s  tha t it 
accounts for the de pend ence that i s  l i k e l y  to 
e x i s t  between tr i a l s . Spec i f i c formu l a s  and 



([) 
Q) 
([) 
([) 
Q) 
u 
u 
ro 

4-
0 

+J 
c 
Q) 
u 
(_ 
Q) 

Q_ 

5 0  

4 5  

40 

3 5  

3 0  

25 

NTlA StatLstical Analysis Program for Data Communication 
Performance Analysis Using Access files 

---- ------- ----------- - 11 Test Files Used- ---------- ---- -----­
Test City (Other Factors) Trials Mean Std Dev Coef Var 

907 wdc B mon 3 18 43. 863 1 . 624 0 . 0370 
915 wdc C mon 4 17 45 . 477 2 . 350 0 . 0517 
919 wdc C mon 5 17 44 . 434 2 . 050 0 . 0461 
928 wdc A tue l 20 44 . 500 4 . 380 0 . 0984 
932 wdc B tue 2 16 43. 604 1 . 254 0 . 0 288 
936 wdc C tue 3 19 4 4 . 537 1 . 883 0 . 04 23 
964 wdc B wed 2 19 43 . 455 0 . 984 0 . 0 226 
969 wdc C wed 2 12 4 4 . 265 1 . 396 0 . 0315 
995 wdc C thu 3 20 44. 9 22 2 . 713 0 . 0604 

1003 wdc B thu 4 18 44 . 363 1 . 094 0 . 0247 
1008 wdc C thu 5 16 44 . 052 1 . 993 0 . 0452 

---------- --------- ----Calculated Results--------------- ------

F DIST. VALUE AT 9 5%= 1 . 83 
F STATISTIC VALUE= 1 . 18 
ACCEPTANCE RATIO= • 64 

WITH 95% CONFIDENCE 'l1IE TRIALS CAN BE CONSIDERED TO 
COME FRCM 'IHE SAME POPULATION . HENCE , 'IHEY CAN AIL BE GROUPED 
TO DETERMINE A SMAlLER CONFIDENCE INTERVAL . 

YOUR TESTS RESUL'I'ED IN AN ESTIMATED MEAN DELAY OF 
. 44325e+02 • YOU CAN BE 90 PERCENT CONFIDENT THAT 'IHE 
TRUE MEAN DELAY IS BETWEEN . 44015e+02 AND . 4463e+02 • 

a .  Progr am a s s e s sment o f  t he g ro uping o f  1 1  t e st s . 

H I STOGRAM  OF  
A C C ESS T I ME S  ' "  

Test Number (s) : ( 1 1  Tests aggregated) : 
Data taken on December 1983 
Number o f  Accesses = 192 
Block Size 512 chars 
Min imum T ime 38 . 86 s 
Max imum T i me 56 . 52 s 
Mean Time 44 . 33 s 
Standard Dev iat ion = 2 . 25 s 
Source C i t y  Wash . .  D . C .  
Dest ination C i t y  Bou l der, Co lo . :  

20 . . . . . . . . . . . . . . . . . . . . . .  . 

1 5 . .  . . . . . . . . . . . . . . 

1 0  

5 

0 1 0  20 3 0  
A c c e s s  

40 50 
t i m e  

60 70 
i n  s e c o n d s  

b .  H i s to g r am o f  the grouped d a t a . 

80 

F igure 2 - 1 8 . Program t e s t  f o r  s t a t i s t i c a l  homogene i ty . 
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90 1 0 0  



p r o c e d u r e s  a r e  p r e s e n t e d  f o r  r e l a t i n g 
conf idence l imi t s , prec i s i on , and samp le s i ze 
und e r  c ond it ions where d ependence e x i s t s . 

T h e  th i rd ma jor ob j e c t i v e  o f  the I n s t i t u te ' s  
F Y  8 5  D a t a C o mm u n i c a t i o n s  P r o g r am wa s to 
c o n d u c t  a d e t a i l e d  a n a l y s i s  of p ub l i c data 
n e t w o r k  ( P D N )  m e a s u r e m e n t  d a t a  c o l l e c t e d  
d u r i n g  F Y  8 4 . T w o  I T S - d e v e l o p e d , 
m i c r o c ompu t e r - b a s e d  t e s t  s e t s  we r e  emp loyed 
in c o l l e c t i n g  th i s  d a t a : one emula t i n g  a 
n e t w o r k - a c c e s s i b l e  h o s t  comp u t e r  a n d  one 
e m u l a t i n g  a r em o t e  d a t a  t e r m i n a l  ( a n d  i t s  
o p e r a tor ) . Th e host emu l a tor wa s loc a ted a t  
I T S i n  B o u l d e r , a n d  wa s c o n n e c t e d  t o  the 
l o c a l o f f i c e  of e a c h  of t h r e e  pub l i c d a t a  
n e t w o r k s  v i a  9 . 6 k b p s l e a s e d  t e l e p h o n e  
l i n e s .  D u r i n g  t h e  op e r a t i on a l t e s t  pha s e , 
t h e  te rmi n a l  emu l a t o r  was placed in Fede r a l  
Government o f f i c e s  i n  four r emo te te s t  c i t i e s  
( Fo r t  Wor th , TX ; S e a t t l e , WA ; Wa sh i ngton , DC ; 

a n d  Denver , CO) , whe r e  i t  obta ined access to 
t h e PD N ' s  v i a  t h e  l o c a l  e x c h a n g e  te l ephone 
n e two r k . In e a c h  te s t  c i t y ,  t h e  t e r m i n a l  
emu l a t o r  w a s  a l s o  a b l e  t o  comm u n i c a te with 
t h e  ho s t  emu l a t o r  v i a  t h e  pub l i c  sw i t ch e d  
t e l e p h o n e  n e t w o r k  ( P S T N )  o r  t h e  F e d e r a l  
T e l e ph o n e  System { FTS ) , bypa s s ing the PDN ' s .  
B o t h  the l o c a l  a n d  t h e  l o n g - d i s t a n c e  tele­
phone l i nks were opera ted at 1 2 0 0  bp s .  

D u r i n g  a c t u a l  t e s t i n g , t h e  r e mo t e  t e r m i n a l  
emu la tor estab l i shed connec t ion with the ho s t  
o v e r  e a c h  a v a i l a b l e  path i n  a r andom ord e r , 
logged into a spec i a l  mea surement app l i c a t ion 
p r o g r am in the h o s t  c ompute r , transm i t ted a 
f i l e o f  " c a n n e d " t e s t  d a ta , logged out , and 
d i s c o n n e c ted . Th e r emo t e  termina l emu la tor 
a n d  the h o s t  w e r e  p r o g r amm e d  to r ecord and 
t i m e - s t a m p  a l l  i n t e r f a c e  e v e n t s  o b s e r v e d  
d u r i n g t h e  d a t a  c o mm u n i c a t i o n  s e s s i on i n  
a c c o r d a n c e  w i t h  t h e  p r o p o s e d  me a s u r em e n t  
s t a n d a r d . Th e d a t a e x t r a c t e d  d u r i n g  e a c h  
t e s t  w e r e  t h e n  t r a n s f e r r e d ( v i a  e r r o r ­
c o n t r o l l e d  l i n e s )  to a d a t a r e d u c t i o n  and 
a n a l y s i s  comp u t e r  l o c a t e d  i n  B o u l d e r . Th e 
I T S - d e v e l o p e d  data reduct ion and s ta t i s t ic a l  
d e s i g n  a n d a n a l y s i s  p r o g r a m s  d e s c r i b e d  
e a r l i e r  w e r e  l i n k e d  i n  t h i s  c o m p u t e r  t o  
e n a b l e  t h e  d a t a  e x t r a c t e d  i n  a t e s t  to b e  
t r a n s f o r m e d  i n t o  p a r a m e t e r  e s t ima t e s  a n d  
a s s o c i a t e d  co n f i d e n c e  l i m i t s  w i t h  a s i ng l e  
opera tor command . 

T h e  i n t e r f a c e s  a c t u a l l y  i n s t r umented dur ing 
the t e s t  we r e  w i t h i n  t h e  ho s t  and termi n a l  
e mu l a t o r  m i c r o c omp u t e r s ,  between the ( U N I X )  
o p e r a t i n g s y s t e m s  a n d  l o c a l a p p l i c a t i o n 
( m e a s u r ement ) programs . The spec i f i c ev ents 

o b s e r v e d  at t h e s e  i n t e r f a c e s h a v e  b e e n  
i l l u s t r a t e d e a r l i e r ( F i g u r e  2 - 1 4 ) . B o t h  
m i c rocompute r s  were ded i c a ted t o  the mea s u r e ­
me n t  ta sk t o  avo i d  t h e  b i a s  tha t  might r e s u l t  
f r om time - shar ing w i t h  o t h e r  app l i c a tion s .  

T a b l e  2 - 6  s h o w s  t h e  s c h e d u l e  f o l l ow e d  i n  
o n - l i n e  d a t a  e x t r a c t i o n d u r i n g  a typ i c a l  
f i e ld te s t . I n  each r emote c i ty , t e s t i n g  wa s 
conducted over a 4- d ay per i od , Monday through 
Th u r s d a y . S i x  t e s t s  w e r e  c o n d u c t e d  dur ing 
e a c h  2 4 - hour per iod : two mor n ing te s t s , two 
a f t e r n o on t e s t s , and two n i ght te s t s . Each 
of the 4 n e twor k s  ( the 3 PDN ' s and the PSTN 
or FTS ) wa s te s te d  once in each of the 4 t ime 
s l o t s  d u r i n g  the 16 d a y t ime te s t s . Wh e r e  
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po s s ible , each netwo r k  w a s  a l s o  te s ted tw ice 
on one o f  the four n igh t s . 

O v e r  5 0  a c c e s s/d i sengageme nt te s t s  and over 
2 0 0  u s e r  i n f o rma t i on t r a n s f e r  t e s t s  w e r e  
c o n d u c t e d  d u r i n g t h e  e xp e r im e n t . The ANS 
X 3  . 1 0 2  p e r f o r m a n c e  p a r a m e t e r  e s t ima t e s  
obta ined i n  the two types o f  te s t s  have been 
c o l l e c te d  i n  summa r y  tab l e s .  An excer p t  from 
t h e  a c c e s s / d i s e n g a g em e n t  s umm a r y  t a b l e  i s  
shown i n  Table 2 - 7 . The l e f t  por t ion of the 
t a b l e  i d e n t i f i e s  t h e  numb e r  and r e l e v a n t  
c o n d i t i o n s  o f  e a c h  t e s t  a s  d e f ined ear l i er 
( F i g u r e  2 - l 8 a ) . Th e r i g h t  po r t i o n  o f  the 
t a b l e  l i s t s  t h e  A N S  X 3 . 1 0 2  p e r f o r m a n c e  
p a r a me t e r  e s t ima te s ( s ample mean s ) obta ined 
i n  e a c h  t e s t .  T h e  a c c e s s / d i s e n g a g em e n t  
f u n c t i on s  a r e  d e s c r i b e d  by s i x  t im e - d e lay 
p a r a m e t e r s  a n d  f i v e  f a i l u r e - p r o b a b i l i t y  
parame te r s . 

T h e u s e r  i n f o r m a t i o n  t r a n s f e r  t e s t s  we r e  
s u mm a r i z e d i n  a s i m i l a r  m a n n e r . Th e s e  
t e s t s  i nv o l v e d  th r e e  add i t iona l per formanc e 
f a c tor s :  

1 .  U s e r  i n forma t ion block s i z e .  Th ree block 
s i z e s  we r e  te s te d : 6 4  byte s , 1 2 8  byte s ,  
a nd 5 1 2  byte s .  

2 .  U t i l i z a t i o n f a c t o r . T w o  l e v e l s  o f  
ut i l i z a t ion we r e  te s te d : a " low ut i l i za ­
t i o n "  l e v e l ,  i n  wh i c h  a 1 - secon d  d e lay 
w a s i n t r o d u c e d by t h e  XM I T  p r o g r a m 
b e t w e e n  e a c h  b l o c k  t r a n sm i s s i o n ; a nd 
" h i g h  u t i l i z a t i o n "  l e v e l ,  i n  wh i c h  no 
such delay wa s introduced . 

3 .  U s e  o f  f l o w  c o n t r o l .  T e s t s  w e r e  
c o n d u c t e d  b o t h  w i t h a n d w i t h o u t  
X - O N / X - O F F  f l o w  c o n t r o l  o n  t h e  
termina l/PDN a c c e s s  l i nk s .  

F i g u r e  2 - 1 9  p r e s e n t s  t h e  r e s u l t s o f  B l o c k  
Tr a n s fer T ime mea sureme n t s  o f  four networ k s :  
the three pub l i c  data ne twor k s  ( de s igna ted A ,  
B ,  a nd C )  and the pub l i c  swi tched te lephone 
n e t w o r k .  E a c h  h i s t o g r am s umm a r i z e s  t h e  
t r a n s f e r  t im e s  f o r  8 0  s u c c e s s f u l l y  t r a n s ­
f e r r e d  1 2 8 - character bloc k s . A l l  tr a n s f e r s  
w e r e  c o n d u c ted dur ing norma l bus i n e s s  hou r s  
u nd e r  nom i n a l ly ident i c a l  u s a g e  cond i t i on s . 
T h e s o u r c e  c i t y i s  D e n v e r , C O , a n d the 
d e s t i n a t i o n  c i ty i s  B o u l d e r , C O , in e a c h  
t e s t .  A l l  f o u r  h i s t o g r am s  t h u s  d e s c r i b e  
c o mm u n i c a t i on p e r f o r m a n c e  w i t h i n  a l o c a l  
te lephone ca l l ing area . 

T h e PDN b l o c k  t r a n s f e r  t im e s ob s e r v e d  i n  
t h e s e  p a r t i c u lar te s t s  d i f fe r  s i g n i f i c a n t ly 
i n  both me a n  a n d  s t a n d a r d  d e v i a t ion . The 
s a m p l e  m e a n s  f o r  P D N '  s A ,  B ,  and C a r e  
3 . 6 6 second s , 4 . 0 8  second s ,  and 5 . 1 7 second s ,  
r e s p e c t i v e l y ; the c o r r e s p o n d i n g  s t a n d a r d  
d e v i a t i o n s  a r e  4 1 0  m i l l i s econds , 5 6 1  m i l l i ­
s e c on d s , a n d  9 3 9  m i l l i s e c o n d s . Th e P S TN 
v a l u e s  are sub s ta n t i a l l y  lowe r - - 1 . 5 3 seconds 
a nd 42 m i l l i second s for the mean and s tandard 
d e v i a t i o n in t h i s  p a r t i c u l a r  te s t .  The 
longer and more var iable block t r a n s f e r  t ime s 
obser ved in the PDN t e s t s  a r e , o f  cour s e , the 
r e s u l t  o f  s t o r e - a nd - f o r w a r d  d e l a y s  in the 
n e t wo r k s .  They r e p r e s e n t  the p e r f o rmance 
c o s t  of  a c h i e v i n g  s e r v i c e  e c on omy t h r ough 
transm i s s ion resource sha r i n g . 



TEST 

II 
891 
895 
899 
907 
91 5 
91 9 
932 
936 
94 1 
952 
964 
969 
973 
978 
982 
986 
994 
995 
997 
1 003 
1 00 8  

Act i v i ty 

Table 2 - 6 .  Typ i c a l  T e s t  S chedule for Data E x t r a c t i on 

Local T ime 
Mon 

1 2/ 1 2  
Tue 

1 2 / 1 3  

Day - D a t e s  
Wed 

1 2/ 1 4  
Th u 

1 2 / 1 5  
F r i  

1 2/ 1 6  

F i l e  T r an s f e r  
Day T e s t  # l  
D a y  're s t  # 2  
F i l e  Transfer 
Day Test  # 3  
D a y  T e s t  # 4  
F i l e  'I' r a n s f e r  
N i g h t  T e s t  # 5  
N i gh t  T e s t  # 6  

0 7 0 0  - 0 8 3 0  
0 8 3 0  - 1 0 0 0  
1 0 0 0  - 1 1 3 0  
1 1 3 0  - 1 3 3 0  
1 3 3 0  - 1 5 0 0  
1 5 0 0  - 1 6 3 0  
1 6 3 0  - 1 9 0 0  
1 9 0 0  - 0 1 0 0  
0 1 0 0  - 0 7 0 0  

F i l e  Trans f er - - - - - - - - - - - - - -
N e t  A Net B 
Net B Net C 
- - - - - - - - - F i l e  
Net C Net D 
N e t  D Net A 
- - - - - - - - - J<' i l e  
N e t  A Net B 
Net A Net B 

Net C Net D Pack-up 
Net D Net A Leave 

T r a n s f e r  - - - - - - - - - - - -
Net A Net B - - - -
Net B Net c - - - -

Tran s f er - - - - - - - - - - - -

N e t  c Net D - - - -
Net c Net D - - - -

Location of Remote Computer : NBS - Wa s h i ng ton , DC 

Day T e s t s : Manua l ly s t a r ted and mon i tored t e s t s , con s i s t i ng of three block 
transfer tests ( e ach i n  a s i ng l e  acce s s ) :  

o 1 6 0  blocks o f  6 4  characters each 
o 8 0  blocks of 1 2 8  characters each 
o 2 0  blocks of 5 1 2  characters each . 

One Acce s s/ D i s enga gement tes t ,  w i th 2 0  sepa r a t e  acce s s e s  and 
l block of 5 1 2  char a c t e r s  t r a n sm i t ted in e a ch te s t .  

N i g h t  T es t s : Automat i ca l l y  r un , s ame f our tests a s  above , but the transfer 
tests a r e  one each hour , and the a c c e s s / d i s engagement test 
is  a l l owed 3 hour s . 

Table 2 - 7 . Exampl e  S umma r y  of PDN T e s t  Re s u l t s  

ACCESS /DISENGAGEMENT TESTS 

�ACTORS MEAN 0� P E R �ORMANCE P ARAMETERS 

& 
LEVELS TIME �AlLURE P ROBABILITY 

TIME USER USER USER IN COR ACCESS ACCES� DISENG(S) DISENG ( D )  

C ITY NETWK DAY P E R .  ACCESS ACCESS DISENG ( S )  DISENG ( S )  DISENG ( D ) DISENG ( D )  ACCESS DENIAL OUTAG DENIAL DENIAL 

WDC c s 5 54 . 2  .00737 1 3 . 81 . 074 3 . 60 . 1 73 0 0 . 1 00 0 0 0 
WDC c s 6 53 . 0  . 00752 1 3 . 53 . 074  3.  56  . 1 70 0 0. 400 0 . 0833 0 
WDC D M 1 53 . 4  • 007 4 8  4 ,  29 . 255 0 .  938 • 741  0 0 . 050 0 0 0 
WDC B M 3 43 . 8  . 009 1 0  1 2 . 99 . 0838 2 . 1 0  • 3 3 4  0 0 . 1 00 0 . 0556 0 
WDC c M 4 45 . 5  . 00877 1 4 . 22 . 0727 3. 73 . 1 7 1 0 0 . 1 50 0 . 0588 0 
WDC c M 5 4 4 , 4  . 00898 1 3 . 60 . 0799 3 .  66 . 1 88 0 0 . 1 50 0 0 0 
WDC B Tu 2 43 . 6  . 0091 5 1 3 . 74 . 0730 2 .  54 . 2 4 9  0 . 200 0 . 1 88 0 
WDC c Tu 3 4 4 . 5  . 00896 1 3 . 77 . 0780 3 . 68 . 1 83 0 . 050 0 . 1 05 0 
WDC D Tu 4 35 . 6  . 0 1 1 2  3 . 26 . 282 0 . 563 . 922 0 0 0 0 0 
WDC A Tu 5 39 . 8  . 0 1 00 1 5 . 09 . 0701 5. 23 . 1 25 0 0 0 . 1 50 0 
WDC B w 1 43 . 5  . 0092 1 3 . 2 1  . 0777 2. 61 . 242 0 . 050 0 . 1 58 0 
WDC c w 2 4 4 . 3  . 0090 1 3 . 5 7  . 0739 3 .  26 . 1 85 0 • 400 0 . 0833 0 
WDC D w 3 35 . 5  . 0 1 1 2  3 .  46  . 296 0 . 8 1 8  • 762 0 0 0 0 0 
WDC A w 4 42 . 3  . 0094 1 5 . 00 . 0752 5 . 1 6  . 1 42 0 . 1 00 0 . 0556 0 
woe B w 5 4 1 . 6  . 0096 1 2 . 94 . 0842 2. 76 . 255 0 . 1 00 0 . 1 1 1  0 
WDC B w 6 4 1 . 6  . 0096 1 3 . 38 . 081 3 3 .  06 . 225 0 .050 0 0 0 
WDC D Th 2 36 . 0  . 01 1 1  3 .  49  • 3 36 o. 956 . 81 1 0 . 1 67 0 0 0 
WDC c Th 2 4 4 . 9  . 0089 1 3 . 32 . 0772 3. 27 . 1 93 0 0 0 0 0 
woe A Th 3 4 1 . 8  . 0096 1 4 . 52 . 0744  4 .  88 • 1 4 4 0 . 1 50 0 . 0588 0 
WDC 8 Th 4 4 4 . 4  . 00900 1 3 . 76 . 07 4 5  2 .  74 . 230 0 . 1 00 0 . 0556 0 
WDC c Th 5 4 4 . 1  . 00906 1 3 . 5 5  . 0835 3. 46  . 2 1 2  0 . 200 0 0 0 
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F igure 2 - 1 9 .  B l oc k  transfer t ime h i s togr ams for four ne twor k s . 
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H i s t o g r am p r e s e n t a t i o n s  o f  s ta t i s t i c a l  data 
have the d i sadvantage o f  mas king dependence . 
F i g u r e  2 - 2 0  p l o t s  t h e  s am e  b l o c k  t r a n s f e r 
t i m e s  s umm a r i z e d  i n  F i g u r e  2 - 1 9  i n  c h r o no ­
l o g i c a l  s e quence , a n d  c l e a r l y  i n d i c a t e s  tha t 
s u c c e s s i v e block tran s f er t imes are s trong l y  
d e pendent i n  a l l  f our n etwor ks . The chr ono­
l o g i c a l  p l o t s  for t h e  t h r e e  P D N ' s a r e  o f  
pa r t i c u l a r  i n t e r es t .  The PDN A data show a 
ver y cons i s tent " sawtooth" pattern o f  l i near ly 
i ncreas i ng d e lays i n t e r r upted by per i o d i c  ( and 
s udden ) drops . The PDN B data s how a s imi l ar 
but l e s s  s trong l y  per i od i c  d epende nce pa t t e r n .  
T h e  P D N  C d e l a y s  i n c r e a s e  a b o u t  3 1  m i l l i ­
s e c o n d s p e r  b l o c k  i n  the l i n e a r  s e gm e n t s  
be t w e e n  p e r i od i c  upward s teps - - or a n  aver age 
of about 41 m i l l i seconds per block ove r a l l .  

T h e  o b s erved i nc r e a s e s  i n  PDN block tran s f er 
t ime w i th block n umber a r e  undoubtedly c a u s ed 
by a bui ldup o f  user data i n  networ k que ue s . 
T h e  s ud d e n  d r o p s  i n  t r a n s f e r t i m e  b e t w e e n  
s uc c e s s i v e b l o c k s  a r e  the r e s u l t  of cor r e s ­
pond ing que ue r educt i on s , e f f ected b y  network 
f l ow con t r o l  a t  the source user i n t e r f ace . 

A n  i m p l i c a t i o n  o f  t h e  c h r o no l o g i c a l  p l o t s  
s ho w n  i n  F i g u r e  2 - 2 0  i s  tha t PDN C prov ides 
r a t h e r  l a r g e  i n t e r n a l  b u f f e r  capa c i t i e s  for 
t h e  s t o r a g e  o f  u s e r  d a t a . Th i s  is  dramat­
i c a l l y c o n f i rmed i n  F i gure 2 - 2 1 , wh i ch s hows 
h i s t o g r a m s  a n d  c h r o n o l o g i c a l  p l o t s  o f  
6 4 - c h a r a c t e r  P D N  C b l ock tran s f er t imes for 
t r a n s m i s s i o n s  b e t w e e n  Wa s h i n g t on , DC , a n d  
B o u l d e r , C O . Two s e p a r a t e  1 6 0 - b l o c k  t e s t s  
a r e  s ummar i zed . Cond i t i ons of the two t e s t s  
a r e  nom i n a l l y  iden t i ca l  w i th the e xc e p t i on o f  
the user d a t a  i nput r a t e . I n  the f i r s t  te s t ,  

F i gure 2 - 2 l a , a l - second pa u s e  was introduced 
b e tween input of succe s s i v e  blocks . I n  the 
s e c o n d  t e s t ,  F i g u r e  2 - 2 l b ,  t h e  pa u s e  w a s  
om i t ted to gener a t e  mor e conti nuous user data 
inpu t . 

A s  F i g u r e  2 - 2 l a  and 2 - 2 l b  show , om i s s i on o f  
t h e  p a u s e  h a s  a s u b s t a n t i a l  e f f e c t  o n  
p e r f o r m a n c e . B l o c k  t r a n s f e r  t i m e s  i n  the 
f i r s t  te s t  range f rom 1 . 4 1 to 2 . 3 2 s econd s , 
w i t h a m e an o f  1 . 4 9  s econds and a s tandard 
dev i a t i on o f  83 m i l l i s econd s . Block tran s f er 
t imes i n  the second t e s t  range from l .  5 9  to 
7 . 5 7 seconds w i th a mean of 4 . 9 7 seconds and 
a s t a n d a r d  d e v i a t i o n  of a b o u t  2 s e c o nd s . 
D a t a  f r om t h e  s e c o nd t e s t  a r e  clustered i n  
t h r e e  d i s t i n c t  t i m e  bands s epar a t ed b y  two 
l - second i n t e r v a l s  in wh i ch no block transfer 
t imes f e l l . 

The r e a s on for th i s  unu s ua l  d i s t r i bution i s  
c l ar i f i ed by the chr ono l og i c a l  block transfer 
t i m e  p l o t s  s h o w n  i n  F i g u r e  2 - 2 l c . T h e  
c h r o no l o g i c a l  p l o t  o f  t h e  l o w - u t i l i z a t i o n  
t e s t  i s  e s s en t i a l l y f l a t , a s  one would e xpe c t  
f r om i t s  h i s t o g r am .  B l o c k  t r a n s f e r t imes 
f r om t h e  h i g h - u t i l i z a t i o n t e s t  i n c r e a s e  
l i n e a r ly i n  thr ee band s sepa r a ted by abrupt 
l- s econd upward d i s con t i nui t i e s . Ana lys i s  of 
the i nput and output times surr ound i ng these 
d i s co n t i n u i t i es showed tha t user data i nput 
r em a i n e d  c o n t i n u o u s - - b l o c k s  f o l l ow i n g a 
d i scont i nu i t y  s imply r emai ned in the ne twor k 
l onger than tho s e  pr eced i ng i t .  The cause o f  
t h e  d i s c o n t i n u i t i e s c a n n o t  be pos i t i v e l y  
e s t a b l i s h e d  f rom the user - o r i ented mea s ur e ­
m e n t  d a t a , b u t  t h e y  a p p e a r  t o  r e f l e c t  a 
s udden and s u s ta i ned r ed uc t ion in the networ k 

8 . 0 B l o c k  S i z e = 1 2 8 Cha rac t e r s , D e c e m b e r 1 9 8 3  
Den v e r  t o  B o u l d e r , C O  

7 . 0 

V.l 
,::, t . .  0 :z: C• u w 5 . 0 •;-) 
:z: 

4 . [1  
w :E: 
I- 3 . 0  

2 . 0 
_...·-·· 

1 .  0 

c o n t i n u o u s  T r an s m i s s i o n o f  1 0 2 4 0  C h a r ac t e r s  

T E S T  1 (1 7 2 , P D t4 _c: _ 

T E S T  1 0 4 5 , P D N  B 

T E S T  1 0 5 5 , D I R L - U P  ------------------------� 

C O N S E C U T I V E  B L O C K  N U M B E R  

F igure 2 - 2 0 .  Chronolog i c a l  p lo t s  o f  t he s ame d a t a  s hown i n  F igure 2 -1 9 .  
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' 160 1 983 
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b .  W i thout 1 - s econd paus e . 

1 0 . 0 

B l o c k  T r an s f e r T i m e s  

8 

7 

3 

2 

1 6 0  Blocks of 64 Charac ters 
W a s h i n g ton D . C .  to Boulder 
PON 11 C 11 
December 1 9 8 3  

each 

l s Pause Be tween B locks 
(Lower U ti l i za � ion) 

Con s e c u t i ve Block Number 

c .  Chronologi c a l  plots . 

F i gure 2 - 2 1 . H i s tograms and c hronolog i c al p lo t s  o f  PDN C block trans fer t ime s 
w i t h  and w i t hout 1 - se cond p ause b e tween block i nput s .  
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capa c i ty a l located to the mon i tored transm i s ­
s i ons . Such a r educt ion could b e  a r e s u l t  o f  
the e s t ab l i s hment of new v i r tual c i rcu i t s for 
other u s er s . 

B u f f e r i n g ( o r  s t o r a g e )  o f  u s e r  d a ta by the 
network wa s e xam ined by compa r i ng block input 
and o u t p u t  t im e s  in e a c h  of the tests sum­
m a r i z e d  i n  F i g u r e  2 - 2 1 .  I n  t h e  l o w ­
ut i l i z a t i on t e s t , no more than two blocks w e r e  
s t o r e d  i n  the ne twor k a t  a ny time . I n  the 
h i g h - u t i l i za t i on tes t ,  14 blocks wer e stored 
in the s y s tem ( o r  w e r e  in t r a n s i t  b e t w e e n  
n od e s ) j u s t  a f t e r  the l a s t  block was inpu t . 
T h i s  i s  a s u r p r i s i n g l y  h i g h  numb e r  f o r  a 
p a c k e t  s w i t c h e d  ne t w o r k - - b u t  s t i l l  h i g h e r  
n umb e r s  h a v e  b e e n  o b s e r v e d  i n  o t h e r  P D N  C 
t e s t s .  T h u s , P D N  C a l l o w s  e s s e n t i a l l y 
c o n t i n u o u s  u s e r  d a t a  i n p u t  a t  a c o s t  o f  
s omewhat highe r  ave r a g e  block tra n s f e r  time s . 

T h e  " r i p p l e "  e f f e c t  i l l u s t r a t e d  i n  
F i g u r e  2 - 2 l c  i s  n o t  c a u s e d  b y  the XM I T  o r  
RECV programs o r  the networ k , but by per iod i c  
v a r i a t i o n  i n  o u t p u t  b u f f er i ng d e l a y s  w i t h i n  
t h e  U N I X  o p e r a t i n g  sys tem . Reca l l  t h a t  the 
o p e r a t i n g  s y s tem i s  p a r t  of the end - to - end 
d a t a  c ommun i c a t i o n  s y s tem f rom the point o f  
v i ew o f  the end u s e r . 

F i g u r e  2 - 2 2  p r e s e n t s  r e g r e s s i o n  p l o t s  t h a t  
show the dependence o f  b l o c k  trans f er time on 
b l o c k  l e n g t h  i n  three ne twor k s :  PD N A ,  PDN 
B ,  and the pub l i c  swi tched te lephone networ k .  
T h e  p l o t t e d d a t a  r e p r e s e n t  commun i c a t i o n s  
b e tw e e n  S e a t t l e  a nd Boulder . Each PDN d a ta 
p o i n t  r e p r e s e n t s  t h e  mean tr a n s f e r  t ime for 
1 6 0 , 8 0 , o r  2 0  b l o c k s  o f  s i z e 6 4  b y t e s ,  
1 2 8  b y t e s , o r  5 1 2  b y t e s ,  r e spec t i ve l y . The 
P S T N d a t a  po i n t s  a r e  s im i l a r  s a m p l e  m e a n s  
t h a t  f e l l  pr e c i s e l y o n  the same coo r d i n a t e s  
a n d  t h e r e f o r e  could n o t  be plot ted separate l y .  
The numbe r  o f  te s t s  repres ented by the latter 
points i s  indica ted i n  parentheses b e s ide e a ch 
poi n t . 

The PSTN block tran s f e r  times include mod u l a ­
t i o n  and propa g a t i ona l d e l ays on l y .  The PDN 
b lo c k  tr a n s f e r  t imes a l so inc l ude stor age and 
p a c k e t  ov e r h e a d  t r a n sm i s s i o n  d e l a y s , wh i ch 
a d d  r o u g h l y  l .  2 s e c o n d s t o  t h e  o v e r a l l  
tran s f er t ime i r respect ive o f  block s i z e .  

The I n s t i tute ' s  FY 8 5  ana ly s i s  o f  PDN mea s u r e ­
ment data a l so included a deta i l ed examinat i on 
o f  b i t  e r r o r , l o s s , a n d  dup l i c a t i on events . 
O f  a to t a l  o f  1 7 , 7 5 2 , 3 9 2  b i t s  transferred in 
2 1 7  user in forma t i on tran s fe r  te s t s  f rom four 
c i t i e s , only 21 were rece i ved in error . The s e  
e r r o r s  o c c u r r e d  a s  b u r s t s  i n  3 t e s t s : 1 1  
e r r o r s  in 3 con s e c u t i v e  characters in a test 
f r om Fo r t  Wo r t h , 6 e r r o r s  in  3 c on s e c ut i ve 
c h a r a c t e r s  i n  a t e s t  f r om S e a t t l e , and 4 
e r r o r s  i n  a s i n g l e cha r a c te r  in a te s t  f rom 
Denve r . Only the latter te s t  involved a PDN 
( network B ) . Mea s ured bit error rates for PDN 
t e s t s  and PSTN t e s t s  were 4 / 1 3 , 7 3 9 , 8 4 8  = 2 . 9  x 
l o - 7  a n d  1 7 / 4 , 0 1 2 , 5 4 4  = 4 . 2  x 1 0 - 6 , r e s p e c ­
t i v e l y . The me a s u r ements show the e xpec ted 
r e s u l t  t h a t  d a t a  t r a n s f e r  v i a  t e l e p h o n e  
c i r c u i t s , wh i c h  l a c k  e r r o r  con tro l ,  i s  mor e  
s u b j ect t o  b i t  e r r o r s  than d a t a  tran s f er v i a  
P D N ' s .  The e r r or s  obser ved i n  the PDN t e s t  
w e r e  a l m o s t  c e r t a i n l y  i n t r o d u c e d  i n  t h e  
t e r m i n a l  a c c e s s  l i n k , w h i c h  i s  a l o c a l  

9 9  
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F i gure 2 - 2 2 .  Reg r e s s i on p lo t s  showing the 
r e l a tionship of block transfer 
t ime to block l ength i n  three 
netwo rk s . 

t e l ephone c o n n e c t i on un p r o t e c t e d  by e r r o r  
c o n t r o l .  T h e d i f f e r e n c e s  i n  b i t  e r ro r  
p r o b a b i l i t y a m o n g  t h e  P D N  t e s t s  a r e  n o t  
s ta t i s t i c a l ly s i g n i f icant . The d i f f erence i n  
b i t  e r r o r  p r o b a b i l i t y  b e tween the comb ined 
PDN d a ta and the PSTN d a ta i s  signi f i cant at 
the 0 . 1 % leve l . 

Data loss was found to be strongly i n f l uenced 
by the implementat ion o f  f low control in the 
P D N '  s .  With f l ow control implemen ted , only 
two i n s t a n c e s  of d a t a  l o s s  by P D N ' s w e r e  
o b s e r v e d : a s t r i ng o f  1 1 4  cha racters  in ;; 
test f rom Denv e r  v i a  PDN B ( d e s c r ibed late r ) , 
and a s i n g l e  cha r a c te r  in a test from Denver 
v i a  PDN A. The absence of data loss in PDN C 
may be due to i t s  larger buffer capac i t i e s . 

The t e s t s  o f  P D N  A i nc l uded tests in wh i ch 
f low control was not implemented . I n stead , a 
1 - second delay wa s introduced between s ucc e s ­
s i v e  b l o c k  i n p u t s  t o  l im i t  the input rate . 
The f a i l ure to ut i l i ze f l ow con trol resul ted 
i n  a drama t i c a l ly h i gher los s rate : 2 1 , 7 9 2  
lost b i t s  out o f  3 , 1 1 2 , 9 6 0  transmi tted . Th i s  
c o m p a r e s  w i t h o n l y  8 l o s t  b i t s  o u t  o f  
1 , 8 8 4 , 1 6 0  transm i t ted i n  the flow con trolled 
c a s e . The cor r e s pond ing e s t imated b i t  loss 
probab i l i t i e s  a r e  7 . 0  x lo - 3  and 4 . 2  x lo - 6 , 
r e spec t ively . The s i gn i f i cance level o f  th i s  
d i f f e r e nce i s  l o - 7 % .  



F i g u r e  2 - 2 3  d e scr ibes a n  inte r e s t ing anoma ly 
t h a t  oc c u r r e d i n  o n e  par t i cular pub l i c  data 
n e t w o r k  t e s t ,  a n d  a l s o d e m o n s t r a t e s  t h e  
capab i l i ty and prec i s ion o f  the I TS - d ev e loped 
d a ta reduc t i on so f twa r e . The te s t  in que s t ion 
i n v o l v e d  t r a n sm i s s i on of 1 6 0  6 4 - c h a r a c t e r  
b l o c k s  b e tw e e n  D e n v e r  and Boulder , CO , ove r 
PDN B .  Th e spec i f i c impa irmen ts observed are 
i l l u s t r a t e d in F i g u r e  2 - 2 3 a a n d  m a y  b e  
s ummar i zed a s  follows : 

0 

0 

0 

The f i r s t  2 7  cha r a c t e r s  of block 1 0 2  were 
d u p l i c a t e d  in c h a r a c t e r s  2 8 - 5 4  of the 
r e c e i v e d  b l o c k , and the o v e r a l l  b l o c k  
l e n g t h  w a s  t h e r e b y  i n c r e a s e d t o  9 1  
char a c t er s .  None o f  the rec e i ved cha r a c ­
t e r s  wer e a l tered in tra nsmi s s i on .  

B lock 1 0 3  was rece ived cor r ec t l y . 

T h e  n e x t  1 1 4  ch a r a c t e r s  i n  s u c c e s s i on 
w e r e  l o s t  ( n e v e r  d e l i v e r e d ) T h e s e  
c ompr ised a l l  o f  block 1 0 4  and the f i r s t  
5 0  cha r a c t e r s  o f  block 1 0 5 .  

A l l  o th e r  blocks transm i t ted dur ing the te s t  
were rece i ved correc t l y . 

F i g u r e  2 - 2 3 b  i s  a c h r o nolog i c a l  plot o f  the 
block tran s f e r  t imes obser ved i n  the anoma lous 
test j us t  d e s cr i bed . A pronounced d i s to r t ion 
i n  t h e t r a n s f e r  t im e  c u r v e  is e v i d e n t  a t  
p r e c i s e l y  t h e  po i n t  o f  t h e  anoma l y . Th e 
t r a n s f e r  t i m e  f o r  block 1 0 2  was longer than 
e x p e c t e d  b e c a u s e  o f  t h e  e x t r a  d a t a  i t  
inc l uded . The tran s f e r  t ime for block 10 3 was 
a l so longer than e xpec ted , pre s umably because 
the add i t i ona l delay in block 10 2 caused i t  to 
be stored longer in a netwo r k  queue . No block 
t r a n s f e r  t i m e  i s  p l o t t e d  f o r  b l o c k  1 0 4 , 
b e c a u s e  th i s  b l o c k  w a s  n o t  d e l i v ered . Th e 
trans fer t ime for block 1 0 5  was about 7 0 0  ms 
s h o r t e r t h a n  e x p e c t e d , pr e s um a b l y  f o r  two 
reason s : f i r s t , because it spent l e s s  t ime in 
n e t w o r k que u e s  d u e  t o  the a b s e n c e  o f  block 
1 0 4 ;  a n d  second , because the d e l i vered block 
i t s e l f  wa s 50 char a c t e r s  shor ter than norma l .  

T h e  c h r o n o l o g i c a l  p l o t  r e s um e s  i t s  norm a l  
p a t  t e r n  w i t h  b l o c k  1 0 6 . No irre gul a r i t y  in 
d a t a i n p u t  was a s s o c i a ted with the obser ved 
a n om a l y , i n d i c a t i n g t h a t ( 1 )  f l ow wa s n o t  
i n t e r r u p t e d  b y  t h e  n e t w o r k , a n d  ( 2 )  t h e  
a n oma ly d i d  n o t  occur o n  the terminal acc e s s  
l i nk . I t  i s  a lmo s t  cer t a i n  tha t the anomaly 
o c c u r r e d  i n  t h e  P D N , s i n c e  t h e  P D N - h o s t  
a c c e s s  l i n k  ( a  1 2 0 0  b p s  l e a s e d  l i n e ) w a s  
p r o t e c t e d  by r e t r a n sm i s s i o n e r r o r  c o n t r o l 
und er the X . 2 5  i n t e r f a c e  protoco l . 

A mo r e  c o m p r e h e n s i v e  a n a l y s i s  o f  t h e  I TS 
p ub l i c  d a t a  network mea surement r e s u l t s  w i l l  
be pub l i shed in an N T I A  repo r t  in F Y  8 6 . 

I n t e r n a t i o n a l  S t a nd a r d s .  Act i v i t i e s  in the 
I n t e r n a t i o n a l  S tanda r d s  prog ram are d i r e c ted 
towa r d  two l o n g - t erm g o a l s . The f i r s t  o f  
t h e s e  i s  t o  e n h a n c e  i n t e r n a t i o n a l  t r a d e  
o p p o r t u n i t i e s  f o r  U . S .  t e l e c ommun i c a t i o n  
p r o v i d e r s by p r omo t i n g t h e  d e v e l o pm e n t  and 
a c c e p t a n c e  o f  n o n r e s t r i c t i v e , f un c t i o n a l l y  
o r i e n t e d  i n t e r n a t i o n a l  t e l e c ommun i c a t i on 
s tandard s .  The second i s  to ensure tha t the 
i n t e r e s t s  of compe t i ng u . s .  tele commun i c a t i on 
p r ov i d e r s  ( a nd t h e  i n t e r e s t s  o f  u s e r s ) are 
f u l l y  a n d  f a i r l y  r e p r e s e n t e d  i n  U . S .  

1 0 0  

c o n t r i b u t i o n s  t o  i n t e r n a t i on a l  s t a n d a r d s  
c omm i t t e e s  i n  wh i ch NTIA/ I TS h a s  lead e r s h ip 
re spon s i b i l i t i e s . I n  FY 8 5 , spec i a l  empha s i s  
w a s  p l a ced on con t r i b u t i on s  t o  the deve lop­
ment of t e c h n i c a l  s t a n d a rd s  for I nt e g r a ted 
Services D i g i ta l Netwo r k s  ( I SDN ' s ) w i t h in the 
I n t e r n a t i o n a l  T e l e g r a p h  a n d T e l e p h o n e  
Con s u l ta t i ve Comm i t t e e  ( CC I TT )  and a s soc i a ted 
u . s .  p r e p a r a t o r y  g r o u p s , i n c l u d i n g  t h e  
ANS I - a c c r e d i ted Telecommun i c a t ions S tanda r d s  
Commi t te e , Tl . 

T h e  I n s t i t u t e ' s  I n t e r n a t i o n a l  S t a nd a r d s  
p r o g r a m i n v o l v e s  t h r e e  m a j o r f un c t i on s :  

l .  L e a d i n g  u . s .  par t i c ipat ion in key stan­
dard i za t ion e f for t s  o f  the CC ITT , i n c l ud ­
i n g  l i a i s o n  w i t h r e l a t e d  c o mm i t t e e s  
o f  t h e  I n t e r n a t i o n a l O r g a n i z a t i o n f o r  
S t andard i za t i on ( I SO ) where appropr i a te . 

2 .  I n f o r m i n g  i n t e r e s ted nonpar t i c ipan t s  of 
s i gn i f i cant accomp l i s hmen t s  and oppo r t un­
i t i e s  in interna t i on a l  stand ard s d e v e l op­
men t . 

3 .  Prepar ing u . s .  con t r i b u t i on s  to interna­
t i o n a l s t a n d a rd s  organ i za t i ons in areas 
wh e r e  N T I A/ I TS h a s  p a r t i c u l a r  inter e s t  
and e xper t i se . 

The u . s .  a c t i v i t i e s in the CC I TT a r e  coor d i ­
nated by the u . s .  Depar tment o f  S ta t e , Bureau 
o f  I n terna t i ona l Commun i c a t i ons and I n f orma­
t i on Po l i c y , O f f i c e  o f  T e chn i c a l  S tandard s 
a n d  D e v e l o pm e n t .  T h i s  c o o r d i n a t i o n i s  
a c c omp l i s h e d  t h r o u g h  t h e  U . S .  Organ i z a t ion 
for the CC I TT ( U . S .  CC I TT ) . The U . S .  CC I TT 
i s  compo s e d  o f  a N a t i o na l Comm i t te e , wh i ch 
adm i n i s t e r s  U . S .  par t i c ipat ion in the i n t e r ­
n a t i o n a l m e e t i n g s , a n d  f i v e p r e pa r a to r y  
g r o up s , wh i c h  p r o v i d e  t e c h n i c a l  r e v i e w  o f  
p r o p o s e d  u . s .  c o n t r i b u t i o n s  t o  p a r t i c u l a r  
s t udy g r o u p s . Two o f  the f ive prepa r a to r y  
g r o u p s  w e r e  c h a i r e d  by I TS s t a f f  memb e r s  
dur i ng FY 8 5 :  S t udy Group D ,  " Da t a  Commun i ­
c a t i o n s , "  wh i c h  r e v i e w s  con t r i b u t i o n s  t o  
CC I TT S t ud y  Groups V I I  and XVI I ,  and th e I SDN 
J o i n t  Wor k i n g  P a r t y  ( J WP ) , wh i c h  r e v i e w s  
c o n t r i b u t i o n s t o  S t u d y  G r o u p XV I I I  a n d 
s e v e r a l  o t h e r  CC I TT s tudy groups tha t d e a l  
w i t h I S D N  i s s u e s . The u . s .  s t u d y  g r o u p  
c h a i r m e n  o r g a n i z e  p r e p a r a t o r y  me e t i n g s , 
a s s i s t  i n  a c h i e v i n g  c o n s ensus po s i t ions on 
t e c h n i c a l  i s s u e s  a f f e c t i n g  U . S .  o r g a n i z a ­
t i o n s , a n d  h e a d  t h e  u . s .  D e l e g a t i o n s  t o  
interna t ional CC I TT mee t i ng s .  

The pro l i f i c  a c t i v i t y  o f  the newly formed Tl 
S t an d a r d s  Comm i t t e e  h a s  mar kedly increased 
con t r i b u t i ons from the u . s .  to the CC I TT , and 
h a s  co r r e s p o n d i n g l y  i n c r e a s e d the r e s p o n ­
s i b i l i t i e s  o f  t h e  u . s .  C C I T T c h a i r m e n . 
I n  FY 8 5 ,  I TS per sonnel organi zed and cha i red 
four S tudy Group D mee t i ngs and f i ve I S D N  JWP 
m e e t i n g s . Th e s e  me e t i n g s  w e r e  t yp i c a l l y  
a t t e n d ed b y  5 0  t o  1 0 0  t e l e c ommun i c a t i on s  
e xpe r t s  f r om U . S .  i n d u s t r y  and G o v e r nm en t  
o r g a n i z a t i o n s . I n  a d d i t i o n , I n s t i t u t e  
p e r s o n n e l  r e p r e s e n t e d  NTIA i n  severa l u . s .  
N a t i o na l Comm i t t e e  mee t i ng s ,  to pr epare for 
and repor t on the 1 9 8 4  CC I TT Plenary A s s emb ly 
and to d i s c u s s  u . s .  po s i t ions in ( and contr i ­
b u t i o n s  t o )  t w o  s p e c i a l  i n t e r n a t i o n a l  
mee t i n g s . 
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Figure 2 - 2 3 .  Analy sis o f  an obs erved block transfer anoma l y .  
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T w o  I n s t i t u t e  s t a f f  m emb e r s  a t t e n d e d  t h e  
V I I I th P l enary a s s embly o f  t h e  CC I TT , he ld i n  
M a l a g a - T o r r emo l i n o s , S p a i n ,  O c t o b e r  8 - 1 9 , 
1 9 8 4 . O n e  a t t e n d e d  a s  D e p u t y  H e a d  o f  t h e  
U . S .  D e l e g a t i o n a n d  a c ted as u . s .  spokesman 
i n  var ious Plenary and S ubcommi t t e e  mee t i ng s . 
The o t h e r  a t t e n d e d  a s  Delegat ion Adv i sor on 
S t udy Gr oup V I I i s sues to coord i n a t e  proposed 
c h a n g e s  to the Me s s a g e  H a nd l ing Recommend a ­
t i on s .  The P lenary Assembly wa s a t tended by 
8 0 0  d e l e g a t e s  f r om o v e r  9 4  c o u n t r i e s . Two 
hund r e d  s i x t y - t h r e e  new Re c ommend a t ions and 
5 0 0  r e v i s e d  R e c omm e n d a t i o n s  we r e  a pp r o v e d . 
Th e s e  a r e  b e i n g  p ub l i s h e d  i n  the new CC I TT 
" Red Books . "  

I n s t i t u t e  s t a f f  memb e r s con t r i buted to U . S .  
p l a n n i n g f o r  t w o  s p e c i a l  C C I T T  m e e t i n g s  
d u r i n g F Y  8 5 . T h e  f i r s t  w a s  a m e e t i n g  o f  
Spec i a l  S t udy Gr oup " S " , wh ich wa s e s ta b l i shed 
by the P l e n a r y  A s s e m b l y  to c o n s i d e r  CC I TT 
r e o r g a n i z a t i on . The second wa s the Prepara­
tory Commi t t e e  for the 1 9 8 8  Wor ld Admi n i s t r a ­
t i v e  T e l e g r a p h  a n d  T e l e p h o n e  C o n f e r e n c e  
( PC/WATTC ) .  The U . S .  con t r ibut ion to Spe c i a l  

S tudy Group " S " , prepared w i t h  I TS par t i c ipa­
t i o n , p r o p o s e d  c r i te r i a  to be used i n  eva l ­
u a t i n g a n y  c h a n g e s  i n  study group s t r uc t u r e  
a nd d e f i ned a schedule for comp l e t i o n  o f  the 
s t ud i e s . For the PC/WATTC , the Uni ted S ta t e s  
p r o p o s e d  a comp l e t e  r ew r i t e o f  t h e  p r e s e n t  
i n t e r n a t i o n a l  r e g u l a t i o n s , c h a n g i n g t h e  
p r e s e n t l y  s e p a r a t e  t e l e g r a ph and t e l e phone 
r e g u l a t ions i n to a comb ined set of t e l ecommu­
n i c a t i o n s  r e g u l a t i ons . Th i s  is v i ewed as a 
major step forward a s  telegraph and telephone 
serv i c es become more i n tegra ted . 

I n s t i t u t e  r e p r e s e n t a t i v e s  pl ayed a s i gn i f i ­
c a n t  r o l e  i n  c o o r d i n a t i n g i n t e r n a t i o n a l  
a p p r o v a l  o f  s e v e r a l  CC I T T  r e comm e nd a t i o n s  
dur ing F Y  8 5 . The s e  inc lude a numbe r  o f  the 
! - S e r i e s  R e c omm e n d a t i o n s , w h i c h p r o v i d e  
i n t e r n a t i o n a l  g u i d e l ines for the development 
o f  I S D N s ; the X . 4 0 0 - S e r i e s  Recommenda t ions , 
wh i c h  d e f i n e  a c c e s s  p r o c e d u r e s  a n d  p r o v ide 
i n t e r o p e r a b i l i t y r e q u i r e m e n t s  for i n t e r ­
n a t i o n a l  e l e c t r o n i c  m a i l  ( o r  " m e s s a g e  
hand l i ng " ) systems ; the X . 2 0 0 - S e r i e s  Recommen­
d a t i on s , wh i ch spec i f y  CC I TT d e f ined ser v i c e s  
a n d  protoco l s  f o r  Open Sys tems I n ter conn e c t ion 
( O S I ) ; a nd the X . l 3 0 - S e r i e s  Re commend a t i on s , 

wh i c h  d e f i n e Q u a l i t y o f  S e r v i c e  o b j e c t ives 
f o r  P u b l i c  D a t a  N e t wo r k s . A n  I T S s t a f f  
memb e r  o r g a n i z e d  a U . S .  group o f  e xpe r t s  to 
p r e p a r e  Recommend a t ions for the a l i gnmen t  of 
I S D N  s ub s c r i b e r  l i n e  a nd CC I T T  S i g n a l l i n g  
S y s t em # 7  I SDN U s e r  P a r t  protoco l s . I n s t i tute 
personnel organ i zed and cha i red the u . s .  CCITT 
M e s s a g e  H a n d l i n g  W o r k i n g P a r t y , a n d  
r e p r e s e n t e d  t h e  U . S .  i n  i n t e r n a t i o n a l  
n e g o t i a ii o n s  l e a d i ng t o  CC I TT a pp r o v a l  o f  
e i g h t  X . 4 0 0 - S e r i e s  Rec ommend a t i on s . An I TS 
s t a f f  memb e r  s e r v e d  a s  i n te r n a t ional ed i tor 
of the O S I N e two r k  S e r v i ce D e f i n i t ion stan­
d a r d s  i n  b o t h  C C I T T  S t u d y  G r o u p  V I I a nd 
I S O T C  9 7 / S C  6 ,  t h e r e b y  a c h i e v i n g v e r y  
c l o s e  a l i g nm e n t  b e t w e e n  the two comp l e t e d  
s t a n d a r d s  o f  t h e s e  independent internat ional 
o r g a n i z a t i o n s . I n s t i t u t e  r e p r e s e n t a t i v e s  
c o n t r i b u t e d  t o  i nternat ional nego t i a t i ons on 
f o u r  P ub l i c  D a t a  N e twork Qua l i t y  of S e r v i c e 
r e c o m m e n d a t i o n s  ( X . l 3 0 , X . l 3 1 , X . l 3 5 , a n d  
X . 1 3 6 )  , a n d  deve loped a f i f th recommendat ion 
( X . l 4 0 ) wh ich d e f i n e s  user - o r i en ted , network­
i n d e p e n d e n t  p e r f o r m a n c e  m e a s u r e s . A n  
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I n s t i tute s ta f f  member wa s selec ted t o  serve 
as i n t e r n a t i o n a l  Rappor teur CC I TT on S tudy 
Group VI I ' s  Que s t i o n  2 9 ,  " Qua l i ty of S e r v i c e  
o n  P u b l i c  D a t a  N e t w o r k s , "  d u r i n g t h e  
1 9 8 5 - 1 9 8 8  S t udy Per iod . 

I n s t i t u t e s t a f f  m e m b e r s  h e a d e d  t h e  u . s .  
D e l e g a t i o n  t o  f i v e  CC I TT m e e t i n g s  d u r i n g  
FY 8 5 . The s e  wer e : the I n ter r egnum mee t i ng 
of Wor k i n g P a r t y  X I / 6  ( November 1 9 8 4 ) , the 
Interr egnum mee t i ng of the S t udy Group XVI I I  
I SDN Exper t s  Group ( J anuary 1 9 8 5 ) , the S t udy 
G r o up XI P l e n a r y  ( M a r c h  1 9 8 5 ) , the S t ud y  
Gr oup VI I P l ena r y  (Apr i l  1 9 8 5 ) , and the S t udy 
Gr oup XV I I  P l e n a r y  (Apr i l  1 9 8 5 ) . I n  add i ­
t i o n , I T S o r g a n i z e d  a n d  h o s t e d  s e v e r a l  
na t i on a l  and internat ional s tandards mee t i n g s  
a t  i t s  B oulder f ac i l i ty .  One inte r n a t iona l 
mee t i ng h o s t e d  by I TS , t h e  S t ud y  Group XI 
S pe c i a l  Ra p p o r t e u r s ' mee t i ng ,  i nvolved 1 5 0  
represen t a t i ve s  from 2 0  nat ions . 

I n s t i t u t e  p e r s o n n e l  a l s o  h e l d  l e a d e r s h i p  
p o s i t i o n s  i n  the tec h n i c a l  subcomm i t t e e s  o f  
two u . s .  ANS I - Acc r e d i ted S tandards Comm i t t e e s  
d u r i n g  FY 8 5 :  Comm i t tee Tl (Telecommun i c a ­
t i o n s ) , a n d  C o mm i t t e e  X 3  ( I n f o r m a t i o n  
Proc e s s ing S y s t ems ) .  Both comm i t t e e s  inc lude 
in t h e i r  work the p r e paration of con t r i b u ­
t i on s  t o  t h e  CC I TT . The I n s t i tute provided 
l e a d e r s h i p  i n  T a s k  G r o u p X 3 S 3 . 5  ( D a t a  
Comm un i c a t i on Q u a l i t y o f  S e r v i c e ) ; Wor k i ng 
Groups T l Q 1 . 3  a nd TlQ1 . 4  ( D i g i ta l  C i r c u i t  and 
D i g i t a l  P a c k e t  P e r f o r m a n c e ) ; T e c h n i c a l  
S ubcomm i t t e e  TlDl ( I S DN ) ; a nd the Tl Adv i s o r y  
Gr oup . 

The second ma j or f unc t i on of the I n s t i t ute ' s  
Interna t i ona l S tandards program i s  to i n f orm 
i n t e r e s t e d  n o n p a r t i c i p a n t s  of s i g n i f i c a n t  
accompl i s hments and opportun i t i e s  i n  i n t e r n a ­
t i on a l  s t a nd a r d s  deve lopment . T h e  ul t imate 
g o a  1 of t h i s  f u n c t i on is  t o  b r o a d e n  and 
str eng then u . s .  i nput to the CC I TT ( and other 
s ta nd a r d s  or gan i z a t i ons ) by add i ng new , we l l  
i n formed con t r ibutor s ,  the r eby e xpand i n g  the 
" k n ow l e d g e  b a s e "  f r om wh i ch U . S .  con t r i b u ­
t i on s - - a nd pos i t i o n s - -may be drawn . 

I n  a d d i t i o n  t o  on g o i n g , d a i l y  responses to 
i n f o r ma t i o n r e ques t s , the I n s t i t u t e ' s  FY 8 5  
s t a n d a r d s  i n f o rma t i o n  a c t i v i t i e s  p r o d u c e d  
seve r a l  NT I A  a n d  open l i t e r a ture pub l i c a t i on s  
a nd a n um b e r  o f  p r o f e s s i o n a l  a n d  i n d us tr y  
c on f e r e n c e  p r e s e n t a t i o n s . O n e  ma j o r  N T I A  
R e p o r t  p ub l i s h e d  i n  F Y  8 5 , " S t a n d a r d s  i n  
P r o c e s s :  F o u nd a t i o n s  and P ro f i l e s  o f  I S D N  
a n d  OS I S t u d i e s , "  h a s  m a d e  a s u b s t a n t i a l  
con t r ibution to the gene r a l  s tanda r d s  l i t e r a ­
ture and ha s b e e n  of broad use. t o  s t a nd a r d s 
d e v e l o p e r s  b o t h  i n  t h e  U n i t e d  S t a t e s  a n d  
a b r o a d . T h e  repo r t  deta i l s  standa r d i z a t i on 
p r oc e s s e s  interna t iona lly and in the Un i te d  
S t a t e s  a n d  d e s c r i b e s  the many f a c t o r s  tha t 
i n f l u e n c e  s t a n d a r d i z a t i o n  e f f o r t s . T h e  
report p l a c e s  emphas i s  o n  two s tanda rd i z a t i o n  
i s s u e s  o f  p a r t i c u l a r  i m p o r t a n c e  t o  t h e  
D e pa r tm e n t  o f  Commerce : the impact o f  the 
AT & T  d i v e s t i ture on U . S .  s tandard i z a t ion , and 
the impac t o f  inte r n a t i onal standard s on u . s .  
t r a d e . E m e r g i n g  I S D N  a nd O S I  s t a n d a r d s  
e f f o r t s  a r e  d e s c r i b e d  a s  c o n s e q u e n c e s  o f  
conve r g i ng technolog i c a l  advances wor ldwide . 
Table 2 - 8  a nd F igure 2 - 2 4  s umma r i ze the ma j or 
U . S .  a n d  i n t e r n a t i o n a l o r g a n i z a t i o n s  
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Tab l e  2 - 8 .  S ample Organ i z a t i o n s  I nvolved in I SDN S t ud i e s  and 
S tandard i za t ion E f f o r t s  

Groups with Ma j o r I n te r e s t  Group s  I nvol ved 

I NTERNA'r i ONAL CC I 'l"l' :  SG ' s  V I I ,  V I I I , CC ITT : SG ' s  I ,  I I ,  
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a nd sc 1 6 )  

I EC :  TC 8 3  

REG IONAL CEP'I' : G S l  ECMA : TC ' s  2 3 , 2 4 , 

UNI TED STATES u . s .  C C I TT : I SDN J o i n t  E I A :  TR ' s  2 9 , 3 0 , 
Wor k i ng Party 

IEEE : P r o j e c t  8 0 2  

I I I , 

sc 6 

2 5  

4 0  
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F igure 2 - 2 4 . S e l e c t e d  i nterna t io n al a n d  u . s .  s tandards organ i z a t ions 
that contribute t o  OSI work . The l ayers o f  i ntere s t  t o  
e a c h  a r e  indicate d . 
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p a r t i c i p a t ing in the se two stand a r d s  e f forts 
a s  d e t a i led in the NTIA Repor t .  

Ano ther NTIA Repor t deve loped und e r  the FY 8 5  
I n t e r n a t i o n a l  S t a nd a r d s  p r og ram i s  en t i t led 
" Th e  OS I Networ k  Layer Add r e s s i n g  S cheme , I t s  
Imp l i c a t ions , and Con s i derat ions f o r  Implemen­
ta t i o n . "  Th i s  r e p o r t  d e s c r i b e s  the context 
w i t h i n  wh ich the OS I Netwo r k  layer add r e s s ing 
sch eme wa s deve loped , the problems i t  seeks to 
s o l v e , t h e  a l t e r n a t i v e a p p r o a c h e s  g i v e n  
c o n s i d e r a t i o n , and t h e  d e t a i l s  o f  the plan 
f i n a l l y a r r i v e d  a t . Th e r e p o r t  d i s c u s s e s  
t h e  impl i c a t i o n s  o f  the u s e  o f  t h e  Networ k  
L a y e r  Add r e s s ing S cheme in an env i ronment of 
r e a l  s y s t e m s  and ne twor k s , and i d e n t i f i e s  
i s s u e s  that must be re solved i f  the scheme is 
to be succ e s s f u l l y  implemen ted . 

I n  a d d i t ion to these ma j or NTIA Repor t s , ITS 
s t a f f  m e m b e r s  p u b l i s h e d  t h r e e  p a p e r s  on 
i s s u e s  of inter e s t  to inte r n a t i on a l  s tandards 
d e v e l o p e r s  in t e c h n i c a l  j o u r n a l s  and c o n ­
f e r ence proceed ing s :  one o n  the U . S .  CC I TT , 
one on the OS I Ne two r k  Laye r , and one on the 
mod e l i n g  o f  c ommun i c a t i on e r ror occurrenc e s  
und e r  cond i t i o n s  o f  d ependence . The la tter 
p a p e r  is s i g n i f i c a n t  i n  p r o v i d i ng a s imple 
w a y  o f  comb i n i n g  the error probab i l i t i e s  of 
tandem l i n k s  or ne twor ks . 

I n s t i t u t e  p e r s o n n e l w e r e  a l s o  a c t i v e  in 
p r e s e n t i n g  i n t e r n a t i on a l  s t a n d a r d s  in forma­
t i o n  to wo r k s h o p  and c o n f e r e n c e  a ud i e n c e s  
d u r i n g F Y  8 5 . S t a f f  memb e r s  d e l i v e r ed two 
pr e senta t i on s  on OS I standar d s , two presenta­
t i o n s  on me s s age hand l ing , a presentat ion on 
t h e  O S I n e t w o r k  l a y e r , a p r e s e n t a t i o n  on 
s t a t i s t i c a l  m e a s u r e m e n t  p r i n c i p l e s ,  a n d  
s e v e r a l  p r e s e n t a t i o n s  o n  t h e  CC I TT a nd its 
u . s .  p r e p a r a t o r y  comm i t te e s  dur ing the pa s t  
f i s c a l  year . These presentat ions co l l ec t ively 
r e a c h e d  over 1 , 0 0 0  l i s t ener s . The I n s t i tute 
o r g a n i z e d  a n d  h o s t e d  a h i g h l y  s u c c e s s f u l  
c o n f e r e n c e  o n  CC I TT 1 s newly- a pproved Me s s age 
H a n d l i n g  R e c ommend a t i ons in cooper a t ion with 
the E l e c t r o n i c  Ma i l  A s s o c i a t ion in November 
1 9 8 4 . Almo s t  2 0 0  people a t tended . 

The t h i r d  ma j o r f u n c t ion of NT I A  1 s I n terna­
t i o n a l  S t a n d a r d s  p r o gram i s  to pre pa r e  U . S .  
c o n t r i b u t i o n s  t o  i n t e r n a t i o n a l s t a nd a r d s  
commi t t e e s . S u c h  c o n t r i b u t i o n s  a r e  under­
t a k e n  on a v e r y  s e l e c t i v e  b a s i s , i n  s i tua­
t i o n s  where ( l )  sub s t a n t i a l  U . S .  econom i c  or 
t e c h n o l o g i c a l  i n t e r e s t s  a r e  at s t a k e , and 
( 2 )  N T I A / I T S h a s  s p e c i a l  e x p e r t i s e o r  

r e s o u r c e s  not read i l y  ava i l a b l e  t o  other U . S .  
c o n t r i b u t o r s .  A tota l o f  1 0  s uch con tr ibu­
t i on s  were prepared in FY 8 5 ,  d e a l i ng w i th two 
pr i n c i p a l  top i c s :  a l i gnment o f  the CC I TT and 
ISO Networ k  S e r v i c e  D e f i n i t i on S tandard s ,  and 
t h e  s p e c i f i c a t ion and mea s urement of Qua l ity 
of S e r v i c e . Th r e e  o f  the QOS con tr ibution s  
are b r i e f ly s umma r i z ed be low . 

The f i r s t  c o n t r i b u t i on p r o po s e s  a n  o v e r a l l  
f r am e wo r k  f o r  d e s c r i b i n g  qua l i t y  o f  service 
a n d  n e two r k  per formance in d i g i ta l  networks , 
i n c l ud i ng I S D N  1 s .  S e v e n  gene r a l  pr inciples  
t h a t  s h o u l d  b e  f o l l o w e d  in  p e r f o r m a n c e  
d e s c r i pt i on a r e  d e f ined . Two ba s i c  types of 
q ua l i t y o f  service ( and netwo r k  per f ormance ) 
p a r a m e t e r s  a r e  d i s t i n g u i s h e d : p r i m a r y  
p a r a m e t e r s  a n d  a v a i l a b i l i t y  p a r a m e t e r s . 
The p r im a r y  p a r ame t e r s  d e s c r i b e  qua l i ty o f  
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s e r v i c e  a n d  n e t w o r k  p e r f o r m a n c e  d u r i n g  
p e r i o d s  o f  n o r m a l ope r a t i o n . T h e  a v a i l ­
ab i l i ty parame t e r s  d e s c r ibe the f r e quency a nd 
d u r a t i o n o f  s e r v i c e  o r  f a c i l i t y  o u t a g e s  
( i n c l u d i n g  pe r i od s o f  s e v e r e  p e r f o r m a n c e  

d e g r a d a t i o n ) . I t  i s  p r o p o s e d  t h a t  t h e  
p r ima r y  p a r a me t e r s  b e  d e v e l oped sepa r a t e ly 
f o r  e a c h  o f  t h r e e  p r i m a r y  c omm un i c a t i o n  
f unc t i on s - - ac c e s s ,  user i n f orma t i on trans f e r , 
and d i s e n g a gemen t - - and that the p e r f ormance 
of each f unc t i on be con s idered with r e spect 
to t h r e e  g e n e r a l  p e r f o r m a n c e  c on c e r n s  (or 
" c r i t e r i a " ) f r e quently expr e s s e d  by commun i ­
c a t i o n  u s e r s - - s p e e d , a c c u r a c y , a n d  r e l i ­
a b i l i t y . T h e  r e s u l t a n t  3 x 3  p e r f o rm a n c e  
m a t r i x ,  i l l u s t r a t e d  i n  F i g u r e  2 - 2 5 a , i s  
s im i l a r  to tha t  d e f ined i n  an NTIA-dev e loped 
Am e r i can N a t i ona l S tandard , ANS X 3 . 1 0 2 .  I t  
h a s  b e e n  f o u n d  t o  b e  u s e f u l  i n  a c h i e v i n g  
c l a r i t y a n d c o m p l e t e n e s s  i n  pe r f o r m a n c e  
d e s c r i pt i on . 

F i g u r e  2 - 2 5 a l s o  i l l u s t r a t e s  t h e  p r o p o s e d  
method o f  deve loping the ava i la b i l i t y  param­
e t e r s , w h i c h d e s c r i b e  the f r e q u e n c y  a n d  
durat ion o f  outag e s . The NTIA/ I TS con t r ibu­
t i o n p r o po s e s  th a t  o u t a g e s  b e  d e f i n e d  b y  
compar i ng v a l u e s  f o r  selec ted pr ima r y  param­
e t e r s  w i t h s p e c i f i e d  o u t a g e  t h r e s h o l d s  
d u r i n g s uc c e s s i v e p e r f o rm a n c e  p e r i o d s .  A 

C�N SPEED ACCURACY RELIABILITY 
FUNCTION 

AVAILABILITY STATES • • • 0 0 0 0 1 0 1 0 0 1 1 0 0 • • • 

P��F���:�gf�����s ----------�+wt 
a. Determination of Avai labi l ity States 

Avai lability = MTBF = _l!.._ 
MTBF+ MTIR !l + A U 'I b' l ' t  

MTIR A 
naval a 1 1 y 

= MTBF + MTIR = fi'+A 

b. Basic Avai labi l i ty Model and Parameters 

F i gu r e  2 - 2 5 . A va i l ab i l i ty d e f i n i ti on 
approach . 



d e f i n e d  a v a i l a b i l i t y  f u n c t ion ( e . g . , inclu­
s i v e  o r ) m a p s  t h r e s h o l d  v i o l a t i o n s  i n to 
o u t a g e s . K e y  ava i l ab i l i ty de f i n i t i on i s s ue s  
a r e  t h e  s e l e c t e d p a r a m e t e r s , t h e  o u t a g e  
t h r e s h o l d s , t h e  p e r f o r m a n c e  p e r i o d ( s ) , 
a n d  t h e  ava i l abi l i ty func t ion . The proposed 
a p p roach r e f le c t s  the v i ew tha t an outage is 
an u n a c c e p t a b l e  d e g r ad a t i o n in p e r f o rm a n c e  
t h a t  m a y  o r. may n o t  i nvolve a to t a l  service 
c u t o f f  or f a c i l i t y  " c r a sh . "  

F i g u r e  2 - 2 5 b i l l u s t r a t e s  a s imple two - s ta te 
a v a i l a b i l i ty mod e l  and the a s soc i a ted par am­
e t e r s .  U n d e r  t h e  ( c o mm o n ) e x p o n e n t i a l  
a s s umpt ion , tra n s i t i ons be tween the av a i l able 
and unav a i lable states a r e  represented by the 
f a i l u r e  r a t e A a n d  r e s t o r a l  r a -t e  ]l - - o r 
e q u i v a l e n t ly , by the i r  rec iproc a l s ,  the Mean 
T ime B e tween F a i lures (MTBF )  and Mean T ime To 
Re s t o r a l  ( MT TR ) . Th e a v a i l a b i l i t y  ( A )  and 
unava i l ab i l i ty (U ) may be c a lc u l a te d  d i r e c t l y  
f r om these quan t i t i e s  a s  shown in t h e  f i gure . 
T h e  p a r a me t e r s  A ,  ]1 ,  MT B F , MTTR , A ,  and U 
a r e  a l l  c a n d i d a t e  a v a i l a b i l i t y p a r am e t e r s . 
S p e c i f y i ng a n y  two n on r e c i p r o c a l  parameters 
d e f i n e s  the r e s t . Al l six  parame t e r s  may be 
c a l c u l a t e d  f r om a s i n g l e  re l a ted parameter , 
t h e  o u t a g e  p r o b a b i l i ty ,  i n  the spec i a l  case 
w h e r e  ( 1 )  t h e  p e r f o rm a n c e  p e r i o d s  are of 
e qu a l d u r a t i on , a n d  ( 2 )  s u c c e s s i v e  o u t ag e s  
a r e  i n d e p e n d e n t . Add i t i ona l parame t e r s  may 
b e  d e f i n e d  to d e s c r i b e  t h e  d e pe n d e n c e  o r  
" c l u s t e r i n g "  o f  o u t a g e s  i f  t h e  e xp o n e n t i a l  
a s s umpt i on i s  inappropr i a te . 

T h e  f r amework con t r ibution was we l l  r e c e i ved 
b y  C C I T T S t u d y  G r o u p XV I I I .  Th e s e v e n  
p e r f o r m a n c e  d e s c r i p t i o n  p r i n c i p l e s  w e r e  
a c c e p t e d  by Wor k ing P a r ty XVI I I / 6  w i th mi nor 
c h a n g e s  a n d  one a d d i t i on . The 3x3 per form­
a n c e  ma t r i x  and i t s  a s s o c i a ted ava i l a b i l i t y  
f u n c t ion wer e  accepted a s  a ba s i s  f o r  further 
s t u d i e s  t o w a r d  t h e  d e v e l o pm e n t  of I SDN QOS 
p a r ame t e r s .  

A s e c o n d  N T I A/ I T S c o n t r i bu t i o n  s p e c i f i e s  a 
s e t  o f  p a c k e t  l e v e l  r e f e r e n c e  e v en t s  to be 
u s e d  in d e f i n i n g p e r f o r m a nc e  par ame t e r s  for 

CONCEPTUAL "PACKET ENTRY" 
AND "PACKET EXIT' EVENTS 

CUSTOMER �'-----, 3 (PACKET) 3 
PREMISES 1----1 

EQUIPMENT 
!LINK> 

(CPE) 1 (PHYSICAL) 1 ...._,r---T__, 

p a c k e t  s w i t c h e d  p u b l i c  d a t a  n e t w o r k s  
( P S P D N ' s ) who s e  interfaces  con form to CC I TT 

R e c omme nd a t i o n  X .  2 5  or X .  7 5 .  The s e  events 
m a y  a l s o b e  u s e d  i n  d e f i n i n g  p e r f o r m a n c e  
p a r a m e t e r s  f o r  t h e  n e t w o r k i n t e r f a c e s  
themse lves . Ma j or componen t s  and conc eptual 
bounda r i e s o f  the two types o f  i n t e r f a c e s  are 
d e s c r ibed . Each inte r face i s  seen to cons i s t  
o f  the phy s i c a l  c i rcu i t  ( o r  s e t  of c i r c u i ts ) 
i n t e r c o nn e c t i ng the D a ta Termi n a l  Equ i pmen t 
( D T E ) a n d  t h e  D a t a  C i r c u i t - T e r m i n a t i n g 

Equ i pment ( DCE ) , or the two S i gna l i ng Te rmi ­
n a  1 s ( S TE ' s )  , and the l e v e  1 1 - 3  p r o tocols 
imp lemented i n  the equ i pment a t  each of the 
t w o  p h y s i c a l  c i r c u i t  e n d  p o i n t s  ( s e e 
F i g u r e  2 - 2 6 ) . T h e  o u t e r  b o u n d a r i e s  o f  
t h e  i n t e r f a c e  t y p i c a l l y a r e  f u n c t i o n a l  
bound a r i e s  between the X . 2 5 or X . 7 5  protoc o l s  
a n d  o t h e r  f u n c t i o n s  i n  t h e  i n t e r c o n n e c ted 
e q u i pm e n t .  A c o n s e q u e n c e  of d e f i n i ng the 
DTE/DCE a nd X/Y i n t e r f a c e s t o  i n c l ude the 
l e v e l 1 - 3  p r o to c o l s  in the i n t e r c o n n e c t e d  
e qu i pment i s  tha t  the i n te r face i t s e l f  must 
be v i ewed a s  a commun i c a t ion subsys tem with 
d i s t i n c t  entry and exit po i n ts � 

T w o  d i s t i n c t  c l a s s e s  o f  p e r f o r m a n c e ­
s i g n i f i c a n t  i n t e r f a c e  e v e n t s  ( " r e f e r e n c e  
e v e n t s " )  a r e  d e f i n e d : pac k e t  entry events 
a nd packet exit even t s . P a r t i c u l a r  r e f e rence 
e v e n t s  a r e  t h e n  s p e c i f i e d  b y  i d e n t i f y i n g 
( 1 )  t h e  type o f  packet tran s f er r ed , ( 2 )  the 

e v e n t  c l a s s , a n d  ( 3 )  t h e  s t a t e o f  t h e  
i n t e r face ( a s  per c e ived by the DTE , DCE , or 
STE i nv o l v e d ) j u s t  a f t e r  the e v e n t . Each 
r e f e r e n c e  event cor r e s pond s to an inter face 
s t a t e  t r a n s i t i o n  d e f i n e d  ( e x p l i c i t l y  or 
i mp l i c i t l y )  i n  Re commenda t i on X . 2 5  or X .  7 5 .  
The spec i f i ed even t s  inc l ud e  tho s e  iden t i f i ed 
i n  t h e  e x i s t i n g P S P D N  Q ua l i t y o f  S e r v i c e  
Recommenda t ions ( X . l 3 5  a nd X . l 3 6 ) . 

The packet leve l r e ference even t s  d e f i ned i n  
t h e  N T I A/ I T S c o n t r i b u t i o n  ( a n d  t h e  e v e n ts 
d e f i n e d  i n  t h e  e x i s t i n g X . l 3 0 - S e r i e s  
Recommend a t ion s )  typ i c a l ly take place within 
t h e  c o mm u n i c a t i o n  s o f tw a r e  that p e r f o r m s  
l e v e l 1 - 3  proc e s s i ng in a cus tomer computer 

CIRCUIT CIRCUITS 

DTE 

� X.25 INTERFACE --l � X.75 INTERFACE ----.1 � X.25 INTERFACE ------..l 
F igure 2 - 2 6 . DTE/DCE a n d  STE X/ STE Y i n te r f a c e s  w i t h  conceptual "packet e n t ry " and 

"packet e xi t "  e ven t s .  
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or ne two r k  switch . Wh i l e  s uch events can be 
mo n i t o r ed d i r e c t l y  by s o f t wa r e  emb e d d ed in 
the l e v e l  l - 3  impleme n t a t i on , the i r  e s t ima­
t i o n  w i l l  o f t e n  be mo r e  p r a c t i c a l  f r o m 
o b s e r v a t i o n s  a t  the phy s i c a l  DTE/DCE o r  X/Y 
i n te r f ace s . 

F i g u r e  2 - 2 7  i l lustrates  a pos s i b l e  method of 
p e r f o rm i n g  e s t imation a t  the phy s i c a l  inter­
f a c e . A p a s s i v e  mon i to r i n g  d e v i c e  ( e . g . , 
X .  2 5  p r o t o c o l  a n a l y z e r ) i s  a t t a c h e d  to the 
ph y s i c a l  c i r c u i t  i n t e r c o n n e c t i n g  a DTE and 
D C E . Th e m o n i t o r  o b s e r v e s  a l l  p a c k e t s  
t r a n s f e r r e d  a c r o s s  the i n t e r f a c e  ( i n  both 
d i r e c t i ons ) in real t ime , decode s  f rame level 
a n d  p a c k e t  l e v e l  o v e r h e a d  a n d  a c k n ow l ed g ­
me n t s , a nd c a l c u l a t e s  p e r f o rmance parameter 
e s t i m a t e s  b a s e d  on th e na t u r e  and t im e  o f  
o c c u r r e n c e  o f  t h e  o b s e r v e d  ph y s i c a l  l e v e l 
f r ame trans f er s .  

A s  i n d i c a t ed i n  F i gu r e  2 - 2 7 , t h e  phy s i c a l  
c i r c u i t  e v ent that mos t  c l o s e l y  a pproximates 
t h e  t i me o f  o c c u r r e n c e  of a " p a c k e t en try" 
event i s  transm i s s ion o f  the f i r s t  b i t  of the 
c o r r e s pond ing f r ame . S imi l a r ly , the phy s i c a l  
c i r c u i t  e v e n t  tha t mos t  c l o s e l y  approximates 
the t i m e  of o c c u r r e n c e  of a " p a c k e t  e x i t "  
e v e n t i s  r e c e p t i o n  o f  t h e  l a s t  b i t o f  th e 
c o r r e s p o n d i n g ( s u c c e s s f u l l y  d e l i v e r e d  and 
a c c e p t e d )  f r ame . S u c c e s s f u l d e l i v e r y  and 
a c c e p t a n c e  at t h e  p a c k e t  l e v e l  may be con­
f i r m e d  by p h y s i c a l  l e v e l  o b s e r v a t i on s  o f  
subsequent f r ame trans f e r s . 

An obvious concern in phy s i c a l  leve l mon i tor ­
i n g o f  p a c k e t  l e v e l e v e n t s  i s  t h e  t i m e  
d i f f e rence be tween the occ ur rence o f  a n  event 
a t  t h e  pa c k e t  l e v e l ( e . g . , e n t r y  of a data 
p a c k e t  i n t o  a pa c k e t  l e v e l  q u e u e ) and the 
t r a n sm i s s i o n  of the a s soc i a te d  f r ame on the 
p h y s i c a l  i n t e r c h a n g e  c i r c u i t .  Packet leve l 
a n d  c o r r e s pond i n g ph y s i c a l  c i r c u i t  e v e n t s  
wo u l d  have iden t i c a l  even t t imes i f  proc e s s ­
i n g  a n d  que u i n g  d e l a y s  i n  t h e  i n t e r v e n i n g 
laye r s  wer e  zero . The s e  delays w i l l  o f ten be 
n e g l i g i b l e ; in s u c h  c a s e s , phys i c a l  c i r c u i t  
e v e n t  t im e s  may b e  u s e d  d i r e c t l y i n  calcu­
l a t i n g  e s t imates for packet leve l per formance 
p a r a m e t e r s . Wh e r e  p r o c e s s i n g or que u i n g 
d e l a y s  in interven ing laye r s  a r e substa n t i a l , 
t h e y  may b e  e s t i ma ted to improve the prec i ­
s i o n  o f  ph y s i c a l  l e v e l  mo n i t o r i n g . Wh e r e  
a p p r o p r i a t e , e s t i m a t i on e r r o r s  a t t r ibutable 
t o  q u e u i n g d e l a y s  c a n  be m i n i m i z e d  by 
r e s t r i c t i ng sys tem usage . 

The packet level r e fe rence even t s  and e s t ima­
t i o n  p r i n c i p l e s  d e f i n e d  i n  t h e  N T I A / I TS 
con t r i bu t ion we r e  accepted a s  a p r imary ba s i s  
f o r  packet network per formance d e s c r i p t ion by 
t h e  C C I TT Q u e s t ion 2 9/VI I Rappor te u r ' s  Group 
a t  a mee t i n g  in B o u l d e r  in S e p t ember 1 9 8 5 . 
U s e  o f  t h e  g e n e r i c  e v e n t s  s h o u l d  m a k e  
i n d i v i d u a l  p a r ame t e r  d e f i n i t i o n s  i n  f u t ur e  
C C I T T  R e c o m m e n d a t i o n s  b r i e f e r  a n d  mo r e  
p r e c i s e . S p e c i f i c  p a r a m e t e r  d e f i n i t i o n s  
b a s e d  o n  t h e s e  r e f e r e n c e  e v e n t s  w i l l  b e  
propo sed in s ubsequent U . S .  contr i b u t i ons . 

The third NTIA/ I TS contr ibut ion on Qua l i ty o f  
S e r v i c e  wa s addressed t o  CC I TT S tudy Gr oup I I . 
I t  propo s e s  an improved sta t i s t i c a l  method of 
e s t i m a t i n g  the c a l l  c u t o f f  p r o b a b i l i t y o f  
i n t e r n a t i o n a l t e l ephone c o n n e c t i o n s . T h i s  

PACKET PACKET 
ENTRY EXIT 
EVENT EVENT 

/ '\ 
3 3 

2 2 

(ESTIMATORS) 

- FIRST BIT 
TRANSMITIED 

\ 
LAST BIT­
RECEIVED 

F i g ur e  2 - 2 7 .  Phy s i ca l  l e v e l  mon i to ri n g  o f  
p a c k e t  level event s .  

c o n t r i b u t i on m a d e  t h r e e  pr i n c i p a l  po i n t s : 
( l )  m e a s u r em e n t s  o f  c a l l  cuto f f  probab i l i ty 

c a n  b e  d e s i g n e d  t o  a d e s i r e d  r e l a t i v e  
p r e c i s i o n  w i t h o u t  a s s um i n g be forehand wha t 
t h e  u n k n o w n  c a l l  c u t o f f  p r o b a b i l i t y  i s ; 
( 2 )  the mea s uremen t s  can be des i gned , w i th no 
i n c r e a s e  i n  s amp l e  s i z e , so a s  to e s t imate 
t h e  e f f e c t  o f  d u r a t i o n  o f  c a l l  on t h e  
n o r m a l i z e d  c a l l  c u t o f f  p r o b a b i l i t y ;  a n d  
( 3 )  t h e  s e q u e n c e  o f  c u t o f f  a n d  non - c ut o f f  
e v e n t s  s h o u l d  b e  r e c o r d e d  i n  o r d e r  t o  
e s t i m a t e  t h e  d e g r e e  o f  d e p e n d e n c e  amo n g  
succ e s s i ve c u to f f  events ( and thus better to 
e s t i m a t e  the p r e c i s i o n o f  t h e  c a l l  c u tof f  
p r o b a b i l i t y e s t i m a t e ) .  Th e se improvemen t s  
w i l l  b e  incorpora ted in f uture r ev i s ions t o  
Re c omme nd a t i on s  G . l 8 0  and G . l 8 1 . Th i s  and 
o t h e r  N T I A/ I T S contr ibution s  on s ta t i s t i ca l  
p a r am e t e r  e s t imat ion sugg e s t  and may s t imu­
l a t e  a b r o a d  p r o g r am of new wo r k  o n  th a t  
s u b j e c t  i n  CC I TT , p o t e n t i a l l y  l e a d i n g  to 
imp r o v e d  p r e c i s i o n  and e conomy in interna­
t i on a l  c omm u n i c a t i on p e r f o r m a n c e  me a s u r e ­
men t s . 

SECTION 2 . 4 SYSTEM PERFORMANCE ENG I NEERING 
ANALYS I S  

T h e  S y s t e m P e r formance Engine e r ing Ana l y s i s  
G r o u p  c o n d u c t s  a b r o a d  p r o g r am o f  a p p l i ed 
r e s e a r c h , e x p l o r a t o r y  d e v e l o pmen t s t ud i e s , 
concept s t ud i e s , sys tem ana lys e s , and expe r i ­
men t a t i on ,  w i t h  a strong focus on t r a n sm i s ­
s i o n  s y s t em s  e n g i ne e r i n g . O v e r  t h e  p a s t  
s e v e r a l  y e a r s , t h e  G r o u p  h a s  d e v e l o pe d  a 
numb e r  o f  ana lyt i c a l  and e xpe r imen t a l  too l s  
f o r  t h e  s p e c i f i ca t ion , d e s i gn , t e s t i n g , and 
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o pe r a t i o n a l  e v a l u a t i o n  o f  r a d i o  e q u i pm en t , 
t r an sm i s s i on l i nks , and end- t o - end communica­
t i o n  c h a n n e l s . Many of  th e s e  t o o l s  h a v e  
q u i t e  broad u t i l i t y ,  and a l l  a r e  r e levant t o  
b o t h  G o v e r nm e n t  and comme r c i a l  app l i c a t ions . 
Th e i r  d e v e l opmen t ,  enhancemen t ,  i n te g r a t ion , 
a n d  u s e  a r e  p r i n c i p a l  a c t i v i t i e s  o f  t h e  
G r oup . Th i s  sect ion d e s c r i b e s  spec i f i c  F Y  8 5  
p r o j e c t s  o f  the Sys tem P e r formanc e Eng i nee r ­
i n g A n a l y s i s  G r o u p  w i t h a f o c u s  o n  the s e  
i n t er n a l ly deve loped transm i s s ion eng ineer ing 
t o o l s . We b e g i n  w i t h a b r i e f  o v e r v i ew o f  
the G ro up proj ects and the ava i la b l e  too l s . 

F i g u r e  2 - 2 8  i l lu s t r a t e s  t h e  gene r a l  ca t e gor i e s  
o f  t r a n sm i s s i o n e n g i n e e r i n g pro j ec t s  und e r ­
t a k e n b y  t h e  S y s t em P e r f o rmance Engine e r ing 
A n a l y s i s  G r o up . At the b a s e  o f  the pyramid 
are e xper imen tal f i e ld and l aboratory mea s ur e ­
m e n t  p r o j e c t s . Th e s e  p r o j e c t s  g a t h e r  n e w  
i n f o rm a t i o n  about r a d i o  channe l  character i s ­
t i c s  and provide a f a c t u a l  ba s i s  for h i ghe r ­
l e v e l  s t u d i e s . T h e  c h a n n e l  mod e l i n g  and 
s i m u l a t i o n p r o j e c t s  r e d u c e  t h e  r e s u l t s o f  
e x p e r i m e n t a l  m e a s u r e m e n t s  a n d  a s s o c i a t e d  
a n a l y s e s  t o  phy s i c a l  o r  m a thema t i c a l  mod e l s  
o f  channe l performanc e , and t h e y  embody the s e  
mode l s  i n  hardware s imulator s .  The s imula tor s 
a r e  used in t e s t i ng rad i o  equ i pment , and the 
mod e l s  a r e  c o l l e c ted and p r e s e n t ed to u s e r s  i n  
l i n k  eng ineer ing computer programs . Te s t s  o f  
o p e r a t ional r a d i o  l i n k s  a r e  unde r t a ken , on a 
s e l e c t i ve b a s i s , to a s s e ss e qu i pment c a pa b i l i ­
t i e s  a n d  t o  v e r i f y t h e  l i n k e n g i n e e r i n g  
prog r ams a n d  mode l s . Typ i c a l l y , s e v e r a l  mor e 
f undame n t a l  transm i s s ion eng ineer ing too l s  a r e  
u s e d  i n  n e t w o r k  d e s i g n  a n d  e v a l u a t i o n  
p r o j e c t s . Wo r k  o f  t h e  S y s t em P e r f o rm a n c e  
E n g i n e e r i n g  A n a l y s i s  G r o u p  i s  f o c u s e d  o n  
d i g i ta l  t r a n smi s s ion sy s t ems in recogn i t ion o f  
t h e  growing impor tance o f  d a t a  commun i c a t ions 
a n d  I n t e g r a t e d  S e r v i c e s  D i g i t a l  Ne t wo r k s  
( I SDN ' s ) . 

T h e  s p e c i f i c t r a n sm i s s i on e n g i n e e r ing too l s  
u s e d  b y  t h e  S y s t e m  P e r f o rm a n c e  E n g i ne e r i ng 
A n a l y s i s  G r o u p  a r e  l i s t e d  i n  T a b l e  2 - 9 .  
The s e  too l s  have been deve loped ove r  a per i od 
o f  s ev e r a l  yea r s . The Group ' s  FY 8 5  e f fo r t s  
w e r e  f o c u sed o n  enhanc ing and a pp l y i ng them . 
Th e s e  F Y  8 5  e f f o r t s  r e s u l t e d  in the integ r a ­
t i o n  a n d  j o i n t  u s e  o f  s e v e r a l  t oo l s  a nd 
r e v e a l e d  con s iderable syne r gy among them . 

T h e  c h a nn e l  probe and rad i o  per formance data 
a c q u i s i t i o n  s y s t e m a r e  f i e l d  m e a s u r em e n t  
i n s t r um e n t s  th a t  s im u l t a n e ou s l y  mea sure the 
c h a r a c t e r i s t i c s  of a fad i n g  channe l  and the 
p e r f o r m a n c e  o f  a d i g i t a l  r a d i o  i n  t h a t  
c h a n n e l .  S i m u l t a n e o u s  m e a s u r e m e n t s  a r e  
r e q u i r e d  t o  correlate d i g i ta l  rad i o  per form­
ance w i th fad ing . 

T h e  M u l t i p a t h A n a l y s i s  S o f t w a r e  P a c k a g e  
( MA S P ) i s  a program that pro v i d e s  a deta i l ed 
s t a t i s t i c a l  a n a l y s i s  o f  d a t a  o b t a i n e d  from 
t h e  c h a n n e l  p r o b e . Th i s  d a t a  i s  u s e f u l  in 
t h e  d e v e l o pme n t  o f  LOS c h a n n e l mod e l s  and 
s i m u l a t o r s  a n d  a s  i n p u t  to t h e  I TS l i n k  
e n g i n e e r i n g p r o g r am s . T h e  MAS P , wh ich wa s 
deve l oped dur ing FY 8 5 , prov i d e s  an important 
l i n k a g e  b e tw e e n  s e v e r a l  p r e v i o u s l y  indepen­
d e n t  G r o u p  programs and con t r i b u t e s  s t r on g ly 
to the synergy men t i oned e ar l i er . 

Trans6s i on 
Network 

Evaluat ion 

Transmi ssion 
Networ k 
D e s i gn 

L i n k  
Testing 

L i nk 
Engi neer ing 

Equ i pment Tes t i ng 

Channel S imulation 

C hannel Mode l i ng 

Experimental Measur ements 

F i gure 2 -2 8 .  H i e r a rchy of p ro j e c t s  
und e r t aken b y  t h e  Sy s tem 
Per formance Engineer ing 
Ana ly s i s  Group . 

Two c h a n n e l s im u l a t o r s  a r e  c u r r e n t l y u sed 
w i t h i n  the I TS Sys tem Per formance Engineer ing 
A n a l y s i s  G r o u p : a n a r r o w - b a n d , h i g h ­
frequency ( HF )  chann e l  s im u l a tor and a l i ne­
o f - s i g h t  ( LO S ) microwave channel s imula tor . 
Th e s e  a re u s e f u l  in radio system spec i f ica­
t i o n  a n d  acceptance te s t i n g . The I n s t i tute 
h a s  begun a s t udy tha t  is expec ted to lead to 
the deve lopment o f  a wide- band chann e l  s imu­
l a t o r  c apable of t e s t ing spread spec t r um HF 
rad i o s . 

T h e  I TS - d e v e l oped l i nk eng ineer ing s o f tware 
i s  u s e f u l  i n  c a l c u l a t i n g  t h e  e x p e c t e d  
p e r f ormance o f  d ig i ta l o r  ana log r a d i o s  over 
s p e c i f i ed transm i s s ion l i n k s . I t  is imp le­
men ted in u s e r - inte r a c t ive form on a d e s k - top 
m i c rocompu te r . 

T h e T r a n s m i s s i o n  M o n i t o r  a n d  C o n t r o l  
( TRAMCO N )  S y stem i s  u s e f u l  i n  a s s e s s ing and 

c o n tro l l i n g  ope r a t ional d i g i t a l  transm i s s ion 
s y s  t e rn s . I t  can s imul taneou s l y  mon i tor the 
s ta t u s  of r a d i o  and mu l t i p l e xer equ i pment a t  
many r emote netwo r k  nod e s , a n d  i t  c a n  provide 
per formance data a s  we l l .  

P r o p o s e d  M I L - S T D - 1 8 8 - l O O A i s  a n e t w o r k  
p l a n n i ng guide tha t  should b e  widely use ful 
i n  t h e  s p e c i f i c a t i o n  o f  f u t u r e  m i l i t a r y  
d i g i ta l  commun i c a t ion sys tems . I t  spec i f i e s  
per f ormance and interoperab i l i ty requ i r ements 
f o r  t e r m i n a l s , loops , trunks , and sw i tches , 
a n d  i s  a p p l i c a b l e  t o  b o t h  l o n g - h a u l  and 
tac t i c a l  ne twor k s .  
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Table 2 - 9 .  Ava i l able Too l s  

o Channel Probe a nd D a ta Acqu i s i t i on System 

M i c rowave L i ne - o f - S i gh t  Channe l s  
Tropo scatter Channe l s  
S a te l l i te Channe l s  

o Mul t i pa th Ana l y s i s  S of twa r e  Package (MAS P )  

M i c rowave L i ne - o f - S ight Channe l s  
Tropo scatter Chann e l s  

o Channel S i mul ators 

HF Narrowband Channe l s  
M i c rowav e  Line- of - S ight Channe l s  
H F  Wideba nd Channe l s  ( P l a nned ) 

o L i n k  Engine e r ing S o f twa r e  

Mi c rowave L i ne - o f - S i gh t  L i n k s  
Mi c rowav e  Beyond - the-Hor i zon L i n k s  

o Tr a n smi s s ion Mon i tor and Control ( TRAMCON ) 

L i ne - o f - S i ght Netwo r k s  
Transmi s s ion Netwo r k s  
Mi xed Med i a  Netwo r k s  

o M I L - S TD - 1 8 8 - l O O A 

Performance Requ i r emen t s  
I n terope rabi l i ty Requ i r ements 

F i gu r e  2 - 2 9  d e p i c t s  t h e  a p p l i c a t i o n  o f  the 
t o o l s  l i s t e d  i n  T a b l e  2 - 9  t o  t h e  m a j o r 
t r a n sm i s s ion eng i n e e r i ng problems . Ta ble 2 - 10 
s h ows how the se too l s  can be used throughout 
t h e  l i f e c y c l e  of a s y s tem , s t a r t i n g  w i t h 
s p e c i f i c a t i o n  and cont i n u i n g  through de s i gn , 
t e s t i n g , a n d  o perat i on a l  per formance eva lua­
t i on . As shown , the too l s  can be u t i l i zed at 
the r ad io equipment leve l ,  the link leve l , or 
the netwo r k  leve l .  

C o l l e c t i v e ly , the too l s  d e s c r i bed above o f f e r  
s e v e r a l  important bene f i t s : 

o T h e y  p r o m o t e  e f f i c i e n t  s p e c i f i c a t i on , 
d e s i g n , te s t i ng , and ope r a t ional per form­
a n c e  e v a l u a t i o n  of t r a n sm i s s i o n  e q u i p ­
men t ,  l i nk s , and netwo r k s . 

o Th e y  e n a b l e  th e d e s i g n  o f  h i g h l y  e f f i ­
c i ent modems for d i g i ta l  rad i o s . 

o T h e y  r e d u c e  t h e  t i m e  r e qu i r e d  to t e s t  
d i g i t a l  rad i o s . 

o Th ey red uce cost o f  te s t ing . 

o T h e y  f a c i l i t a t e  t h e  d e s i g n  o f  both LOS 
a n d  b e y o n d - t h e - h o r i z o n  t r a n s m i s s i o n  
l i n k s . 

o Th e y  g r e a t l y  r e d u c e  t h e  c o s t s  o f  ma i n ­
t a i n ing ope r a t ional networ k s . 

The l a t t e r  advantage i s  a spec i f i c  bene f i t  of 
the TRAMCON sys tem.  Bec ause th i s  sys tem can 
be u s e d to r em o t e l y  m o n i t o r  a n d  c o n t r o l  
r a d i o s  a n d m u l t i p l e x e r s ,  t h e  n um b e r  o f  

m a i n t e n a n c e  p e r s o n n e l  
r e d u c e d . Th i s  r e d u c t ion 
d e c r e a s e  ope r a t i ona l cos t s . 

r e q u i r e d c a n  b e  
i n  personnel w i l l  

A c o r o l l a r y  b e n e f i t  of the s e  too l s  i s  tha t 
the y can be used to develop better mod e l s  o f  
L O S  a n d t r o po s c a t t e r  c h a n n e l s . I m p r o v e d  
c h a n n e l  mod e l s  w i l l ,  i n  t u r n , i m p r o v e  the 
a c c u r a c y  o f  the c h a n n e l  s imulator and l i n k  
eng i ne e r ing des i gn s o f twa r e . 
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The s e  too l s  and the i r  recent a pp l i c a t i ons i n  
G r o u p  p r o j e c t s  a r e  now d e s c r i b e d  i n  mo r e  
d e t a i l , i n  the f o l l ow i n g  o r d e r : C h a n n e l  
Probe and D a ta Acqu i s i t i on S y s tem , Mult ipath 
A n a l y s i s  S o f t w a r e  P a c k a g e , L O S  c h a n n e l  
s imulator , l i n k  eng inee r ing s o f twa r e , Trans­
mi s s ion Mon i tor and Control S y s tem , and MIL­
S T D - 1 8 8 - l O O A . A s tandard te l e commu n i c a t ion 
g l o s s a r y  d e v e l o p e d  in p a r t b y  I TS is a l so 
b r i e f l y  d e s c r ibed . 

C h a n n e l  P r o b e  and Ra d i o  P e r f o rm a n c e  D a t a  
Acqu i s i t i on Sys tem . An impo r t a n t  ob j ec t ive 
i n  te s t i n g  LOS and tropo sphe r i c  scatter radio 
s y s tems i s  to a s s e s s  the i r  per formance i n  a 
f a d i n g  e n v i r o n m e n t . A l t h o u g h  v a l u a b l e  
te s t i ng can be ac compl i s h ed in the labora tory 
u s i n g a c h a n n e l s i m u l a t o r  l i k e t h e  one 
d i s c u s sed l a te r  in th i s  sec t i on , some f i eld 
t e s t i n g  i s  u s u a l l y  a l s o n e c e s s a r y . 
T yp i c a l l y , s e v e r a l  ch a r a c t e r i s t i c s  o f  t h e  
c h a n n e l  m u s t b e  mea s u r ed a n d  cor r e l a ted in 
t ime w i th the per formance of the r ad i o .  The 
I n s t i tute for Telecommun i c a t i on S c i en c e s  has 
deve loped a channel probe and rad i o  per form­
a n c e  d a t a  a c q u i s i t i o n  s y s tem to f a c i l i tate 
such corre lated f i eld te s t i n g . 



Tools: 

Objectives: 

Channel 
modeling and 
simulation 

lL I 
ui 
g 

Spec i f i c a t i on , 
de s i gn and 
acceptance 
te s t i n g  of rad i o  
equi pment 
( 1 aboratory anc1 
f i e l d ) 

r ................................................................................. .. 
: ' 

Mult ipath 
Analysis 
Software 
Program 

Operati onal 
equi pment 
mon i tori n g  
and control 

Channel probe 
and data 
acquisition 
system 

L i n k  des i gn 
and 
performance 
predi ction 

L i n k  and 
transmission 
network 
design 
software 

Opera t i onal l i n k  
error performance 
mea s u rement i n  
a fad i n g  
envi ronment 

Equipment Link 

Transmission 
Monitor and 
Control System 
(TRAM CON) 

Transm i s s i on 
network 
performance 
spec i f i c a t i o n  
a n d  des i gn 

MIL-STD-188-100 

Opera t i onal 
transmi s s i on 
network 
performance 
a s s e s sment 

Network 

F igure 2 - 2 9 .  App l i ca t i o n  of too l s  developed by the I n s t i tute to d i g i ta l  
t r a n sm i s s i o n  problems . 

Tab le 2 - 1 0 . Appl i c a t i o n  o f  S o f tware/Ha rdwa r e  Too l s  in the L i fe Cycle Pha s e  

L i f e  Cyc l e  Netwo r k  
P h a s e  Rad i o  E qu i pment L i n k  ( e nd - to- end ) 

S pec i f i ca t ion Channe l S imula tor M I L - S TD - 1 8 8 - l O O A  MIL- STD- 1 8 8 - l O OA 

D e s i gn Channe l S imula tor L i n k  Eng i ne e r i ng 
S o f twa r e  

T e s t i n g  Channel S imulator Channel Probe Chann e l  Probe 
Channe l Probe and and D a ta and Data 

D a ta Acqu i s i t i on Acqu i s i t io n  Acqu i s i t i on 
S y s tem S y s t em Sys t em 

MAS P MASP MASP 
TRAMCON TRAMCON 

Operat ional Channe l Probe and Channel Probe Channe l Probe 
P e r f ormance Data Acqu i s i t i on and Data and Data 

Eva l u a t i on S y s t em Ac qu i s i t i on Acqu i s i t i on 
MAS P S y s t em Sys tem 

TRAMCON MASP MASP 
TRAMCON TRAM CON 
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I n  t e s t i ng e i ther LOS o r  troposphe r i c  scatter 
r ad i o s , three types o f  data must be co l l e c ted : 

o rad i o  per formance data 
o channel fading data 
o me teoro log i c a l  da t a . 

The per formance parame t e r s  typ i c a l l y  mea s ured 
on d i g i t a l  r a d i o  l i n k s  a r e  b i t  e r r o r  r a t e  
( B E R )  a n d  s y n c h r o n o u s  e r r o r  s e c o n d s ( S ES ) . 

T h e s e  e r r o r  m e a s u r e s  d e s c r i b e  a l i n k ' s  
p e r f o r m a n c e  i n  u s e r - r e l e v a n t  t e rm s . Th e 
c h a n n e l  f a d i n g  d a t a  c on s i s t  o f  t h e  c hannel 
im p u l s e  r e s po n s e . F r om th i s  d a t a  o n e  can 
d e t e r m i n e s t a t i s t i c a l  i n f o r m a t i o n  a b o u t  
m u l t i pa th . Th i s  i s  de s c r i be d  i n  mor e deta i l  
i n  t h e  s e c t i o n o n  t h e  M u l t i pa t h  A n a l y s i s  
S o f t w a r e  P a c k a g e . Me t e o r o l o g i c a l  d a t a  i s  
n e e d e d t o  d e t e r m i n e  the r e f r a c t i v i ty o f  the 
a tm o s p h e r e .  Th e r e q u i r e d  d a t a  c o n s i s t s  o f  
d r y  a n d  w e t  b u l b  t empe r a t u r e s  and the pres­
s u r e s  a t  v a r i o u s  a l t i t ud e s . NT I A  Re po r t  
8 3 - 1 2 6  ( " D i g i t a l  Mic rowave Tr ansmi s s ion Tests  
a t  t h e  P a c i f i c  M i s s i l e T e s t  C e n t e r , 
P t . Mu g u , CA , "  b y  R .  w .  H u b b a r d )  d e s c r i b e s  
the u s e  of the se three typ e s  o f  data i n  mor e  
d e t a i l .  Th e f o l l ow i n g p a r a g r aph s d e s c r i be 
t h e  c h a n n e l  p r o b e  a n d  s e v e r a l  p r o j e c t s  

conducted dur i ng 1 9 8 5  us i ng the chann e l  probe 
a n d  r a d i o  p e r f o r m a n c e  d a t a  a c q u i s i t i o n  
s y s tem . 

A b a s i c  block d i a g r am o f  the NTIA/ I TS channel 
p r o b e  i s  s h own i n  F i g u r e  2 - 3 0 . The upper 
p a r t  o f  the f i g u r e  i l l u s t r a t e s  t h e  t r a n s ­
m i t t e r . A s t a b l e  r e f e r e n c e  o s c i l l a t o r  
i s  u s e d  t o  d e v e l o p  b o t h  t h e  i n t e r med i a t e  
f r e q u e n c y  ( I F )  a n d  the c l o c k i n g  r a t e  for a 
s t a n d a r d  s h i f t  r e g i s t e r t h a t p r o d u c e s  a 
p s e ud o n o i s e  ( P N )  binary cod e . The code i s  
b i pha s e  mod u l a ted onto the I F  c a r r i e r , wh i ch 
i s  then mi xed w i th a subc a r r i e r  f r equency for 
t r a n sm i s s i o n  o v e r  the t e s t  c h a n n e l .  The 
s ub c a r r i e r f r e q u e n c y  i s  developed from the 
same s y n th e s i z e r  cha i n  s o  t h a t  a l l  of the 
s i gn a l  components are coh e r en t .  

The r ec e iver por t ion o f  the probe i s  shown in 
F i g u r e  2 - 3 0  ( b ) . The f r e q u e n c y  r e f e r e n c e  
cha i n  i s  s im i l a r  t o  tha t used i n  the tr a n s ­
mitte r . Howeve r ,  the r e f e r e n c e  o s c i l l a tor i s  
gene r a l l y  contro l led w i t h  a pha s e - locked- loop 
( PLL ) c i r c u i t  so that the r e c e iver r e ference 

will track the fluctua t i o n s  due to i n s ta b i l ­
i t i e s , t r a n s i t  path length change s , Doppler 
and other propaga t ion f a c tor s o f  the channe l .  

8 , 6  GHz 

PHASE MODULATOR 
RF 

AMP 

RCVR 

ANT 

CLOCK I NG PULSES 

RF 

AI�P 

8 . 0  GHZ 

600 MHz 

A .  TRANSM I TTER 

B. REC E I VER 

8.0 GHz 

XMTR 

ANT 

F igure 2 - 3 0 .  Functional block d i a g r am o f  the NTIA/ I TS channel probe . 
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T h e  r e c e ived s i gna l i s  power divi ded and fed 
to two q u a d r a t u r e  d e t e c t i on channe l s ,  whe r e  
t h e  loc a l  I F  s i gnal is app l i ed t o  two mixers 
in quad r a t u r e  pha s e . Th e l o c a l  PN code is 
g e n e r a ted w i th the same pattern as tha t  used 
i n  t h e  t r a n smi t t e r , and i t  b i pha s e  mod u l a t e s  
t h e  loca l I F .  The mod u l a ted s i g n a l s  a r e  then 
a pp l i e d  to the c o r r e l a t i on detec tor s ,  whe r e  
t h e y  a r e  cor r e l a ted w i th t h e  rece ived s i gna l 
a t  the I F  leve l .  Thu s , the r e  are two output 
s i g n a l s  d e v e l o p e d  th a t  a r e  the qu a d r a t u r e  
c o m p o n e n t s  ( r e a l  a n d  im a g i n a r y )  o f  t h e  
i m p u l s e  r e s p o n s e  o f  t h e  me a s u r e d  c h a n n e l .  
T h e  qua d r a t u r e  f u n c t i on s  are a l s o  proc e s s ed 
i n  a s um o f  t h e  s q u a r e s  c i r c u i t  to produce 
t h e  e n v e l o p e , o r  the power impul se re spon se 
f unction . 

A m u l t i p l e xed cor r e l a tor s i gna l i s  developed 
by using a " s l ow c lock"  to develop the loc a l  
r e f e rence P N  cod e . The loca l code is a l lowed 
to s l i p  v e r y  s lowly with t ime with r e s pe c t  to 
t h e  r e c e i v ed PN code . The r e s u l t  is a s low 
b u t  c o n t i n u o u s  m e a s u r e m e n t  o f  t h e  d e l a y  
parame ter T .  

A n  e xamp l e  o f  a mea s u r ement us ing the chann e l  
p r o b e  o n  a n  L O S  c h a n n e l  i s  s h o w n  i n  
F igure 2 - 3 1 .  I n  th i s  case , the PN c lock r a t e  
w a s 1 5 0  MH z .  Par t ( a )  o f  t h e  f i gure i l l us ­
t r a te s  a m e a s u r em e n t  o f  a c l e a r  ( no mu l t i ­
p a th )  c h a n n e l. P a r t ( b )  s h o w s  a m u l t i path 
s i gna l tha t i s  comparable i n  mag n i tude to the 
d i r e c t  path s i gna l , but delayed on the order 
of  1 0  n s . From th i s  e xample i t  can be seen 
that i f  the delay we r e  shor t compared to the 
b a s e  w i d t h of t h e  d i r e c t  path r e s pon s e , the 
im p u l s e s  o f  the two r e s pon s e s  would begin to 
o v e r l a p . H i g h  r e s o l u t i o n  i s  t h e r e f o r e  
r e qu ired . 

T h e I n s t i t u t e  h a s  d e v e l o p e d  t w o  c h a n n e l  
p r o b e s : o n e  f o r  t r o po s c a t t e r  c h a n n e l s  and 
o n e  f o r  L O S  c h a n n e l s . T h e  t r o p o s c a t t e r  
c h a n n e l  p r o b e  h a s  a 7 0 -MH z inte r f a c e  t o  the 
tropos c a t t e r  rad i o , and a 5 ,  1 0 , or 2 0 -MHz PN 
c l o c k  r a t e . Th e L O S  chann e l  probe oper a t e s  
a t  rad i o  f r equenc i e s  ( 2 - 1 5  GH z ,  in t h i s  c a s e ) 
a n d  h a s  a 1 5 0  t o  1 0 0 0 - M H z  P N  c l o c k  r a t e . 
B e c a u s e  the LOS channe l probe ope r a t e s  a t  r f ,  
i t  i s  t y p i c a l l y  mul t i p l e xed onto an e x i s t ing 
waveg u i d e  and antenna system a long with other 
rf s i gna l s . 

The r a d i o  per f ormance d a t a  acqu i s i t i on sys tem 
c o n s i s t s  o f  a comme r c i a l  mini computer sys tem 
i n c l u d i n g  p e r i p he r a l s , an a n a l og - t o - d i g i t a l  
( A/ D ) c o n v e r s i on s y s t em ,  a n d  a t e s t  instru­

ment for mea s ur i ng the d ig i t a l  error per form­
ance of the r ad i o .  The primary d a t a  storage 
m e d i u m i s  a d i g i t a l  m a g n e t i c  t a p e . T h e  
s y s tem h a s  t h e  capab i l ity o f  r ecording 1 6  A/D 
c h a n n e l s ,  three 1 6 - b i  t par a l l e l  d i g i t a l  d a t a  
b i t  s t r e a m s , a n d  t h e  d i g i t a l  b u r s t - e r r o r  
d a t a . Th e a n a l o g  s i g n a l s  f r om t h e  chann e l  
p r o b e  a r e  s amp l e d  i n  t h e  A / D  i n t e r f a c e  and 
t h e n  r e c o r d e d  on t h e  d i g i t a l  t a p e . T h e  
ana log i n forma tion recorded a l so i n c l ud e s the 
r e c e i v e d  s i gna l level ( RSL ) mea s ureme n t s  for 
m u l t i p l e  c h a n n e l s . T h e 1 6 - b i t  p a r a l l e l  
i n t e r f a c e s  a r e  used t o  record var i o u s  d i g i ta l  
p a r a m e t e r s  o f  t h e  r a d i o  u n d e r  t e s t .  T h e  
bur s t - e r r o r  d a t a  for t h e  r a d i o  und e r  te s t  a r e  
r e c o r d e d f r om a f i r s t - i n - f i r s t - o u t  ( F I F O )  
b u f f e r i n t e r f a c e . Th i s  d a t a  c om e s  f r om a 

( a ) C l e a r  channel r e spons e ; imp u l s e  
width i s  1 3 . 3  n s . 

(b )  Re sponse w i th a mul tipath 
component de layed 10 n s . 

F ig u r e  2 - 3 1 .  Example o f  channe l 
probe output s ignals . 

t e s t  i n s t r ume n t  t h a t compares the rece ived 
d i g i t a l  b i t  s t re am w i th a local ( r eceive erld )  
copy o f  the transmi t t ed b i t  stream .  The b i t  
e r r o r  i n f o r m a t i o n i s  d e r i v e d  f r o m  t h i s  
compa r i son . 

The channe l probe and rad i o  per formance d a ta 
a c q u i s i t i o n  sy s t em we r e  appl ied in sever a l  
e q u i pm e n t  a n d  l i n k  p e r f o rm a n c e  e v a l u a t ion 
pro j ec t s  dur ing FY 8 5 : 

o D i g i t a l  Rad i o  and Mu l t iplex Acqu i s i t ion 
( D R AMA ) r a d i o  p e r f o r m a n c e  e v a l u a t i on 
( f i e ld te s t s  a t  P t .  Mugu , CA) 

o a n g l e - d i v e r s i t y a n t e n n a  p e r f o r m a n c e  
eva luat ion ( f ield t e s t s  a t  P t .  Mugu , CA) 

o p r o pa g a t i on t e s t s  on two L O S  l i n k s  in 
Kor e a . 

I n  a d d i t i o n , a p r o j e c t  f o r  e v a l u a t i ng the 
p e r formanc e of a d i g i t a l  modem on a tropo s ­
p h e r i c  s c a t t e r  l i n k  b e t w e e n  B e r l i n  a n d  
Bocksberg , W e s t  Germany , was i n i t i a ted dur ing 
FY 8 5 . Th e a n g l e - d i v e r s i t y a n d  Kor e a  LOS 
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app l i c a t ions are br i e f ly d e s c r ibed below . An 
a pp l i c a t i o n  o f  t h e  P N  p r o b e  conc ept to the 
m e a s u r e m e n t  o f  m u l t i p a t h i n  l a n d  mo b i l e 
s a t e l l i t e r a d i o  c h a n n e l s  i s  a l s o b r i e f l y 
d e s c r ibed . 

M i c r owave radio systems common l y  use space or 
f r e q u e n c y  d i v e r s i t y  t o  c o m b a t  m u l t i p a t h 
f a d i n g . A t h i r d , more e xper imental form o f  
d i v e r s i t y t h a t c a n  p o t e n t i a l ly d i s c r iminate 
aga i n s t  mul t i path s i gna l s  i s  angle d iver s i t y .  
An g l e - d i v e r s i t y t e c h n i qu e s a t tenuate mul t i ­
p a t h  s i g n a l s  by e xp l o i t i ng known cha r a c t e r ­
i s t i c s  o f  t h e  rece i v i n g  antenna ga in pa ttern . 
O n e  p a r t i c u l a r l y  s i m p l e  a n g l e - d i v e r s i t y  
t e c h n i q u e  i n v o l v e s  p u r p o s e l y  t i l t i n g a 
r e c e i v i n g  a n t e n n a  v e r t i c a l l y o f f  th e bore­
s i g h t  l i n e . T h i s  a t t e n u a t e s  the d i r e c t  
s i gna l somewhat but can a t t enua te a mu l t i pa th 
s i g n a l  e v e n  mo r e , t h e r e b y  r e d u c i n g t h e 
r e s u l t a n t  mu l t i p a t h  fade . S uch a techn ique 
was t e s ted by ITS in pr ior wor k  and found to 
be e f f e c t ive in c e r t a i n  c i r cums tance s .  

A s i m i l a r  a p p r o a c h , i n v o l v i n g a v e c t o r  
comb i n a t i on o f  s i gna l s  i n  the antenna pa ttern , 
was the sub j ec t  o f  a t e s t  program conduc ted by 
the I n s t i tute at P t . Mugu , CA , i n  FY' 8 5 .  The 
a n g l e - d i v e r s i t y a n t e nn a  used in the s e  t e s t s  
emp l o ye d  a s um a n d  d i f f e r e nc e  beam approach 
s u g g e s t e d  by a c o n t r a c t o r  t o  the U . S .  Army 
I n f orma t i on Sys tems Managemen t Ac t iv i ty ( I SMA ) 
a t  F o r t  Monmouth , NJ . The con t r a c tor imp l e ­
men t e d  th i s  a pp r o a c h  i n  a n  a n g l e - d i v e r s i t y  
f e e d  f o r  a 1 . 2 - m  ( 4 - f t )  d i am e t e r  pa r ab o l i c  
r e f l ec tor . The I n s t i tute wa s a sked to a s s e s s  
t h e  p e r f o r m a n c e  o f  t h e  r e s u l t a n t  d i v e r s i ty 
sys tem . 

T h e  t e s t  l i n k , a t  t h e  P a c i f i c  M i s s i l e T e s t  
Center ( PMTC ) a t  P t . Mugu , CA , i s  a n  LOS path 
b e t w e e n  L a g un a  P e a k  ( L P )  o n  the C a l i forn i a  
c o a s t  a n d  S a n  N i c o l a s  I s l a nd ( S N I ) i n  the 
C h a n n e l  I s l a n d s  C h a i n  some 1 0 4 . 6  km ( 6 5  
mi l e s ) o f f s hor e .  The l i n k  i s  qui te long , and 
i s  o n e  in wh i ch s i gn i f i c ant mul t i path cond i ­
t i o n s  d e v e l o p  a s  a r e s u l t  o f  a tmo s ph e r i c 
i n v e r s i o n s  t h a t  s e t  u p  s t r o n g  r e f r a c t i v e 
l a ye r s  in and above the rad i o  pa th . Sur f ace 
r e f le c t i ons have been found to be very minor , 
p r ima r i l y a s  a r e s u l t  o f  the pa tterns o f  the 
parabo l i c  antennas and the he ight o f  the l i n k  
t e rmina l s . Th e l i nk i s  con s idered i d e a l  for 
the s t u d y  of mul t ipath propag a t ion problems . 

The t e s t s  were conduc ted in two pha s e s .  The 
f i r s t  pha s e  i n v e s t i g a t e d  the fad ing cha r a c ­
t e r i s t i c s  o f  t h e  monopulse type antenna ( se e  
" An g l e  D i v e r s i t y Re c e p t i o n  f o r  L O S  D i g i ta l  
M i c r ow a v e  Ra d i o , "  b y  R .  W .  H u b b a rd , i n  the 
M I L C O M  8 5  C o n f e r e n c e  P r o c e e d i n g s ) . The 
s e c on d  pha s e  compared the performance o f  the 
a n g l e - d i v e r s i t y s y s t e m  w i t h a c o n v e n t i o n a l  
s p a c e - d i v e r s i t y s y s t e m o p e r a t i n g  c on c u r ­
r e n t l y  in the same transmi s s ion channe l .  The 
o b j e c t i v e  w a s  to e v a l u a t e  the e f f e c t i veness 
of a n g l e - d i v e r s i t y  r e c e p t ion in a mul t i pa th 
env i r onment . 

I n i t i a l  t e s t s  sugge s t  that the tes ted form of 
a n g l e - d i v e r s i t y  has me r i t . At t im e s , the 
a n g l e - d i v e r s i t y  sys tem per formed better than 
t h e  s p a c e - d i ve r s i ty system .  At other t ime s , 
pe r fo rmance of the two sys t ems was nea r ly the 
s am e . Th e a n g l e - d i v e r s i ty sys tem per formed 

poo r e r  t h a n  the s p a c e - d i v e r s i ty s y s t em on 
only one of n ine t e s t  days . 

Future t e s t s  o f  the ang l e - d i v e r s i�y techn ique 
are be ing planned , in wh i ch l i ne l o s s e s  wi l l  
b e  reduced and the s i gna l - to - no i se ( S/N)  w i l l  
b e  imp r o v e d . Th e s e  t e s t s  w i l l  incorpor a te 
new sw i t ch ing a lgor i thms for the DRAMA radio 
and a form o f  pred e te c t i on comb i n ing . 

The U . S .  Army ha s n o t e d  f o r  s om e  t im e  a n  
un u s u a l  and sometimes s e v e r e  fad ing problem 
on a n um b e r  o f  LOS m i c r o w a v e  l i nks i n  the 
Repub l i c  of Kor e a . The cause of the f ad i n g  
p r o b l em w a s  n o t  known , but seve r a l  f a c t o r s  
h a d  b e e n  co n s i d e r e d , i n c l u d i n g  m u l t i p a th . 
Th e I n s t i t u t e u s e d  i t s  PN probe in te s t i ng 
th e s e  l i n k s  f o r  p o s s i b l e  m u l t i p a th a t  the 
r e q u e s t  o f  t h e  A r m y  E l e c t r o n i c  S y s t e m s  
E n g i n e e r i n g  I n s t a l l a t i o n  Ac t i v i ty (ESEIA ) , 
For t Huachuc a , A Z , dur ing Februa r y  and Ma rch 
1 9 8 5 .  

Two LOS l inks wer e  tes ted . The f i r s t  was an 
8 5 - km e a s t - w e s t  l i n k  s o u t h  o f  S e oul . The 
s i te termina l s  are known as Mad i son (MS N )  and 
P a e g u n s a n  ( P S N ) . T h e  s e c on d  l i n k  w a s  a 
1 0 4 - km nor th- south l i n k  nor th o f  Taegu . The 
s i t e  termina l s  are known a s  Yonghwabong ( YWB ) 
a n d P a 1 g o  n g s a n ( PAL ) . E a c h  o f  t h e  s i t e 
t e r m i n a l s  i s  l o c a t e d  on t h e  top o f  a h i gh 
mounta in , and the propa g a t ion pa ths traverse 
mount a inous terra i n . 

P a t h p r o f i l e s  f o r  t h e  two t e s t  l i n k s  a r e  
shown in F igures 2 - 3 2  and 2 - 3 3 .  Each f i gure 
s h o w s  the l o c a t i o n s  of the s i t e  termina l s , 
t h e i r  e l e va t i on s , and t h e  l o c a t i o n o f  the 
a n t e n n a s  a b o v e  g r o u n d . B o t h  l i n k s  a r e  
d e s i g n e d  f o r  v e r t i c a l  s p a c e  d iver s i t y ,  but 
on l y  o n e  a n t e n n a  is  c u r r e n t ly i n s t a l l ed a t  
PAL . Th e d i v e r s i t y  s p a c i n g  a t  t h e  o t h e r  
s i t e s  i s  7 m .  The path pro f i l e s  were plotted 
by th e l i n k  e n g i n e e r i n g  s o f tw a r e  descr ibed 
later in th i s  sec t ion . 

The te s t  i n s t r umen t a t i on was f i r s t  i n s t a l l ed 
on the MSN- PSN l i n k . The probe transm i t t e r  
was loca ted a t  PSN and wa s una t tended . The 
t r a n sm i t t e r  was ope r a ted r emo t e l y  from MS N .  
Al l o f  the r ec e i v i ng and record ing equ i pment 
w a s  i n s t a l led at MS N .  Te s t s  were conduc ted 
between February 4 and 2 5 , 1 9 8 5 .  

Th e i n s t r um en t a t i o n w a s  t h e n  mov e d  to the 
YWB - PAL l i n k . Te s t i n g o v e r  t h i s  l i n k  was 
c o n d u c ted between February 27 a nd March 1 1 ,  
1 9 8 5 .  T r a n s po r t a t i o n  a n d  o t h e r  l o g i s t i c  
c on s i d e r a t i o ns d i c ta ted that the rec e i v i ng/ 
r e c o r d i n g  e qu i pm e n t  be i n s t a l l e d  at PAL . 
T h e s e  t e s t s , t h e r e f o r e ,  d i d n o t  i n v o l v e  
the u s e  o f  space d i ver s i t y .  

Figure 2 - 3 2 , show ing the path pro f i l e of the 
MS N - P S N  l i n k , i nd i c a t e s  tha t und e r  certa in 
r e f r a c t i v i t y cond i t ions a d i f f r a c t ing r idge 
l o c a t e d  appr o x i m a t e l y  23  km f r om t h e  MS N 
termi n a l  could become a prob l em .  The d i r e c t  
r ay p a th i n  t h i s  f i g ur e  h a s  b e e n  s hown for a n  
Ea r th - r a d i u s  fac tor o f  k = 0 . 8 1 ,  and i t  i s  seen 
to be g r a z ing at the he i g h t s  o f  the trees on 
t h i s  r i d g e . C a l c u l a t i o n s  u s i n g  an I T S ­
d e v e l o p e d  L O S  l i n k  d e s i g n  program ind i c a t e  
t h a t  t h e  r e f r a c t i v e  i n d e x  p r o d u c i n g th i s  
c o n d i t i on i s  a s l ope o f  appr o x ima tely + 3 7  N 
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u n i t s / km ( a  k = l  i s  t h e  c o n d i t i o n  f o r  z e r o  
s l op e ) . A po s i t i v e  r e f r a c t i v e s lope i s  an 
u n u s u a l  cond i t i o n .  P o s i t i v e  g r a d i e n t s  can 
a n d  d o  d e v e l o p  o v e r  th e s e  l i n k s , b u t  on l y  
w i t h i n  l a y e r s  o f  l im i t e d  t h i c k n e s s  i n  t h e  
a t m o s ph e r e . Re v i ew o f  t h e  m e t e o r o l o g i c a l  
d a ta collec ted during the se te s t s  showed tha t 
a p r o f i l e  t h a t wo u l d  p e rm i t  a d i f f r a c t i o n 
p r o b l em i s  improba b l e . I n  add i t ion , e a r l i e r  
r e c e i v e d  s i g n a l  l e v e l  ( R S L )  m e a s u r emen t s  
p e r f o r m e d  b y  E S E I A  p e r s onn e l  had shown tha t  
t h e  f a d i n g phenomena oc c ur r ed over mul t i p l e  
l i nks within the s ame per iods o f  time . Th i s  
inc luded per i od s  wher e fad ing wa s observed a t  
a lmo s t  t h e  s ame t im e  o v e r  t h e  MS N - P S N  a n d  
Y W B - P A L  l i n k s . A s  c a n  b e  s e e n  f r o m 
F igure 2 - 3 3 , the YWB - P AL l i nk has no poten t i a l  
o b s t r uc t ion such a s  tha t i n  the MS N - PSN path . 
Thus , the po s s i b i l i t y  of s i g n i f i c ant d i f f ra c ­
t i o n  fad ing over the MS N-PSN l i n k  dur ing the 
t e s t  per iod wa s r ul e d  out . 

Mu l t i path wa s a l so te s ted a s  a pos s i b l e  cause 
o f  the observed s i gn a l  fade s . The fol lowing 
s i gna l s  wer e  recorded : 

o RSL o f  each d i v e r s i ty channel 

o i m p u l s e  r e s p o n s e  o f  e a c h  d i v e r s i t y 
channel 

o error data in the d i g i t-a l s i gna l .  

A s i x - c h a n n e l  s t r i p  c h a r t  recorder wa s used 
to p r o v i d e  c o n t i n u o u s  r e c o r d s  of t h e  RSL 
v o l t a g e s  so t h e y  c o u l d  b e  mon i t o r e d  con ­
v e n i e n t l y  o n  s i t e . Th e s e  s i g n a l s  w e r e  
r e c o r d e d i n  p a r a l l e l  w i t h tho s e  fed to the 
magne t i c  tape recorde r . The hourly t ime code 
w a s  r e c o r d e d  on one c h a n n e l  of the s t r i p  
cha r t . 

T h e  c h a n n e l  p r o b e  wa s i n t e r f a c e d  w i t h  t h e  
o pe r a t ing r a d i o  sys tem s u c h  tha t t h e  impu l s e  
r e sponse wa s me a s ured over the same transm i s ­
s i o n  p a t h s .  The p r o b e  op e r a t ed a t  a f i xed 
f r e q u e n c y  o f  8 .  6 G H z ,  a b o v e  the f r e q u e n c y  
b a n d o f  t h e  o p e r a t i o n a l  r a d i o .  Th u s , i t  
c o u l d  b e  m u l t i p l e x e d  i n t o  t h e  o p e r a t i n g  
s y s t e m  wi thout inter ferenc e . The probe data 
con f i rmed tha t mul t i path wa s not the cause of 
the observed f ad i ng . 

A th i rd pos s i bl e  cause o f  the observed s i gna l 
f a d e s  wa s powe r f a d i n g . B a s e d  on the te s t  
d a t a  col lec ted , i t  wa s conc l uded tha t a form 
o f  powe r f a d i n g c a l l e d  d e c o u p l i n g  l o s s  wa s 
t h e  p r i m a r y  c a u s e  o f  t h e  o b s e r v e d  l i n k  
o u t a g e s .  D e c o u p l i n g  l o s s  c a n  b e  r e d u c e d  
s i g n i f i c a n t ly b y  using sma l l e r  antenna s with 
l a r g e r  a p e r t u r e s . Howe v e r , th i s  a p p r o a c h  
w i l l  r e d u c e  t h e  o v e r a l l  f a d e  mar g i n  f o r  the 
l i nks by reduc ing the antenna gains . I t  w i l l  
a l s o i n c r e a s e  t h e  r i s k  o f  m u l t i p a t h b y  
i l l u m i n a t i n g  n e w  t e r r a i n a n d  a tmo s ph e r i c  
r e g i o n s . T h e I n s t i t u t e r e c omme n d e d  t h a t  
t h e s e  f a c t o r s  b e  i n v e s t i g a t e d  tho r o u g h l y  
before a change i n  antenna s i z e i s  spec i f i ed .  

A n g l e  d i v e r s i t y wa s c o n s i d e r e d  a s  an o t h e r  
po s s i b l e  s o l u t i on t o  the Korean l i nk fading 
p r o b l em .  I f  t h e  r e ce i v i n g  antenna s at each 
t e r m i n a l  were po inted s l i gh t l y  down f rom the 
b o r e s  i ght , it i s  pos s i b l e  tha t the r e f r a c ted 
e n e r gy might be r e focused . Th e sys tem wou l d  
b e  o p e r a t i n g  mo s t  o f  t h e  t i me o n  the uppe r  
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a n t enna path , with the stronger s i gna l .  As 
the r e f r a c t ive fad ing developed , l e s s  f ad ing 
m i g h t  e x i s t  in t h e  l o w e r  a n t e n n a  p a t h . 
M e a s u r e m e n t s  w e r e  o u t l i n e d  to te s t  th i s  
a pproach . 

As a pa r t  o f  p r o p a g a t i on s t ud i e s  for Land 
Mo b i l e  S a t e l l i t e S e r v i c e , the I n s t i t u t e  
e x a m i n e d  method s o f  m e a s ur i ng mul t ipath i n  
s a t e l l i t e  c h a n n e l s  f o r  t h e  J e t  P r o p u l s ion 
L a b o r a t o r y ,  C a l i f o r n i a  I n s t i t u t e  of T e c h ­
nology , Pasadena , CA . The o b j ect ive o f  th i s  
s t u d y  w a s  to inve s t i g a t e  the f ea s i b i l i t y  o f  
u s i n g  e x i s t i n g  s a t e l l i t e s i g n a l s  f r om the 
G l o b a l P o s i t i o n i n g  S y s t em ( G P S ) in a PN 
channe l probe of the type deve loped by I TS to 
mea sure the multipa th . The s t udy invo lved a 
d e t a i l e d i n v e s t i g a t i o n  o f  t h e  G P S  s i g n a l  
s t r u c t u r e , a d i s t o r t i o n  a n a l y s i s  f o r  t ime 
mu l t iplexed cor r e l a tor s ,  and the deve l opment 
of spec i f i c  meas urement approache s . Re s u l t s  
o f  th i s  s t udy a r e  s umm a r i z e d  i n  a repor t , 
" M u l t i p a t h  M e a s u r emen t s  in the Land Mob i l e  
S a t e l l i te Rad io Channe l , "  by John J .  Lemmon 
and Rober t W .  Hubba rd . A deta i l ed d e s ign for 
s u c h  a m u l t i p a t h  e x p e r i m e n t , i n c l u d i n g  
s p e c i f i c  t im e  a n d  co s t  e s t imate s , wa s a l s o  
p r e pa r ed . 

The cen t r a l  con c l u s i on o f  the s t udy wa s tha t ,  
i n  the absence o f  time and c o s t  cons t r a i n t s , 
t h e  G P S  s a t e l l i t e s  a n d  a s u i tably mod i f ied 
G P S  r e c e i v e r  wo u l d  p r o v i d e  a viable sys tem 
for mul t i path mea s u r emen t . Alterna t i v e  means 
o f  c a r r y ing out a mul t i pa t h  e xpe r iment ( f or 
e xamp l e , using the I TS channe l probe w i th the 
t r a n sm i t ter in an a i r c r a f t  or bal l oon ) wer e  
a l so con s i dered . 

Mu l t i p a t h  Ana l y s i s  S o f twa r e  P a c k a g e . The 
Mu l t i path Ana l y s i s  S o f tware Pac kage (MAS P )  i s  
a new too l deve loped a t  I TS d u r ing FY 8 5  for 
t h e  d e t a i l ed sta t i s t i ca l  ana lys i s  o f  mul t i ­
pa th fad ing data co l l e c ted b y  the I TS channe l 
p r o b e . As s ug g e s ted ear l i e r  ( F igure 2 - 2 9 ) , 
MASP per forms a va luab l e  f un c t ion in l i nk i ng 
the c h a n n e l p r o b e , a n  imp o r t a n t  s o u r c e  of 
r e a l - w o r l d  f a d i n g  d a t a , w i t h t h e  I T S ­
d e v e l o ped L O S  c h a n ne l s im u l a t o r  a n d  l i n k  
e n g i n e e r i n g  s o f t w a r e , w h o s e  d e s i g n s  a r e  
b a s e d  o n  s u c h  d a t a . T h i s  l i n k a g e  w i l l  
d i r e c t l y  b e n e f i t  f u t u r e  w o r k i n  m i c r owave 
radio sys tem ana l ys i s  and d e s i g n . 

Th e MAS P  s o f twa r e  i s  d i v i d e d  i n t o  s e v e r a l  
p r o g r a m s . T h e  f i r s t  i s  t h e  m u l t i p a t h  
r ecognit ion progr am . Th i s  program per forms a 
pattern recogn i t ion f unc tion : i t  detects and 
e v a l u a t e s  the d i r e c t  and i n d i r e c t  ( i . e . , 
mul t i pa th ) components in succ e s s i v e  1 - s econd 
impu l s e  r e s p o n s e s  f r om the c h a n n e l p r o b e . 
The r a w d a t a  u s e d  by th i s  p r o g ram a r e  the 
f o l l ow i ng chann e l  probe outpu t s : 

1 .  power impu l s e  re spon s e  f r om Chann e l  A 

2 .  power impu l s e  r e s ponse f r om Channe l B 

3 .  copha s e  f unc t i on f rom Channe l B 

4 .  quad r a ture f unc tion f rom Channe l B .  

Typ i c a l l y , C h a n n e l s  A and B o f  the chann e l  
p r o b e  r e c e ive data from two spac e - d i ver s i t y  
a n t e n n a s r e s p e c t i v e l y . Future te s t s  us ing 
t h e  c h a n n e l p r o b e  w i l l  i n c l u d e  p h a s e  



i n f o r m a t i o n  f r om b o t h  c h a n n e l s  a s  we l l  a s  
the power impul s e  r e s pon s e . 

S e v e r a l  mul t i pa th s i t ua t ions o f  inter e s t  have 
b e e n  i d e n t i f i e d  i n  p r e v i ous ana lys i s  of the 
c h a n n e l  p r o b e  d a t a . " N o r m a l  m u l t i p a t h "  
d e s c r i b e s  t h e  c omm o n  s i t u a t i o n  wh e r e  t h e  
d i r e c t  s i gn a l  i s  s t r onger than t h e  r e f l e c ted 
or r e f r a c t e d  s i g na l . " Ab n o r m a l mu l t i p a th "  
d e s c r i b e s  t h e  oppo s i t e  s i t uat ion , whe r e  the 
r e f l e c t e d  or r e f r a c t e d  s i g n a l  i s  s t r o n g e r . 
( T h e s e  a r e  s om e t i m e s  r e f e r r e d t o  a s  t h e  
" m i n imum pha s e "  and " nonmin imum pha s e "  c a s e s , 
r e s p e c t i v e l y ,  i n  t r a n sm i s s i o n  e n g i n e e r i n g  
l i t e r a t u r e . )  " H i d d e n  m u l t i p a t h "  d e s c r i b e s  
t h e  s i t u a t i o n  w h e r e  d i r e c t  a n d  mu l t i p a t h 
s i g n a l s  a r e  v e r y  c lo s e ly spaced in t ime and 
may only be r e s o lved by ob serving a de forma­
t i o n  of the c h a n n e l  p r obe impul se respon s e . 
" T h r e e - c o m p o n e n t  mu l t i p a t h "  d e s c r i b e s  t h e  
s i t u a t i o n  wh e r e  two r e f l e c t e d  o r  r e f r a c ted 
s i g n a l s  a r e  r e c e i v e d i n  a d d i t i o n  to t h e  
d i r e c t  s i g n a l .  E a c h  o f  t h e s e  m u l t i p a t h 
s i t u a t i o n s  i s  i l l u s t r a t e d  i n  t h e  c h a n n e l  
p r o b e  o u t p u t s  p l o t t e d  i n  F i g u r e  2 - 3 4 .  The 
MASP m u l t i p a t h r e c o g n i t i o n  a l g o r i thm a u to ­
m a t i c a l l y d e t e c t s  a l l  o f  t h e  a b o v e  s i t u a ­
t ions . 

T h e  mu l t i p a th r e c o g n i t i o n  program ' s ab i l i t y  
to d e t e c t  t h r e e - c omponent mul t i path may prove 
t o  b e  v e r y  i m p o r t a n t  i n  f u t u r e  c h a n n e l  
s i m u l a t o r  d e v e l o pm e n t . Mo s t  L O S  c h a n n e l  
s i m u l a t o r s  c u r r e n t l y u s e d  a r e  b a s e d  o n  a 
t w o - c om p o n e n t  m o d e l .  I f  t h r e e - c ompo n e n t  
m u 1 t i p a t h  i s  s h o w n  b y  MA S P a n  a 1 y s i s  o f  
c h a n n e l p r o b e  d a t a  t o  b e  s t a t i s t i c a l l y 
s i g n i f i c a n t , i t  may be wor thwh i l e  to mod i f y 
f u t u r e  c h a nn e l  mod e l s  and channel s imul a tor s 
t o  g e n e r a t e  a n  a d d i t i o n a l m u l t i p a th c ompo­
nent . 

T h e  s e c o n d  ma j o r  MAS P program i s  the mul t i ­
p a t h  a n a l y s i s  p r o g r am .  Th i s  program s umma­
r i z e s  t h e  d a t a  p r o d u c e d  by t h e  mu l t i p a t h 
r e c o g n i t i o n  program in s t a t i s t i c a l  d i s t r i bu ­
t i o n s . T h e s e  d i s t r i b u t i o n s  f a l l  i n  t w o  
c a t e g o r i e s :  g e n e r a l  m u l t i p a t h  s t a t i s t i c s  
and dynam i c  mul t i p a th s t a t i s t i c s . The f ormer 
c a tegory i n c l ud e s :  mul t i pa th power d i s t r i bu­
t i on , mul t ipath delay d i s t r ibution , mul t i pa th 
d e l a y  v s  m u l t i p a t h  powe r , d i s t r i b u t i o n  o f  
m u l t i p a t h p h a s e , a n d  a b n o r m a l m u l t i p a t h 
s ta t i s t i c s . The dynam i c  mu l t i pa th s ta t i s t i c s  
d ev e loped by MASP i n c l ud e : r a t e  o f  change in 
mul t i p a th powe r , r a t e  o f  change in mul t i pa th 
d e l a y , r a t e  o f  c h a n g e  o f  m u l t i pa t h ph a s e , 
r a t e  o f  c o l l a p s e  a n d  d e v e l o pm e n t  o f  mu l t i ­
p a t h , i mp u l se r e s ponse width s ta t i s t i c s , and 
amp l i t ude s lope s t a t i s t ic s . 

V e r y  l i t t l e  d a t a  i s  ava i l a b l e  in the l i t e r a ­
t u r e  o n  the s e  mu l t i pa th s t a t i s t i c s . Th i s  i s  
e s p e c i a l l y  t r u e  o f  t h e  d y n a m i c  s t a t i s t i c s . 
F u t u r e  s t a t i s t i c a l  a n a l y s e s  u s i n g  MASP w i l l  
l e ad t o  a better und e r s tand ing o f  the propa g a ­
t i o n  c h a n n e l , m o r e  r e a l i s t i c m o d e l s  o f  
t h e  c h a n n e l s , a n d  m o r e  r e a l i s t i c  c h a n n e l 
s i m u l a t o r s u s ed i n  the laboratory eva l u a t i on 
o f  d i g i t a l  L O S  o r  t r o po s c a t t e r  r ad i os . I t  
w i l l  b e  h e l p f u l  i n  t h e  d e s i g n  o f  f u t u r e  
d i g i t a l  r ad i o s . The s ta t i s t i c a l  i n f orma t i on 
i s  n e e d e d  for the d e v e l opme n t  o f  techn i que s 
for comb a t i ng mul t i p a th f a d i n g  ( e . g . , ad a p t i v e  
equa l i ze r  d e s i g n  and s p a c e  d i ver s i ty comb i n ing 
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o r  s w i t c h i n g  a l g o r i t h m s ) . F i g u r e  2 - 3 5  
d e p i c t s t h e  r o l e  o f  t h e  MAS P  s o f tw a r e  i n  
l i nking seve r a l  Group pro j ec t s  and the i r  end 
produc ts . 

L i n e - o f - S i g h t  C h a n n e l  S im u l a t o r . C h a n n e l 
s i m u l a t i o n  h a s  b e e n  u s e d  i n  t r a n sm i s s i o n 
e n g i n e e r i n g  s t u d i e s  for a t  l e a s t  2 0  yea r s . 
D u r i n g t h i s  p e r i o d , s y s t e m s  h a v e  b e e n  
d e v e l o p e d  t o  s im u l a t e  H F , LOS , a n d  t rope­
scatter chann e l s .  Mo s t  have been impl emented 
at i n t e rm e d i a t e f r e q u e n c i e s  ( I F ) . S imula­
t ion a t  I F  h a s  the d i s advantage tha t  some of 
the c r i t i c a l  compo n e nt s  o f  the s i gnal path 
t h r o u g h  t h e  r a d i o  a r e  om i t t e d . T h e s e  
c r i t i ca l  compone n t s  inc l ud e  the pha s e  locked 
loop ( PLL ) and autom a t i c  gain con t r o l  ( AGC ) . 
T h e  LOS c h a n n e l  s im u l a to r  deve loped a t  the 
I n s t i t u t e d i f f e r s  f r o m  t h o s e  d e v e l o p e d  
e l s e w h e r e  i n  t h a t  i t  o p e r a t e s  a t  r a d i o  
f r e q u e n c i e s  ( r f ) . A l l comp o n e n t s  o f  t h e  
s i g na l p a t h  c a n  t h e r e f o r e  be t e s ted . The 
s imu l a tor is ba sed on a two - p a th propag a t i on 
mod e l  and i s  imp l emen ted us ing delay l i nes 
con s t r uc te d  f r om s em i r i g i d  coa x i a l  cabl e . 

The s p e c i f i c  ob j e c t i v e o f  t h e  LOS c h annel 
s imula tor pro j e c t  wa s to deve lop a hardware/ 
s o f t w a r e  s y s t e m c a p a b l e  o f  p r o v i d i n g a 
r ea l i s t i c  s im u l a t ion of a f r equency- s e l e c t i v e  
f a d ing L O S  m i crowave channe l .  A t  t h e  e a r l y  
stages o f  t h e  proj e c t  t h e  fol lowing two - path 
mod e l  of the c h a n n e l t r a n s f e r  func t ion wa s 
chosen : 

· WT H { W) = a ( l+beJ ) .  

Here , " a "  represents f l a t  fad i ng , " b "  repre­
s e n t s  the amp l i t u d e  o f  t h e  i n d i r e c t  path 
r e l a t i v e  to the direct pa th , " T " r e pr e sents 
t h e  r e l a t i v e  d e l a y s  b e tween the two paths , 
a n d  " w " r ep r e s e n t s  the car r i e r  frequency in 
the band of inter e s t . 

F igure 2 - 3 6  is a f unc t i ona l block d i a g r am for 
imp l ementing the two - path mod e l  g iven by the 
a b o v e  e q u a t i o n . T h e  r e l a t i v e  d e l a y  ( T ) 
b e t w e e n  t h e  d i r e c t  and i nd i r e c t  p a t h s  i s  
p r o v i d ed by swi tch ing i n  var ious lengths of 
s emi r i g i d  coa x i a l  l i nes in the swi t ched delay 
sec t ion s . The progr ammab l e  a t tenua tor in the 
i n d i r e c t path repr e s en t s  the parame ter " b . "  
The other prog r ammable a t t enuator repr e s en t s  
t h e  p a r ame t e r  " a , "  i . e . , t h e  f l a t  f a d i n g  
p a r a m e t e r . T h e  m a n u a l a t t e n u a t o r  a t  t h e  
i n p u t  t o  t h e  s im u l a to r  r e d u c e s  t h e  s i gnal 
leve l o f  the transm i t t e r  unde r  test to leve l s  
that a r e  comp a t i b l e  w i th the receiver s e c t i on 
o f  the rad i o  being tes ted . 

One concern throughout th i s  pro j ec t  ha s been 
t o  d e s i g n  the s y s t em s u c h  t h a t  c h anges in 
r e l a t i v e  d e l a y  b e tw e en the two pa ths would 
not change the r e l a t i ve s i g na l  leve l be tween 
t h e  t w o  p a t h s  and v i c e  v e r s a . Tha t i s , 
r e l a t ive pha s e  and r e l a t i v e  amp l i t ude o f  the 
two p a th s m u s t  be independently con tro l l ed . 
G r e a t  c a r e  w a s  t a k e n  i n  t h e  d e s i g n and 
i m p l emen t a t i o n  of the system to ensure that 
th i s  was a c c omp l i sh ed . For th i s  r e a son , a 
s i gna l leveler i s  needed in the ind i r e c t  path 
so that the s i gna l level does not change when 
a d d i t i on a l d e l a y is p l aced in the ind i re c t  
p a t h b y  s w i t c h i n g i n  a d d i t i o n a l  d e l a y  
sec t ion s . The pur pose of the a t tenuator and 
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F i gure 2 - 3 4 . Mul tipath s i t u a t ions detec ted by MASP .  
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F igure 2 - 3 5 .  Interrelationship o f  s ever a l  p ro j e c t s  w i t h  the MASP s o f tware . 
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F igure 2 - 3 6 . Functional block d i agram o f  the LOS c hanne l s imul ator 
( only one chann e l  s hown ) . 

l i ne s tre tcher in the d i r e c t  path i s  to make 
the d e l a y  and the a t tenuat ion of the ind i r e c t  
a n d  d i r e c t  p a t h s  e q u a l wh e n  t h e r e  i s  z e r o  
r e l a t i v e  d e l a y  in t h e  ind i r e c t  path . 

F i gure 2 - 3 7  pro v i d e s  mor e  d e t a i l  o f  the block 
i n  F i g u r e  2 - 3 6 l a b e l e d  " s w i t c h e d  d e l a y  
s e c t i o n s . "  Th e r e  a r e  e i g h t  s u ch s e c t ions , 
e a c h h a v i n g d i f f e r e n t  l e n g th s o f  s em i r i g i d  
c o a x i a l  cab l e . Th i s  cable ha s delay cha r a c ­
t e r i s t i c s  th a t  e f f e c t i v e l y  s im u l a t e  d e l a y s  
t y p i c a l  o f  L O S  m i c r o w a v e  c h a n n e l s .  Th e 
m a x i m um r a n g e  o f  d e l a y  r e p o r t e d  i n  t h e  
l i t e r a t u r e  f o r  m e a s u r e m e n t s  o n  t y p i c a l  
commun i c a t ions l i n k s  i s  on the order o f  1 8  n s . 
I n  t h e  s i m u l a t o r  t h a t h a s  b e e n  d e v e l o p e d , 
d e l a y s  o f  1 9 . 1 2 5  n s  are ach i evabl e .  The f i r s t  
d e l ay s e c t i on h a s  a nom i n a l  d e l ay o f  0 . 0 7 5  n s . 
E a c h  s u c c e s s i v e d e l a y  sec t ion has tw i c e  the 
d e l a y  of the prev ious one . Th u s , the e i ghth 
( l a s t )  delay s e c t i on h a s  a d e l a y  o f  appr o x i ­

ma t e l y  9 . 6  n s .  

T h e  l i n e  s t r e t c h e r  s hown i n  F i g u r e  2 - 3 7  i s  
u s e d to a d j u s t  t h e  amo u n t  o f  d e l ay in each 
s e c t i o n , t h e r e b y  p l a c i n g s t r o n g  s i g n a l 
a t t e n u a t i o n s  or " n u l l s "  a t  the proper loc a ­
t i o n s  i n  t h e  s p e c t r um r e g a r d l e s s  o f  t h e  
o p e r a t i n g  c e n t e r  f r e quency . T h e  purpos e  o f  
t h e  a t t enuator i s  t o  ensure t h a t  a t tenuat ion 
t h r o u g h  the d e l a y  s e c t i o n  is a pp r o x i m a te l y  
the s ame regard l e s s  of whe ther the delay path 
o r  the nond e l a y p a t h  is sw i t c hed i n .  Th i s  
h e l p s  r e d u c e  t h e  r e q u i r em e n t s  o n  th e l oa d ­
l e v e l e r  c i r c u i t r y  p r e v i o u s l y  d e s c r i b e d . 
Th e se a ttenua tors are only p l aced in the two 
l o n g e s t  delay sec t i on s  beca u s e  the amount o f  
a t tenuat ion i n s e r t e d  i s  l e s s  than 1/2 dB for 
the short delay s e c t ions . 

T h e r e  we r e  a numb e r  o f  unc e r t a i n t i e s  a t  the 
s t a r t  of th i s  p r o j e c t  regard i ng the gene r a l  
s imu l a t ion conc e p t  and implemen t a tion approach 
d e s c r i b e d  a b o v e . T h e s e  u n c e r t a i n t i e s  
inc l uded : 

o t h e  a b i l i t y t o  i m p l e m e n t t h e  d e v i c e  
a t  r f  w i t h o u t  r e f l e c t i o n s  t h a t wo u l d  
degrade the per formance o f  the dev i c e  

o the con trol o f  the r e l a t i v e  amp l i t ude and 
pha s e  of the two path s 

o wh e th e r  the s i m u l a t o r  c o u l d  be e a s i l y 
a d j u s t e d  o r  c a l i b r a t e d  f o r  d i f f e r e n t  
opera t i ng fr equen c i e s  

o t h e  r e p e a t a b i l i t y a n d  s t ab i l i ty of the 
s imula tor tran s f e r func t ion . 

A l l  o f  t h e s e  u n c e r t a i n t i e s  h a v e  b e e n  
r e s o l ved . I t  has been demon s tra ted tha t  the 
s im u l a tor as con s tr uc ted can be ad j u s ted for 
ph a s e  and amp l i t ud e  d i f f erenc e s , is usable 
over a w i d e  range o f  f r equen c i e s , is  stable 
a n d  r e p e a tab l e , and i s  amena b l e  to computer 
con tro l .  

Fi gure 2 - 3 8 shows the r e s u l t s  o f  mea s urements 
u s i n g a s p e c t r u m a n a l y z e r  s e t  a t  f o 
8 .  0 G H z ,  2 0  MH z / d i v  h o r i z o n t a l  s c a l e  and 
10 d B / d i v  v e r t i c a l  s ca l e . F i gures 2 - 3 8  ( a ) , 
( b ) , and ( c )  s how the r e s u l t i ng s p e c t r um 
r e s p e c t i v e ly for sw i t ched delay sect ions 1 ,  
5 ,  and 8 s w i t c h e d  i n t o  t h e  i n d i r e c t  path . 
F i g u r e  2 - 3 8  ( d )  s h o w s  t h e  spec trum when a l l  
s w i t c h e d d e l a y  s e c t i o n s  a r e  sw i t c h e d  i n . 
F i g u r e  2 - 3 8  ( e )  s h o w s  a n  ov e r l a y  o f  f o u r  
t r a c e s , e a c h  w i th t h e  same d e l ay , b u t  with 
a t tenua t i on of 0 ,  1 ,  3 ,  and 8 dB in the de lay 
component . 

O n e  can ve r i fy tha t not ch e s  in the spec t r um 
o c c u r  a s  e x p e c t e d  b y  e x a m 1 n 1 n g  
Figur e  2 - 3 8 ( d ) . W i t h  a l l  sw i tches on , there 
i s  a to t a l  delay in the ind i r e c t  pa th of : 

i = 7  
l: ( 0 . 0 7 5 ) 2 i 

i = O  
1 9 . 1 2 5  n s . 

T h e  s p a c i n g  b e t we e n  nu l l s  i s  1/ 1" .  With ' 
e q u a l  to 1 9 . 1 2 5  n s , the nu l l  spac ing should 
be a pp r o x i ma t e l y  5 2  MH z .  Th i s  is rough l y  
apparent in Figure 2 - 3 8 ( d )  where the scale is 
2 0  MH z per d i v i s ion . Th i s  wa s ver i f i ed mor e  
a c c u r a t e ly in t h e  l abor a tory us ing a prec i ­
s i on s i gna l genera tor and a power me ter . 
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F igure 2 - 3 7 .  P hy s i c a l  i mp l eme n t a tion of a swi t c hed delay s e c tion . 

I I I I ' I 
f + 4 0  + 8 0  - 8 0  - 4 0  f + 4 0  + 8 0  - 8 0  - 4 0 f 0 0 0 

T = 0 . 0 7 5  n s  b .  T = l . 2  n s  c .  T=9 . 6  n s  

- o  

d .  T=l 9 . 1 2 5  n s  e . b= 0 , 1 , 3 , 8 dB 

F i gure 2 - 3 8 .  S imulator output a s  d i splayed on a spe c t r um analyzer .  
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A c h i e v a b l e  n o t c h  d e p th w a s  a l s o  v e r i f i e d 
a c c u r a t e l y i n  l a b o r a t o r y  m e a s u r e m e n t s . 
Notch depths o f  6 0  dB were mea s ur ed . 

B e c a u s e  o f  t h e  i n i t i a l  unc e r t a i n t i e s  and 
q u e s t i o n s  a b o u t  s im u l a tor des ign and imp le­
m e n t a t i on , t h e  pr o j e c t  was b r o k e n  i nto the 
f o l low ing pha s e s : 

1 .  d e v e lopment o f  proof - o f - concept proto type 
ha rdware 

2 .  a u t o m a t i o n o f  t h e  s i m u l a t o r  c o n t r o l  
( v i a  a m i n i c om p u t e r ) a n d  b u i l d i n g a 
s e c o n d  c h a n n e l  f o r t e s t i n g  o f  s p a c e  
d i ver s i ty rad i o s  

3 .  e x e r c i s i n g  t h e  s im u l a t o r  w i t h a D RAMA 
( D i g i t a l  Ra d i o  a n d  Mu l t i p l e xer Acqu i s i ­
t ion ) rad i o  

4 .  d e v e l o pm e n t  o f  a j amm i n g  sys tem app l i que 
un i t .  

Phase 1 h a s  been compl e ted . Wor k  on Pha s e s  2 
a n d  3 i s  i n  p r o g r e s s .  P h a s e  4 i s  mo r e  
a p p l i c a b l e  to t h e  p e r f o rmance eva l ua t i on of 
t h e  n e x t  g e n e r a t i o n  ( m i d - 1 9 9 0 ' s ) d i g i t a l  
m i c r o w a v e  r a d i o s  f o r  t h e  Defense Commun i c a ­
t i o n s  S y s t e m ( D C S ) . B e f o r e  a n y  P h a s e  4 
e f f o r t  c a n , o r  s h o u l d , b e  i n i t i a t e d , t h e  
r e s u l t s  o f  p r e v i o u s  e l e c t r on i c  wa r f a r e  (EW ) 
threa t - d e f i ni t ion stud i e s  w i l l  be rev i ewed . 

L i n k  Eng i n e e r i ng S o f t wa r e . I n  moun t a i nous 
t e r r a i n ,  g a i n i n g a c c e s s  and provid ing power 
to a c t i v e  mic rowave repeater s t a t ions can be 
a p r o b l em , e s p e c i a l l y  d u r i ng winter mon th s . 
O f t e n , a s o l u t i o n i s  t h e  u s e  o f  a p a s s i v e  
r e p e a t e r  t h a t  r e qu i r e s  n o  p o w e r  a n d  l i t t l e  
m a i n t e n a n c e . W i th t h e  p a s s i v e  r e p e ater on 
t h e  h i  1 1  t o p , t h e  a c t i v e  r e p e a t e r  may b e  
p l a c e d  n e a r  a n  e x i s t i n g r o a d  n e a r  r e l i a b l e  
p o w e r , a t  a l o w e r  e l e v a t i o n . A l t h o u g h  a 
p a s s i v e  repeater l i nk g en e r a l l y  exh i b i t s  mor e  
p a t h l o s s  than the d i r e c t  l i ne - o f - s i ght l i nk 
( w e r e  s u c h  a l i n k  a v a i l a b l e ) , t h e  l o s s  
v a r i a b i l i ty over the l i nk i s  o f ten l e s s  s i nc e  
b e a m a n g l e s  o f  p e n e t r a t i o n t h r o u g h  a tmo s ­
p h e r i c  layer s a r e  sha r pe r . O ther advan t a g e s  
o f ten ob t a ined us ing pa s s i v e  r e p e a t e r  sys tems 
a r e  a s i g n i f i c ant dec r e a s e  in suscept i b i l i ty 
to inter f e rence and the capab i l i ty of suppor t ­
i n g  w i d e  b c m d w i d t h comp a r ed t o  d i f f r ac t ion , 
s c a t t e r , and e v e n  l i n e - o f - s i g h t  pa th s . The 
r e a s o n s  f o r  t h e s e  a d v a n t a g e s  a r e  the v e r y  
n a r r ow beam angle s ,  the r e s i s tance t o  mul t i ­
p a t h d u e t o  h i g h  p e n e t r a t i o n  a n g l e s ,  a n d  
t h e  f l e x i b i l i ty o f  plac ing terminal s i t e s  in 
low t e r r a i n  u s ing shor t towe r s , thus she l te r ­
i n g  the r e lat ively w i d e - beam t e rminal antennas 
f r om i n t e r f e r ing source s .  

T h e  n e e d  e x i s te d  for an a u toma ted pred i c t i o n  
t e c h n i q u e  t o  e s t i m a t e  t h e  p e r f o r m a n c e  o f  
p a s s i v e  repeater l i n k s . Th i s  need was f i l l ed 
e f f i c i en t l y u s i n g  a d e s k - top computer wi th a 
s e t  o f  i n te r a c t i ve programs that provide the 
d e s i g n  e n g ineer w i t h  f a s t  turnaround pred i c ­
t i o n s  p r e s e n t e d  i n  a r e p o r t - r e a d y  f o r m a t . 
T h e  I n s t i t u t e  began developing such a s e t  of 
p r o g r am s  in F Y  8 4  und e r  a pro j ec t  spon s o r ed 
b y  the USAESE I A .  The s e  programs per form two 
p r i n c i p a l  f u n c t i o n s : ( 1 )  c a l c u l a t e t h e  
o p t i m u m o r i e n t a t i o n  v a l u e s  f o r  p a s s i v e  
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r epeate r s  f rom the Earth geome t r y  and cha rac­
t e r i s t i c s  values o f  the terminal and repeater 
s i t e s ; and ( 2 )  calculate the per formance of 
the l i nk based on the pa s s i ve repea ter s i z e , 
a n t e n n a  g a i n s , o t h e r  e q u i pm ent parame t e r s , 
and a tmosphe r i c  and ter r a i n paramete r s . 

Three repeater types are con s idered : 

0 

0 

0 

s e p a r a t e  i n t e r c o n n e c t e d  p a r a b o l i c  
antennas 

one - p lane r e f l e c to r s  

two - plane r e f l e c tor s . 

T h e  a l g o r i t h m s  a r e  c a p a b l e  o f  a n a l y z i n g  
p e r f o rmance of a pa s s i ve repeater link made 
up of f o u r  l e g s  ( t h r e e  p a s s i v e  r e pe a te r s )  
whe r e  each repeater may b e  o f  any one o f  the 
three r epea ter type s . 

Because repeater l i n k s  are usually made up of 
l i n e - o f - s i g h t  l e g s  w i t h a d e q u a t e  t e r r a i n  
c l earanc e , l i ne - o f - s ight ana ly s i s  i s  used to 
c a l c u l a t e med i an- s i gna l leve l and pa th - lo s s  
v a r i a b i l i t y . T h e  a n a l y s i s  s t r uc t u r e  i s  
d e s i gned such that a n  ord i nary l i n e - o f - s i ght 
l i nk i s  a spec i a l  case o f  repeater analys i s . 
T h i s  g r e a t l y e x p a n d s  t h e  u t i l i t y o f  the 
program set . 

Examp l e s  of some o f  the program ' s outputs are 
s h o w n  i n  F i g u r e s  2 - 3 9  t h r o u g h  2 - 4 2 .  
F i g u r e s  2 - 3 9  a n d  2 - 4 0  a r e  e x a m p l eso f  
d i a g r a m s  p r o v i d i n g  a n t e n n a  and r e f l e c t o r  
i n f o r m a t i o n , w h i c h i s  n e c e s s a r y  t o  t h e  
b u i ld i ng and al i gning o f  repeate r s . I n  order 
to p r e d i c t  the p e r f o rm a n c e  of a l i nk , the 
d i s t r i b u t i on of c a r r i e r - t o - n o i s e  r a t io and 
t h e  s i n g l e  r e c e iver t r ans f e r  cha r a c te r i s t i c  
i s  needed . A n  example of the se two r e l a t i on­
ships i s  shown in F i gures 2 - 4 1 and 2 - 4 2 . 

T h e s e  t e r r es t r i a l  rad i o  l i nk a l gor i thms are 
p r e s e n t l y b e i n g u s e d  to c a l c u l a t e t h e  
p e r f o r m a n c e  o f  c ommun i c a t i on l i n k s  i n  both 
m i l i t a r y  and c i v i l  appl i c a t ions . The l i n e ­
o f - s i gh t  link programs are espec i a l ly use f ul 
f o r  nonm i l i ta r y  app l i c a t i on s . A conven ient 
c a p a b i l i t y  f o r  c o m p a r i n g  p e r f o rm a n c e  of 
p a s s i v e  a n d  a c t i v e  r e pe a t e r  a l t e r n a t i v e s  
l e a d s  to savings i n  both mone y  and spec trum 
w h i l e  m a i n t a i n i n g  o r  e nh a n c i n g the r e l i ­
a b i l i t y a n d  p e r f o r m a n c e  o f  commun i c a t i o n  
s y s t e m s . Th e  m i l i t a r y  app l i c a t ions o f  the 
p r o g r a m s  a r e  e q u a l l y a pp l i c a b l e  to b o t h  
t a c t i c a l  a n d  s t r a t e g i c  sys tems . B e c a u s e  the 
programs run on de s k- top compute r s , they are 
e spec i a l ly u s e f u l  for the Army in the f i e ld . 

The pro j ec t  was comp l e ted early in FY 8 5 . 

D u r i n g  t h e  p a s t  4 y e a r s , I T S h a s  produced 
t h r e e  s e t s  o f  i n t e r a c t i v e  p r o g r a m s  f o r  
USAESE I A .  The s e  programs a r e  used to pred i c t  
t h e  p e r f o r m a n c e  o f  t h r e e  ma j o r t yp e s  o f  
t er r e s t r i a l  rad io transm i s s ion systems . The 
p r o g r a m  s e t s  a r e : WORLD f o r  beyond - t h e ­
h o r i z o n  r a d i o  l i n k s , P OMMP f o r  ma r g i n a l  
l i ne - o f - s i gh t , and ARROWS f o r  l i ne - o f - s ight . 

WORLD was the f i r s t  of the se programs to be 
d e v e loped . It cov e r s  the top i c  o f  Wide band 
O v e r - t h e - h o r i z o n  Rad i o  L i nk �e s i gn .- WORLD 



BHR1 Rece i v i ng Antenna Oat� 
1 .  Pri mary Fr99ency GHz 7. 4000 
2. Pol ar i zati on Verti ca l  
3. Lati tude d/m/s 49 38 ' 08. 0"N 
4. Longi tude d/m/s 7 1 9 '  33. 0"E 
5. Tower Base E l evat i on Above mel m 563. 00 
6. Beam Azimuth To MUL d/m/s 283 1 7 '  60. 0"  
7. Beam Magneti c  Azi muth To MUL d/m/s 288 1 7 ' 60. 0"  
8. Pri mary Beam E l ev Angl e  Toward MUL d/m/e 24 . 1 3. 6"  
9. Pri mary Antenna D i ameter m 3. 00 

1 0. Pri m  Ant Center Ht Above Tower Base m 1 4. 50 
1 1 . D iver Ant Center Ht Above Tower Base m 4. 50 

BHR2 Transmi tting Antenna Data: 
1. Pri mary Fre9ency GHz 7. 4000 
2. Pol ar i zati on Verti ca l  
3. Lati tude d/m/s 49 38 ' 08. 0"N 
4. Longi tude d/m/s 7 1 9 '  33. 0 " E  
5. Tower Base E l evati on Above msl m 563. 00 
6. Beam Azimuth To DON d/m/s 91 1 4 . 24. 3"  
7. Beam Magneti c  Azi muth To DON d/m/s 96 1 4 .  24. 3"  
8. Pri mary Beam E l ev Angl e  Toward DON d/m/s 00 ' 28. 3" 
9. Pri mary Antenna D i ameter m 3. 00 

1 0. Pri m  Ant Center Ht Above Tower Base m 1 4. 50 
1 1 . D i ver Ant Center Ht Above Tower Base m 4. 50 

Figure 2 - 3 9 . Examp l e  p a s s ive repeater conf iguratio n .  
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DONl Receiving Reflector Data: 
1. Reflector Center Latitude d/m/e 49 37 ' 32. 5"N 
� Reflector Center Longitude d/m/e 7 55 ' lB. 7"E 
3.  Tower Baee Elevation Above mel m 685. 88 
4. Beam Azimuth To BHR d/m/e 271 41 ' 33. 8" 
5. Beam Magnetic Azimuth To BHR d/m/e 276 41 ' 33. 8" 
6. Pri•ary Bea. Elev Angle Toward BHR d/m/e - 1 7 '  52. 3" 
7. Reflector Vertical Dimeneion m 12. BB 
8. Reflector Horizontal Dimeneion m 1 5. BB 
9. Reflector Center Ht Above Tower Baee m 7. 88 

l B. Refl ection Surface Normal Azimuth d/m/e 258 48 ' 86. 1 "  
1 1. Reflection Surface Normal Elev Angle  d/mle 8 57 ' 29. 6"  
1� Angle Between NOM!al and Bea11 Center dim/a 22 46 ' 23. 8" 
13. Projected Area •ct m 1 65. 97 

DON2 Receiving Reflector Datm 
1. Reflector Center Latitude d/rn/e 49 37 ' 31. 5"N 
� Reflector Center Longitude dim/a 7 55 ' 89. 1 "E  
3. Tower Ba .. Elevation Above mel m 685. 88 
4. Bee��� Azhruth To HOG d/r�/e 1 15 28 ' 28. 5"  
5. Bee��� Magneti c  Azilruth To HOG dl.le 128 28 ' 28. 5" 
6. Pri.ary Beam Elev Angle  Toward HOG d/r�/e -44 ' 58. 7" 
7. Reflector Vertical Dimeneion Ill 12. 80 
8. Reflector Horizontal Dimeneion m 1 5. 80 
9. Reflector Center Ht Above Tower Baee m 20. 88 

lB. Reflecti on Surface Normal Azimuth d/rn/e 82 57 ' 48. 2 "  
1 1. Refl ecti on Surface Normal E l ev Angl e  d/m/e -18 34 ' 12. 8" 
1� Ang l e  Between Normal and Beam Center d/m/e 33 38 ' 32. 3" 
13. Projected Area eq m 1 49. 85 

Figure 2 - 4 0 .  Examp l e  f l a t  conf iguration . 
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Fraction of T i me that the 

Carri er-to-No i se is Not Exceeded 

Number of Pothe in the Link 
Rain Attenuation Confidence Bond, 
Median Received C/N ot Heidelberg dB 

4 
a. gee 

53. 4 1 5  

....... 

Examp l e  link r ece ived c a r r i e r -to -n o i s e  
d i s tr i b ut ion . 

II � � � � M � 
S i ng l e  Recei ver Carrier-to-Noise Rat i o  (dB) 

Carrier Frequecy GHz 7. 40 
Per Chonn<ol O.vtat!on kHz 1 43. aa 
J.tadton Carrier"-to-Notaa dB 53. 42 
E'l'Jipaont NPR dB 55. 00 
Tcanoooittor FH<ier Echo SIN dB 77. 32 
Roce 1 ver F H<ier Echo SIN dB 76. 32 
Receiver NoiH Ftgure dB 3.00 
NuMber of Voice Channole 600 
H t gh .. t �odu 1 at ion F roqvancy kHz 2460. 00 
IF Bandwi dth kHz 15182. 04 

F i gure 2 - 4 2 . Example equipme n t  t r a n s f e r  
characte r i s t i c  ( FDM/FM ) . 
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i n c o r p o r a t e s  p r o g r a m s  o n  t o p i c s  s u c h  a s  
d i f f r a c t i o n , t r o p o s p h e r i c  s c a t t e r , a n d  
qua d r up l e  diver s i ty per formanc e .  

P O MMP i s  a s e t  o f  programs cove r ing Per form­
a n c e  Of M i x e d - m o d e  M i c r o w a v e  P a th s . I t  i s  
u s e d  to an a l y z e p a t hs w i th marg i nal te r r a i n 
c l e a r ance . Th e ba s i s  for pa th ana lys i s  is an 
a l g o r i t hm f o r  c a l c u l a t i n g t h e  p r o b a b i l i t y 
d i s t r i b u t i o n  o f  t h e  g r a d i e n t  o f  the a tmos­
ph e r i c  index of r e f r a c t ion . 

ARROWS i s  a s e t  o f  p r o g r am s  u s e d  i n  A u t o ­
d e s i g n  f o r  �a d i o  �e p e a  t e r  Q_p t im um W i de band 
� s t ems . I t  is used to pred i c t  the perf orm­
a n c e  o f  l i n k s  comp r i s e d  of a s  many as four 
l i n e - o f - s i g h t  p a t h s . I t  c a l c u l a t e s  r ad i o  
p a t h g e ome t r i e s  and an t e n n a  and r e f l e c t o r  
o r i e n t a t i o n s . I t s  a l g o r i t h m s  p r e d i c t  such 
t h i n g s  as t h e  a t t e n u a t i o n l o s s  d i s t r ibution 
due to h i gh r a i n  rates and mu l ti pa t h .  

B e c a u s e  o f  t h e  c on s t a n t  u p d a t i n g  o f  s t a n ­
d a r d s , e v o l u t i on of the technology , improve­
m e n t s  i n  p a t h  m o d e l i n g , and the ch a n g i n g 
c ommun i c a t i ons requ i r emen t s  o f  the u . s .  Army , 
i t  i s  e s s e n t i a l  t h a t t h e s e  p r o g r a m s  b e  
e n h a n c e d  and k e p t  u p  t o  d a te . Some o f  the 
enhancemen t s , chang e s , and add i t ions tha t are 
needed ar e :  

0 

0 

0 

t h e  a d d i t i o n  o f  
a n c e  a l g o r i t hm 
d i s t o r t i o n i n to 
paths 

a d i g i ta l  l i nk per form­
t h a t  t a k e s  m u l t i p a t h 

account on line - o f - s ight 

p r e pa r a t i 6n o f  u t i l i t y p rograms such as 
one to o b t a in r e f r ac t i v i ty pro f i l e s  from 
me teoro log i c a l  data 

m o d i f i c a t i o n  o f  p r o g r a m s  f o r  m o r e  
conven ient use 

o m o d i f i c a t i o n  o f  o u t p u t s  t o  i m p r o v e  
p r e s enta t i on forma t s . 

The purpo s e  of the f i r s t  i t em i s  to prepare a 
n e w  p r o g r a m  mod u l e  t o  b e  i n c o r po r a t ed into 
A R RO W S . T h i s  mod u l e  w i l l  b e  d e s i g n e d  to 
e s t i m a t e  the p e r f o r m a n c e  of a d i g i t a l  LOS 
l i nk in the presence o f  mul t i pa t h  d i s tor t ion . 
I t  w i l l  b e  d e s i g n e d  to u s e  mul t i path delay 
and f a d i n g  d a t a  for a g iven pa th , d iver s i ty 
c o n f i g u r a t i o n d a t a , and t h e  b i t e r r o r  rate 
s i g n a t u r e  of a p a r t i c u l a r  r a d i o  set in the 
p r e s e n c e  of comb i n a t i o n s  o f  mul t i path de l ay 
a n d  f a d i n g  v a l u e s . T h e  p r o g r a m w i l l  b e  
d e s i g n e d  t o  p e r m i t  w o r k e r s  w i t h  mod e r a t e  
s k i l l  l e v e l s  t o  p e r f o rm t h e  c a l c u l a t i o n s  
n e c e s s a r y  t o  e s t im a t e  wh e t h e r  a pa r t i c u lar 
l i n k w i l l  p e r f o rm at a n  a c c e p t a b l e  l e v e l . 
T h e  m o d e l  w i l l  c o v e r  l i n k s  o p e r a t i n g  a t  
c a r r i e r  frequenc i e s  between l G H z  and 4 0  GH z .  
The pro j ec t  i s  expe c t e d  to be comple ted ear ly 
i n  FY 8 7 . 

T r a n s m i s s i o n S y s t e m M o n i t o r  a n d C o n t r o l  
( T RAMC O N ) . T h e T r a n s m i s s i o n  Mon i t o r  and 

C o n t r o l  S y s t e m i s  b e i n g d e v e l o p e d  a s  a 
m i n i c o m p u t e r - b a s e d  c o m m u n i c a t i o n s y s t e m  
m o n i t o r , t o  b e  u s e d  b y  t h e  D e pa r tme n t  o f  
D e f e n s e  to improve the per formance and reduce 
the o p e r a t i n g  c o s t s  o f  the D i g i ta l  European 
B a c k b o n e  ( D E B ) a n d , p o t e n t i a l l y , o t h e r  
d i g i ta l  rad i o  transm i s s ion s y s tems . Develop ­
m e n t  o f  t h e  s y s t e m  b e g a n  w i t h  an i n i t i a l  

e f f o r t  t o  p r o v i d e  a n  i n t e r i m s y s t e m to 
m o n i t o r  1 3  m i c r o w a v e  s i t e s  i n  t h e  f i r s t  
s t a g e  o f  t h e  D E B  i m p l e m e n t a t i o n . Th i s  
i n t e r im sys tem provi ded f i e ld ope r a to r s  with 
a techn i que to observe and manage a se r i e s  of 
c o mm u n i c a t i o n s  f a c i l i t i e s  f r om a c e n t r a l  
l o c a t i o n . T h i s , i n  t u r n ,  a f f o r d s  t h e  
oppor t un i t y  t o  estab l i s h  a centra l i zed ma in­
t e n a n c e  d i s p a t c h f u n c t i on and , f ur ther , to 
reduce the need for site s ta f f i n g . Each DEB 
i n s ta l l a t i on pha s e  provi ded valuable f eedback 
f r om user s in the f i e l d . Many user sugg e s ­
t i o n s  f o r  imp r o v e m e n t s  in f un c t ions and in 
data pres enta t ion have been incorpora ted into 
TRAMCON s o f tware enhancemen t s . 

T h e  o b j e c t i ve of the current TRAMCON system 
is to mon i tor , collec t , and d i s play data tha t  
r e f l e c t  the ope r a t ional s t a t u s  o f  a d i g i t a l  
r a d i o  t r a n s m i s s i o n s y s t e m . T h e s e  d a t a  
ty p i c a l l y  a r e  s t a t u s  a n d  alarm ind i c a t ions 
d e s i g n e d  into the transm i s s ion system hard­
w a r e , and a n a l o g  and p u l s e  parame t e r s  tha t  
descr ibe transm i s s i on qua l i ty .  

T h e  m a j o r  compon e n t s  of the TRAMCON sys tem 
a r e  a ma s t e r  un i t  ( conta ining a mini compute r ,  
d i s c  s t o r a g e , t a p e  d r i v e , a n d  d i s p l a y  
t e r m i n a l s )  a n d  a r emo t e  un i t .  Th e r emote 
un i t  i s  currently a hard - w i r e d  log i c  sys tem 
c a p a b l e  o f  a c qu i r i n g  c h a n g e s  in two - s t a t e  
i n p u t s , s a mp l i ng ana l o g  v o l t a g e s , counting 
random pulse oc c ur renc e s , and provid ing relay 
con t a c t  clos ure for con tro l .  

The TRAMCON sy s tem is d i v i ded into segment s ,  
each o f  wh ich con s i s t s  of a ser i e s  o f  inter­
c o n n e c t e d , c on t i g uo u s  t r a n sm i s s i on fac i l i ­
t i e s . E a c h  s e g m e n t  c o n t a i n s  a r e mo t e  
mon i to r ing un i t  for each mon i to r ed f ac i l i t y ,  
plus two TRAMCON minicomput e r - b a s e d  ma s te r s , 
u s u a l l y  a t  e a c h  e n d  o f  t h e  s e gm e n t . A 
segment may con s i s t  o f  up to 2 4  r emote un i t s . 

T h e  r e s pons i b i l i ty of the TRAMCON ma s t e r  i s  
t o  c o l l e c t  s t a t u s  and par amet e r  in forma t i on 
f r om a l l  r e m o t e s  w i th i n  i t s  con t r o l ,  to 
a s s embl e  the se respon s e s  into usable d i splays 
f o r  the s y s t em ma n a g e r  using Eng l i s h  te x t ,  
and t o  ma inta i n  a nea r - term h i s tory o f  system 
s t a t u s  and per formanc e .  The r emote un i t  '.i s 
r e s pon s i b l e  for sen s i ng e l ec tr i ca l  par ameter 
c h a n g e s  t h a t  ind i c a t e  the ope r a t i ng param­
e t e r s  o f  a d i g i t a l  m i c r ow a v e  s y s tem a t  a 
l o c a t i o n , f o r m u l a t i n g  tho s e  changes into a 
r e s p o n s e , a n d  t r a n s m i t t i ng th i s  c h a n g ed 
i n forma t i on to the ma ster upon reque s t . 

D u r i n g F Y  8 5 ,  r e v i s i o n s  t o  a n  e a r l i e r  
r e l e a s e d  s o f t w a r e  v e r s i o n  w e r e  m a d e  t o  
i m p l e m e n t i m p r o v e m e n t s  s ug g e s t e d  b y  the 
i n i t i a l  ope r a t ional te s t  and evaluat i on . The 
c o r r e c t e d  v e r s i o n  ( 1 . 6 ) h a s  now und e r g one 
t e s t i n g  a t  t h e  A r m y  t e s t  f a c i l i t y a t  
F t .  Huachuca and is ready for f i e ld t e s t  on 
t h e  F r a n k f u r t  N o r t h / B e r l i n  s e gmen t .  I n  
a d d i t i o n , sev e r a l  enhanceme n t s  we r e  made to 
t h e  s o f tw a r e  to a c c ommo d a t e  a mul t i s egment 
func t ion . Th r e e  ma s t e r  un i ts were instal l ed 
d u r i n g  t h e  y e a r  a t  B e r l i n ,  F e l d b e r g ,  and 
L i nd e r h o f e  i n  Ge rmany . The s e  thr e e  ma s t e r s  
a r e  con f i gured w i th t h e  Vers ion 1 . 6  s o f twa r e , 
w h i c h h a s  b e e n  e x p a n d e d  t o  h a n d l e  t h e  
p a r a m e t e r s  f r o m  a d i g i t a l  t r o p o s c a t t e r  
system . 

1 2 3  



O t h e r  F Y 8 5  e f f o r t s  we r e  f o c u s e d  on devel­
o p i n g more forma l test procedures and plans , 
imp r o v i n g o p e r a tor manua l s , and doc umenting , 
i n  m i l i t a r y  s t a n d a r d  f o rm a t , t h e  T RAMCO N  
s o f t w a r e  d e s i g n . E f f o r t s  h a v e  b e g u n t o  
e x a m i n e t h e  op t i o n s  f o r  a n e x t - g e n e r a t i o n  
ma s t e r  hardware sys tem and t o  reevaluate the 
c r i t e r i a  for intel l i gent r emote uni t s . 

U pd a t e  o f  M I L - S TD - 1 8 8 - 1 0 0 . Th e p r o j e c t  to 
u p d a t e  M I L - STD- 1 8 8 - 10 0  i s  being per formed by 
t h e  I n s t i t u t e  f o r  the D e f en s e  Commun i c a t ion 
A g e n c y ' s  D e f e n s e  Commun i c a t i on s  Eng i ne e r i n g  
Center ( DCEC ) . The purpo s e  o f  t h e  e f f o r t  i s  
t o  prepare an upda ted vers ion of t h e  h i ghe s t ­
l e v e l  m i l i t a r y  c o mm u n i c a t i o n s t a n d a r d  to 
r e p l a c e  t h e  c u r r e n t  v e r s i o n ,  w h i c h  wa s 
i s s ued in June 1 9 7 1 .  Th i s  standard provides 
t h e  ne,t wo r k  i n te roper a b i l i ty and per formance 
r e q u i r e m e n t s  f o r  t h e  e n t i r e  D e f e n s e  
Commun i c a t ions Sys tem . 

T h e  d e v e l o pm e n t  o f  s t a n d a r d s  f o r  m i l i t a r y  
c o m m u n L c a t L o n a s s e t s  i s  g u i d e d b y  t h e  
n e c e s s i t y f o r  e n s u r i n g  t h a t t h e  e q u i pment , 
s u b s y s t e m s , a n d  s y s t e m s  p r o c u r e d  b y  a l l  
b r a n c h e s  o f  the s e r v i c e  i nterope r a te f u l l y ,  
b o t h  e l ectr i c a l ly a n d  in sys tem protoco l , so 
t h a t  c o n t i nu i ty of commun i c a t ion is a s s ured . 
A s e c on d a r y  pur p o s e  o f  t h e  s t a nd a r d s  i s  to 
r e q u i r e  p e r f o r m a n c e  l e v e l s  s u f f i c i e n t  to 
e n s u r e  th a t  the i n t e r c o n ne c t ed netwo r k  wi l l  
p r o v i d e  s a t i s f a c t o r y  e nd - t o - e n d  q ua l i t y to 
u s er s .  

A l t h o u g h  t h e  s t a t e o f  the a r t  in commun i c a ­
t i o n  s y s t e m  e n g i n e e r i n g  h a s  a d v a n c e d  t o  
i n c l ud e  d i g i t a l  m i c r o w a v e  and t r o p o s c a t t er 
rad i o  transmi s s ion , opt i c a l  f i be r  cab le s ,  and 
m i c r o p r o c e s s o r - c o n t r o l l e d  c omm u n i c a t i o n  
t e r m i n a l s , t h e  b a s i c  p r o b l em o f  e n s u r i n g  
i n t e r o pe r a b i l i t y a t  the comm un i c a t i on s ub­
s y s t e m i n t e r f a c e s  i s  l i t t l e  c h a n g e d  f r om 
1 5  y e a r s  a g o . F u r t h e rmore , the mos t  common 
a n d  mo s t  i m p o r t a n t  t r a f f i c  i s  s t i l l the 
t r a n s m i s s i o n  o f  h u m a n  v o i c e  s i g n a l s  i n  
e l e c t r i c a l  f o rm , wh e t h e r  analog o r  d i g i ta l . 
T h e s e  f a c t o r s  s u g g e s t  tha t the scope o f  the 
s tandard , as we l l  as many of the values stan­
d a r d i zed , may rema in unchanged in the 1 9 8 5 - 8 6  
r ev i s ion and for some time to come . 

D u r i n g F Y  8 5 ,  t h e  t e c h n i c a l  p a r t s  o f  the 
s t a n d a r d  we r e  comp l e t e d  i n  d r a f t  f o r m  and 
we r e  s ubmi t ted to the spon sor for con s idera­
t i o n  by a s t a n d a rds wor k ing group . Mo s t  o f  
t h e  s e c t i on s  we r e  r e v i e wed by t h e  wor k i ng 
g r o u p  and t h e i r  c omme n t s  we r e  r e f l e c ted in 
the prepa r a t i on o f  final d r a f t  sec t i on s . The 
wo r k ing group is expe c ted to mee t early ne xt 
y e a r  to rev i ew the comp l e ted doc ument . Once 
t h e i r  f i n a l  c o mm e n t s  are i n c o r po r a t e d , a 
c o o r d i n a t i o n d r a f t  o f  t h e  rev i sed standard , 
to b e  d e s i g n a t e d  M I L - S TD - 1 8 8 - l O O A ,  w i l l  be 
d i s s em i n a ted for con s iderat ion by the ent i r e  
m i l i ta r y  commun i c a t ion eng ineer ing commun ity . 
T h e  a p p r o v e d  s t a n d a r d  s h o u l d  p r o v i d e  th a t  
commun i t y  w i t h a com p r e h e n s i v e , u p - t o - d a te 
f r amewo r k  for commun i c a t i on sys tem pl ann i ng . 

U pd a t e  o f  FED - S TD - 1 0 3 7 , G lo s sary o f  Telecom­
mun i c a t i on Te rms . Deregul a t ion , d i ve s t i ture , 
a n d  a r a p i d l y  d e v e l o p i n g c o mm u n i c a t i o n s  
t e c h n o l o g y  h a v e  b r o u g h t  a b o u t  s i g n i f i c a n t  
g r owth in t h e  number and k i nd s  o f  equipment , 
s e r v i ce featur e s , and transm i s s ion f ac i l i t i e s  
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a v a i l a b l e  i n  the telecommun i c a t i on s  mar k e t ­
p l a c e . A s  t h e  t e c h no lo gy has e xpanded , s o  
has t h e  language tha t descr ibes i t . 

In the spec i a l i z ed vocabul a r y  tha t sprang up , 
s om e  wo r d s  w e r e  bor r ow e d  f r e e l y  f r om t h e  
d i s c i p l i n e s  o f  p h y s i c s  and c ommun i c a t i o n s  
e n g i n e e r i n g , w h i l e  o t h e r s  w e r e  c o i n e d  
ind epend ent l y .  I n  th i s  proce s s ,  i ne v i tably , 
s o m e  a m b i g u i t y  and impr e c i s i o n  r e s u l t e d . 
Mor e  s i g n i f i can t l y , some terms have been used 
to spec i f y  a produc t - - and a r e  beg i nn i n g  to be 
accepted by manu f ac turers and user s - - but are 
not accurate descr i ptor s beyond rather nar row 
l im i t s . 

The a b s e n c e  o f  a p r e c i s e , c ommon l a nguage 
among r e s e a r c h e r s , manu f a c t u r e r s , s y s t e m s  
d e s i g n e r s  , a n d  u s e r s  i s  a h i n d r a n c e  t o  
e f f e c t i v e t e c hnology deve lopmen t a n d  imp l e ­
m e n t a t i o n . T h e n e e d  f o r  s u c h  a c ommon 
l a n g u a g e  h a s  b e c om e  p r o n ounced as nume rous 
stand a r d s  wor ki ng groups , i n  both Gove rnment 
and the pr ivate sector , have become engaged 
i n  p r e p a r a t i o n o f  p e r f o r m a n c e  s t a n d a r d s  
cove r i ng components and systems . 

The I n s t i tute for Telecommun i c a t ion S c i en c e s  
con tr ibuted sub s tan t i a l ly t o  t h e  f ul f i l lment 
of t h i s  need in FY 8 5  through par t i c ipat ion 
i n  t h e  d e v e l o pm e n t  o f  t h e  " G l o s s a r y  o f  
T e l e c o mm u n i c a t i o n T e rms , "  FED - S TD - 1 0 3 7 A .  
Th i s  stand a r d , an upda t e  o f  Fede r a l  S tandard 
1 0 3 7 , is a compend i um o f  terms , d e f i n i t ions , 
c r o s s - r e f e r e n c e s , s y n o n ym s , a n d  a c r on yms 
cover ing all aspects o f  modern telecommun i ca ­
tions . I t  d e f i n e s  mor e  than 5 , 0 0 0  techn i ca l  
t e l ecommun i c a t ion terms i n  language tha t can 
b e  un d e r s tood by s c i ent i s t s and lay per sons 
a l i k e . The dra f t  vers ion i s  over 3 0 0  pages 
long . 

The r e v i s e d  F e d e r a l  S tandard w i l l  a id both 
Go v e r nm e n t  and private sector organ i z a t i ons 
in telecommun i c a t ion procurement by d e f i n ing 
ser v i ce feature s ,  transmi s s ion proc e s s e s , and 
o t h e r  p a r ame t e r s  of i n t e r e s t  in g e n e r i c ,  
produc t - i ndependent terms . Exten s i ve c r o s s ­
r e f e r e n c e s  a r e  provided to a s s i s t  t h e  buyer 
who knows a s e r v i c e  or p r o d u c t  on l y  b y  a 
p a r t i c u l a r  propr ietary name , but who w i s h e s  
t o  co n s i d e r  compe t i t i v e  a l te r n a t i v e s  i n  a 
f u n c t i o n a l p r o c u r eme n t . Th i s  feature wi l l  
a l s o a i d  d e s i g n e r s  and p u r c h a s e r s  who a r e  
i n t e r e s t e d  i n  r e t r o f i t s  a nd i n t e r o pe r a ­
b i l i t y .  

F e d e r a l  S t a n d a r d  1 0 3 7 A w i l l  p r o v i d e  t h e  
nuc l e u s  o f  a c ommo n l y  a g r e ed- upon language 
f o r  t h e  M I L - S T D - 1 8 8 - 1 0 0  s e r i e s  a n d  t h e  
FED - S TD - 1 0 0 0  ser i es standard s .  I n  add i t ion , 
s i nce 1 0 3 7A i nc ludes f i ber-opt i c s  terminology 
and d e f i n i t i o n s  as we l l  a s  some terms f r om 
o t h e r  new technolog i e s , i t  w i l l  a s s i s t  such 
i n t e r n a t i on a l  s tanda r d s  groups a s  the J o i n t  
CC I TT/ IEC Wor k i ng Group " 0 . "  

F e d e r a l  S t a n d a r d  1 0 3 7 A c u lm i n a t e s  o v e r  1 0  
y e a r s  o f  I TS wor k  in t h e  pr e c i s e  d e f i n i t ion 
o f  telecommun i c a t ion terms . The i n i t i a l  d a t a  
b a s e  f o r  th e g l o s s a r y  wa s MIL- STD- 1 8 8 - 1 2 0 , 
"Mi l i ta r y  Communicat i on S tand a rd : Terms and 
D e f i n i t ions , "  ed i ted by I TS and pub l i shed in 
1 9 7 5 . Th i s  po r t i o n  of t h e  v o c a b u l a r y  wa s 
e x t e n s i v e l y  r e v i e w e d  and upd a t e d by D O D  
a g e n c i e s  t o  k e e p  a b r e a s t  o f  a d v a n c i n g 



t e c h n o l o g y  a n d  c o n t i n u i n g r e v i s i o n s  o f  the 
M I L - S TD - 1 8 8 - 1 0 0  s e r i e s  d e a l i ng w i t h  tac t i c a l  
a nd l o n g - h a u l  c omm u n i c a t i on s . T h e  rev i s ion 
o f  M I L - S T D - 1 8 8 - 1 2 0 , a g a i n  e d i t e d  by I TS , 
became FED - STD- 1 0 3 7 . Th i s  g l o s s a r y  con t a i ned 
more than 2 , 0 0 0  t e rms , a l a r g e r  number o f  the 
a d d i t i o n s c orn i n g  from the 7 0 0  new terms and 
d e f i n i t i on s  sugg e s ted by the Federal  sec tor . 
Many we r e  d r awn f r om evolving Federal  perform­
a n c e  s t a n d a r d s  s uc h  a s  F ED - S TD - 1 0 3 3 , a l s o 
d e v e l o p e d  b y  I TS .  Th e 1 0 3 7  g l o s s a r y  wa s 
p ub l i s h e d  i n  1 9 8 0 . D e v e l o pme n t  o f  Federal  
S t a n d a r d s  1 0 3 7  a nd 1 0 3 7 A w a s f u nded by the 
N a t i o n a l  Commun i c a t i o n s  Sys t em and the U . S .  
A r my Commun i c a t i o n s  Comm a n d / C omm u n i c a t i o n s  
E l e c t r o n i c s  E n g i n e e r i n g I n s t a l l a t ion Agency 
( U S AC C / C EE I A ) , now t h e  U S A I S E S A , U . S .  Army 
I n f o r m a t i o n  S y s t e m s  E n g i n e e r i n g S u p p o r t  
Ac t i v i ty . 

T h e  mo s t  recent r ev i s ion of FED - STD - 1 0 3 7  was 
b e g u n  i n  e a r l y  1 9 8 4 . A s c o r e  o f  DOD and 
c i v i l  F e d e r a l  a g e n c i e s  s u bm i t te d  mo r e  than 
3 , 0 0 0  new t e rms a n d  d e f i n i t i ons for con s i d ­
e r a t i o n by t h e  FE D - S TD - 1 0 3 7 A  wor k i ng g roup . 
I n  f i v e  w o r k i n g g r o u p  m e e t i n g s  a n d  t w o  
r e s o l u t i o n  m e e t i n g s , p a r t i c i p a t i n g  agenc i e s  
s c r e e n e d , d e v e l o p e d , a n d  c oo r d i n a t e d n ew 
d e f i n i t i on s  and upd a ted many of the e x i s t i ng 
1 0 3 7  d e f i n i t i o n s  a n d  c r o s s - r e ference s . The 
r e v i s e d  document i nc l ud e s  key terms from the 
i n c r e a s i ng ly impo r t a n t  v e r n a c u l a r  of I n t e ­
g r a t e d  S e r v i c e s D i g i t a l  N e t wo r k s  ( I S D N ' s ) , 

l o c a l - a r e a  n e t w o r k s  ( LA N ' s ) , a n d  f i b e r  
opt i c s . The latter terms and d e f i n i t ions are 
t a ken largely f r om two N T I A- deve loped optica l 
c omm u n i c a t i on s  g l o s s a r i e s : NT I A  S p e c i a l  
P ub l i ca t ion 7 9 - 4 ,  "Op t i c a l  Waveguide Commun i ­
c a t i o n s  G l o s s a r y "  ( pub l i shed in 1 9 7 9 ) , and 
N B S  H a n d b o o k  1 4 0 ( o f  t h e  s a m e  t i t l e , 
p u b l i shed j o in t l y  by NTIA and NBS i n  1 9 8 2 ) . 
The l a t t e r  g lo s s a r y  has s i nc e  been pub l i shed 
a s  a s t a n d - a l o n e  d i c t i o n a r y  ( I EEE ' 8 2 )  by 
t h e  I n s t i t u t e  o f  E l e c t r i c a l  and Elec tronic 
Enginee r s . The evo l u t i on of FED - STD - 1 0 3 7 A  i s  
i l l us t r a ted i n  F igure 2 - 4 3 . 

A s  F i s c a l  Year 1 9 8 6  begins , the f i n a l  d r a f t  
o f  FED - S T D - 1 0 3 7 A  i s  i n  prepara t i o n . I t  i s  
schedu l e d  f o r  rev i ew b y  t h e  Feder a l  Telecom­
m u n i c a t i o n s  S ta nd a r d s  Comm i t t e e  in Dec ember 
1 9 8 5 . P ub l i c a t i o n  i s  s c h e d u l e d  f o r  ear ly 
1 9 8 6 .  

I n  a dd i t ion to dev e loping mos t  of the f i ber 
op t i c s  d e f i n i t i ons , I n s t i t u t e  personnel wer e  
r e spon s i b l e  for in teg r a t i ng a l l  commen t s  from 
t h e  wo r k i n g g r o u p  and r e s o l u t i on me e t i n g s  
i nto a f i n a l  data base . A n  I n s t i t ut e  s t a f f  
m emb e r  a c t e d  a s  ove r a l l  doc ument ed i tor and 
r e c o r d e d  a l l  of the comments o f  a l l  of the 
a g e n c i e s  a n d  g r ou p s  r e p r e s e n t e d . The I TS 
wor k  was funded by the U . S .  Army I n fo rma t i on 
Sys tems Eng inee r i ng S uppor t Ac t i v i ty ,  who has 
ma i ntenance a u thor i ty for the standard . 

MIL-STD-188-120 
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Communicat ions 
( 1 9 7  5 )  
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( 1 9 8 5 )  FED-STD-1037 
Glossary of 

Telecommunicat ion 
Terms 
( 1 9 8 0 )  

NTIA- 79-4 
Optical 

Communicat ions 
Glossary 

( 1 9 7 9 )  

N B S  Handbook 1 4 0  
Optical 

Communications 

- (Pub . j o intly 
with NTIA) 

Comment s ,  Terms , 
Definitions from 

( 1 9 8 2 )  

DOD, DOC, DOT, 
FEMA, NCS , NSA, 

IEEE STD-812 GSA, e t  a l .  
Fiber Optics 
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"- ·  Glossary o f  
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ANNEX I 
ITS PROJECTS FOR FISCAL YEAR 198 5  

ORGANIZED BY DEPARTMENT AND AGENCY 

Title Leader 

COMMERCE, DEPARTMENT OF 

National Telecommunications and Information 
Administration (NTIA) 

Page 

85/88 Space WARC Support Jennings 77 
Advanced Satellite Communication 

Technology Study Jennings 79 
AM Moni toring Studies Rush 58 
Data Communications Seitz 82 
HF Broadcasting - WARC Rush 50 
International Standards Seitz 100 
ISDN Technical Linfield 72 
Millimeter Wave Modeling and Experi-

mental Data Acquisition Espeland 24 
RSMS Engineering Enhancements Matheson 11 
RSMS Operations Matheson 15 
Spectrum Effici ency Studies Berry 3 
Spectrum Engineering Models Berry 3 
Spectrum Resource Assessments Grant 9 
TSC Support Berry 3 
VHF/UHF Propagation Studies Haakinson 41 

National Bureau of Standards (NBS ) 

F-15 Maintenance Consulting 
Comparative Measurements/ACSB & EM 

DEFENSE, DEPARTMENT OF 

DoD Consulting 
FOF2 Solar Cycle Predictions 
MF S ignal & Noise Measurements 
Pulse Distortion Study - II 
TOOA Support 
VLF-HF Propagation 
Wide Area Propagation Model Devel .  

Matheson 
Kissick 

Spaulding 
Rush 
Layton 
Vogler 
Rush 
Adams 
Thompson 

Air Force Systems Command (ESD) 

AFGL/LYT Refractometer - Consult 
TRAMCON 8 5  

Marler 
Skerjanec 

Air Force Mi scellaneous 

AN/MSR-T4 Receiver System 
Network Model & S imulation 

Beery 
Nesenbergs 

24 
75 

5 
44 
18 
81 
45 
44 
39 

24 
123 

24 
64 

Title Leader 
Army Electronics (EPG) 

CATR Conf iguration Study 
SLF/RF Studies 
SLF/NDF Studies 
Spread Spectrum Communication Tests 

Morrison 
Austin 
Austin 
Morrison 

Army Electronics (ESEIA) 

Enhance/Radio Link Performance 
Algorithm 

Korean Line-of-Sight Tests 

Army ( ISC) 

EW S imulator Des ign 

Hause 
Hubbard 

Morri son 

Army Research Office (ARO) 

Mill imeter Wave Laboratory Studies Liebe 

Defense Communications Systems (Army) 

Access Area Engineering Services Linfield 
LOS Channel S imulator Development Hoffmeyer 

Defense Communications Agency (DCA) 

O&M Eng ineeri ng  Services/NCB 
R&D Engineering Services/NCB 
Revise Mil-Std-18 8-100 

Hull 
Hull 
Farrow 

Naval Electronic Systems Command (NESC) 

NSG Detection Spaulding 

Naval Ocean Systems Center (NOSC) 

Systems Engineering/Meteor Burst 
Communication Pomper 

Naval Research Laboratory (NRL) 

NRL S ite Survey Consultation 

U . S .  INFORMATION AGENCY (USIA) 

IONOCAP Summary Program 
MF Ground Wave Model 
VOA Interact MF Interference 

Matheson 

Haak inson 
DeMinco 
Washburn 

Page 

58 , 59 
82  
82 
60 

119 
112 

59 

32 

64 
114 

69-71 
69-71 

124 

5 

n 

19 

45 
57 
57 

Army (AIRMICS) 

Communications Support Study Morrison 6 0  NATIONAL AERONAUTICS AND SPACE ADMINISTRATION (NASA) 

Army Communications (CEEIA) 

Army HF Propagation Study 
Auto Pass Repeater Link Engineeri ng  
HF Ground-wave Model 
Revision of Fed-Std 1037 

Teters 
Hause 
DeMinco 
Hoffmeyer 

Army Communications-Electronics Command 
(CENCOMS) 

Millimeter Wave Propagation Studies 
Wideband Consultation 

Violette 
Adams 

Army Communications Systems Agency (CSA) 

Angle Divers ity Measurements Hubbard 

44 
119 

54 
124 

37 
44 

112 

Jet Propuls ion Laboratory 

MSAT-X Mult ipath Study Hubbard 114 

TRANSPORTATION, DEPARTMENT OF (DoT) 

Federal Aviation Administration (FAA) 

Air Navigation Aids Johnson 41 

U . S .  Coast Guard (USCG) 

Consulting USCG Adams 45 
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ANNEX I I  

ITS PUB L I CAT I ONS FOR F I S CAL YEAR 1 9 8 5  

Adam s ,  J .  E .  , 
Commun i ca t i on 
C o a s t  G u a r d  
S y s t em i n  the 
8 5- 1 7 6 ,  June , 
PB 8 5 - 2 4 5 8 5 0 ) . 

and K .  H .  Cavcey ( 1 9 8 5 ) , 
probabi 1 i  ty f o r  the u . s .  
D i g i ta l  S e l e c t i ve Ca l l i n g  
No r th At l a n t i c ,  NT I A  Rep o r t  
1 0 2  pp . ( NT I S  O r d e r  No . 

C e r n i , D .  M .  ( 1 9 8 4 ) , S t anda r d s  i n  proces s :  
Found a t i ons and p r o f i l e s  o f  I SDN and O S I 
s tud i e s ,  NT IA Repo r t  8 4 - 1 7 0 ,  De c ember , 
2 6 4  pp . ( NT I S  O r d e r  No . PB 8 5- 1 6 5 0 4 1 ) . 

C e r n i , D .  M .  ( 1 9 8 5 ) , The 
o r gan i z a t i on f o r  the CC I TT ,  
Mag . �' No . 1 ,  pp . 3 8 - 4 2 .  

Un i te d  
I E EE 

S ta t e s  
Commun . 

Ch i l t on , C .  J . ,  K .  Nebb i a ,  and W .  B .  G r ant 
( 1 9 8 5 ) , Spect rum r e s ou r c e  a s s e s sment o f  the 
f i xed and mob i l e s e r v i ces i n  the 9 4 7 -
1 7 , 0 0 0  MH z ba nd--Ph a s e  I I , NT I A  Rep o r t  
8 5- 1 7 9 , S ep t emb e r ,  9 0  p p .  ( NT I S  o r d e r  
numb e r  n o t  yet ava i labl e ) . 

C r ow ,  E .  L . , and N .  B .  S e i t z ( 1 9 8 5 ) , F i t t i ng a 
b l ock e r r o r  proba b i l i ty curve w i th a two­
p a r ameter mode l ,  P r o c .  I SDN N e two r k s  f o r  
the F u t u r e  8 5 ,  Atlant i c  C i ty ,  NJ , M a y  8 - 1 0 . 

D a v i e s , K . , and C .  M .  Ru s h  ( 1 9 8 5 ) , H i gh ­
f r equency ray p a t h s  i n  i onosph e r i c  l aye r s  
w i th ho r i zontal g r a d i e n t s , Rad i o  S c i . 2 0 ,  
No . 1 ,  January-Februa r y , pp . 9 5 - 1 1 0 .  

--

Du t t on ,  E .  J . ,  and H .  T .  Doughe r ty ( 1 9 8 4 ) , A 
s e cond mod e l i ng app r oach to yea r - t o-year 
r a i n f a l l  va r i a b i l i ty i n  the u . s . A .  f o r  
m i c r owave/m i l l imeter wave appl i ca t i on s , 
I E E E  Trans . Commu n .  21_, N o .  1 0 ,  Octobe r ,  
pp . 1 1 4 5 - 1 1 4 8 . 

D u t t o n ,  E .  J . ,  and F .  K .  S t e e l e  ( 1 9 8 4 ) , S ome 
f u r th e r  a spects of the i n f luence o f  
r a i n d r op - s i z e d i s t r i bu t i on s  o n  mi l l i m e t e r -
w a v e  p r opaga t i on ,  N T I A  Repo r t  8 4 - 1 6 9 ,  
D ecemb e r , 3 3  pp . ( N T I S  O r d e r  No . 
PB 8 5- 1 6 8 3 3 4 ) . 

G l en , D .  v .  ( 1 9 8 5 ) , Loca l network a s s e s sment , 
NTIA Repo r t  8 5 - 1 7 4 ,  Ap r i l ,  1 3 6  p p .  ( NT I S  
O r d e r  No . P B  8 5 - 2 1 7 8 8 3 ) . 

G r a n t , W .  B . ,  and C .  J .  Ch i l t on ( 1 9 8 4 ) , 
Spect r um r e s o u r c e  a s s e s sment of the f i xed 
and mob i l e  s e r v i ce s  in the · 9 4 7 - 1 7 , 7 0 0 MH z 
band , NTIA Repo r t  8 4 - 1 6 1 ,  S e p t emb e r , 
3 7 8  pp . ( NT I S  O r d e r  No . PB 8 5 - 1 2 8 2 8 8 ) .  

G r a n t , w .  B . ,  and R .  E .  Thomp son ( 1 9 8 5 ) , An 
a s s e s sment o f  the f u tu r e  o f  Trave l e r s ' 
I n f o rma t i on S t a t i ons , NT I A  Rep o r t  8 5 - 1 7 8 ,  
S ep t emb e r , 1 1 6  p p .  ( NT I S  o r d e r  number not 
yet ava i l a b l e ) .  

Harma n ,  J .  M . , and R .  D .  Jenn i ng s  ( 1 9 8 4 ) , 
E a r th s ta t i on antenna s i de l ob e  
cha r a c t e r i s t i c s ,  NTIA Repo r t  8 4 - 1 6 4 ,  
Decemb e r , 5 4  pp . ( NT I S O r d e r  No . 
PB 8 5 - 1 6 4 9 8 6 ) . 

Hof fmeye r ,  J .  A . , and W .  J .  Har tman ( 1 9 8 4 ) , 
LOS mi c r owave channel s i mu l a t i on--A survey 
of mode l s , r ea l i z a t i on s ,  and new concepts , 
AGARD C o n f e r ence P r oceed i n g s  N o .  3 6 3 ,  
pp . 2 2- 1  - 2 2 - 1 7 . 

Hubbard , R .  w .  ( 1 9 8 4 ) , A r ev i ew o f  a tmo sphe r i c  
mu l t i pa th mea s u r emen t s  and d i g i ta l  system 
p e r f o rmanc e , AGARD Co n f e r ence P r oceed i ng s  
No . 3 6 3 ,  pp . 1 0 - 1  - 1 0 - 1 8 . 

Huf f o r d , G .  A . , and D .  R. Eba ugh , Jr . ( 1 9 8 5 ) , 
A s tudy o f  i n t e r f e rence f i e l ds i n  a duc t i ng 
env i r onmen t ,  NT IA Repo r t  8 5 - 1 7 7 , June , 
4 8  pp . ( NT I S Order No . PB 8 5 - 2 4 2 9 9 8 ) .  

Hul l ,  J .  A .  ( 1 9 8 5 ) , H i gh data r a t e  f i ber opt i c  
LAN s , T e l ephone Eng ineer & Mana geme n t ,  
June 1 5 , p .  7 4 . 

L i ebe , H .  J .  ( 1 9 8 5 ) , An upd ated mod e l  for 
m i l l i me t e r -wave p r opa g a t i on in m o i s t  a i r ,  
Rad i o  S c i . 2 0 , No . 5 ,  Septembe r - Octobe r , 
pp . 1 0 6 9 - 1 0 8 � 

L i ebe , H .  J .  1 K .  C .  Al len , G .  R .  Hand , R .  H .  
E spe l and , and E .  J .  V i o l e t t e  ( 1 9 8 5 ) , 
M i l l imeter -wave propaga t i on in mo i s t  a i r :  
Model v e r s u s  p a th data , NTIA Repo r t  8 5 - 1 7 1 ,  
M a r ch , 6 2  pp . ( NT I S  Order No . PB 8 5 - 2 0 8 7 0 0 ) . 

M i l e s ,  M .  J . , and N .  B .  S e i t z  ( 1 9 8 5 ) , Te s t i ng 
n e twork p e r f o rmance : A sta t i s t i ca l  analy­
s i s ,  Data Commu n . , McGraw-H i l l ,  In c . , June . 

M i d d l e t o n ,  D .  ( 1 9 8 4 ) , P r ed i c t i ng the e f fects  
o f  non-Ga u s s i an i n t e r f e r ence i n  HF b r oad­
c a s t i ng :  I .  A method o l ogy f o r  an ana l y t i � 
appr o a ch , NT IA Con t r a c t o r  Rep o r t  8 4 - 3 0 , 
Novembe r ,  5 8  pp . ( NT I S  Order No . 
PB 8 5 - 1 7 1 5 4 4 ) . 

M i dd l e ton , D .  ( 1 9 8 5 ) , E f f e c t s  of na r r ow-band 
f i l te r s  on the ou tpu t enve l opes and ph ases 
of j o i n t  AM- FM inpu t s : An ana ly t i ca l  
extens i on o f  the Bed r o s i an-R i c e  f o rmu l a ­
t i on , NT I A  Cont r a c t o r  Repo r t  8 5- 3 4 , Apr i l ,  
2 0  pp . ( NT I S  Order No . PB 8 5 - 2 1 6 0 6 7 ) .  

Spauld i n g , A .  D . , and J .  s .  Wa shburn ( 1 9 8 5 ) , 
Atmo sph e r i c  r ad i o  no i s e :  Worldwide l e v e l s  
and other cha r a c t e r i s t i c s ,  NT I A  Rep o r t  
8 5- 1 7 3 ,  Ap r i l ,  1 9 2  pp . ( NT I S  O r d e r  No . 
PB 8 5 - 2 1 2 9 4 2 ) . 

Thompson , R .  E . , w .  B .  Grant , and J .  C .  
C a r r o l l  ( 1 9 8 5 ) , Spectrum r e s ou r c e  a s s e s s ­
ment o f  t h e  1 6 0 5 - 2 0 0 0  kHz band , NT IA Repo r t  
8 5 - 1 7 5 ,  Apr i l ,  1 1 8  pp . ( N T I S  Order No . 
PB 8 5 - 2 2 5 0 7 6 ) .  

Vo g l e r , L .  E .  ( 1 9 8 4 ) , Imp u l s e  r e sponse fo2 
i o no sphe r i c  r e f l ec t i o n w i th a s e ch 
p r o f i l e ,  Rad i o  S c i . 1 9 , No . 6 ,  No vemb e r ­
Decembe r ,  pp . 1 5 4 3 - 1 5 � 

Vog l e r , L .  E .  ( 1 9 8 5 ) , Rad i o  wave d i f f ra c t i on 
by a r ounded obsta c l e ,  Rad i o  S c i . 2 0 ,  
No . 3 ,  May-Jun e , pp . 5 8 2 - 5 9 0 .  
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ANNEX I I I  

GENE RAL AND H I S TO R ICAL I NFORMA T I ON OF I T S  

The I n s t i tu t e  f o r  T e l e c ommun i c a t i on S c i ences 
( I T S ) , l a rge s t  compo nent o f  the Na t i onal 
Telec ommun i c a t i o ns a nd I n f o rma t i o n Admi n i s t r a­
t i o n ,  i s  located at the Boulder  Labora tor i e s  
o f  th e Depa r tment o f  C omme r c e  and h a s  ( a s o f  
S ep t . 3 0 ,  1 9 8 5 )  a fu l l - t ime pe rmanent s t a f f  o f  
9 4  a n d  other s ta f f  o f  2 6 .  In F Y  1 9 8 5 ,  i t s  
suppo r t  cons i s ted o f  $ 3 . 5  m i l l i o n  o f  d i rect 
fund i ng f r om comme r c e  and $ 4 . 7  m i l l i on i n  work 
spo n s o r ed by other Fede ral agenc i es .  

The Boulder  Labo r a t o r i e s  i nc l ud e  r e s e a r ch and 
e ng i ne e r i ng c ompo nents o f  the Na t i onal Bureau 
of S t anda r d s .  the Na t i on a l  Ocea n i c  and 
Atmo spher i c  Adm i n i s t r a t i o n , a nd th e Nat i onal 
Telecommun i ca t i o ns a nd I n f o rma t i on Adm i n i ­
s t r a t i o n .  Commo n admi n i s t r a t i v e  serv i c e s  a r e  
pr ov i d ed b y  t h e  Mounta i n  Admi n i s t r a t i v e  
Suppo r t  Cen t e r . The Rad i o  Bu i l d i ng , wh i ch 
h ou s e s  I T S ,  i s  on the U . S .  Depa r tment o f  
Comme r c e  campus a t  3 2 5  B r oadway . 

The f o l l owi ng br i e f  h i s t o ry shows the 
I n s t i tu t e ' s  beg i nn i ng s . The Rad i o  S e c t i o n  o f  
t h e  N a t i onal Bureau o f  S ta nd a r d s  w a s  f ounded 
p r i o r  to Wo r l d  Wa r I a nd played a ma j o r  r o l e  
i n  the evo l ut i on o f  o u r  unde r s tand i ng o f  r ad i o  
p r op ag a t i o n .  Dr . J .  H .  De l l i ng e r , i t s  
d i r e c t o r  f o r  mo s t  o f  t h e  pe r i od pr i or t o  World 
Wa r I I ,  wa s s t r o ng ly con v i  need of the 
impo r ta nc e  o f  r e s e a r ch a nd g a ve it  pract i c a l  
appl i c a t i on as f i r s t  ch a i rma n  o f  t h e  S tudy 
Gr oup on I o nosph e r e  P r opagat i o n i n  the CC I R .  

Dur i ng wor ld wa r I I ,  the I n t e r s e rv i c e Rad i o  
Propaga t i o n  Lab o r a t o ry ( I RP L )  was o r g a n i zed a t  
the Na t i onal Bureau o f  S t and a rds , und e r  the 
d i r e c t i o n  o f  Dr . De l l i nge r . H i s  g r oup 
p r o v i d ed a common focus f o r  m i l i t a ry need s i n  
pr opaga t i on d ur i ng the war . I n  1 9 4 6 ,  the 
Cen t r a l  Rad i o  P r opag a t i o n Laboratory ( C RPL)  
wa s e s t ab l i s h ed , and in i t s e a r l y yea r s  had 
d i r e c t  t i e s wi th the Defense Depa r tmen t ;  for 
exampl e ,  s e n i o r  o f f i c i a l s  o f  DoD would appea r 
befo r e  Cong r e s s  to def e nd the CRPL budge t .  I n  
1 9 4  9 ,  Cong r e s s i onal conce r n  f o r  t h e  vulne r ­
abi l i ty o f  Government labo r a t o r i es located i n  
wa sh i ngton , DC , a nd t h e  c r owd i ng o f  t h e  NBS 
Conne c t i c ut Avenue campus made it ad v i s ab l e  
for t h e  r ad i o  r e s e a r ch work to be taken 
e l s ewh e r e . 

Th r e e  s i te s , one i n  Cal i f o r n i a ,  one i n  
C o l o r ad o , a nd o n e  i n  I l l i no i s ,  we re cons i d ­
e r ed , a n d  Boulde r , C o l o r ad o , wa s selected . 
The f i r s t  gr oup fr om C RPL , wh i ch at th at t ime 
i nc l uded r ad i o  s tanda rds wo rk , moved to 
Col o r ad o  in 1 9 5 1 ,  a nd the move was c ompl e ted 
in 1 9 5 4 , dur i ng wh i ch year P r e s ident 
E i senhowe r d ed ica t ed the NBS Rad i o  Bu i l d i ng .  
The Rad i o  S t and a rds p r o g r am l e f t  CRPL a t  th e 
t ime o f  the move to B oulde r ,  a nd h a s  pursu ed a 
p a r a l l e l  ex i s tence a t  Boulder i n  NBS s i nc e  
t h a t  t ime . 

I n  1 9 5 4 ,  CRPL cons i s t ed o f  
d i v i s i ons : Rad i o  Pr opaga t i on 
Rad i o  P r opag a t i o n  Eng i ne e r i ng . 
Sys t ems D i v i s i on was f o rmed i n  1 9 5 9 .  

two resea r ch 
Phy s i c s and 

The Rad i o  
I n  1 9 6 0 ,  

1 3 0  

the Uppe r Atmo sphere and S pace Phy s i c s 
D i v i s i o n  and th e I on o sphe r e  R e se a r ch and 
P r opag a t i on D i v i s i on we r e  fo rmed f r om the 
Rad i o  P r opaga t i o n  Phys i c s D i v i s i o n . I n  1 9 6 2 , 
CRPL r e c e i ved a f u l l - t ime d i r e c t o r ,  D r . c .  
Gordon L i t t le . I n  1 9 6 5 ,  Dr . H .  He r be r t  
H o l loma n ,  f i r s t  As s i s t ant S e c r e t a ry fo r 
S c i ence a nd Techno logy i n  Comme r c e , imple­
me n t ed a dec i s i o n to un i fy ge ophy s i c s  i n  
Comme r c e  wi th t h e  c r ea t i on o f  t h e  Env i r on­
mental S c i ence S e r v i c e s  Adm i n i s t r a t i on ( E S S A ) , 
made up o f  the We ather B u r ea u ,  the C o a s t  and 
G e ode t i c  Sur vey , and the Central  Rad i o  
P r op ag a t i o n  Labo r a t o r y .  A t  that t i me , CRPL 
was r enamed I n s t i tu t e  for T e l e c ommun i c at i on 
S c i ences and Aeronomy ( I T S A ) . I n  1 9 6 7 ,  the 
I n s t i t u t e  for Telecommun i c a t i on S c i ences wa s 
c r e a t ed . I t  cont a i ned the t e l e c ommun i c a t i o ns­
o r i e n t ed act i v i t i es o f  I T S A . Dr .  Ernest K .  
Smi th s e r v ed a s  an i n t e r im d i re c t o r  f o r  1 year 
and wa s f o l l owed by R i chard c .  K i rby wh o wa s 
d i r e c t o r  f o r  the e n s u i ng 3 yea r s . 

Meanwh i l e , i n  Wa s h i ngton , ma j o r  a t t e n t i o n  was 
be i ng g i ven to the o r ga n i za t i on of t e l e c om­
mun i c a t i ons in th e Fede r a l  e s tab l i shmen t ,  and 
the Depa r tment of C omme r c e  e s t ab l i sh ed an 
O f f i c e  of Telecommun i ca t i on s  i n  1 9 6 7 . 
R e o r ga n i zat i on Plan No . 1 o f  1 9 7 0  and 
E x e cu t i v e  O r d e r  1 1 5 5 6  e s t ab l i shed the O f f i c e  
o f  Telecommun i c a t i o ns Pol i cy ( O T P )  i n  th e 
E x e cu t i v e  O f f i c e  o f  the P r e s i d e n t  and a s s igned 
add i t i onal r e s pons i b i l i t i es to the S e c r e t a ry 
o f  Commerce i n  suppo r t  o f  OTP . To meet th e s e  
r e s pons i b i l i t i e s ,  t h e  O f f i ce o f  T e l e c ommun i c a­
t i o ns ( O T )  wa s g i ven expanded r e spons i b i l i t i e s 
on S ep t embe r  2 0 ,  1 9 7 0 ,  and I T S ,  al ong wi th i t s  
p r o g r ams , pr ope r ty , personnel , and f i sc a l  
r e s o u r c e s , w a s  t r a n s f e r r ed t o  O T . 

I n  1 9 7 1 , Doug l a s s  D .  C r omb i e became d i r e c t o r  
o f  I T S . I TS has s h i f t ed f r om i t s s tr ong 
empha s i s  on rad i o-wave propag a t i on and 
a n tennas s i nce 1 9 7 0  i n  the d i r e c t i on o f  
appl i c a t i ons i n  spec t r um management i n  
t e l e c ommun i ca t i on s y s t em s .  

I n  Ma r ch 1 9 7 8 ,  P r e s i d e n t  C a r t e r  s i gned 
E x e cu t i ve O r d e r  1 2 0 4 6 ,  wh i ch e s t ab l i s h ed the 
N a t i onal Telecommun i c a t i on s  a nd I n f o rma t i on 
Adm i n i s t r a t i on and me r g ed s ome of the 
funct i ons o f  the O f f i c e  o f  T e l e c ommu n i c a t i ons 
Po l i cy wi th those o f  the O f f i c e  of 
T e l e c ommun i ca t i ons in the new age ncy . ITS wa s 
a s s i gned the respons i b i l i ty of ma na g i ng th e 
t e l e c ommun i c a t i on s  technol ogy r e s ea r ch 
p r o g r ams of N T I A  a nd pr o v i d i ng r e s e a r c h  
suppo r t  to other e l ements o f  N T I A  a s  we ll as 
other agen c i es on a r e imbu r s ab l e  b a s i s .  Among 
o t h e r  a s s ig ned t a sk s , th e I n s t i tu t e  wa s to 
r ema i n  " • • •  the central Fede ral Governme nt 
l ab o r a t o r i es f o r  resea r ch on t r a n sm i s s i on o f  
r ad i o  wave s . "  

I n  Janua ry 1 9 8 1 ,  D r . Wi l l i am F .  U t l a u t  a s sumed 
r e spons i b i l i ty for the d i r e c t i o n of the 
I n s t i tu t e .  A ma j o r  r e evalua t i on o f  program­
ma t i c  a nd o r ga n i zat i o n  s t r u c t u r e  wa s ca r r i ed 
out und e r  h i s  d i r e c t i o n  to r ed e f i ne and al i ne 
the e f fo r t s  of I T S  to mee t  cha n g i ng r equ i r e ­
m e n t s  and r e spons ib i l i t i e s .  



The I n s t i tu t e  and i t s  pred e ce s s o r  o rgan i z a t i on s  
h a ve always pl ayed a s tr o ng r o l e  i n  pe r t i ne n t  
s c i en t i f i c  ( U R S I ) ,  pr ofe s s i o nal ( I E E E ) , 
n a t i o n al ( I RAC ) , a nd i n terna t i onal ( CC I R ,  
CCI TT) tele c ommun i c a t i ons act i v i t i e s . The 
d i rector of C C I R  f r om 19 6 6  to 19 7 4  wa s Jack W .  
Herbs t r e i  t ,  a f o rmer deputy d i r ec t o r  o f  CRPL 
and I TS A ,  a nd the current CC I R  D i rector i s  
R i chard c .  K i rby , a fo rme r d i rector o f  I TS . 
At th e present t ime,  the U . S . prepa ratory wo r k  
for 2 o f  the 1 1  S tudy Groups of CC I R  i s  
cha i r ed by membe r s  o f  ITS ( U . S .  S tudy Gr oups 1 
a nd 6 )  , and s t a f f  members of ITS lead U . S .  
d e l ega t i ons t o  3 CCITT S tudy Gr oups ( V I I ,  
XVI I ,  a nd XVI I I )  and act i ve l y  pa r t i c i pa t e  i n  
the I n t e r na t i o n a l  Orga n i za t i o n for Standard­
i z a t i on ( I SO) . The I n s t i tu t e  also a c t ively 
suppo r t s  the I n terdepar tment Rad i o  Ad v i sory 
Comm i t tee ( I RAC) . 

The work I T S  d o e s  for other agenc i es i n  the 
Government d e r i ves i ts l egal autho r i t i e s  from 
1 5  u . s . c .  2 7 2 ( 3 )  "Ad v i sory Serv i c e s  to Govern­
men t Agenc i es o n  S c i en t i f i c a nd Techn i ca l  
Problem s "  a nd 1 5  u . s . c .  2 7 2  ( f )  " I nvent i on and 
Devel opment o f  Devices to Serve Spec i a l  Need s 
o f  Gove rnme n t . " As a ma t t e r  of Fede ral 
po l i cy ,  NT IA d o e s  n o t  ac cept wo r k  more 
appr op r i ately done by o ther non- Go vernment or 
Governme nt o r gan i z a t i on s . It i s  a l s o  a ma tter 
o f  po l i cy that a l l  spo nso red wo r k  re i nforce 
NTIA ' s o ve r a l l  program a nd that it  be c l ear 
that other agenc i e s , i nd u s t r i e s , or 
un i ve r s i t i es c ould not se rve eq u a l ly we l l  o r  
bet t e r . 

Wi th i n  these po l i cy g u i de s , I TS a s p i res to 
be i ng the Feder a l  l ab o r a t o ry for resea r ch i n  
tele c ommun i c a t i o ns . I t  i s  c l e a r  th a t  the 
Gove r nme n t  h a s  a r e s po ns i b i l i ty to pursue 
long - r a nge s t ud i e s in telecommun i ca t i o ns th a t  
a r e  n o t  economi c a l ly prof i table for i ndus try . 
I t  i s  a l s o  c l e a r  that the Government mu s t  have 
i t s  own , i ndependent l abora tor i e s to a s s e s s  
t h e  s i gn i f i c ance o f  resea rch conduc t ed else­
whe r e . Toward these end s ,  ITS s t r i ves t o  
ma i n t a i n  a knowledgeable s t a f f wo r k i ng on the 
front i e r s  of techn o l ogy a nd in touch w i th the 
tele c ommun i c a t i o ns problems of the Federal 
Governmen t .  The Depar tment of Defense has 
l o ng been the pr ima ry source o f  adva nced 
techno l g y .  At the present t ime , the l a r g e s t  
p a r t  o f  t h e  other- agency spo n s o r s h i p  of I T S  
c omes f r om needs of the Depa r tment o f  Defen se . 
The I n s t i tu t e  ma i n t a i ns , howeve r ,  a s ign i f i ­
cant po r t i o n o f  i t s other- agency work i n  
suppo r t  o f  c i v i l i a n Federal agenc i e s , wh ere 
there i s  a l so c l ear need for Government 
expe r t i s e in h ig h  techno logy a r ea s .  

1 3 1  
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