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AJSTRACT 

With t h e  r a p i d  i n c r e a s e  i n  o p e r a t i o n a l  
r e l i a n c e  on UHF s a t e l l i t e  communications, t h e  
need f o r  p r e d i c t i n g  communications ou tages  has  
become appa ren t .  One of  t h e  major causes  o f  
s a t e l l i t e  communications ou tages  is fadi . ig  of  t i l 3  

r a d i o  s i g n a l  due t o  ionosphe r i c  s c i n t i l l a t i o n .  
O p e r a t o r - i n i t i a t e d  t echn iques  can be used t o  
i n c r e a s e  t h e  p r o b a b i l i t y  o f  communicating through 
s c i n t i l l a t i o n .  S ince  t h e y  reduce message 
throughput  i n  non-fading c o n d i t i o n s ,  an o p e r a t o r  
should employ t h e s e  t echn iques  s e l e c t i v e l y .  An 
ionosphc r i c  s c i n t i l l a t i o n  p r e d i c t i o n  model and 
d i s p l a y  were developed f o r  t h e  Command Post 
Modem/Processor (CPM/P) f o r  demonstrat ion 
purposes .  The CPM/P equa t ions  were then  
inco rpora t ed  i n  a LOTUS 1-2-3 sp readshee t  t o  
a l low p r e d i c t i o n s  t o  be made us ing  a desktop 
computer i n s t e a d  of  t h e  unique CPM/P equipment. 
Using t h i s  i n fo rma t ion ,  t h e  ope ra to r  can improve 
t h e  message throughput  of  a UHF S a t e l l i t e  
Communications system. 

INTRODUCTION 

With t h e  r a p i d  i n c r e a s e  i n  o p e r a t i o n a l  
r e l i a n c e  on UHF s a t e l l i t e  communications, t h e  
need f o r  p r e d i c t i n g  communications ou tages  has  
become appa ren t .  One of t h e  major causes  o f  
s a t e l l i t e  communications ou tages  is fad ing  of  t h e  
r a d i o  s i g n a l  due t o  ionosphe r i c  s c i % i t i l l a t i o n .  
O p e r a t o r - i n i t i a t e d  t echn iques  can be used t o  
i n c r e a s e  t h e  p r o b a b i l i t y  of communicating throlJzh 
s c i n t i l l a t i o n .  In a d d i t i o n ,  p l a m e r s  could t a k e  
s c i n t i l l a t i o n  p r e d i c t i o n s  i n t o  c o n s i d e r a t i o n  when 
planning mis s ions .  

To demonstrate  t h e  u s e f u l n e s s  o f  p r e d i c t i n g  
which communication l i n k s  have a h igh  p r o b a b i l i t y  
of  f ad ing ,  an ionosphe r i c  s c i n t i l l a t i o n  
p r e d i c t i o n  model and d i s p l a y  were developed f o r  
t h e  Command Post Modem/Processor (CPM/P).  To 
make t h e  p r e d i c t i o n  t echn ique  more a c c e s s i b l e  and 
a f f o r d a b l e ,  t h e  equa t ions  from t h e  CPM/P model 
were inco rpora t ed  i n  a LOTUS 1-2-3 sp readshee t  so 
t h e  p r e d i c t i n n s  could be made using a dr--,'xt\>.> 
computer i n s t e a d  of  t h e  unique CPWP equipae it. 

C U R R E N T  AFSATCOM USE 

The UHF Air Force S a t e l l i t e  Communications 
( AFSATCOM) network is  used e x t e n s i v e l y  world-wide 
by t h e  Air Force (Armstrong, 1978). The network 
i n c l u d e s  s a t e l l i t e s  i n  g e o s t a t i o n a r y  e q u a t o r i a l  
o r b i t  and i n  po la r  o r b i t .  S t r a t e g i c  bombers and 
missile launch c o n t r o l  centers communicate with 
a i r  and ground Command Pos t s  over  t h e s e  
s a t e l l i t e s .  The new M i l s t a r  system a l s o  has  a 
UHF component which w i l l  e v e n t u a l l y  r e p l a c e  t h e  
o l d  s t r a t e g i c  UHF networks ( S c h u l t z ,  1983). 

Ionosphe r i c  s c i n t i l l a t i o n  r e s u l t s  when ion 
d e n s i t y  i r r e g u l a r i t i e s  i n  t h e  ionosphere 
i n t e r f e r e  u i t h  r a d i o  waves t r a v e l l i n g  th r sugh  t h e  
ionosphe re  ( J u r s a ,  1985). These s i g n a l s  a r e  
s u b j e c t  t o  v a r i a t i o n s  i n  both ampli tude and 
phase. The i r r e g u l a r i t i e s  d o n ' t  a t t e n u a t e  t h e  
s i g n a l  bu t  r e d i s t r i b u t e  i ts  energy. F igu re  1 
i l l u s t r a t e s  how t h e s e  i r r e g u l a r i t i e s  act. a s  
lenses,  focuss ing  t h e  r a d i o  s i g n a l  i n  one a rea  
and d e p l e t i n g  it i n  ano the r .  Enhancements o f  6 
t o  10 dB and f a d e s  of  more t h a n  20 t o  30 dB i n  
t h e  UHF s i g i a l  a r e  p o s s i b l e  du r ing  sti-on2 
s c i u t i l l a t i o n  (Johnson,  1936). As t h e s e  
enhancements and d e p l e t i o n s  pas s  over  a r e c e i v e r  
o r  t r a n s ~ n i t t ~ ? r ,  t h e  r e s u l t i n g  r a d i o  s i g n a l  inay 
have f ad ing  from a few fades  per  minute  t o  over 
100 f a d e s  per  minute ,  F igu re  2. 

S c i n t i l l a t i o n  a c c u r s  i n  t h e  a u r o r a l  r e g i o n s ,  
t h e  po la r  r e g i o n s ,  and t h e  e q u a t o r i a l  r e g i o n  
( J u r s a ,  1985) ,  F i s u r e  3. It. does no t  occur  
con t inuous ly  nor r i t h  t h e  same i n t e n s i t y  even i n  
t h e  same l o c a t i o n s  (Johnson,  1986). 
S c i n t i l l a t i o n  is  o f t e n  c h a r a c t e r i z e d  with two 
va lues :  P ,  t h e  p r o b a b i l i t y  o f  s c i n t i l l a t i o n  
o c c ~ ~ ~ ~ ~ ~ i . n g ,  and S4,  t h e  s c i n t i l l a t i o n  index ,  a 
measure o f  t h e  s t r e n g t h  o f  t h e  f ad ing  should it 
occur  ( J u r s a ,  1985). 

R A D I O  'r ECH N I Q U  E S 

There a r e  two approaches t o  r educ ing  r a d i o  
,nsssagr  e r r o r s  caused by ionosphe r i c  
s c i n t  i 11 a t  i on  : hardva re / so  f t war e t echn iques  and 
operator-generated procedures .  Hardware and 
so f tware  t echn iques  such a s  inc reased  l i n k  
margin,  coding,  and i n t e r l e a v i n g  h e l p  r educe  
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Figure 1. SIMPLIFIED REPRESENTATION OF IONOSPHERIC FOCUSING EFFECT 
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Figure 2. VARIATIONS IN HIGH-LATITUDE SCINTILLATION FADING RATE 
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SI SE 

DEPTH OF SCINTILLATION FADING ( PROPORTIONAL TO 
DENSITY OF CROSSHATCHING 1 

(FROM A F G L .  1 9 8 5 )  

F igure 3. GEOGRAPHIC DISTRIBUTION OF IONOSPHERIC SCINTILLATION FADING 

e r r o r s  caused by s c i n t i l l a t i o n  f ad ing .  Current  
s a t e l l i t e  communications equipment does no t  
i n c o r p o r a t e  t h e s e  t o  a s u f f i c i e n t  degree t o  be 
r e l i e d  upon s o l e l y .  In a d d i t i o n ,  coding and 
i n t e r l e a v i n g  have been shown not  t o  be e f f e c t i v e  
beyond a c e r t a i n  l e v e l  of  s c i n t i l l a t i o n  
i n t e r f e r e n c e  (Foshee,  p r i v a t e  communication). 
Ui i  t i 1 current s a t  e 1 1 it e coinmu n i c a t i o n s  eq u i prllen t 
call be upgraded, operator-generated procedures  
w i l l  form t h e  bu lk  o f  t h e  t echn iques  used t o  
i n c r e a s e  message throughput  p r o b a b i l i t y  du r ing  
s c i n t i l l a t i o n .  These procedures  i n c l u d e  sending 
s h o r t  messages and r e p e a t i n g  messages. However, 
t h e s e  redundancy t echn iques  must be used 
s e l e c t i v e l y  because t h e y  r e s u l t  i n  a lower 
message throughput  r a t e  du r ing  unfaded 
c o n d i t  i ons .  

SCINTILLATION PREDICTION 

The problem o f  s c i n t i l l a t i o n  f ad ing  and what 
it does t o  communications h a s  concerned 
scient is ts  and  eng inee r s  f o r  s e v e r a l  decades.  
Much d a t a  h a s  been c o l l e c t e d  i n  an e f f o r t  t o  
p rov ide  a b a s i s  f o r  a v a l i d  mathematical  model. 
Over s e v e r a l  y e a r s ,  a worldwide s c i n t i l l a t i o n  
model named WBMOD h a s  been developed under t h e  
sponsor sh ip  o f  t h e  Defense Nuclear Agency ( J u r s a ,  
1985). The model i n c l u d e s  terms t o  p r e d i c t  
s c i n t i l l a t i o n  occur rence  a t  a l l  l a t i t u d e s .  

Although t h i s  is t h e  most complete model a v a i l a b l e  
t o  d a t e ,  WBMOD h a s  been c a l i b z  3ted q u a n t i t a t i v e l y  
a g a i n s t  l i m i t e d  worldwide d a t a  ( J u r s a ,  1985; 
Fremouw, 1981). Pnys ica l  Dynamics Inco rpora t ed  
c o n t i n u e s  t o  update t h e  FORTRAN v e r s i o n  of  WBMOD 
they  developed f o r  t h ?  Defense Nuclear Agency. 
Their ,wogram c u r r e n t l y  r u n s  on d VAX coinputer and 
p rov ides  s c i n t i l l a t i o n  v a l u e s  f o r  one l o c a t i o n  a t  
a time. 

To demonstrate  t h e  u s e f u l n e s s  of p r e d i c t i n g  
which communications l i n k s  have a high 
p r D b a b i l i t y  o f  f a d i n g ,  an ionosphe r i c  
s c i n t i l l a t i o n  p r e d i c t i o n  model and d i s p l a y  system 
xer‘e developed f o r  t h e  Air Farce Wright 
Aeronau t i ca l  Labora to r i e s  by L iqkab i t .  This  
f i r s t  embedding of  a p r e d i c t i o n  model i n  an 
o p e r a t i o n a l  s e t t i n g  used e q u a t i o n s  which were 
approximations of  t h s  complicated s c i u t i l l a t i 3 n  
p rocess .  

The a c t u a l  m a t h s s a t i c s  were t o o  complex t:, 
be e x a c t l y  implemented i n  t h e  time a v a i l a b l e .  
The programmers s i m p l i f i e d  and changed t h e  
mathematics s i n c e  t h e i r  t a s k  was t o  demonstrate  
what a d i s p l a y  would look l i k e ,  not  t o  be 
p r e c i s e l y  c o r r e c t  i n  t h e i r  numbers. They changed 
t h e  equa t ions  i n  t h e  a u r o r a l  r e g i o n  e n t i r e l y  and 
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ignored t h e  d i f f e r e n c e  between geographic  and 
geomagnetic l a t i t u d e  and long i tude .  The 
s c i n t i l l a t i o n  p r e d i c t i o n  i s  a v a i l a b l e  t o  a u se r  
i n  t h e  form of  a world map d i s p l a y ,  F igu re  4, and 
a s  numbers (S4, P) d e s c r i b i n g  s c i n t i l l a t i o n  
r o n d i t i o n s  a t  a g iven  l o c a t i o n .  

LOTUS 1-2-3 PROGRAM 

The CPM/P is  a unique and expensive p i ece  of  
a i r b o r n e  hardware no t  a v a i l a b l e  t o  t h e  average 
communications o p e r a t o r  o r  p l anne r .  In a d d i t i o n ,  
i t s  pr imary t a s k s  ar'e iietwor'k c o n t r o l  and 
colnmlinications, no t  s c i n t i l l a t i o n  p r e d i c t i o n  
(Foshee,  1983). In o r d e r  t o  p r e d i c t  
s c i n t i l l a t i o n  i n d i c e s  without  t h e  unique CPM/P, 
t h e  equa t ions  from i ts  s c i n t i l l a t i o n  model were 
re fo rma t t ed  t o  a LOTUS 1-2-3 program. An o p e r a t o r  
can now p r e d i c t  s c i n t i l l a t i o n  c o n d i t i o n s  anywhere 
i n  t h e  world from t h e  CPM/P equa t ions  us ing  a 
desktop computer. The o p e r a t o r  c a l l s  up t h e  
ppogr'am, e n t e r s  t h e  d a t a ,  and p r i n t s  o u t  t h e  
r e s u l t s .  F igu re  5 shows a sample p r i n t o u t .  

The LOTUS 1-2-3 program p r e d i c t s  
s c i n t i l l a t i o n  i n d i c e s  t h a t  match t h e  CPWP 
results.  Xhile  not  e x a c t l y  p r e d i c t i n g  real-world 
s c i n t i l l a t i o n  c o n d i t i o n s ,  t h e  LOTUS program w i l l  
be u s e f u l  f o r  demonstrat ing t h e  g e n e r a l  concept  
of  p r e d i c t i n g  sci:iti l l a t i o n  c o n d i t i o n s  u s i n g  a 
deSktop camputer. This  concept  could be  very 
u s e f u l  f o r  o p e r a t i o n a l  work where knowledge o f  
communication c o n d i t i o n s  is  important .  

C>KCLUSIONS A N D  FURTHER WORK 

Because ionosphe r i c  s c i n t i l l a t i o n  is a major 
d i s r u p t e r  o f  s a t e l l i t e  communications i n  t h e  
p o l a r ,  a u r o r a l ,  and e q u a t o r i a l  r e g i o n s ,  t h e  
a b i l i t y  t o  p r e d i c t  i t s  p r o b a b i l i t y  o f  occur rence  
and s t r e n g t h  would enhance a r a d i o  o p e r a t o r ' s  
e f f e c t i v e n e s s .  T'ne ope ra to r  would be a b l e  t o  
i n i t i a t e  message t echn iques ,  such a s  s h o r t  
messages and r e p e t i t i o n ,  t o  i n c r e a s e  message 
throughput  p r o b a b i l i t y .  They would a l s o  be a b l e  
t o  avoid message r e p e t i t i o n  i n  n o n - s c i n t i l l a t e d  
c o n d i t i o n s  because of  i ts  nega t ive  impact on 
message throughput  when s c i n t i l l a t i o n  i s  n o t  
p r e s e n t .  

The LOTUS 1-2-3 program itnple:ne!iting t h e  
CPM/P equa t ions  is  t h e  f i r s t  s t e p  i n  p r e d i c t i n g  
s c i n t i l l a t i o n  c o n d i t i o n s  on a desktop computer. 
It can be used t o  demonstrate  t h e  kind o f  
c a p a b i l i t y  which w i l l  he a v a i l a b l e  t o  
communications p l anne r s  and o p e r a t o r s  o f  t h e  
f u t u r e .  The LOTUS program i t s e l f  may not  be 
u s e f u l  o p e r a t i o n a l l y  because t h e  equa t ions  it 
implements do no t  e x a c t l y  r e f l e c t  t h e  r e a l  world. 
Fu r the r  work is  needed t.0 produce a program f o r  
t h e  desktop computer which g i v e s  more a c c u r a t e  
r e s u l t s .  
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Figure 5.  L O T U S  1-2-3  S A M P L E  C A L C U L A T I O N  
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