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ABSTRACT 

T h i s  paper  p r e s e n t s  t e c h n i c a l  p r o s  and cons f o r  
space and t e r r e s t r i a l  media f o r  defense-wide 
long-haul  m i l i t a r y  communications. Today ’ s 
defense-wide m i l i t a r y  space communications i n c l u d e  
use o f  leased commercial s a t e l l i t e  c a p a b i l i t y  i n  
a d d i t i o n  t o  t h e  government-owned Defense Sate1 l i t e  
Communications System (DSCS). The t e r r e s t r i a l  
communications i n c l u d e  use o f  t r oposca t te r ,  HF 
rad ios,  l i n e - o f - s i g h t  (LOS) microwave, and m e t a l l i c  
and f i b e r  o p t i c  cables.  The paper  examines c u r r e n t  
usage, capac i t y ,  c o s t  and o t h e r  a t t r i b u t e s  o f  these 
media. Current  t rends  and f u t u r e  uses o f  t h e  space 
and t e r r e s t r i a l  media f o r  m i l i t a r y  communications 
a re  discussed. I t  i s  concluded t h a t  m i l i t a r y  
communications w i l l  con t i nue  u s i n g  a m ix  o f  b o t h  
space and t e r r e s t r i a l  media. 

I .  INTRODUCTION 

The Department o f  Defense communications a re  
categor ized as: (1) s t r a t e g i c  communications which 
support t h e  g l o b a l  war r e l a t e d  miss ions o f  t h e  
Nat ional  M i l i t a r y  Command System; (2) t a c t i c a l  
communications f o r  t h e  Army, Navy, A i r  Force, and 
Marine mob i l e  users on l a n d  veh ic les ,  ships, and 
a i rp lanes ;  (3) t h e a t e r  communications f o r  t h e  Major 
Commands and Commanders-in-Chief i n  thea te rs  l i k e  
Europe, Southwest Asia, e t c . ;  (4) base 
communications f o r  t h e  l o c a l  users l o c a t e d  a t  posts, 
camps, s t a t i o n s ,  and bases worldwide, and t h e i r  
i n t e r f a c e s  w i t h  t h e  long-haul  system; and ( 5 )  
defense-wide communications f o r  t h e  long-haul  , 
backbone needs o f  these users.  T h i s  paper dea ls  
p r i m a r i l y  w i t h  defense-wide communications and, 
secondar i ly ,  w i t h  t h e a t e r  communications and base 
communications. S ince t h e  Defense Communications 
System (DCS) i s  t h e  l ong -hau l ,  backbone 
communications system f o r  defense-wide 
communications, t h e  DCS w i l l  be a t  t h e  cen te r  o f  t h e  
d iscuss ion.  I t  i s  impor tan t  t o  recognize t h a t  t h e  
above ca tegor ies  a re  n o t  always c l e a r  c u t ,  and t h a t  
e s s e n t i a l  i n t e r o p e r a b i l i t y  requi rements e x i s t  
between s t r a t e g i c ,  t a c t i c a l ,  t hea te r ,  base, and 
defense-wide users.  

Th is  paper w i l l  p r o v i d e  a b r i e f  overv iew o f  
today’s space and t e r r e s t r i a l  t ransmiss ion  media f o r  
defense-wide communications, i n d i c a t i n g  which media 
are used, what each i s  used f o r ,  and t h e  s a l i e n t  
features o f  each. Th is  paper w i l l  a l s o  address 
r e l e v a n t  technology developments, and, f i n a l l y  l o o k  
a t  how these media w i l l  be used i n  t h e  f u t u r e .  

Since defense-wide communications f o r  t h e  DoD i s  
s i m i l a r  t o  l o n g  d i s t a n c e  business and p r i v a t e  

commercial communications between o f f i c e s  and homes, 
some o f  t h e  same a p p l i c a t i o n s  and t rends  t h a t  are 
re levan t  t o  commercial communications a re  a l s o  
re levan t  t o  defense-wide communications. O f  course, 
m i l i t a r y  communications d i f f e r  f rom commercial 
communications because o f  t h e  unique m i l i t a r y  
requirements which emphasize s u r v i v a b i l i t y ,  
s e c u r i t y ,  i n t e r o p e r a b i l  i t y ,  m o b i l i t y ,  e x t e n s i b i l i t y ,  
and opera t i on  under c r i s i s  s i t u a t i o n s .  

11. TODAY’S SPACE AND TERRESTRIAL MEDIA FOR 
DEFENSE-WIDE COMMUNICATIONS 

The DCS p rov ides  long-haul  communications f o r  
t h e  Na t iona l  Command A u t h o r i t y ,  t h e  
Commanders-in-Chief, t h e  Army, Navy, A i r  Force, and 
defense agencies between f i x e d  l o c a t i o n s  worldwide. 
It inc ludes  c i r c u i t s  r o u t e d  by s a t e l l i t e ,  f i b e r  
o p t i c  cable,  m e t a l l i c  cable,  and microwave, 
t r o p o s c a t t e r ,  and HF r a d i o .  There a re  hundreds o f  
DCS t ransmiss ion  s i t e s  worldwide, most o f  which a re  
overseas. DCS t ransmiss ion  serves vo ice,  v ideo,  and 
data users o f  t h e  DCS common user  systems such as 
the  Defense Switched Network, t h e  Secure Voice 
System, and t h e  Defense Data Network; i t  a l s o  serves 
users who r e q u i r e  t h e i r  own dedicated t ransmiss ion.  
The DCS serves command and c o n t r o l  t r a f f i c  ( f rom t h e  
Nat ional  Command A u t h o r i t y  t o  command cen te rs ) ,  
i n t e l  1 i gence t r a f f i c ,  1 og i  s t i  cs t r a f f i c ,  weather 
t r a f f i c ,  a d m i n i s t r a t i v e  and o t h e r  t r a f f i c .  

From i t s  i n c e p t i o n  i n  1962, t h e  DCS has 
depended h e a v i l y  on l i n e - o f - s i g h t  (LOS) microwave, 
and m e t a l l i c  cab le  f o r  bo th  i t s  leased t ransmiss ion  
i n  t h e  U.S. and i t s  government-owned t ransmiss ion  
overseas; i t  has a l s o  used t r o p o s c a t t e r  and HF. The 
LOS microwave r a d i o  s t a t i o n s ,  which a re  l o c a t e d  
worldwide, c a r r y  26-90 Mbps t r a f f i c  i n  each 
d i r e c t i o n  and a re  spaced about every 30-80 km. 
M e t a l l i c  cables,  a l s o  l o c a t e d  worldwide, span from 
l e s s  than a k i l o m e t e r  t o  thousands o f  k i l omete rs .  
Condi t ioned copper cables w i t h  t w i s t e d  p a i r s  can 
c a r r y  a T1 channel (1.544 Mbps) i n  each d i r e c t i o n  
over 2 p a i r s .  T y p i c a l l y  a l a r g e  cond i t i oned  cable 
has 1100 p a i r s  and thus  c a r r i e s  849 Mbps (1.543 x 
550) i n  each d i r e c t i o n .  Coaxial cables can 
g e n e r a l l y  c a r r y  6 two-way DS-3 c i r c u i t s  (6 x 45 
Mbps) pe r  coax tube, and w i t h  4 tubes p e r  cable,  
they c a r r y  1.08 Gbps i n  each d i r e c t i o n .  I n  CONUS, 
some m e t a l l i c  cables have been b u r i e d  and hardened 
for enhanced s u r v i v a b i l i t y .  T roposca t te r  systems 
owned by t h e  DoD a re  used a t  a number o f  l o c a t i o n s  
i n c l u d i n g  Centra l  Europe, Japan, t h e  Mediterranean, 
the  Un i ted  Kingdom, I ce land ,  Greenland, and Canada. 
T roposca t te r  l i n k s  range f rom about 150 t o  600 km 
and can c a r r y  up t o  10 Mbps i n  each d i r e c t i o n .  The 
m a j o r i t y  o f  f i x e d  s i t e  DCS t r o p o s c a t t e r  antennas a re  
very l a r g e ,  resembl ing b i l l b o a r d s ;  t h e  s i t e s  a re  

153 U.S. Government work not protected by US. copyright. 



f r equen t l y  l o c a t e d  on mountain tops.  The DCS a l s o  
uses HF r a d i o ,  which has severa l  modes o f  o p e r a t i o n  
i n c l u d i n g  ground wave, sky wave, and mu l t i hop  sky 
wave. HF i s  used f o r  l o n g  d i s tance  communications, 
cover ing d i s tances  f rom hundreds (ground wave) t o  
many thousands (skywave) o f  m i les .  Today, HF 
p r i n c i p a l l y  p rov ides  analog vo i ce  and da ta  (2400 
bps) s e r v i c e  t o  mob i l e  users, such as t a c t i c a l  
u n i t s ,  sh ips  and a i rp lanes ,  f o r  DCS e n t r y ,  and as a 
backup f o r  s a t e l l i t e  communications. 

I n  t h e  l a t e  1960’s and 197O’s, geosynchronous 
s a t e l l i t e  communications d r a m a t i c a l l y  changed DCS 
t ransmiss ion by p r o v i d i n g  h i g h  r e l i a b i l i t y ,  h i g h  
bandwidth, low e r r o r  r a t e ,  d i g i t a l  communications 
between e a r t h  t e r m i n a l s .  The Defense S a t e l l i t e  
Communications System (DSCS), which i s  one o f  
several DoD s a t e l l i t e  communications systems, has 
f i v e  a c t i v e  s a t e l l i t e s  on o r b i t  p r o v i d i n g  worldwide 
se rv i ce  through hundreds o f  government-owned e a r t h  
te rm ina ls  w i t h  antennas rang ing  i n  s i z e  f rom l e s s  
than 2 f e e t  i n  d iameter  t o  more than 60 f e e t .  
Besides us ing  t h e  DSCS, DoD a l s o  leases s a t e l l i t e  
t ransmiss ion i n  CONUS a5 w e l l  as overseas. The 
Defense Commercial Telecommunications Network (DCTN) 
uses leased s a t e l l i t e  c a p a c i t y  f rom AT&T’s TELSTAR 
s a t e l l i t e s .  T1 c a p a c i t i e s  a re  a l s o  leased from 
CONUS t o  Alaska, t h e  Azores, Bermuda, Hawaii ,  Panama 
and Puer to Rico, and f rom Hawaii  t o  Guam. O f  
course, leased s a t e l l i t e  communications does n o t  
p rov ide  t h e  degree o f  s u r v i v a b i l i t y  and s e c u r i t y  
a v a i l a b l e  w i t h  t h e  DSCS. 

I n  t h e  l a t e  1980‘s, t h e  advent o f  f i b e r  o p t i c  
communications has once again s t a r t e d  dramat ic  
changes i n  DCS t ransmiss ion.  I n  CONUS, t h e  
telephone c a r r i e r  companies which a re  l e a s i n g  
communications s e r v i c e  t o  t h e  DoD are  r a p i d l y  
changing t o  f i b e r  o p t i c  media; over  70,000 m i l e s  o f  
long-haul  f i b e r  o p t i c  r o u t e s  a re  planned t o  be 
i n s t a l l e d  by 1989. F i g u r e  1 shows t h e  l a r g e  mesh o f  
f i b e r  o p t i c  r o u t e s  t o  be i n s t a l l e d  by companies l i k e  
AT&T, GTE S p r i n t ,  M C I ,  WILTEL, L igh tne t ,  e t c .  I n  
the  Western CONUS, seven east -west  r o u t e s  a re  
planned. The mesh becomes even more dense eas t  o f  
t he  M i s s i s s i p p i  R i v e r .  I n  genera l ,  e x i s t i n g  
r i g h t s - o f - w a y  o f  r a i l r o a d  l i n e s ,  gas l i n e s ,  and 
cable l i n e s  a re  be ing  used f o r  these rou tes .  
Overseas, l a r g e  f i b e r  o p t i c  networks a re  a l s o  
planned i n  Europe, Japan, A u s t r a l i a ,  e t c .  I n  South 
Korea, t h e  DoD and t h e  South Korean Government 
j o i n t l y  i n s t a l l e d  a s i n g l e  mode f i b e r  o p t i c  system. 
The DoD has a l s o  rep laced  m e t a l l i c  cables w i t h  f i b e r  
o p t i c  cables a t  a few o t h e r  overseas l o c a t i o n s ,  and 
i s  p r e s e n t l y  p lann ing  t o  i n s t a l l  a f i b e r  o p t i c  
system i n  Cen t ra l  Europe. By and l a r g e ,  t h e  cos t  o f  
a f u l l y  U.S. Government-owned f i b e r  o p t i c  system 
worldwide i s  p r o h i b i t i v e  and i s  n o t  be ing  pursued. 
Leased hos t  n a t i o n  and commercial f i b e r  o p t i c  cab le  
systems seem t o  be t h e  most p r a c t i c a l  approach. 

I n  t h e  pas t ,  t h e  DCS has been leased i n  t h e  
Uni ted S ta tes  and owned by t h e  U.S. Government 
overseas. However, now t h e r e  i s  a d e f i n i t e  t r e n d  
toward much l e a s i n g  overseas as w e l l .  I n  genera l ,  
t ransmiss ion leased f rom commercial companies o r  
from hos t  n a t i o n s  w i l l  use t h e  same types o f  media; 
i .e . ,  LOS microwave, m e t a l l i c  cable,  s a t e l l i t e ,  and 
f i b e r  o p t i c ,  b u t  w i l l  n o t  p rov ide  a l l  o f  t h e  
m i l i t a r y  f e a t u r e s  needed by DoD. Impor tan t l y ,  t hey  
w i l l  n o t  p r o v i d e  t h e  aspects o f  s e c u r i t y  assoc iated 
w i t h  U.S. Government ownership and end-to-end 
c o n t r o l .  

I 

Figure 1. Planned Fiber Installations 
in CONUS 
(Courtesy o f  Kess le r  Market ing 
I n t e l  1 igence, Newport, R I )  

111. TODAY’S APPLICATION OF SPACE AND TERRESTRIAL 
TRANSMISSION MEDIA FOR MILITARY COMMUNICATIONS 

Table 1 p rov ides  an overv iew o f  today’s  
a p p l i c a t i o n  o f  space and t e r r e s t r i a l  media f o r  
m i l i t a r y  communications. 

Table 1. Today‘s Application o f  Trans- 
mission Media for Military 
Communications 

SPACE 
0 LONG DISTANCE/TRANSOCEANIC 

0 HIGH BANDWIDTH USERS 
0 SHORT DISTANCE AND LONG HAUL BYPASS (VSAT) 
0 RAPID EXTENSION/RESTORAL 
6 DCS ENTRY/MOBILE USERS/NEACP/GROUND 

O POINT-TO-POINT/BROADCAST/CONFERENCING 

MOBILE FORCES 

TERRESTRIAL 

0 SHORT TO LONG DISTANCE/TRANSOCEANIC (LOS, 

0 HIGH BANDWIDTH USERS (FO CABLE, LOS) 
0 SHORT DISTANCE BYPASS (LOS, TROPO, FO) 
0 RAPID EXTENSION/RESTORAL (HF, TROPO) 
0 DCS ENTRY/MOBILE USERS (HF) 

METALLIC & FIBER OPTIC (FO) CABLE, TROPO) 
POINT-TO-POINT (LOS, METALLIC & FO CABLE, TROPO) 

S a t e l l i t e s .  Today, s a t e l l i t e  communications 
have gained t h e  preeminent p o s i t i o n  i n  l o n g  d i s tance  
communications. Fo r  p o i n t - t o - p o i n t  communication a t  
d i s tances  g r e a t e r  t han  severa l  hundred k i l omete rs ,  
s a t e l l i t e s  a re  g e n e r a l l y  cheaper than e i t h e r  LOS o r  
metal1 i c  cable;  t h e  exact  cu tove r  d i s tance ,  however, 
depends on v a r i o u s  c o n d i t i o n s  l i k e  t h e  t ype  o f  
t e r r a i n  and l o c a t i o n  o f  e a r t h  te rm ina ls .  I n  
a d d i t i o n ,  s a t e l l i t e s  which use d i g i t a l  
communications techniques p r o v i d e  improved 
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r e l i a b i l i t y  and performance t h a t  f a r  exceed HF. The 
DSCS has l a r g e l y  r e p l a c e d  HF f o r  l o n g  d i s t a n c e  
p o i n t - t o - p o i n t  a p p l i c a t i o n s  i n  t h e  DCS. Wi th t h e  
unique c a p a b i l i t y  o f  a geosynchronous s a t e l l i t e  t o  
communicate s imu l taneous ly  w i t h  t e r m i n a l s  l o c a t e d  
over  about o n e - t h i r d  o f  t h e  e a r t h ’ s  sur face,  
sa te l  1 i t e s  have opened up new broadcast  and 
conferenc i  ng appl i c a t i  ons. Sa te l  1 i t e s  can a1 so 
prov ide  w ide r  bandwidths t o  serve imagery and 
t e l e v i s i o n  a p p l i c a t i o n s ;  these wide bandwidths a re  
n o t  a v a i l a b l e  w i t h  most e x i s t i n g  LOS and m e t a l l i c  
cable systems which were designed p r i n c i p a l l y  f o r  
vo i ce  t r a f f i c .  W i th  t h e  d e r e g u l a t i o n  o f  t h e  
domestic telecommunications i n d u s t r y ,  Very Small 
Aperature Terminals  (VSAT’s) a re  r e c e i v i n g  increased 
use by a l l o w i n g  t h e  use r  t o  bypass t h e  l o c a l  
ope ra t i ons  company, t h e  l ong -hau l  c a r r i e r s ,  and t h e  
hos t  n a t i o n ’ s  telecommunications system, us ing  
r o o f t o p  o r  backyard s a t e l  1 i t e  d i shes  t o  p r o v i d e  
d i r e c t  use r - to -use r  se rv i ce .  For example, VSAT’s 
are t o  p r o v i d e  56 kbps l i n k s  f o r  access t o  t h e  
Defense Data Network (DDN) and f o r  t r u n k i n g  between 
DDN nodes. VSAT’s a l s o  serve requi rements f o r  l ow  
r a t e  communications t o  a c e n t r a l i z e d  processor  and 
database. S a t e l l i t e  e a r t h  t e r m i n a l s  can a l s o  be 
shipped t o  remote l o c a t i o n s  t o  q u i c k l y  extend h i g h  
q u a l i t y  communication where none e x i s t s .  S a t e l l i t e s  
can p r o v i d e  r e a l  t i m e  coverage o f  e v e r y t h i n g  f rom 
news events t o  c r i s i s  s i t u a t i o n s .  S a t e l l i t e  e a r t h  
te rm ina ls  can be sent  o u t  t o  r e s t o r e  communications 
r a p i d l y  when o t h e r  media f a i l ,  t hus  p reven t ing  l o n g  
term outages. Where t h e  expense m e r i t s  it, smal l  
e a r t h  te rm ina ls ,  which i n e f f i c i e n t l y  use s a t e l l i t e  
power, can be used t o  serve h i g h  p r i o r i t y  users such 
as t h e  P res iden t ’ s  Na t iona l  Emergency A i rbo rne  
Command Post (NEACP) and major  sh ips  a t  sea. 

T e r r e s t r i a l .  LOS and m e t a l l i c  cables a re  t h e  
preeminent t e r r e s t r i a l  media f o r  p o i n t - t o - p o i n t  
a p p l i c a t i o n s .  M e t a l l i c  cab le  i s  pe rvas i ve  i n  t h e  
l o c a l  access area. For  medium and l o n g  d i s tance ,  
LOS and m e t a l l i c  cab le  a re  used f o r  p o i n t - t o - p o i n t  
a p p l i c a t i o n s .  However, use o f  f i b e r  o p t i c  cab le  i s  
growing, e s p e c i a l l y  f o r  h i g h  bandwidth a p p l i c a t i o n s ;  
e.g., f o r  t r u n k i n g  between t h e  eas t  and west coasts ,  
and f o r  o t h e r  h i g h  t r a f f i c  d e n s i t y  rou tes .  F i b e r  i s  
a l s o  g a i n i n g  use a t  l o c a t i o n s  which a re  s h o r t  spurs 
o f f  t h e  main l o n g  d i s t a n c e  f i b e r  r o u t e s  now be ing  
w ide ly  i n s t a l l e d .  Fo r  bypass a p p l i c a t i o n s ,  VSAT‘s 
remain t h e  p r i n c i p a l  media; however, LOS, t ropo ,  and 
f i b e r  o p t i c s  have r e c e i v e d  some use. Fo r  ex tens ion  
and r e s t o r a l ,  HF and t r o p o  media a re  used f o r  
c e r t a i n  a p p l i c a t i o n s .  For  example, t a c t i c a l  t r o p o  
i s  be ing used i n  remote areas where t r o p o  can cover  
the  d i s tances  between user  nodes, such as i n  
Southwest Asia. 

I V .  CURRENT MEDIA ATTRIBUTES 

used 

CaDacity. F i r s t  l e t  us compare t h e  c a p a c i t y  
a v a i l a b l e  i n  CONUS f rom s a t e l l i t e s  w i t h  t h a t  o f  
f i b e r  o p t i c  systems planned i n  CONUS. Today, a 
t o t a l  o f  28 domestic s a t e l l i t e s  serve CONUS (Source, 
FCC) .  These s a t e l l i t e s  a re  owned by AT&T (TELSTAR), 
Alascom (AURORA), COMSAT (COMSTAR), Contel (ASC), GE 
(SATCOM), GTE (GSTAR), Hughes (GALAXY), M C I  (SBS),  
and Western Union (WESTAR). Four DSCS S a t e l l i t e s  
a l s o  p r o v i d e  CONUS s e r v i c e .  I n  a d d i t i o n ,  f i v e  
Canadian S a t e l l i t e s  (ANIK) and two Mexican 
Sate l  1 i t e s  (MORELOS) a1 so serve CONUS. Furthermore, 
some 15 more s a t e l l i t e s  w i l l  be launched i n  t h e  near  
fu ture,  and some e x i s t i n g  o l d  s a t e l l i t e s  w i l l  be 
r e t i r e d .  A m a j o r i t y  o f  e x i s t i n g  domestic s a t e l l i t e s  

have 24 t ransponders o f  36 MHz bandwidth w i t h  t o t a l  
bandwidth o f  864 MHz. However, t h e  r e c e n t l y  
launched s a t e l l i t e s  have 12 t ransponders o f  36 MHz 
and 12 o f  72 MHz bandwidth t ransponders and have a 
t o t a l  bandwidth o f  1296 MHz. L e t  us assume t h a t  i n  
t h e  near f u t u r e ,  a t o t a l  o f  50 s a t e l l i t e s  w i t h  an 
average bandwidth o f  1 GHz each w i l l  p rov ide  
s a t e l l i t e  s e r v i c e  over  CONUS. Assuming an average 
o f  1 t o  2 b i t s  p e r  Hz, t h e  t o t a l  s a t e l l i t e  capac i t y  
w i l l  be 50-100 Gbps. The f i b e r  o p t i c  cables 
c u r r e n t l y  be ing  i n s t a l l e d  i n  CONUS have 8 t o  36 
p a i r s  p e r  cab le  w i t h  an average o f  12 a c t i v e  f i b e r  
p a i r s  p e r  cable.  Since, today, each f i b e r  p a i r  can 
c a r r y  1.7 Gbps, t h e  t o t a l  c a p a c i t y  pe r  f i b e r  o p t i c  
cab le  i s  about 20 Gbps. Since seven 
t r a n s c o n t i n e n t a l  f i b e r  cables a re  planned i n  CONUS, 
t h e  f i b e r  o p t i c  media w i l l  soon o f f e r  140 Gbps o f  
bandwidth, which i s  1.4 t o  2.8 t imes t h a t  a v a i l a b l e  
w i t h  s a t e l l i t e s .  Wi th  t h e  c a p a c i t y  p e r  f i b e r  p a i r  
growing r a p i d l y ,  as d iscussed l a t e r  i n  paragraph V, 
t h e  f i b e r  o p t i c  c a p a c i t y  a v a i l a b l e  i n  CONUS w i l l  be 
even much l a r g e r  i n  t h e  near  f u t u r e .  

L e t  us now compare t h e  c a p a c i t y  o f  f i b e r  
o p t i c  w i t h  s a t e l l i t e s  f o r  t r a n s a t l a n t i c  t r a f f i c .  
The INTELSAT Corpo ra t i on  c u r r e n t l y  has seven 
s a t e l l i t e s  over  t h e  A t l a n t i c  each w i t h  a t o t a l  
transponder bandwidth o f  up t o  2.46 GHz. S t a r t i n g  
i n  l a t e  1989, t h r e e  o f  these s a t e l l i t e s  a re  planned 
t o  be rep laced  by h i g h e r  c a p a c i t y  INTELSAT V I  
s a t e l l i t e s .  The r e c e n t l y  launched PANAM s a t e l l i t e  
w i t h  a t o t a l  t ransponder  bandwidth o f  1.3 GHz a l s o  
prov ides t r a n s a t l a n t i c  se rv i ce .  A1 so ,  two DSCS 
s a t e l l i t e s  a re  p r o v i d i n g  t r a n s a t l a n t i c  se rv i ce .  
Although c u r r e n t  DSCS s a t e l l i t e s  have a t o t a l  
transponder bandwidth o f  375 MHz a t  SHF band, i n  t h e  
f u t u r e  they  w i l l  have a bandwidth o f  1.3 GHz w i t h  
t h e  a d d i t i o n  o f  EHF band capac i t y .  Thus, t h e  f u t u r e  
t o t a l  maximum t r a n s a t l a n t i c  s a t e l l i t e  bandwidth w i l l  
be about 20 GHz. Again, assuming 1 t o  2 b i t s  p e r  Hz 
on t h e  average, t h e  maximum t r a n s a t l a n t i c  capac i t y  
w i l l  be about 20-40 Gbps. Transoceanic submarine 
f i b e r  o p t i c  cables a re  being i n s t a l l e d  i n  t h e  
A t l a n t i c ,  P a c i f i c ,  and Mediterranean. F igures 2 and 
3 show t h e  planned submarine f i b e r  o p t i c  cab le  
rou tes  i n  t h e  A t l a n t i c  and P a c i f i c  Oceans. I n  t h e  
A t l a n t i c ,  t h e  TAT-8 cab le  i s  planned t o  p rov ide  560 
Mbps s e r v i c e  s t a r t i n g  i n  November 1988. The TAT-9 
cable planned f o r  1991 w i l l  p rov ide  1.12 Gbps 
se rv i ce .  I n  a d d i t i o n  t o  these t a r i f f e d  systems, a 
p r i v a t e  n o n - t a r i f f e d  h i g h  c a p a c i t y  f i b e r  o p t i c s  
se rv i ce  w i l l  be o f f e r e d  by P r i v a t e  T r a n s A t l a n t i c  
Telecommunications (PTAT) Systems, I n c .  The PTAT-1 
submarine f i b e r  o p t i c  cable,  planned f o r  1989, w i l l  
p rov ide  a c a p a c i t y  o f  1.26 Gbps. The PTAT-2 cable 
w i l l  o f f e r  s e r v i c e  a t  t h e  same o r  h ighe r  r a t e .  
Thus, t r a n s a t l a n t i c  f i b e r  o p t i c  cables w i l l  soon 
have a c a p a c i t y  g r e a t e r  than 4.2 Gbps. Comparing 
t h e  f i b e r  o p t i c  c a p a c i t y  w i t h  s a t e l l i t e s ,  i t  i s  
c l e a r  t h a t  t h e  t r a n s a t l a n t i c  c a p a c i t y  a v a i l a b l e  w i t h  
s a t e l l i t e s  w i l l  s t i l l  be g r e a t e r  than t h a t  a v a i l a b l e  
w i t h  submarine f i b e r  o p t i c  cables by a f a c t o r  of 
approx imate ly  5 t o  10. 

However, s a t e l l i t e s  a re  sub jec t  t o  jamming 
and nuc lea r  s c i n t  i 11 a t  i on .  Spread spectrum 
techniques needed f o r  ant i jamming p r o t e c t i o n  reduce 
the  s a t e l  1 i t e  throughput  by severa l  o rde rs  of 
magnitude. A n t i  s c i n t  i 11 a t  i o n  techniques a1 so reduce 
the  throughput .  Thus, t h e  a n t i  jamming and 
a n t i s c i n t i l l a t i o n  maximum c a p a c i t y  a v a i l a b l e  from 
s a t e l  1 i t e s  f o r  m i  1 i t a r y  s e r v i c e  w i l l  be severa l  
orders o f  magnitude lower  than t h a t  c a l c u l a t e d  above 
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Figure 2 .  P1 anned Transa t l  a n t i c  Submarine Fi ber  Opt ic  Cabl es 
(Courtesy o f  Kessler Marketing Intelligence, NewDort, RI) 

Figure 3 .  P1 anned Transpaci f i  c Submari ne Fi ber Opti c Cabl e s  
(Courtesy o f  Kessler Marketing Intelligence, Newport, RI) 
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which means t h a t  t h e  e x i s t i n g  and planned f i b e r  
o p t i c  capac i t y  a v a i l a b l e  f o r  m i l i t a r y  t r a f f i c  i s  
a l ready s u b s t a n t i a l l y  l a r g e r  than t h e  CONUS and 
t ransoceanic  sate1 1 i t e  c a p a c i t i e s .  

Cost. Le t  us f i r s t  compare t h e  c o s t  o f  
s a t e l l i t e  w i t h  f i b e r  o p t i c  t ransmiss ion  i n  CONUS f o r  
a 25-year s e r v i c e  p e r i o d .  The ac tua l  c o s t  o f  
p r o v i d i n g  s a t e l l i t e  t ransmiss ion  i s  independent o f  
d i s tance  on e a r t h  between users l o c a t e d  a t  t e r m i n a l s  
w i t h i n  view o f  t h e  s a t e l l i t e .  The major  c o s t  o f  
s a t e l l i t e  t ransmiss ion  i s  f o r  i t s  space segment. 
The average c o s t  o f  b u i l d i n g  a s a t e l l i t e  and 
launching i t  ( w i t h  insurance)  i s  about 100 t o  200 
m i l  1 i o n  d o l l a r s  (Source, COMSAT and INTELSAT). For  
the  50 CONUS s a t e l l i t e s  assumed i n  t h e  f u t u r e  (as 
considered f o r  t h e  c a p a c i t y  c a l c u l a t i o n s  above), t h e  
t o t a l  c o s t  w i l l  be 12.5 t o  25 b i l l i o n  d o l l a r s  
assuming a 10-year s a t e l l i t e  l i f e t i m e  and a 25-year 
se rv i ce  p e r i o d .  The c o s t  o f  i n s t a l l i n g  f i b e r  o p t i c  
cable on l a n d  depends on a number o f  f a c t o r s  such as 
d is tance,  c o s t  o f  r i g h t - o f - w a y ,  and t ype  o f  
t e r r a i n .  The c o s t  o f  i n s t a l l a t i o n  i s  l i n e a r l y  
dependent on mi leage.  However, t h e  c o s t  o f  
i n s t a l l i n g  cab le  through a c i t y  i s  g e n e r a l l y  h ighe r  
than through r u r a l  areas and farmlands. A lso,  t h e  
cost  w i l l  be much h ighe r  f o r  uneven h i l l y  t e r r a i n ,  
and sometimes t h e  c o s t  can be p r o h i b i t i v e  f o r  rocky  
o r  i c y  t e r r a i n .  The average c o s t  o f  a f i b e r  o p t i c  
system i n  CONUS i s  about 50 t o  100 thousand d o l l a r s  
per  m i l e ,  and such a system has a l i f e t i m e  o f  about 
25 years (Source, GTE S p r i n t  and LIGHTNET). The 
cos t  o f  t h e  seven t r a n s c o n t i n e n t a l  f i b e r  o p t i c  
cables planned i n  CONUS w i l l  be 1.12 t o  2.24 b i l l i o n  
d o l l a r s  assuming an average o f  3200 m i l e s  p e r  
cable.  Thus, i f  a l l  CONUS s a t e l l i t e s  were used t o  
p rov ide  t r a n s c o n t i n e n t a l  se rv i ce ,  t h e  s a t e l l i t e  c o s t  
would be 5.6 t o  22.3 t imes t h a t  f o r  f i b e r  o p t i c  
cables.  The t o t a l  c o s t  o f  t h e  70,000 m i l e s  o f  f i b e r  
o p t i c  cab le  planned i n  CONUS by 1989 w i l l  be 3.5 t o  
7 b i l l i o n  d o l l a r s .  Th i s  i s  s t i l l  l e s s  than t h e  c o s t  
o f  s a t e l l i t e  t ransmiss ion  which i s  even h ighe r  when 
the  cos t  o f  e a r t h  s t a t i o n s  i s  added i n .  

Next, l e t  us compare t h e  c o s t  f o r  
t r a n s a t l a n t i c  s e r v i c e  f o r  a 25-year s e r v i c e  pe r iod .  
Assuming t h e  c o s t  o f  s a t e l l i t e s  a t  about 100 t o  200 
m i l l i o n  d o l l a r s  each, t h e  t o t a l  c o s t  o f  10 
s a t e l l i t e s  over  t h e  A t l a n t i c  w i l l  be 2.5 t o  5 
b i l l i o n  d o l l a r s ,  again assuming a 10-year s a t e l l i t e  
l i f e t i m e  and a 25-year s e r v i c e  pe r iod .  The c o s t  o f  
6700 km o f  TAT-8 cables i s  est imated a t  350 m i l l i o n  
d o l l a r s  and t h e  c o s t  o f  9300 km o f  TAT-9 cables i s  
est imated a t  400 m i l l i o n  d o l l a r s  (Source, AT&T). 
The l i f e  expectancy f o r  these cables i s  25 years.  
Assuming s i m i l a r  c o s t s  f o r  PTAT-1 and PTAT-2 cables,  
t he  t o t a l  c o s t  o f  submarine f i b e r  o p t i c  cables w i l l  
be about 1.5 b i l l i o n  d o l l a r s .  Thus, f o r  
t r a n s a t l a n t i c  s e r v i c e  t h e  t o t a l  s a t e l l i t e  c o s t  w i l l  
be some 2 t o  3 t imes h ighe r  than t h e  f i b e r  o p t i c  
submarine cable,  again n o t  i n c l u d i n g  e a r t h  te rm ina l  
costs .  

The c o s t  and c a p a c i t y  comparison o f  
s a t e l l i t e  and f i b e r  o p t i c  f o r  CONUS and 
t r a n s a t l a n t i c  s e r v i c e  i s  summarized i n  Table 2. 
With t h e  s h u t t l e  d i s a s t e r  and t h e  phase o u t  o f  
expendable launch veh ic les ,  t h e  U.S. c u r r e n t l y  has 
very l i t t l e  launch c a p a b i l i t y .  Although NASA i s  
working hard t o  make t h e  s h u t t l e  f l y  s a f e l y  again 
soon, and i n d u s t r y  and t h e  A i r  Force a re  work ing t q  
prov ide o the r  expendable launch veh ic les ,  many 
s a t e l l i t e s  a re  i n  s torage w a i t i n g  f o r  launch 

veh ic les .  Th is  has n o t  o n l y  increased s a t e l l i t e  
cost ,  b u t  has a l s o  f u e l e d  t h e  move t o  f i b e r  because 
o f  t h e  r i s k  and u n c e r t a i n t y  o f  s a t e l l i t e  launches. 

Table 2.  Comparison of Capaci ty  and Cost 
o f  S a t e l l i t e  and Fiber  Opt ic  f o r  
CONUS and T r a n s a t l a n t i c  Serv ice  
f o r  a 25-Year Se rv ice  Period 

CONUS I MEDIA I TRANSCONTINENTAL I TRANSATLANTIC 

SATELLITE 50-100 GBPS 20-40 GBPS I I $12.58 TO $258 I $2.58 TO $58 

4.2 GBPS 
$1.58 I 140 GBPS I I $1.128 TO $2.248 

Le t  us now compare t h e  c o s t  o f  f i b e r  o p t i c  
w i t h  LOS microwave. F igu re  4 shows t h e  c o s t  versus 
capac i t y  o f  a 100 m i l e  c i r c u i t  f o r  LOS microwave 
rad io ,  m e t a l l i c  cable,  and f i b e r  o p t i c  cable.  Th is  
curve shows t h a t  f o r  l ower  c a p a c i t y  requirements, 
LOS microwave r a d i o  i s  cheaper than f i b e r  o p t i c  
cable. However, f o r  a c a p a c i t y  requi rement  o f  
around 10 DS-3 channels (10 x 45 = 450 Mbps) o r  
h igher ,  f i b e r  o p t i c  i s  cheaper. 
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Figure 4 .  Cost Comparison Dig i t a l  of 

LOS Microwave, Copper Cable, and 
Fiber  Opt ics  f o r  a 100 Mile Route 
(Courtesy of  Kessler  Marketing 
I n t e l  1 igence,  Newport, RI) 

Other Features. Besides capac i t y  and cos t ,  
o the r  f e a t u r e s  o f  s a t e l l i t e s  and t e r r e s t r i a l  media 
are impor tant  i n  making a cho ice  o f  media. 
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S a t e l l i t e s .  Sate1 1 i t e s  a re  no rma l l y  
l oca ted  i n  geosynchronous o r b i t  a t  about 22,300 
mi les  where they  can s imul taneously  serve e a r t h  
te rm ina ls  l o c a t e d  over  about o n e - t h i r d  o f  t h e  
ea r th ’ s  sur face.  The wide coverage area o f  
s a t e l l i t e s  makes them un ique ly  w e l l  q u a l i f i e d  f o r ,  
and e f f i c i e n t  a t ,  b roadcas t i ng  t o  a l a r g e  number o f  
s i t e s  s imul taneously .  Th is ,  i n  combinat ion w i t h  t h e  
wideband c a p a b i l i t y  o f  s a t e l l i t e s  (40 MHz t o  100 MHz 
pe r  t ransponder) ,  e x p l a i n s  why s a t e l l i t e s  a re  w i d e l y  
used f o r  d i s t r i b u t i n g  and broadcast ing t e l e v i s i o n  
s igna ls .  The wide coverage area i s  a l s o  w e l l  s u i t e d  
t o  j o i n i n g  a number o f  l o c a t i o n s  i n  a v ideo  
conference. T I  v ideo  con fe renc ing  was in t roduced  i n  
the  DCTN i n  1986, and t h e  requi rements a re  growing. 
Since s a t e l l i t e s  see bo th  busy urban cen te rs  and 
remote i s o l a t e d  areas, t hey  a re  i d e a l l y  s u i t e d  f o r  
extending communications t o  remote s i t e s .  
S a t e l l i t e s  can a l s o  p r o v i d e  a ready backup t o  
l o c a t i o n s  hav ing an outage o f  t h e  p r imary  media 
se rv ing  them. Wi th s a t e l l i t e s  i t  i s  p o s s i b l e  t o  go 
from source t o  d e s t i n a t i o n  us ing  j u s t  t h e  s a t e l l i t e ,  
thus avo id ing  a d d i t i o n a l  c o s t s  o f  t h e  l o c a l  
ope ra t i ng  companies i n  CONUS and p r o v i d i n g  t o t a l  
U.S. c o n t r o l  overseas w i t h o u t  hav ing t o  pass through 
host  n a t i o n  communications. S a t e l l i t e s  a l s o  can 
p rox ide  a go d average b i t  e r r o r  r a t e  o f  between 
10- and 10- . T h i s  can s a t i s f y  a l l  v o i c e  users 
and most da ta  users. On t h e  nega t i ve  s ide ,  however, 
s a t e l l i t e  t ransmiss ion  a t  t h e  speed o f  l i g h t  has a 
de lay o f  0.25 second p e r  hop. A round t r i p  de lay  o f  
0 .5  second poses a se r ious  de lay  problem f o r  
i n t e r a c t i v e  da ta  users and a n o t i c e a b l e  annoyance t o  
many vo i ce  users.  The wide coverage o f  some 
s a t e l l i t e  antennas make s a t e l l i t e s  easy t o  jam. 
Furthermore, t h e  s a t e l l i t e  channel i s  sub jec t  t o  
var ious channel anomalies i n c l u d i n g  r a i n  a t t e n u a t i o n  
and s c i n t i l l a t i o n .  F i n a l l y ,  e a r t h  t e r m i n a l s  a re  
easy t o  l o c a t e  making them c l e a r  t a r g e t s  f o r  e i t h e r  
phys i ca l  a t t a c k  o r  down1 i n k  jamming. As technology 
advances, t h e  s a t e l l i t e  i t s e l f  may be s u s c e p t i b l e  t o  
phys i ca l  a t t a c k  by a n t i s a t e l l i t e  weapons. 

T e r r e s t r i a l .  LOS microwave t ransmiss ion  
progides a v r y  good b i t  e r r o r  r a t e  o f  between 
10- 
eve b e t t e r  w i t h  b i t  e r r o r  r a t e s  o f  10- t o  
10-p2. LOS r a d i o  l i n k s  do n o t  r e q u i r e  
r i g h t s - o f - w a y  as do cables;  however, s i t e  approval 
i s  needed f o r  t h e  microwave towers.  F i b e r  o p t i c  
cables c a r r y  ve ry  h i g h  bandwidth, p o i n t - t o - p o i n t  
t r a f f i c  w i t h  ve ry  l ow  e r r o r  p r o b a b i l i t y .  F i b e r  
o p t i c  cab le  n e i t h e r  emanates e lec t romagne t i c  s i g n a l s  
nor  i s  s u s c e p t i b l e  t o  e lec t romagne t i c  i n t e r f e r e n c e .  
Under nuc lea r  cond i t i ons ,  f i b e r  o p t i c  cab le  does 
s u f f e r  d e t e r i o r a t i o n ,  b u t  i t  recovers w i t h  t ime  
(about 24 hours)  l e a v i n g  o n l y  a smal l  permanent 
degradat ion i n  e r r o r  p r o b a b i l i t y  performance (by a 
f a c t o r  o f  2 t o  4 ) .  HF and t r o p o  (and LOS f o r  s h o r t  
d i s tances )  can p r o v i d e  f o r  ex tens ion  o f  
communications t o  remote areas and f o r  r a p i d  
r e s t o r a l  o f  communications d i s r u p t e d  due t o  outage. 
On t h e  nega t i ve  s ide ,  t e r r e s t r i a l  t ransmiss ion  media 
are n o t  w e l l  s u i t e d  t o  b roadcas t i ng  o r  con fe renc ing  
t o  many l o c a t i o n s .  Rights-of -way a re  needed f o r  
cable systems, as a re  frequency a l l o c a t i o n  and 
approval f o r  most r a d i o  systems. Cable and LOS 
systems make easy t a r g e t s  f o r  sabotage, a t tack ,  
e tc . ,  and a re  d i f f i c u l t  t o  secure p h y s i c a l l y .  Large 
b i l l b o a r d  t r o p o  antennas a re  vu lne rab le  t o  a i r  
a t tack .  HF and t r o p o  do n o t  p rov ide  as h i g h  
a v a i l a b i l i t y  as cable,  LOS, and s a t e l l i t e .  

II 

and 10- 6 , whereas t h e  f i b e r  o p t i c  mefp’da i s  

V. TECHNOLOGICAL DEVELOPMENTS AND IMPROVEMENTS I N  
MEDIA ATTRIBUTES 

U. To avo id  congest ion o f  t h e  SHF frequency 
band and t o  p r o v i d e  ant i jamming p r o t e c t i o n  a t  h ighe r  
da ta  r a t e s  than SHF can d e l i v e r ,  OCA i s  l o o k i n g  t o  
use t h e  EHF band i n  a d d i t i o n  t o  t h e  SHF band f o r  
f u t u r e  DSCS s a t e l l i t e s .  A l a r g e  number o f  EHF band 
techno log ica l  developments a re  being accompli shed 
f o r  bo th  t h e  space and e a r t h  segments under t h e  
MILSTAR program and a l s o  by i n d u s t r y .  These inc lude  
va r ious  antennas ( t h i n  phased arrays,  g imble 
multibeam, a g i l e  beam, s o l i d  s t a t e  a c t i v e  aper tu re )  
and h i g h  power a m p l i f i e r s .  These developments w i l l  
be e x p l o i t e d  by t h e  DSCS, and an i n i t i a l  EHF 
c a p a b i l i t y  a t  44/20 GHz i s  a n t i c i p a t e d  f o r  t h e  
1990‘s. Autonomous c o n t r o l  techniques f o r  
s a t e l  1 i t e s  w i  11 reduce opera t i ona l  c o s t  and 
dependence on vu1 ne rab l  e c o n t r o l  t e rm ina l  s .  
Improvements i n  hardware p a r t s  ( s o l i d  s t a t e  
a m p l i f i e r s ,  antennas, e t c . )  w i l l  reduce t h e  l i f e  
c y c l e  c o s t  o f  s a t e l l i t e s .  On-board process ing i n  
the  space segment w i l l  improve t h e  c a p a c i t y  under 
jamming. Developments i n  s a t e l  1 i t e - t o - s a t e l l  i t e  
c r o s s l i n k s  w i l l  improve s u r v i v a b i l i t y  and decrease 
the  de lay  by e l i m i n a t i n g  t h e  need t o  double hop 
through vu lne rab le  r e l a y  nodes when communicating 
from a t e r m i n a l  i n  one s a t e l l i t e  coverage area t o  a 
te rm ina l  i n  another  coverage area. 

There a re  l a r g e  number o f  
t echno log ica l  developments i n  t h e  area o f  f i b e r s ,  
cable connectors, photo de tec to rs ,  l ase rs ,  and 
edge-emi t t i ng  d iodes.  Research i s  be ing  done f o r  
us ing  coherent  d e t e c t i o n  and a l s o  f o r  us ing  
a l l  - o p t i c a l  regeneration/ampl i f i c a t i o n  versus 
e l e c t r o - o p t i c a l  regenera t i on  as i s  done today. A l l  
these improvements a re  aimed a t  i nc reas ing  f i b e r  
o p t i c  bandwidth c a p a c i t y  w h i l e  reduc ing  i t s  c o s t .  
I n  t h e i r  l a b o r a t o r y ,  AT&T B e l l  Labs has demonstrated 
a f i b e r  o p t i c  p a i r  c a r r y i n g  27 Gbps a t  a 60 km 
repeater  spacing. F igu re  5 shows t h e  t r e n d  i n  t h e  
increase o f  bandwidth c a p a c i t y  and repea te r  spacing 
f o r  a f i b e r  o p t i c  p a i r .  Th i s  curve shows t h a t  t he re  
w i l l  be a tremendous growth i n  t h e  bandwidth 
capac i t y  o f  f i b e r  o p t i c s ,  and a c a p a c i t y  o f  100 Gbps 
a t  a repea te r  spac ing o f  100 k i l omete rs  w i l l  be 
w i t h i n  reach i n  t h e  nex t  decade. I n  t h e i r  l abs ,  
AT&T B e l l  Labs have r e c e n t l y  sent  l i g h t  pu lses over  
2480 m i l e s  o f  f i b e r  w i t h o u t  us ing  any repea te rs .  A 
very  l a r g e  f i b e r  o p t i c  network i s  planned 
worldwide. Large f i b e r  o p t i c  networks a re  p l  anned 
i n  t h e  Un i ted  Kingdom, France, Germany, Japan, e t c .  
Planned i n s t a l l a t i o n  o f  a l a r g e r  f i b e r  o p t i c  network 
i n  CONUS was d iscussed i n  Paragraph 11. AT&T 
fo recas ts  t h a t  by 1991 over  93% o f  t h e i r  c i r c u i t  
m i l es  w i l l  be us ing  f i b e r  o p t i c s .  The B e l l  
Operat ing Companies have a1 so a l ready  s t a r t e d  t h e  
i n s t a l l a t i o n  o f  l o c a l  f i b e r  o p t i c  loops i n  
m e t r o p o l i t a n  areas. The t o t a l  l o c a l  f i b e r  o p t i c  
r o u t e  mi leage w i l l  be much l a r g e r  than t h a t  f o r  
long-haul .  By t h e  mid-1990s f i b e r  o p t i c  
c o n n e c t i v i t y  between major  l o c a t i o n s  around t h e  
wor ld  w i l l  be a r e a l i t y .  Specia l  upgrades a re  being 
developed on f i b e r  o p t i c  cables and associated 
equipment t o  s u b s t a n t i a l l y  reduce t h e  degradat ion 
due t o  nuc lea r  e f f e c t s .  Old m e t a l l i c  cables a re  
being rep laced  by f i b e r  o p t i c  cables.  LOS microwave 
l i n k s  w i l l  s t a y  u n t i l  ve ry  h i g h  bandwidth 
requirements w i l l  make i t  economical t o  change t o  
f i b e r  o p t i c s .  New LOS microwave l i n k s  w i l l  be added 
only a t  p laces where r i gh ts -o f -way  o r  t e r r a i n  

T e r r e s t r i a l .  
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problems make it impossible to use fiber optic 
cables. For  example, in Alaska, where terrain 
problems make fiber optic media less attractive, LOS 
microwave is being used for the backbone, and 
satellite media is being used for providing video 
capability at various stations. 

4 
10 I 1 

-1 [ 
10 I I I I I I I 
1976 1978 1980 1982 1984 1986 1-988 1990 

YEAR 

F igure  5 .  Capac i ty  Trends i n  F i b e r  
Opt1 cs 

With technological improvements in modems, 
equalization, and diversity combining, data rates 
higher than the current rate of 135 Mbps will be 
used for digital LOS microwave. Work is also in 
.progress for the development of 15/23 GHz LOS 
millimeter wave systems for providing high capacity 
transmission for short distances. Improvements in 
digital troposcatter include equalization 
techniques, angle diversity techniques, and 
efficient high power amplifiers. Meteor burst 
developments offer a low capacity, high 
survivability media during crisis situations, and 
for low capacity extension and restoral. Automatic 
link establishment standards are being developed for 
the HF media; this will significantly improve the 
operational availability of H F  communications while 
reducing required skill levels. 

V I .  CHANGING M I L I T A R Y  REQUIREMENTS 

Although voice requirements are growing 
steadily, data requirements are growing very rapidly 
and are expected to exceed voice requirements by the 
mid-90’s. A s  a result of lessons learned in the 
Lebanon and Grenada incidents, there is an increased 
emphasis on command and control voice and data 
conferenci ng . The DCTN provides a video 
conferencing capability and the requirement for this 
capabi 1 i ty is growing . Imagery and other wideband 
applications continue to grow. There is an emphasis 
on readiness, and on survivability in a nuclear 
environment. 

V I I .  FUTURE A P P L I C A T I O N S  OF TRANSMISSION MEDIA FOR 
M I L I T A R Y  COMMUNICATIONS 

Table 3 provides an overview of future 
applications of transmission media for military 
communications. Because of their unique 

Table 3. F u t u r e  A p p l i c a t i o n s  of  
Transmiss ion Media f o r  M i  1 i t a r y  
Communi c a t i o n s  

SATE L L I T E  
- CONTINUE TO LOSE GROUND TO F I B E R  O P T I C S  FOR 

P O I N T - T O - P O I N T  LONG DISTANCE AND 
TRANSOCEANIC BUT CONTINUED USE FOR 
BACKUP 

USERS 
- CONTINUED USE FOR SERVING H I G H  BANDWIDTH 

- CONTINUED USE FOR BROADCAST AND 
CONFERENCING 

EXTENSION. AND FOR RESTORAL OF OUTAGES 
- CONTINUED USE FOR REMOTE AREAS, FOR R A P I D  

- INCREASED USE FOR M O B I L E  USERS (TRUCKS, 
SHIPS,  PLANES, LAND VEHICLES) 

- CONTINUED USE FOR BYPASS 
- CONTINUED USE WHERE END-TO-END NATIONAL 

CONTROL IS REQUIRED 

B F I B E R  O P T I C S  
- R A P I D L Y  INCREASING USE FOR TRANSOCEANIC; 

LONG DISTANCE; AND SPURS OFF OF LONG 
DISTANCE ROUTE 

AREA TO CONNECTION W I T H  LONG HAUL, 
- INCREASING USE FOR LOCAL AREA THROUGH WIDE 

RESULTING IN PERVASIVE FIBER OPTIC 
CONNECTIVITY 

# LOS MICROWAVE 
- 
- 

STEADY DECREASE AS F I B E R  O P T I C S  GROWS 
CONTINUED USE FOR ROUTES NOT ECONOMICAL FOR 

F I B E R  (LOW BANDWIDTH; H O S T I L E  T E R R A I N  
E.G., I C E  OR ROCKS; NO RIGHTS-OF-WAY) 

0 M E T A L L I C  CABLE 
- CONTINUE FOR LOW BANDWIDTH ROUTES U N T I L  END 

OF L I F E  

LONG DISTANCE AND TRANSOCEANIC; SAME 
LATER FOR WIDE AREA AND LOCAL AREA 

F I B E R  

- NO NEW I N S T A L L A T I O N S  OR REPLACEMENTS FOR 

- GRADUAL PHASE OUT, TO BE REPLACED W I T H  

0 TROPO 
- PHASE OUT EXCEPT FOR REMOTE AREA EXTENSION 

AND RESTORAL, AND FOR S P E C I A L  CASES 

0 H I G H  FREQUENCY (HF) 
- CONTINUED USE BY M O B I L E  AND TRANSPORTABLE 

USERS 

AREAS AND RESTORAL OF OUTAGES 
- CONTINUED USE FOR SOME EXTENSION TO REMOTE 

0 METEOR BURST 
- USED FOR LOW DATA RATE EXTENSION AND 

RESTORAL OF OUTAGES 

REQUIREMENTS 
- USED FOR H I G H  S U R V I V A B I L I T Y  COMMUNICATIONS 

characteristics, and because of the requirement to 
use multiple media for backup and higher 
survivability, both space and terrestrial media will 
continue to be heavily used for future military 
applications. 

w. A major drawback of satellite 
transmission is a delay of 0.25 sec from source to 
destination. Although satellites are widely used 
today for point-to-point transmission, the use of 
fiber optics i s  growing rapidly because of its very 
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wide bandwidth and lower  c o s t .  More and more, f i b e r  
w i l l  r ep lace  s a t e l l i t e s  f o r  p o i n t - t o - p o i n t  
communications. S a t e l l i t e  communications w i l l  s t i l l  
be used as a backup t o  f i b e r  and a l s o  t o  p rov ide  a 
mix o f  t ransmiss ion  media t o  enhance s u r v i v a b i l i t y .  
The use o f  s a t e l l i t e  f o r  t ransoceanic  s e r v i c e  w i l l  
cont inue b u t  w i t h  a reduced share as compared t o  
today. AT&T has s igned an agreement t o  guarantee 
COMSAT t h a t  about o n e - t h i r d  o f  t h e  new overseas 
t r a f f i c  w i l l  be sent  v i a  s a t e l l i t e  u n t i l  1994 
(Washington Post, 21 August 1988) . S a t e l l i t e  w i l l  
cont inue t o  be used f o r  se rv ing  h i g h  bandwidth 
users, e s p e c i a l l y  a t  EHF band, and f o r  jam r e s i s t a n t  
communications. S a t e l l i t e  has t h e  unique broadcast  
f ea tu re ,  and w i l l  con t i nue  t o  be used f o r  
broadcast/video conferenc ing.  I t  w i l l  con t i nue  t o  
be used f o r  r a p i d  ex tens ion / res to ra l ,  f o r  mob i l e  
users, f o r  p r o v i d i n g  c o n n e c t i v i t y  between t a c t i c a l  
systems and t h e  l ong -hau l  DCS, and f o r  bypass. 
S a t e l l i t e  t ransmiss ion  o f f e r s  t h e  unique advantage 
o f  t o t a l  n a t i o n a l  end- to-end c o n t r o l  over  t h e  
t ransmiss ion  assets  and thus  w i l l  c e r t a i n l y  con t inue  
t o  be h e a v i l y  used f o r  c r i t i c a l  command and c o n t r o l ,  
and i n t e l l i g e n c e  t r a f f i c .  

T e r r e s t r i a l .  F i b e r  o p t i c  media has t h e  unique 
advantage o f  p r o v i d i n g  enormous c a p a c i t y  a t  a ve ry  
low e r r o r  r a t e  and lower  c o s t .  It w i l l  be t h e  
predominant media f o r  l ong -d i s tance  t ransmiss ion .  
I t s  use f o r  t ransocean ic  s e r v i c e  w i l l  grow. The use 
o f  f i b e r  o p t i c  f o r  l o c a l  area w i l l  a l s o  grow. Wi th 
t h e  emergence o f  new h i g h  bandwidth se rv i ces  l i k e  
Broadband ISDN, h i g h  d e f i n i t i o n  TV, o r  access t o  
h igh bandwidth d a t a  bases, f i b e r  o p t i c  cables w i l l  
even rep lace  l o c a l  m e t a l l i c  cables i n  t h e  f u t u r e .  
Standards a re  a l ready  be ing  considered f o r  Broadband 
I S D N  150/450 Mbps se rv i ces .  Microwave l i n k s  w i l l  be 
added o n l y  where l a y i n g  f i b e r  o p t i c  cab le  i s  n o t  
poss ib le  ( r i g h t - o f - w a y  r e q u i r e d )  o r  n o t  economical 
( l a c k  o f  h i g h  b i t  r a t e  requi rement  o r  t e r r a i n  
problem). M e t a l l i c  cables w i l l  be phased o u t  a t  t h e  
end o f  t h e i r  l i f e ,  and w i l l  be rep laced  by f i b e r .  
Because o f  h i g h  O&M c o s t  and h i g h  p h y s i c a l  
v u l n e r a b i l i t y ,  f i x e d  s i t e  t r o p o s c a t t e r  l i n k s  w i l l  be 
used s o l e l y  f o r  r a p i d  ex tens ion  s i t u a t i o n s .  HF w i l l  
cont inue t o  be used f o r  extens ion/ restora l /DCS 
e n t r y l m o b i l e  users.  Meteor b u r s t  media w i l l  be used 
f o r  spec ia l  l ow  d a t a  r a t e  a p p l i c a t i o n s ,  r e s t o r a l  
a p p l i c a t i o n s ,  and f o r  h i g h  s u r v i v a b i l i t y  
communication requi rements.  

VIII. SUMMARY 

T h i s  paper has addressed va r ious  space and 
t e r r e s t r i a l  media and t h e i r  c u r r e n t  and f u t u r e  
a p p l i c a t i o n .  The d r i v i n g  f a c t o r s  f o r  s e l e c t i o n  o f  
media a re  cos t ,  bandwidth, d i s tance ,  c o n s t r a i n t s  
( f requency a l l o c a t i o n  and o r b i t a l  r e s t r i c t i o n s  f o r  
s a t e l l i t e ,  r i g h t s - o f - w a y  and t e r r a i n  problems f o r  
f i b e r  o p t i c ,  and f requency a l l o c a t i o n  f o r  LOS), and 
requirements ( s u r v i v a b i l i t y ,  mix  o f  media, c o n t r o l  
over communications assets ,  broadcast, conferenc ing,  
ex tens ion / res to ra l ,  mob i l e  users, de lay,  and e r r o r  
r a t e ) .  S a t e l l i t e  t ransmiss ion  w i l l  be used t o  
s a t i s f y  t h e  requi rements o f  broadcast, conferenc ing,  
t o t a l  c o n t r o l  ove r  communications, and r a p i d  
ex tens ion / res to ra l .  F i b e r  o p t i c  w i l l  be used f o r  
l a r g e  bandwidth, l ow  e r r o r  r a t e ,  p o i n t - t o - p o i n t  
t ransmiss ion  where t h e  r i g h t - o f - w a y  and t e r r a i n  
c o n s t r a i n t s  do n o t  p r o h i b i t  i t . Because o f  t h e i r  
unique c h a r a c t e r i s t i c s  and because o f  t h e  mix o f  
media requi rement ,  bo th  space and t e r r e s t r i a l  media 
w i l l  con t i nue  t o  be used f o r  m i l i t a r y  

communications, b u t  w i t h  much more emphasis on 
s e l e c t i n g  t h e  media based on i t s  un ique a t t r i b u t e s  
t o  accommodate t h e  d e s i r e d  appl i t a t i o n  r a t h e r  than 
i t s  be ing t h e  " o n l y  game i n  town. There w i l l  a l s o  
be much more t a i l o r i n g  and s p e c i a l i z a t i o n  o f  
a p p l i c a t i o n s  t o  b e t t e r  c a p i t a l i z e  on t h e  d i f f e r e n t  
a t t r i b u t e s  o f  t h e  f u t u r e  defense space and 
t e r r e s t r i a l  t ransmiss ion  systems. 
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