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Conduct a study and develop an ocean network plan to show ( I )  the4ADIXS -

ocean coverage assigned to eacb~~~~-lnd ( 2 )  the communications concepts require d
to assure FCC—to—TFCC link ag~~throughout the ocean area respons ibility of each FCC. -

- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~P p  ~~ ( )
~~RESULTS

I .  A network plan 1~~ 
C
~~developed that allows FCC—TFCC communication

for all locations within the area of respe bility of each FCC.

2. System backup for the loss of a uhf satellite is discussed~ uhf and narrow-
band shf backups are considered and effects analyzed. ~

RECOMMENDATiONS

I .  Take due care in routing data and control lines to avoid the problem of
differential time delay over long paths.

2. Use landline s in place of double-hop satellite accesses in the Pacific to
decrease the impact of the loss of a uhf satellite .

3. Investigate the possible communication path for FCC—FCC contact that
could be provided by this network plan .
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INTRODUCTION

BACKGROUND

The Fleet Satellite Communication System (FLTSATCOM) provides communication
links via satellite between designated mobile platforms and shore sites. The coverage area for
these communication links will be worldwide between the latitudes of 70°N and 70° S. Four
satellites in geosynchronous orbit will be located at longitudes 23°W , 75°E , l72 °E and
lOO°W. The system includes satellites, rf terminals , subscriber subsystems, personnel , training,
documentation , and logistic support.

The FLTSATCOM subsystem of interest in this report is the Tactical Data Information
Exchange Subsystem (TADIXS), a direct communications network between Navy fleet com-
mand centers (FCC) ashore and task force command centers (TFCC) afloat. The TADIXS rf
channel will carry digitized half-duplex communications at 2.4 kilobits per second over the
uhf or uhf—demand assigned multiple access (DAMA) F LTSATCOM system and will be com-
patible with the Defense Satellite Communications System (DSCS) shf satellites. TADIXS
will also use low-speed hf for relay and backup. A TFCC which has lost its satellite communi-
cation capability will use this hf compatibility for backup transmission and reception of alert
precedence traffic between itself and the nearest TADIXS link controller. The shore station
locations and uhf FLTSATCOM satellite coverages are shown in figure 1.
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Figu re 1. FLTSATCOM satellite coverage (100 look angle) and TAD1XS installations (shore): ( I )  Pearl
Harbor HI , (2) Norfolk VA , (3) London , England , (4) Naples , Italy—transmitter only.
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WORK OBJECTIVES

The objectives of th is work were to conduct a study of ’ requirements and to develop
a network plan to show ( 1 )  the TADIXS ocean coverage assigned to each FCC and (2 )  the
communications concept required to assure FCC—to—TFCC linkage throughout the ocean
area respo nsibility of each FCC.

WORK PROCEDURES

Each FCC site was visited to determine the probable traffi c loading and required
connectivity for the ocean area of responsibi lity. This involved visits to the sites depicted
in figure I as TADIXS shore sites. Both operat ional and technical local area personnel were
interviewed to obtain the required information and were briefe d with basic info rmation on
TADIXS. Instal lation planners were pleased with the proposed system because of both its
small physical size and the low power requirements of the ON— I 43(V)X/USQ (the TADIXS
link controll er). Through these visits , we learned of the local diffe rences that will require
each TADIXS FCC install ation to be unique even though all the systems share the same con-
cept and communications design.

WORLD VIEW

The three FCC sites will be communicating with mobile forces deployed worldwide .
although each FCC will deal only with communications to subordinated units in its area of
operation. The areas of operation range in size f’rorn that of the Atlantic  Ocean to that of
the Pacifi c and Indian Oceans combined. The Norfolk VA (CINCLANTFLT ) FCC can sup-
port its requirem ents with access to only one FLTSATCOM satellite , whereas the London.
England. (CINCUSNAVE UR ) FCC will require two satellite accesses and the Pearl Harbor HI
(CIN CPACFLT) FCC will requir e access to three satellites to cover the area of responsib ility
assigned to tha t  commander. These conclusions were arrived at by comparing the ocean area
of ’ responsibility f’or each commander with the various satellite footprints that would he
required to overlap that area.

ATLANTIC

The Atlantic area of operations is completely overlapped by the footprint of the
23°W satellit e. The CINCLANTF LT (CLF) FCC can be connected directly to the Atlantic
area TFCCs by way of NAVCAMSLANT and the 23°W satell ite ( figure 2) . Since the respon-
sibility for communication on the 23°W satellite has been assigned to NAVCAM SLANT,
Norfolk VA, the CINCLANTFLT FCC TADIXS processor will be net controller for the
TADIXS channel on this satellite. To achieve world coverage (Ic for CIN CUSNAVEUR ) ,
it will be necessary to route a porti on of ’ the European traffi c over this satellite. The dis-
cussion of ’ this routing will be expanded upon in the later sections of ’ this report.
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23°W

ATLANTIC AREA
TFCCs

A
CLF FCC

Figure 2. Atlantic area FCC-TFCC conn ecnvIt ~ .

EUROPEAN

The FCC for CINCUSNAVEUR (( ‘NE) t ’~ located in London. England. but the trans-
mi t t ing site is located in Naples , Italy.  Figure 1 shows that both the 23°W and the 75~ E
satellites are visible f’rom Nap les: the footprints of ’ both are required to ~ . ver the territory
over which forces subordinate to CINCUSNAVEUR may operate. Most operations will
occur under the view of the 75~ E (Indian Ocean) satellite , hut some will require access to
the 23°W (Atlant i c )  satellite. These circuits arc designated as E l  and E2 in this report
(figure 3). The CINCLANTFLT TADIXS controller k the net controller on the 23GW
satellite, so all members ot’ circuit El participate as subscribers only.

Since responsibility t’or communicat ion on the 75°
E (Indian Ocean) satellite has been

assigned to NAVCAMSMED . Naples. I taly,  the CINC U SNAVEUR FCC TADIXS processor
will be net controller for the TADIXS channel on this satellite. To achieve world coverage
(ic for CINCPACFLT ) . it will be necessary to route part of the Pacific trat ’tic over this satel-
lite . Details are given in later sections of this report.

PACIFIC

The CINCPACFLT (CPF) FCC is located in Maka lapa HI , but the ocean area of
responsibility of CINCPACFLT stretches from the Western United States almost to the
easte rn coast of Africa , a huge area. Figure 1 shows that the footprints of three FLTSAT-
COM satellites will be required to span it :  the ’ l00°W (CONUS). the I 72° F (WEST PAfl.
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Figure 4. Pacific area FCC—TECC connecIt ~it\

DUAL USAGE

MAPPING THE EARTH

TADIXS is require d to connect F(’(~s wi th  FF (( ’s worldwide wi th in  th e’ north-
south lat i tud e footprint limIts ot’ the FLTSATCOM spacecraft Usin9 t’our satellites among
three FCCs and up to ten TFCCs in each satellite footprint. Figure 5 shows this schematically.

Figure 5 shows all the possible links that  could be established , with all three FC(’s
using cacti sat ellite. Two factors moderate the required number ot’ links , however. First ,
each FCC has to communicat e onI~ with TFCCS in its area of responsibilit y . not worldwide.
Second. the world is partit ioned into iones ot ’ unequal ocean sur t’ace areas of ’ assigned
responsibilities.

Figure ö shows the m inimum conn ectivity required t’or each FCC to communicate
with TFCCs in i ts  area of responsibilit y . A glance hack at figure 1 discloses that both (‘IN-
CUSNAVEUR and CINCPA (’FLT have areas ot’ respons ihility large r than one FU’SAT~~’OM

satellite footprint.

The minimum connec t i vi ty  that allows each FCC to cover its area of responsibility is

Iuu .. and I 72 °E - . are used by only one FCC (CINCPACFLT). and two satellites are shared
~~ show ~ “ figu re 7. schematically , and in figure 8. geographically. Note that two satellites —

by t wo FCCs the 75 °
F satellite by CINCUSNAVEUR and C1NCPACFLT, the 23°W satel-

lite by CINCLANTFLT and CINCUSNAVEUR.
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‘S”I ’ Satellite l u s t

l h i i s  sat u’II i Ie e , i n i e s  t h e ’ p i l i n a i \  t lNt ’FSN \ \  I FR I \ l~I \S  I i , i t t ; e  and  th e
crwn ~ 1 \1’t l\ S t i . i i t i ~ t o t  I h i l i t s  in th e  Ind i an  ( “ e c ’.mn No i i i i t i . i l  d ied tt ill be f e l t  I I
I . \N I I  I I 11w it ’co m,ncndc d i i l te r na t i t  e to ’ t h i s  imi od e is to dit~p has -k to a l im it ed
ot ei . ig e  f~ iu ’ou ie ’i l t i i i g  I ~I~I\S  at  S \\  t ’ 

~\ IS \ l l l~ to t i l t ’ ~~ sa t e l l i t e ,  t t i t h i  ihi ~’ t I N
F S N \ \  l I R  l i i ’ is .1 suhs~ i i he i  ll,o,id o ’ei.i~e is lost in t h e  In d ia n  (~~ can not oiil ~ t ot

t INt I SS ~VI1 I( b i t t  .ilso to i  l\ Ie ~t ’ I I  I i t i g m i i t ’ l t f l
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I 72 °F Satellite l ost

I’he I ‘ I - sa te l l i te  supp ot Is icuih (‘1St ‘I’ \t ‘ I I  I tt it l i  ue st’ t’e t  to I ~I 1l 55. and
centra l Pacif ic  t O t  ci ag~’ will bt ’ lost I h e ’ i e’eommended altet native is to rou t e’ I Al ) l 55
net P2 t r a f f i c ot ci ul et s P I i I i ii ) ‘~ s.it elt i te I and P3 ‘ ~ I sa te l l i t e ’) I l ie ’ net ci te e I is to
l imi t  the i it ii tibe ’i 1i f smil ’s~ ii I’~’t~ to I i i  t o  l I l t  I e’ . ISe ’ t h e  l i i i  f i t  load .iui d to lose ’ e’ ; % t l  , i t  Pat i t i e

are a e O ~ ei. mgt ’ in the  gap he Itt een f l i t ’ ‘~~ t ant I  f l i t ’ I (k ) ’W s .ite l li f t ’s i t  i g u l i e  I I t

100°W Satellite Lo%t

this I I  I S A  I t t  ~M sat e l l i t e’ t a i l  Ie ’~ t INt  ‘PA(’FI I 1~~I l l\S  t i l e  ul i t  I’l , and i t s  los’,
will r esul t  in 11w loss of at e’ .i t O t  t’I . ige ’ in f l i t ’ e’astel ii Pa cif it 1 lie i-c~’onimt’nded alte inatite
is to rou te f l i t ’ P1 Ij a l f i e’ ott’i e’ii ’t ’Uit  P ‘ ~ia the I .‘“ l sa t e l l i t e  I t i g n u e ’ 1 .‘)

1 able 1 rie’senls the  abo~ e’ i n l o i m n a t i e m  ii i  t a b u l a r  to t  iii Not ~’ t ha t  t h e ’ i . i t i on .mle  to t
choosing t h e backup tro~le’ assumes that etitly l i  ISA I’( ‘OM sp.ie ee ’i a f t  ~t i v avai tah ~k’.
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FCC TFCCS

23” W

MED/tO TFCC s
CN E
FCC NOREUR TFCCs

~_O~~—
_ _ ‘SC.)’ - -

~~~~~

IO TFCCs ‘~
CPF ‘

‘ ‘
~~ EASTPAC TFCCs

FCC 

172 ” E WESTPAC TFCCs

Figure I 2~ l’AI)l XS co n nec t ivu i s  with I (ki”W satellite lost.

rablc I - Sum mary of re coinumie nded a lternat ives and lost capabilities
for ihe loss oi one F[TSAR’OM space cra ft

Reco m mended
Satel lite Atternat ~ve

I osi (uhf backup ) I - l i ce  Is

23°W NAVCAMSL ANT I )  Area ~‘overage lost in east I AN I tot both (~U anti ( ‘NE
Reorient to ltX)~’W 2) CPF loses slot s on I 00”W satellite (east PAt ’ ui e l )  due t o iu~t 1us

of (‘I I s i i h se i i be ’ts

?~“ I’ NAV ( ’AM SNIFI ) I) Are. i coverage losi in 10 to t both (‘N E and (‘PE
Reor ient to 2.~”W 2) ( ‘1 I loses slots on ~“ W satell i t e U-ANT ute t )  due to in tl u i s ot

(‘NI : subscribers
I ~‘2 ”I Route TAI )IXS I)  Area coverage lost in central PacifIc

P1 over P 1 and 2~ (‘PE loses slots on I00°W satellite (east PAt’ ncfl due to in
flu x ot ’Wl’A(’ subscribers and both (‘l’F and (‘NI: lose slots
on “ F (10 net )

IOO°W Route l ’Al)IXS I )  Area coverage lost in eastern I’acitlc
P1 occi P~ 2) (‘PE loses slots on 172 °F satellite (WPA(’ net ) due to influs

of’ (PAt’ subscribers
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V

SHF BACKUP

The Defense Sa t elli t e (‘ommunic ation System DS(’S) curr ently has the Phase 11
constellation of satellites in orbit , offering both narrow-band and wide-hand capabilities
at sht ’ (see figure I 3). Althoug h this syst t ’,ii is operated b IX’A and is not currently tasked
to support TADIXS. plai ts to back up (he 1’AL)IXS suhsvstt ’tn . presented below, take advan-
tage of the plaits e’allin g for installation of tilt ’ AN WS( ’-c~ slit terminal  on ships that  will also
he TFCC-equipped,

Current perf ’ormance specitlcations diffe r t’or TAI)IXS at shf. The 1 AI) IXS sub-
system will be comp at ibk with  iiarr ow—ba n d slit ’ operation wi th  l i t t l e ’ or no modit ’ication.
but operation with wide-band shf’ will requir e’ both a shore site that  always acts as net co ui —
troller and broadcasts at 1 200 bits per second and afloat sit e ’s that  will t ransmit  th eir data
to the shore sit C t i a  indep enden t simp lex th u —period l inks  at 75 b its per second. This concept
was developed to yield opt imum operation of ’ the net in an A.I m ode.

The DS(’S satel lites are di stributed si m ilarl y to the FL IS. .~ l’ satel l i t e ’s for worldwide
coverage and could he used to mit igate ’ the loss of a El ESAF spacecral ’t .

23°W Satellite Lost

The i_ANT DSCS satellite would be used in con iunction wi th  (he AN FS(’-78 slit ’
terminal at N A VC A MSLANT and the AN Nl S( ’—~ I t ermina l at N .AVC AM SMEI ) .  This ~t ’ilI
suppo rt circuits I I and i _ I  . wi th  the ( ‘lN( ’t ANT FI I’ FC(’ NA\ ’( ’AMSI ANT aCting as
control.

75°E Satellite Lost

The 151) I)SCS sate ll ite would he used in conj unction with t h e’ AN MS(’—ti I slit ’
t erminal at N ,.~\’( ‘AM SMEL ) and th e AN MS( ’ -n I at (‘lark AFH , Phiilli p ine s (circuit e\t ensioii
via land line t’rom N AV( ‘ .\MS\ ~ I :S I PA( ‘~~ this will support cir cui ts El and P3 st’ith ( ‘IN—
( ‘USNAV EUR I ( ’ ( NA\ ’( ‘AM SME I) act ing .is control
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l72° E Satell ite Lost

th e WPA( ’ I)S(’S sat ellit e’ would he used i i i  conjunction w i t h  the AN FS~ -‘S sl i t
t erminal at NAV (’AMS L’AS I ’PA ( ’ to support circu it  P2 .  (‘ontro l st i l l  he’ (‘IN(’PA(’Fl I
R’C N AV ( ’AMSEASTl’AC.

IOO °W Satellite Lost

The EPA C NATO l)S(’S satellite would be used in ctuu ~iu u uwt%o n with the AN FS( ’
78 ~t NAv ( ’AMs E As’rPA(’ to support circuit P 1 (‘ontro l will he (‘IN(’P ACF ( l’ R’C ,
NAVCAMS E ASTPA (’ .

I’he above backup network plans ignore (he current use of the DS(’S and assume
that it would he available to act as a stopga p in case a uhf ’ FE TSAT is lost

the use of the wide—band capabilities ot (lie shf satellit e would be handled l’oi e’ove r-
age purpose-s in a u i i anne r cry s imm ii har  I t ’ the uh f  auth i ia rr ow—ba n d slit ’ pl atis provided The’
only difference would be (lie use of (‘L ARK AEB as the ground terminal  for th e ( ‘IN ( ’P,’~C-
ELI ’ 10 TADIXS cot er ,mg e.

HF BAC K UP

M.m intai i i ing a I ’AI ) lXS net sma an hI ’ p a t h is prob ably not possible wi th  the prt’se’t it
st a t e of ’ f l i t ’ art nor ts ’uthu th e’ e~\ pee-ted advances in modems . etc’ I ’iie’ basi c problem w i t h
n iaiui t a iu i ing a net on an lit ’ pat h is the ground—w ave versus sk~ -wave d i chofo niv in li t  the
e’t ’t icie’nt f ’requencies for int er-  rFC( ’ operation would not be those f ’om FC( ’—I ’R’C e’onimuiii-
cation, and vice—versa. I’hus for I ’\ l ) IXS.  hI’ is restr icted to use 1w a iie ’arhv l’F( ’( ’ i n supply-
ing the connectivi t y for fl i t ’ 1 FCt’ which h.is lost its u h f  SA l’(’OM e’ap ab i l i t t

(‘ON(’LLISIONS

to supply the i (’(’— t o —  l’R’(’ l , ’~l) I \S ~‘onn ect iv it ~ wi th  otilv tour uhf s.it e ’l l i t es
requires that ti le’ l:( ’( ‘s access one or more’ FL, lS , ’~ I satell i t es Indeed. sux I ’AI ) l \S nets
will be required on a worldwide basis to support the tAl )IXS concept - l’wo of t hese net s
will be act ivat ed only for specific ou t— ot ’—ai’e’a ope’ra t Ions.

These results are summarized iii table 2 .

Table 2 Nt’ work plan sui n i 111.11

t:iull uumnt ,
Ci re - uuu t I ( ‘t ’ S.i tellu IC Requ ir emn en I

L I  (-ii’ 2 ~
“tt ‘

~ es

El  CNI : ‘~“%y

I’ 2 CNI : ‘~“l \_ cs

P 1 (‘Ph- It)0”W \cs
P2 CPF I ‘1”l
P t  (‘PF ‘~“ I No
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RECOMMENDATION S

The surface path lengths for FCC—to—TFCC connectivity can become quite long
Therefore. care must be taken to route the control lines with the data to prevent differ ential
time-delay problems.

It is recommended that t’or the path to get circuit P3 onto the 75’ F satellite , a land-
line be used t’rom Hawaii to Guam. This prevents loss of the I 72 ” E satellite t’ront removing
access to the 75 °E satell ite , as would occur it ’ ihat link were’ via the 1 72° F satellite.

An interesting sidelight exists it ’ TAD IXS is implemented as suggested in this report :
the network could easily include an F(’C—t o—FCC link via (1w share d channels. ie
CI NCLANTFLT- t o-C 1NC USNAVEUR and (‘INC USNAVE UR-t o-C I NP AC FLT. It is
recommended that this aspect be given t’uraier study and incorporated in TADI XS if found
desirable.
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