. -

D

3

.'7:);‘\77";{ _A; - N{‘ ~ f::-—*/::: ‘7 ' ro. s - V‘-«v.‘
(0 BFEITSCI-77- 25V T RSN
4
Pt .
N e - A‘ | I s N
g ?”DGRA”IO:J QOF THE® D FENSE S& LLITE‘_';
m C MMUNICATION SV""“‘{ AND THE GROUHD MOBILE;ORC::,S
: O EA’I‘ELLITJ:. COMMUNICATICNS éJPER HIGH FR.QUENCY PROGRA.N
E:: jiicky srnold Vaxming‘
B...., Univeraity ot Missouri-Rol...a, 1975
el . s (“/l ’/97 ’ @
———— i s L o = 4 b 1 M T 0 /
A thesis submitted to the Faculty cf the Graduate
School of the University of Cclorado in partial
fulfiliment of the requirements for the degree of
Master of Science '
‘Program in Tolecomunicationn :
- DTIC
- Reproduced From ' ELECTE
,,,9 Best Available Copy ' . , OCT 2 1 1980
s y
L E _
‘ ! ) 4 . age . . ® ,
‘:J.J , Appn'ved ‘-v "Lz relnase; : ,

80 10 14 168

|




P

e

UNCLASS

SECURITY CLASSIFICATION OF THIS PAGE (When DauxLEnlensd)

REPORT DOCUMENTATION PAGE

READ INSTRUCTIONS
BEFCORE COMPLETING FORM

1. REPORT NUMBER

2. GOVTYT ACCESSION NO,

79-204T /" ' AD-A0%, 4

3. REZIPIENT’S CATALOG NUMBER
oA

[~

4. TIYLE (and Subtitle;
Integration of the Defense Satellite Communi-
cation System and the Ground Mobile Forces
Satellite Ccmmunications Super High Frequency
Program

5. YYPE OF REPORT & PERIOD COVERED

Thesis

6. PERFORMING ORG. REPORT NUMBER

7. AUTXOR(as)

Lt Ricky A. Menking

8. CONTRACT OR GRANT NUMBER(®)

s
9. PERFO{R/ING QRGANIZATION NAME AND ADODRESS

student at: University of Colorado at
lder '

10. PROGRAM ELEMENT, PROJECT, TASK
AREA & WORK UNIT NUMBERS

1. COMTROLLING OFFICE NAME AND ADDRESS

12. REPORT DATE

197¢
AFIT/NR
13 ROF PA
WPAFB OH 45433 e lne o
T4, MONITORING AGENCY NAME & ADDRESS(!! differ.nt from Controlling Ottice) 15. SECURITY CLASS3. (of this report)
UNCLASS

1Se. DECLASSIFICATION/ DOWNGRADING
SCHEDULE _

16. DISTRIBUTION STATEMENT (of thie Report)
Approved for public relase; distribution unlimited

s

‘ OV D FO ualic R LEASE AFR 190-17.

FREDRIC C. LYNCH. a;or.
Tirector of Public Allairs

17. DISTRIBUTION STATEMENT (of the abetrect entered in Block 20, i1 diiterent h-n Report)

23 SEP 1980

18. SUPPLEMENTARY NOTES

Approved for public release: 1AW AFR 190-17

Air turce fnstiwte of Technology (AT(Y
Wright-Patterson AFB, OH 45433

19. KEY WORDS (Coniinue on reverse o'de il neceseary and 'dentily by block number)

20. ABSTRACT (Continue an reverss side If necessery and identify 8y biock mamber)

Attached

o ) .
1ian s 1473 soimow oF 1 uov 68 is omsoLeTe

UNCLASS . : .

, o ) SECURITY CLASSIFICATION OF THIS PAGE (i’l‘u Date Enteoved)

.




ABSTRACT

Author: Menxing, Ricky A., 1Lt., U.S.A.F.

Title: Integration of the Defense Satellite Communi-
cation System and the Ground liobile Forces
Satellite Communications Super High Frequency
Progran |

Date: 1979

Kumber o~ ¥ ... 102

Degree Awarded: Master of Science, Telccommunications

Institution:. University of Colorado ‘at Boulder

Bibliograph&: ‘Governmént Documents

I1ZEE Conference Reports and Papers
AIAA Conference Papers

bCD Contractéd Reports

Books and Articles |

Satellite comnunication can play a vital role in
ongoing efforts to enhance communication systems ayail-'
'able'to the Grcund Mobile Forces,gi.e., the ground
maneuver;ng units of the United State§ Arby,‘Air Fbrcé,
and larine Corps. The interface of the Defénse §ate;lite
Communication System and the Ground Mobile Forces
Satellite Conmunications Sﬁper High Freéuenéy'pfogram
18 crucial to effective operational control of the
limited spaée segment available. To facilitate an

~

anulyticai examination of this crucial interface, a ~

A




L. memeen K,

- brief history of military commuhication satellites
and the Ground Mobile Furces Satellite Communications
program is included in the beginning of thé thesiu.

The management hierarchies of the Defense Communi=~
cations Agency, the Groﬁnd Mcbile Fo;:es,Satellite
Communicafions Control System, and Tactical Communica-
tions Control Facilivies and their interrelaticnshibs
are examined in detail.' Alterratives and reccamenda-
tions for facilitating qperational,control of the

limited space segment are presented._

;.
s

. Agoession For

HTIS GRAXL
TOC TAB

Joaxmounced
' Justification

e ——————

By
| Distritut =/
B i} AL Mt L} DU

' h.atlad/or
Dist special

A

S S




_This Thesis-for,thé Master of Science Degree by
| Ricky Arnold Menking
has been approved by for the

Program in Telecommurications




Menking, Ricky Arnold (i.S., Telecomrunications)
Integration of the Defense Satellite Communication
System and the Ground iobile Forces Satellite
Communications Super High Frequency Progzram

Thesis directed by Professor S. W. Maley

' Satellite commun;cations can play a vital role
in ongoing effogts to enhance commﬁnication systems
avail;ble fo the Ground Mobile Forces, i.e., the
ground maneuveriné.units of the United States Army,
Air Force, and Marine Corps. The interface of the
Defense'Satellite éommunication System and the Ground
Mowile Fdrces'Satellite Communication Super High
Frequency program is crucial 'to effectiva 0pera€ional
control of the limited spacé segment available. To

facilitate an anaiytical examination of this crucial

interface, a brief history of'military codmunication

sateiiitea énd the Ground Mobile Forces Satellite:

' Communications proéraﬁ is included in the beginning

of the thesis. .
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Chapter 1
INTRODUCTION

‘The Department of Defense (DOD) is currently
embarked on a course of action'to provide '"key force.
multipliers" through the use of advanced electronics
tebhnology.; Electronics is at the very "heart of
whatever technological advantage we now maintain over
the Soviet Union."a That advantage must be buiit on;
exploiting it to the maximum. Serious thought must be
given to the metnods of mapaging advanced technology to
"ﬁultipiy the combat effectiveness ofvour fdrces."3

The above philosoPhy‘is the pr.pe motivation for
this thesis. How can communication satellite tech-
nology be managed to AChieve a "key force multiplier"
effect c the Un;ted States Ground Mobile Forces (GMF)?
‘The GMF of the fature will need increasingly capable
Command, Control, and Communications (C°) systems
linking them tOjthe;National Command-Authorify (NCA)
to maihtgin.a high level of readiness in an increas-
ingly complex international political arena charac-
‘terized by rapidly changing sphs:res oflinfluence and
power; | _

Satellite communications can be a vigorous rorce
‘.in achieving "kay force" enhancement of the GMF. One of

the moat 1mportant lassons learned from the evacuation




of Vietnam and the "Mayaguez!" rescue was the value of
usirs satellite communications as a flexible, high-
quality ¢ medium in crisis situations.

In view of the potential of satellite communica-
tions for the GMF, the purpose of this jhesis is to
analyze the existing management systems for éxercising
operational control of the space segment used by the
Ground iMobile Forces Satellite Communications (GiFSC)
Super High Frequency (SHF) program. The.exiéting sys=
tem is a mixfure of fixed and tactical communication
tyéology and philosophy; predominately controlled by a
fixed ;ommunications orianted'agéncy, the Defense
Communications Agency (DCA).

Examination of the critical interface points
between the Defense Satellite Communication’ System
(DSCS) of the Defense Communications systeni (DCS) and
the GMFSC SHF program will be accomplished utilizing the
conceptual framework discussed by Lawreance and Lbrsch in
their bdok; Developing Organizations: Diagnosis and‘
ég;;ggg.s This framework is based upon  the degree of
integration and differentation»ﬁeeded for successful
organizational interfaces. Differentation between the
DSCS and the GMFSC SHF .prog’rain can be attributed pri-
marily to different interpretations of the same basic

vhilosophical concepts of military communication system

characteristics.




The GMFSC SHF program faces limitations in its use
“of the DSCS SHF space segment because it is considered
as a Speéial user network that must share available
bandwidth and transponder po7er with other more classi-
caliDSCS user networks. Finite transponder power and
beamwidth are availaﬁle for Satisfying SHF satellite
communication user needs.

Close analysis cf the need for efficient interface
of.the DSCS and the 'GMFSC SHF program provides a family
of alternatives: mainteqance of the stétus quo, circum-
vention of the essential problem, or attempting to
affect smooth integrative interface of the two systéﬁs.
The heart of this thesis is the evaluation of the above
alternatives and the concluding recommendations.

In order to fécilitate diagnosis of the system for
operational control of the DSCS sface segment available
to the GMFSC.SHF program, chapters two and three provide
necessary background informa- -on needed to adequate]y

~.8scrutinize the system. Chapter two is a history of
pertinent military communication'satellite programs
uhapter three discusses the overall GMFSC program with
emphasis on the SHF portion and equipment.

Chaptsr four analyzes the present and planhed
gystem of 0pérational control of the space segment in
terms of organizaﬁional interfaces, agd'd;scusaeb the

‘impact of ‘c'apacityﬁimitation-' of the DSCS space

: sbéﬁent. Chapter five providps alternatives for
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consideration in im§r0§ing’the interface of the DSCS and
the GilFSC SHF program and coming to grips with the
capacity imbalance. Chapter six is an executive sum=-
mary of the preceeding féur chapters and includes recom-
mendations to be pursued by the military in manaéing the
interface of the DSCS and the GMFST SHF program in a
maaner ;hat provides a "key force multipliér" effect.

To adequately cover the present philosophy of oper=
ational control or proportionmeat of the DSCS space seg-
ment to the GMF, it was necesséry to sample a diverse
selection of literature and documents. The range of
material sampled included government documen;s,»private
enterprise éources; DOD contracted reports, books, arti-
cles, summaries of various briefings and conferences,
and other unpublished’sources dating from the 1960's to
1979. - |

A brief'review of the more important reasons for
enthusiasm by the telecommunications commun‘ty with

sutellite communications since 1960 is needed before

'preceeding with a discussion of military communication

satellites. Since 1960 communicefion .satellites have
been launchad at an ever increasins rats for use by both
government and private entities. The capabil?ty of
satollito communications to satisfy both private au‘
govérnment telecommpunication needs has long been racog-
nized.’ The chiof advantages from a commercial viewpoint

are tho relativo insonaitivity of latollitc
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long distances.

communications to distance versus cost factors, point-
to-multipoint capability, and improved quality over
6

The abo'e capanilities gnd the additional capa=-
biiity-to satisfy specific DOD needs for increased,
jam resistance, mobility, reliability, énd independence
on propagation path (e.g., not having to propagate
strictly through friendly territory) have all made

satellite communications attractive for military use.

. Chapter two is an indication of how attractive.
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Chapter 2
MILITARY CCMMUNICATION SATELLITES
Introduction

A salected historical review of military communica-
tion satellites will facilitate analysis of the GMFSC
program. Included in this chapter is a brief- diacuss’on
on the'historica; background cf satellite communications, |
a review of important military satellites, and a discﬁs-
sion on planned military communication satellites.

Arthur C. Clarke; in a 1945 article in a British.
pﬁblication Wireless World «mtitled "Extraterrestrial
Relays," published the first detailed forecast oI com=-
munication satellites.l The artidle‘discussed syn-'
chronous o;bits}"earth coverage and spot beam antennas,
multiple beanm ﬁntennaa, solar arrays for power sources; -
and optical and radio crosslinks hetwegn éatellites.a‘:
'Roﬁgh calculations for a voice link at a frequency of
4 GHz using 10 W or powar were 1nc1uded in the article.;
The next article on the subJect 'as writtan in 1955 by
John R, Pierco.“

The first space comsunication activity can be
traced back to 1946 when the United States Army
_ achieved radar contact with the moon. ”ho Navy, 1n
1945, pognn.connunications cxparihontb using the moon

as a-pagniio reflector. In 1959, the Navy oatabliahod' 1




an Operationél communications link, available four to
ten hours per day, between Hawaii and Washington, D.C.
The link was terminated in 1963 due to progress in
artificial, active satellites.5

The first man-made communications satellite,
Project Score, was launched in 1958; followed by
Courier in 1960. By 1960, several jourmals had printed
numerous articles on satellite cobmunications which.
discussed the merits of passive versus active satellites

and nonsynchroncus versus synchronous orbits.6

Military Satellites

Courier launched in October, 1960, was a rela-
'tively simple satellite designed for early experimental
use. After Courier, no other military satellites were
launched until June of 1966.7 A program was started in
April, 1960, Advent, to proQide,an Operﬁtional military
communication satellite. However, a number of probleﬁé
developed with Advent. The difficulties were primarily
" a result of deﬁign requirements being way beyond avail-
able technology and as a direct consequence, the fro-

8

gram was cancelled in May, 1962.° A similar probiem

" developed with Fleet Satellite Communications (FLITSAT)

~ discusged below.”

The discussion on specific military satellites is
arranged éatogorici;ly in ordog to facilitate grouping
of satellite programs by specific categories off
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service: tactical (UHF) or strategic (SHF). For the

most part, strategic satellites operate in the SHF band

- and normally provide. long haul, wideband relatively

permanent communication links. Strategic communication
terminals include large fixed antennas, transportable
ground stations, or Jarge shipboard antennas.  Tactical
satellites operate in the UHF band providing quick'
reaction capabllity through the use of small land-mobile,
airborne, or shipborne tactical terminals. Figure 2-1
below illustrates chronologically the development of

tactical and strategic militAry communication satellites.

Type 4 - Year (1900's)

66 67 68 69 70 71 72 73 74 75 76 77 78 79 80's
Tactical | TAQ$A§&LES-6 GAPSAT(MARISAT)&{&E??%
Strategic IDCSP(DSCS-I) ' DICs-II DSCS=-III

Flgure 2-1. Mlitary Communication satelliées 1966-1980
Tactical Satellites

A new era in military taciical communications was
ushered in with the launches of Lincoln Laboratory's

‘Lincoln Experimental Satellite-Six (LES-6) and Hughes

Tactical Satellite: (TACSAT-1).10 The LES-6 was used to
investigate various aspects of tactical compunications.
TACSAT~1 was designed with UHF and x-band (8 GHz) capa-'
bility and crossover modos (VHF receive and X-band

'
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transmit or vice versa) allowing operation with a wide
variety of terminels.ll

Tactical Satellite Communications Interim Opera-
tional Capability (TACSATCOM IOC), as TACSAT-1 is com=
monly called, demenstrated the efficacy of Satellite
Communications (SATCOM) by its employment for’communi-
cations in Project Apollo, numerous military exercises
and c¢risis, and Presidentiel communications support.

The communications mission of TACSlTCOM I0C ceased in
1972 due to an attitude co#trol failure:t?

Even though TACSAT-1 and LES-leere experimental
satellites, they stimulated the desire for additional
TACSAT capability within the Department of Defense
(DOD). As a result, the Navy began to plan for a Fleet
" Satellite (FLTSAT) Communication System to be launched
in 1977. pecause FLISAT would not be launched until
1977, and TACSAT-1 had failed in 1972, the Navy con-
tracted for a "gapfiller" capability, particulafly
during the years 1974 to 1977. | |

This interinm. satellite service is commonly called
GapSat - (or Gapfiller). 15 The GapSat channels are leased
~ from the Maritime Satellite (MARISAT) System owned by
the MARISAT Joint Venturel” and managed by Communicaticn
 Satellites (COMSAT) General Corporation.!? The Navy
utilizes 6nc wideband and two narrow band UHF channels‘-
off each satellite in the MARISAT syeten. Remeining

channels are used tor commercial ahip-to-ehore service.
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- and Indian Oceans.

11

The Navy leases MARISAT service in the Pacific, Atlantic,
16

 As discussed earlier, FLT3AT was to have beea
launChea in 1977; howevgr, due to management problems,
the first satellite, FLTSATCOM-A (see Figure 2-2) was
ot launched until 1978. - See Table 2-1 for FLSAT tech-
nical d ‘ails.™’ o

|  The FLSAT program ﬁas to have included a total of'
ten satellites but was scrubbed to five satellites by
congress in 19?9.v These five>satellites, along #ith
Gapfiller, will satisify Navy needs umtil 1983. The
Navy, as executive agent, was difected by congress to
lease néeded fleet satellite capacity after 1983.
Hughes Corporation was awarced the contract for Leased
Satellits (LeaSat) whicbh will be UHF with one SHF chan=-
nel for}fleet brdadcast.l8

Ar Force Satellite (AFSAT) Communications is in -

~ reality transponder @apacity on FLTSAT and the planned

LeaSat program. ‘The prinary mission ot AFSAT.is to pro=-

vide rapid reliable, secure UHF comﬁunications for the

command and control of United States Air Fcrce strategic

,forcés.lg K

: Strategic Satellites

The launch of the Initial Defense Communications
Satellite Program (IDCSP), later called Defense Satellite
COmnunication'Syétem-Ond (DSCS=I), in 1966 ushered in an
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Figure 2-2. The FleetSatCom Satellite
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TABLE 2-1

FLEETSATCOM TECHNICAL DETAILS

.Configuration

Transmitter

Receiver

Antennas

Design Life
Developed By

1 X=band to UHF channel

Nine 25-kHz channels (UHF) .
Twelve 5~:Hz channels (UHF)
One 500-klz channel (UHF)

240=t0 270~MHz band "
12 transistor power amplifiers, each
with some redundancy

290 to 320 MHz, and~ 8 GHz

16-ft deployable UHF parabola, earth
coverage, circularly polarized
X-band horn, earth coverage, circu-
larly polarized

5yr

SaMS0O
TRY Systems Group

era of strategic satellite communications capability for

DOD. DSCS-I provided more Lnan 20 MHz of bandwidth and

suppo_ted clear voice, secure voice, and iragery traffic

for the Defense Communication System (LCS o
Phase two (DSCS-II),and the plgnned‘phase three ;
(DSCS=-III) of the DSCS is discussed in greater 'qtaii
Yecause of their central role in che GMFSC SHF program.
DSCS-II satellites (See Figure 2-3) launched in 1971 . i
g#ve the DCS more capacity and.é gre&ter increase in

connectivity between ground terminals than DSCS-I. o |

). 20

-
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DSCS-II satellites have a command subsystem, mul-
tiple communication chahnels with nultiple access capa=-
bility, attitude control and stationkeeping capability,’
and some measure of hardening. The DSCS-I satellites
had none of thess features. DSCS~II satellltes bave
four antennas: two horn antennas providing earth cover-
age (EC) and two parabolic reflectors providing narrot
beaﬁwidth (2.50) coverage (NC). chle 2-2 and Figure
2-4 give details of the DSCS-II satellite design.®l .
'The communication subsystem of DSCS-I1I hasvfourv

channels with the following characteristics.

Receive Antenna/ Transmit Antenna/

‘Channel *Bandwidth *Freguency XFrequency '
1 125 ' EG/7975-8100 EC/7250-7375
2 50 NC/8125-8175 EC/7400~7450
3 185 - NC/8215-8400  NC/7490-7675.1
4 50 EC/7900-7950 . NC/7700-~7750

‘Bandwidth and Frequencies All in MHa
This arrangement of channels allows flexibility to

" accomodate a wide variety of links and to interface wlth

many different size terminals including fixed and small
mooile terminals of the GMF.22 Transponder power and |

channel assignments germane to CMFSC SHF terminals are

.discussed in Chapter 4.

The next generation DCS satellite aystem, DSCS-III
is scheduled for launch in. July, 1979, the second, July,"

- 1980. The DSCS-III program evantually expects to




TABLE 2-2

DSCS-II TECHNICAL DETAILS

Configuration
Capacity

Transmitter

Receiver

Antenua

Dasign Iife

~ Developed By

4 channels with 50~ to 185-MHz-

bandwidths, single conversion

1300 two-way voice circuits or 100

‘Mbps digital data

7250 to 7375, 7400 to 7450, 7490 to
7675, 7700 to 7750 MHz

L4 transwitter chains: 1 on, 1 standby
for earth coverage, same for narrow=-

beam; each has driver and output. TWIs

20-W output per tramsmitter

" ERP: 28 dBW (earth coverage) to any

poing on earth with an elevation angle
27.5°; 43 dBW (one narrowbeam antenna)
or 4O dBW (two nargowbeam antennas) to
any point within 1~ of the beam axis

- 7900 to 7950, 7975 to 8100, 8125 to

8175, ‘8215 to 8400 MHz

Tunnel diode preamplifiers and
limiter/amplifiers

7=-dB noise |figure

2 earth covlerage horns (1 transmit

and 1 receive), 16.8-dB gain at edge

of earth

. 2 narrowbegm parabolas, 44-in, dia-

meter, 2.5 beamlidth,OSG.S-dB gain
on axis, steerable £10~ each axis

All antennas mounted on a despun plat-
form and circularly polarized

>yr

SAMSO
TRwW
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nroduce about ten satellites in the early 1980's in addi=-
tion to test models.23 DSCS-III will have greater capa-
bilities than DSCS-II satellites; however, the new sat~l-

~ lites will be compatibleVWith DSCS-I1 ground terminals.

The satellite design of DSCS=III (See Figure 2-5)

. will include six separate transponders in order to serve

autonomcus user communities, allowing each transponder

gain and modulatica and multiple access scheme to be

- optimized based on user needs. The use of multiple

tranaponders also has the advantage of allowing transfer
of users in the event of a transponder failure.24

. An additional feature of the satellite is that it
will be the first to have multiple beam antenrnas w;th a
cortrollable beam size, in add;tion t0 earth coverage
horns and a cteerable parabolic dish. ' The uplink multi-
beam antenns will be able to form 61 beanms, eaﬁh one
slightly greater than one degree. This is similar to the
narrowbeam antennas on DSCS-II} however, DSCS~III multi-
beam antennas have the additional capability of torming
any size or shape bean between their minimum iimit and
full earth coverage. The two downlink multibsam intqnnas'
will caéh be capable 6: forming nineteen beams. Thus,
when mission operating areas cyango; antenna radiation
patterns can be confined t0 specific areas, thereby mgine
taining high Effective Isotropic Radiated Power (EIRP)
where needed while providirg comncctivity to disporsod

uqorl.25
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" Chapter 3

GROUND MOBILE FORCES SATELLITE
COMMUNICATIONS (GMFSC) PRCGRAA
This'chapter discusses the néed for the GMFSC pro-

gram, a brief kistorical perspective of GiFSC, the
cowponents. of the GMFSC program, and the GMFSC SHF pro-
gram. Chapter One briefly covered the reasons for a
p:bliferation of satellite communication since the early
sixties, and the military advantages of satellite commu-
nications; however, to fully appreciate the GMFSC SHF
progfam, knowledge of the specific needs of the GMF is

essential.
GMF Needs for a SATCOM Program

The deficlencles of the present terrestrial commu-
nication systems, e.g., High Frequency/Single Side Band
(HF/SSB), Cable, Line-of-Sight (LOS), and Tropospheric

" scéatter (Tropo), available to the GMF generally fall

under six categories: ' terrain or distance limitations,

lengthy set-up and tear-down times, limited mobility,

éxtennive logistical support roqui:ementa,'reqﬁirementa
for physical security support, and limited reliability
due to inherent propagation prohlems.l o

Without the use of relays, LOS microvave systems

are distance or terrain limited. Stringont sitting and

- peth profiles are nécon-ary, vﬁich impends on the rapid

!
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iﬁstallation and reconfiguration of LOS microwave commu-
nication facilities. Physical‘security muét be proﬁided_
for antenna and any relay sites.2 v
' Tropo systems have several disadvantages‘that limit
their émployment. Sitting andvpath profile restrictions
are more critical than for LOS, requiring exﬁensive pre-~
planning and engineering, thereby limiting Tropo systgms'
usefulness in a vapidly changing tactical situation.
Tropo employment is often.reStr;cted to rear areas or
when a stable battlefield sitﬁatian has béen‘achieved;5
HF/SSB 1s also limited by a set of deficiencies;
inherently low capacity, high power requiréments with
 large, ungainly antenna arrays, overcrowded spsctrum,
and subject to degradation due to propagation anomalies.

Extensive use of cable can also have several disadvan-

tages: weighi and bulk of a lérgq volume of cable reels, 

‘the requirement for terrain in which cable is laid to
be friendly, and physical security required to maintain
cable system 1dtégritj. | | .

A GMFSC’program.otters several ;nhefent communica- |
tions system improvements to the GiF over the present |

terrestrial systems discussed above. Satellite systems

are relatively free from sitting restricticns, are capa~- -

ble of extended range without terreetrial relays, and

enjoy decreased set-up and tear-down times thereby

increasing mobility.” Additionally, they are more flex-.A

ible and interchangeable hocauaé all Q&:tgu nodes work

5
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off of one satellite transponder. If one node fails
reroute, e’forts are significantly easier than terres-
trial systems. 3Satellite systems also require less
lqgistic support due to‘their'sméller size, operating
without relays and flexibility. Because relays are not
required, phy;ical securityirequirements are also
reduced. )

A small word of cautlon is necessary at this point.
The GMFSC'grogram should not be viewed as the panacea
for all crisis or battlefield comzunication problems.
Satellite systems are vunerable to several existing and
fotsntiél threats, e.g., jamming, and aniisatellite
intérceptors (ASAT).6 Additionally, managément and
availability of satellite trénSpondgr downlink power and
bandwidth, as discussed more fully in chapters four anﬁ
five, can have serious limiting effects on satellite
systéms capability.

Although satellite communications can serve as an
“initial 1link between an on-site commander and the NCA or
a "backbone" system in a battlefield situatién, the above
limitations preclude a rational deéiaion to equﬁsively :
develop sateliite‘communication systems at the‘expense of
terrestrial systsms. The high degree of complexity
required by the NCA to adequately coﬁtrol military
forces to accomplish national political objectives
requirés a C° system with an uncomprimising degree of
reliability, .pae&, and capacity. To accomplish this




25

high degree of C3 systeﬁ performance, the communicatiocn
system must possess adequate flexibility and backup.
Thus, satellite and terrestrial systems, while each
possessing unique caﬁabilities and limitations, must bé

integrated in a manner that provides a synergistic C3
system. Thus, for the above and other reasons beyond
the scope of this thesis, fhe GMFSC program must be
v;ewed as an essential part of a whole. in the ongoing
effort to improve crisis and battlefield management
through updated C3 systems that serve as "key force
multipliers."

History of GMFSC Program

Synergisfic philosbphy was apparent.in the reqﬁest
by the Deputy Secretary of Defense in 1965 for a
tri-service effort to develop a joint program,of land,
sea, and airborne satellite terminals for operation iﬁ
the UHF and SHF frequency bands. As a result, a . joint
Army, Navy, Marine'Corfs,'and.Air Fﬁrcg proérém“airected
by the Tactical Satellite Communications Executive Steer-
ing Group (TSES) developed a family of UHF land, sea,
and airborne terminals.’ 'Laier} the increasingly
crowded conditions on the UHF band, and the need for
multichannel and single-chanrel GMFSC identified by tkLe
Army's Integrated Tactical pommﬁnicacioga System (INTACS)
Study, led toc the establishment of the GMFSC program.8 -
The goél of the GMFSC program is the development of a

//
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family of satellite communication systems that will
complement the existing and planned repertory of terres-
trial GMF C3 systems., '

In January of 1978, the program was finally
appreved by the Arm& System Acquisiticp Review Council
(ASARC). Specific respbnsibility for the GMFSC program
implementation was officially assigned to the U.S. Army
Satellite Communications Agency (SATCOMA), Fort iMonmouth,

N.J.? The GMFSC program includes both SHF and UHF termi=

nal acquisitions which are discussed in greater depth
below. | |

In December of 1972, RCA Corporation Government
Systems Division was awarded a contract for development
of a new family of small tactical and strategic SHF
satellite ground terminals by the SATCOMA project
officer. After successful compietion of the engineering

development phase in 1976, RCA was givem a contract for

Low Rate Initial Production (LRIP). 10 4 Full Production °
. contract award will be made in 19?9.ll Sunk cost asso-

ciated with the GMFSC program now totals approximately .
$91.0 million.12 |

Component Systems of the GMFSC Program

Complexities of oparational control of the DSCS SHF
space segment to be used by the GMFSC‘ayatem are best
appreciated if they can be related tb the overall GMFSC

‘program. Therefore, a capsule outline of the six
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component systems of the GiFSC program is provided to

" facilitate examinaticn of the operational control of

the SHF space segment. The intent of the %uiFSC program

. 1s to procure six systems of ground terminals for opera- .

tion with available and projected satellites. The six

systems are: M:liichannel SHF Initial System, Muiti-

channsl SHF Objective Systen, Single-éhannel UHF manpack
System, Single-channel UHs Nuclear Weapons Stérage (11S)
System, Single-channel UHF Demazd Assigned ifultiple
Access (DAMA) System, and the Single-channel SHF DAMA

System.l3

Multichannel SHF Initial System

The Multichannel SHF Initial System will ultimately
includé a total of 350 Army, Air Force, and Marine Corps
términals. The terminals are intended to replace selec-
ted terrestrial LOS and Tropo systems during the 1978 to
1984 time frase. The Multichannel SHF Initial System
will utilize the DSCS II and III space systems.l® -

Multichannel SEF Objectivé System

The HMultichannel .EF Objective System will have
three to four times the capability of the above initial -
syastem by using DAMA.techniques; Approximately 220

. multichannel otjective system terminals will be produced '

for the Army beginning in 1988. Air Force and Marine

: Corps'fequigementa'are not presently stated. The
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objective system will augment and replace selected paris

of the initial system. It will utilize the same space

segment as the initial system.17

- 3ingle-channel UHF NWS 3Systenm

The Single~channel UHF NWS System will consist of
approximately 220 terminals with delivery‘beginning in
1980. The system is designad to provide rapid and
reliable communicatioas for NWS sites. The space seg-
ment utilized‘wil’_be the AFSATCOM, then Leasat in

1985.10
Single-channel UHF Manpack System

The Single-channel UHF Manpack System will include
480 portable manpack terminals and net control statibns
to e deyéloped during the 1980 to 1984 time frame. .The
A;my's long-range patrois, forwardIOperating units, and
special forces intend to utilize the hanpack terminals

for a communications link between soldiers in battle.

~ The terminals will also be employed by Marine Corps

reconnaissance units and Air Force tactical operations
units.1? The GapSat, AFSATCOM, FLTSAT, and other future
UHF satellites, é.g., LeaSat, will be used.l
Cincinnati-Electronics has an AN/PSC-1 "Manpack
Transceiver"'(see Figure 3-1 below) in the final stages

of development and government operational testing by

SATCOMA, Table 3-1 below includes technical
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speciiications of the AW/PSC-1.

Figure 3-1. AN/PSC-l"Manpack Transceiver

TABLE 3-1 |
AN/PSC~1 "MANPACK TRANSCEIVER" TECHNICAL SPECIFICATIONS

Antenna: Collapsible helical and Whip for LOS
Power: 2-35 watts .
Mode: Voice or Digital Data .

LOS or Satellite Relay
Frequency Range: 225-4007MH2 |

Modulation: BPSK/QPSK/CVSD

Single-channel UHF DAMA System

The Singlp-channel URF DAMA program w'll comprise

a total of 300 UHF DAMA terminals to be provided to the -

Army by 1981. The terminals wili replace presonf low

data rate radio teietype equipment and mootfﬁrgent
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requirements for cemmand and control of nuclear fire
units. The terminals will utilize the same space seg-

ment as the manpack terminals_above.20

Single=-channel SHF DAMA System

The Single-channel SHr DAIA System will be devel-
oped in'the late 1980's to 199055 and will include 600

terminalsisupplied to the Army to replace critical cir-

' cuits reqhiring high anti-jam capatilitiass. The space

segment to be used is not stated at present.Zl'

The above brief tabulation of the six systems of
the GMFSC program serves to illuscrste the complexities
of providing adequate 03 for tactical forces. As stated
in chapter one, the purpose of this paper is to examine

only orne part'of the GHFSC program, the SHF multichannel

. gystem. More specifically, only the bperatidnal control

of the SHF multichannel .space segment is explorad in _
detail. Although there is, as discussed ab0ve, a single-~
channel SHF system, examination of that system 1is not
includod in‘the'scope of this-thesis., Therefo.e, ihe

'SHF multichannel system 1is referred to throughout this

taesis as the GMFSC SHF systen. , :
A more detailed 1istins and oxplanation of the

‘ ground terninals involved in the GMFSC SHF system, along

with chapter two, is essential to a solid foundation for
ducuum; the operational control of “he DSCS SHF
lpaco lognont.v
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GiFSC SHF System Ground Terminals

The distinction between the initial and objective
SEF system ground terminals is not important to a survey
of the mechanisms for interfacing the DSCS and the

GFSC SHF program. Jor does the fact that existing and

planced SHF ground terminals have and will experience

name, squipment, and capability changes impact signifi-
cantly on the survey. Thereforg, the lfollowing discus-
sion on the present equipment provides a base point in

the.essential problem of providing integrated, respon-

sive control of the SHF space segment.

The discussion cn terminals is very brief and super-
ficial by design (a complete discussion of each terminal
would easily do:ble the siza of thig thesis and provide
little additional infcroaticn germane to the hypothesis),

. however, the bibliography listings du contain detailed

examinations of most of the SHF terminals existing or
plannid. _And a review of these readings is essential to

the sirioua student of the GMFSC SKF systea.

fPrinarily, two designations of tactical (the classi-

 fication of communication satellites as tactical or

strategic 1is not to be éonfuzod_'ith terminal classifi-
cntionn)'satollito communication terminals are commorly

. found in the 11toratﬁrd, large sultipoint terminals
 (scmetimes referred to as lightvtraniportablo terainals),

and medinm multipoint terminals, also called small
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point-to-point terminals. Additionally, %the litera-

ture is replete with networking terzinology or typology,

‘e.g., nodal (multipoint), nonnodal (point-to-point),

and interacdal terminals, and hub-spoke and mesh

networks‘.25 Flgure 3-2‘below illustrates the concept’

0f nodal and nonnodal terminals.

r BORAL LIRS 1
_ .
»OSAL NOA NOOAL
M a2
MTER NEBAL '
U UTEUTE “13“
INTER MOBAL NN ROOAL
ATy )
b

Figure,}-z.‘ fultipoint Configuration
Nodal & Internodal
Nodal Terminal One (NT 1)}15 connected through the
satellite to nonnodal terminals (NT 2, NT 3, §T 4)
which are not connected to each other. NT 1 and T 5
ere connected through the satellite to'each-bther,
NT 5 is also connected through the satellite to ancther

'aoparnto network, not 1llustrated on thg-figuro, there- -

fore, it 12 an intornbdai terainal. (Actually, NT 1 is

also an internodal terminal and the link between NT 1

and NT 5 1s an internodal 1link).Z
A hub-spoke network would contain at loilt one

nodal and two or more nonnodal tersinals discussed above.

- //
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rigure 3=3 illustrates a hub-spcke network,as' The-hub:
or ncdal terminal transmits a multiplexed signal (fi)_

to all three spokes or nCnnodal‘terminals. Each»Spoké
teruinal decombines f, selecting that portion‘déstinéd_

Tur 1t. A separéte signal (fa, f3, f4) is transmitted

by each spoke terminal ic the hub terminal. The hube

spoke network ié coﬁpatible with Army fequiremeﬁts~for-
connectivity between ﬁigher and lower'headqﬁaﬁters.

The Air Force requires more lateral connectivity
using multipoint 6: nodal terminals as shown iﬁ rigure
3-4.%% The mesh network offers increased flexibility
and alternatife'routing. As indicated above, mesh and
ivb-spoke networks can be connected through an inter-
nodal link. DBecause tactical systems are configured
based on need using the éoncepts above, and huch of the
literathfb describes equipment capabllity invtérms of
networ? typology, a grasp of basic network te:ﬁinology
1s essential to a complete understanding of GMFSC SHF
terminals. ' | 3 v _

 The brief deacriptiop below of existing and pl&hned
terzinals uhdef[tho two genérdl designations of SHF
ground terminals and the apecial,cohtrol terminal com-
pletes the compilation of tackground information naces=-

sary to conducting an audiLt of existing and contemplate

. Space segmént manasenmen’ mystena.“_




34

uoyleandTyucy teuymsey, oNoUE~QNY  *¢~( oanITy

/ €y
£
\

froniweal TYNIYL
3INOdS . 304




35

UOTIeINITIUOY TUTWISY, USOW *Hg GINSTF o




pummsy  pmend  fumend G pmemei  poemn|

| aeumae §

36

Large ilultipoint Terminal

The Aﬂ/TSC-86( ), "Light transportable terminal,"
is capable of single point-to-point operation using an
8-foot ground ﬁounted antenna.®! An alternate 20-foot
high~gain antenna can beiused for both transmit and
receive of up to.four independent. carrier Opergtions.
It is intended for use as a tactical satellite communi-

cations terminal in satisfying contingency and quick- .

restoral requirements of strategic users in the DCS,

diplomatic support missions, survivable netwcrk require-
ments, and special uses and intratheater trunking. 28
Figure 3-5 is a simplified AN/TSC-86 Radio Frequen~y

~ (RF) section block diagram.29

Small GHF SHF Terminal Family

The family of stall GiHF SHF Terminals outwardly
appear identical. vThe'basic ditrerenéa is attributable

to the areaa ot subaystems redundancy, uultipoxnt or

‘nodal capability, and basoband multiplex equipment

required, based on user appll ations ot the separate
military dopcrtnent:.’o The three basic termirzals sre
the AN/TSC-85(V)2, the only terminal capable of serving
as the hub 6: a multipoint network, the AN/TSC-$3 non-

* nodal terminsl used by the / , and the AN/TSCé94 con-

figured for Air Force use.” More varieties of tarxminals

with at least some anici-jam capahility‘afd péopoacd.
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As mentioned earlier, the serinus student shculd consult
the Bibliography for more astailed informatica o the
existing and planned terminals' technical characteristics
and capabilities. Figure 3-6 and 3=7 are simplified
block diagrams of the RF section of the AN/TSC=85 and
AN/TSC-94.31 The All/TSC~$3's RI section is similar to
the AN/TSC-94 but with all of the equipment on line.

Satellite Communications Monitoring Center (SCIHC)

' The SCMC, nomenclatured the AN/TSQ-LlB,EZ‘Serves as
a centralized controller for the GMF SHF SATCOM system.
The AN/TSQ@-118 will include the following basig tools:
automated spectrum analyzer, HP-2100 computer with peri-
rherals, control orderwire system; and manual spectrunm
analyzer.>> The AN/TSG-118 plays a central role in the
discussion of the DSCS and GMFSC SHF program interface

‘discussed in chapter four.




39

wesFeTq Ho0Tg J GR~OSI/NV Petrtrdmis 9-¢ ,o.uzmﬂ

1
! . .

\ . i L Seany
| | : .
1

fvan 1
) - . LM 005,
uiwsnvy | : .
ryrra . VN
“ —{ ¥3LHIANOD dn_] — : i
“ : mlwmﬂmw,wmwﬂﬂ |
| B I
! : B 4138 VNNLNY |
| *+—— YIL¥IANOD NMOQ Jo——r : | ]
| : o : : “
| «——— ¥31843ANOD NMOQ TJ : - :
3N | | ¥301A10 |

“fnll_lqu....szou nmoa —t ‘ 30d T -
b e[ 531534805 NMOQ fo—u | o | ]

-I.l:l'llll-llltc

¢ YILYIANOD NMOQ s

S el |

!

|

: I
THW OL

v . e €l e S i ot 0 Tt i i o i paSiti 2D




4o -

weaFeTq NP0 4N 76-0SL/NV peTitiduts *4-¢ eanSty

LINSNVYL

———f "u3143AN0D an } , , ALY

oo ]

{ _H3IL¥IANOD dn ‘ .
————— _ SdAH

13

IHN 0L
1S3 : ~
s VNNILNY

ELSE box L]

YILHIANOD NMOQ - -WN1

!

|

|

I

! g e e e e ey o=
I KT T | LU
I

I

|

W

0L

(] ey o~ ) el Pommand : . . . ’ . . . . , . . L , boreesd (= ] bend fpud Bl Dt

AR :ililij.




m——  Sm———a

L1

FOOTNOTES

l"Gro;md iiobile Forces Satellite Communications.
Program Memorandum," (Classified Counfidential), U.3.
Army Satellite Communlcatlons Agency, Fort uonmouth
New Jersey, January, 1978, p. I-3.

°Ibid. -

3W J. Ciesluk et. al., "Review of Air Force Ground
tiobile Forces (GMF) SHF Satellite Terminal Program,"
({ITRE Technical Repor: No. MTR-3457, July, 1977), p. &.
HIpid.

E"Ground Mobile Forces Satellite Communicaticas
Program Memorandum," 9p. cit.

6"Our Satellites-~How Vulnerable?," Air Force

- Magazine, 60:7:72, July, 1977.

7uGround. Mobile Forces Satellite Communications

Program Memorandum,' 9p., cit.

8Army Research, Development, and Acquisition Agency,
Army Research, Development d Ac uisition Magazine,
July-August 1973 vol. 19, No. 4 (Washington: Goverua~-
ment Printing Office, 1978), p. 18. -
1bid.

1OB. E. Tyree, J. Bailey, and V. Chewey, "Ground
Mobile Forces Tactical Satellite SHF Ground Terminals,"

Conference Record of 1978 International Conference on .
.Communications, IEEE, ‘% zﬁshawa, Canada: ' Alger Press

Tinitad, 1978), 40.5.1. |
 1lvground Mobile Forces Satellite Communications

Program lMemorandum,"” op. cit.

12114,

151p1d., pp. I=7-I-9.
1o1pid.
161434,
l?I’J; 0

[P




o T N g gy  :-# " st et b el et Gmmesi pusmg  GENM  GNKE S ARG SuAN

the AN/TSQ@=118 will

'tions~-~Operating and

13 zy Research, Development, and Acquisition
Agency, op. cit., p. 19.

91414,

ZO"Ground Mobilzs Forces Satellite Comzunications
Program Memorandum,' op. cit.

2l1pig,
22~ .
Ciesluk, op. cit., p. 6.

251vid.: Army Research, Development, and
Acquisition Agency, gv. cit. 18: Tyree, op. cit.

24Tyree, op.. cit.
25Ciesluk, op. cit., p. 8.
261pid., p. 9.

27Statements by Captain Fred Thourot, U.S.A.F.,
Air Force Communication Service (AFCS) Headquarters/XPQRS
Office, during telephone coaversation March 19, 1979,
indicates that the AN/TSQ-86B will be renomenclatured . .

the AN/TSC=100.

28Army Research, Development, and Acquisition
Agency, op. _cit., p. 19.

29¢Ciesluk, op. cit.,.p. 25.

5OArmy Research, Development, and Acquisition
Agency, op. cit., p.|18."

31Ciesluk, op. git., :pp. 26=27..

32Same telephone conversation with Captain Thourot,

e renomenclatured the AN/MSQ-114%.
33"SHF Ground Mobile Forces Satellite Communica-
Contvrol Procedures, Book A: _
(Unstressed Environment)," (Ford
caticns Corporation, Procurement
, Contract Report DAEA 18=-69-A-
¥y, 1979), p. A3-1l.

Control by a TS@-118
Aerospace and Commun
Division, Code W61-D
0038, Change 5, Janu

-~ B O v e x SRRV I TR oy . L e e e




. -
v . -

Chapter 4
INTEGRATION‘OF THE DSCS AND GMF COMMUNITY

Commupication satellite technology has thé poten-
tial to multiply the effectiveness of the GMF by pro-
viding improved c? capability. However, available tech~
nology must be managed in the most efficient manner.
Thus, the purpose of this thesis is to esamine tne pre-
sent system for exercising nperational control of the
DSCS space_segmenta |

The management system examined is the system pre-
sently planned to be used in the‘postAi982 time frame.
The basic issue is the interface of the DSCS and the
GMF Community. Examination of this interface leads to.
the development of alternative actions, with varying
potential for improving the operaticnal control of the'
DSCS space segment assests available to the GMF. |

To &ccomplish an audiﬁ of the interface between the
DSCS and the GMF Community, the Military Satellite
Communication (MILSATCOH) system: ‘control related to the
GMFSC SHF program '111 be examined. The interfaco-prior
to 1982 is not expected to be elaborate due to linitod;
GM;SC SHF terminal employment. Therefors, only that

period after 1982 is examined in detail. The capacity

issue muct alsc be oxalincd and racon-ondntionl tor

dealing iith thin 11mitation 1ntogratod into any action
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undertaken to improve the management of communication

satellite technology available to the GMr.
MILSATCOM System Control

Exactly what is MILSATCOM system control?
MILSATCOM system control, as delined by the MILSATCOM
Systems Office in DOD Directive 5105.4#,1 embodies the
concept of different control.functiona'being accoamplished
by di.ferent levels of command. Control functiors’

include:
1. QOperational Control: Control exercised to

determine the location of satellites and earth terminals,

-and parameters of earth station operaticns, e.g., alloca~

tion of satellite powe;, bandwidth, access time, and
operating frequencies.

2. Sgteliite Communications Confrol: Controi
exercised to ensure that earth stations operate ﬁitpin

assigned parameters and procedures.

3. Satellite Coptrol: The control of satellite
components or subsystenms, including orbital control ;hd

‘switching of subsystems or components.Z

MILSATCOM system control can also be defined in

terms of the mission it supports. "The use of the word
' 'migsion' rathsr than 'capability' or 'functions' is

intentional."” "Miasion" stresses the military cature of
MILSATCOM system control. The following set bt'nipaions\'

AN

18 used by Rozald P. Sherwin in "Management and. Control

st 4 e
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of Military Satellite Communications Systems,'" which

appeared in volume two of the Copnference ?eco;d 1973

~ International Conferepce og Commgg;cgt;ong.

Migsiop 1: Hapagemept Coptrol. The means for
providing long-term system management and planring by

~ a cognizant executive agent.

Migsion 2: Compupication Coptrol. The means for
maximizing the communications capability (capacity)

available to the individual user and user networks.

‘g;s§1on 3: Operational Cﬁgt;ol. The means for
allocating operational assets, e.g., satellites, and
earth termiﬁals, to meet user requirements, including
dAy-by-day resource apportionment and user disciplire
and conflict r’esolut:icm.l+ | ‘

For the purpose Q; this thesis, Mr. Sherwin's
Mission two should have added to it the concept of con-
trolling user capacity fequest based on scenario dic-
tates. The gontrol.ot reqdest-tor capacity necessarily

rests with the user. The need for capability to éng--

cise control over capacity request and its resultiﬁg

impact on the effective mnanagement of communication
satellite tochhology is discussed in greater detail
below, | ' | | o
Control function definition ono,”and missions two
and three are the essential embodiment of "Oporational
cOntro‘ of tho nscs .space segment" as usod throughout |
this thotis* '1th the above as a ;uid-, it is now
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possible to investigate tae architecture fcr exercising
operational control of the DSCS space segment in the
poat 1982 time frame. In order to adequately discuss
MILSATCOM related to the GMFSC SHF program, it is neces-
sery to divide the examination into two parts: DSCS SHF
SATCOM Control and GMFSC SHF Operatiomal Control.’

DSCS' SHF SATCCM Control

This section addresses the relationship of the
DSCS to the DCS, and the inter-relationship of the DSCS
to users and Special Usersxsubneta, e.g., North Atlantic
Tfeaty Orgaﬁization-(NATO), GMF,.the United Kingdom (UX),

and Diplomatic Telecommunications Service (DTS); see

Flgure 4-1.

Satellite communication networks normaliy provide
‘transmission media for interswitched or polat-to-point,

user networks. Therefore, the control system for a

'single user network must be cioaely,integrated into'thg

control structure for<the;overall SATCOM network. Thus,
the relationship between the DSCS, ‘the DCS, and Special
Users networks must be integrated to provide the beat
overall 03 system and aﬁbéyston available to each user.

| Opiratgonal control of the DSCS is accomplished

through the Defense Communications System Operations

Control Complex (DOCC). DOCC is the mechanism through
which operational control ~t iae total DCS network is
accomplished. D°CS control is segmented into: DCS
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GMF

Flgure 4~1. DSCS Special Users
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technical control, satellite control, and SATCOM network
control. DCS technical control is presently performed

by DSCS related technical control facilities (TCF). The

. primary function o6f these TCF i3 the interface of DSCS

usefs ;nd the remainder of the DCS. Present plans are
to include these TCF as part of the upgrade of .DCS
System Control (SYCCN) using Automated Technical Control
(ATEC) equipmenf which vegan LRIP in 1978.6

Satellite control functiéns.are presently performed
by the Air Force Satellite Control Facility (AFSCF)
under the direction of the Defense Communication Agency
(DCA). This largely manual system will be replaced by
an automatic system which is part of the planned upgrade
of the DSCS; the Real-Time Adaptive Control (RTAC) pro=-
gram. The RTAC program will transfer direct control of
satellite telemetry and command support functions to the

DCA. SATCOM network control activities will also become

'more.tullylautomated under‘thé_RTAC progfam;7_'

Through elements of the DOCC, DCA exercises SATCOM

~ network control over power and fréquency usage of DSCS

spico.negnont assets. DCA authorizes, monitors, and
coordinates access for all users of DSCS, including
Special User nubnots.' Figurs #—2 111ustratea the rela-
tionnhipl witkin tho DOCC germae to DSCS space segment
allocation. '

~The DCS operates an directed by the Joint Chiof of

.Sta:tv (Jcs) in carryins out nmlitary uiauionn and
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Joint Chief
of Staffs (JCS)

. Director DCA

DCAOT

ACOC

DSCS SATCOM
Network Controller

DSCS Network
Terminals

Figure 4-2. DOCC Relationships
‘L \\& ‘
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operations. ' The highest level of satellite communica-
ticus management in the DOCC is the DCA Operations ‘
Center (DCAOC) located at DCA Headquarters. The DCAOC
is the so0le interface with the AFSCF concerning satellite
control functions. RTAC will eliminate AFSCF involve-

. ment in DSCS.

" The DCAOC has direct communications wifth the
Yational Military Command Center, the AFSCF, and DCA
Area Communications Operations Centers (ACOC).

The DCAOC respomsibilities with regard to the DSCS

include: overall executive level management of fhe

~space subsystem; focal point for all matters related to
‘earth subsystem milestones, link requirements, and -

initial link establishment parameters; and manégerial
control over the DSCS control subsystem. Specific func-
tions in relation to the GMF coasist of monitoring,

. evaluating, and coordinating of DSCS Special User

requirements and control subsystem procedures.

The ACOC}ia'the next lower level of operational

‘control within the DOCC, and serves as the fdcal point
for SATCOM Network Control. The ACOC is respomsible for

coﬁtrql and management 0f all earth terminal accesses
to a DSCS satellite. This reaponsibiiity is shouldered
by the SATCOM Network Controller. . | |

' The SATCOM Network Controller is collocated with

‘other ICS Network Controllers at each ACOC in order to

ensure "orderly integration"® of the DSCS into the DCS.
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"The SATCOM Network Controller responds to all DCAOCF
directions related to the DSC3 network and controls
network operations on a near real-time basis. 'The
DCAOC, in turn, serves as the interface between the
SATCOM Network Controller and the ArSCF for maintaining
satellite status. =ach area SATCOM Network Controller
is responsivle for oOperational direction or;eﬁrth termi-
aals, including Special Users, operating through the
satellite in his area.

At the fourth level of control, reporting directly

. to SATCOM Network Controller, are individual DSCS earth

terminals and Special User Network Control Terminals
(NCT). NCT maintain control over their network ensuring
alllterminalé withia their subgroup operate within estab-
lished power and frequenéyvallocations. |

It is this connection between the SATCOM“Network
Controller and NCT where the majority cf DSCS and
GMFSC SHF program interface takes piade. To fuily eXam=

. ine this and other important interfaces between the DSCS
and GMFSC SHF progrsm, the GMF Satellite Communications

Control. System (GMFBSCCu) must be explored.
GMFSC SHF Operational Control

The planned GMF-SCCS ie, in itaolf, an intosration ,
0f GMFSC and’ Joint Tactical Communications (TRI-TAC)
Progran control hiorarchy. The TRI-TAC Progran is a
Jointly ltatf.d DOD organization which was ootablithcd

_—/
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"in 1971 by the Deputy Secretary of Defense as a result

of the Blue Ribbon Defense Fanel Report published in
July, 1970. 1Under tﬁe concept of management recommended
by the Panel, TRI-TAC is concernmed with four areas:
interoperability, communications commonality, central-
ized management of telecommunications, and cost.? |
TRI-TAC has designed a control equipment architecture
known as Tactical Communications Control Facilities
(TCCF) for joint tactical communications in the post
1982 periocd. The TCCF functions as an automated infor-
mation management and control system for.the Joint Task
Force (JTF) Commander-in-Chief/Commander (CINC/CDR) in
joint military operations. The hierarchical levels of
management and éontrol bhave specific functions, respon-
eibilitieé,’and authorities. Conmponent systems, e.g.,
individual systeras of the Air Force, Army, or Maring,
and joint systcas, i.e.; systems composed of individual
component :.bsystems designed to fulfill JTF needs, are
sﬁbdivided, for span of control purposea, 'itp each |

subdivision managed by a specified level of TCCF. The

levels of TCCF are as follows: COnnunication System
Planniné-Elonont (CSPB),:Coununicqtion System Control ‘
Element (CSCE), Communicutions Nodai,Controi Element |
(CNCE), and Coununicatidnl.Equipncnt Support Element
(CESE). ~ S :

_Tho CSPE is primarily responsible for achieving . g
optisum aild¢atien'ot'conlnniéation toiourctl in meeting - - 3
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tactical communication requirements. It is that levgl
within any hierarchical structure of management ard
control that accomplishes broad systems planning,
engineefing, and overall systems management. It serves

as the focal point for all coordination effort between

" JTF components and outside agencies while maintaining

contiruity between communicatibns support capabilities
aﬁd operational requirements. The CS?E, because it is
the highest level of management and control, designétes
areas of responsiﬁility, and extent of control.

- The CSCE is responsible for dynamic control of large
subdivisions of the total communication system. It is
subordinate to the CSPE. With the assistance of auto-
mation, the CSCE provides real or nsar real-time manage-
ment to maintain optimum system effectiveness. The
CSCE, at the direction of the CSPE, carries out the day-
to-day planning, engineering, and control functions of |
the commﬁnicatioﬁs system. It is to the CSCE that most
user requirements in both a static and changing tactical

environment are addressed. The CSCE provides the neces-

'gary:cdordination and direction to meet user require-
.ments in a timely manner through its information input

and output links with its designated CSPE, other CSCE's,
and subordinate CNCE's and CESE's.

It 1s important to_noté that 1t 1s at this level,
the theater CSCE, that the GMF-~SCCS ‘manager functions.

'The GMF-SCCS and 1ts integration into the TCCF is
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described in greater detail below.

CliCi's are subordinate to their designated CSCEL,
CNCE's function as nodal managers, and are the interface
pcint between the transmission and switching subsystems.
Zach CNCE exercises ménagement and technical control

over its associated subordinate activities; coordinating

. with other CNCE's.

Each CESE is responsible only for that equipment
and circuitry peculiar to itself. The CESZ responds fo |
all management and control functions initiated by the
CNCE that pertain to transmissior subsystems. 'The CZiSE
has self-test and remote sensor‘equipment, and is pri-
marily maintenance oriented.

The integration of the GMF-SCCS and TCCF can best
be visualized with the aid of Flgure 4-3,10 The

~DCA ACOC relationship to the ICCF and GMF-SCCS is

depicted for continuity and is discussed iz the next

section.

The GMF-SCCS, under the direction of the TCCF,

‘controls the GMFSC. The GMF-SCCS is composed of: a

management level containing a GMF-SCCS manager, a
Control iciiity level, an& a Network Terminal (NT)
level. The GMF-SCCS proiidoc technical man;sement and
control of allocatsd bandwidth and power in support of
the Theater JTF CINC/CDR. '

The GMP-SCCS mansger 1s an integral part of the
Theater CSCE staff and assists the Theater CSCE in
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'managing satellite communications. The GMF-SCCS manager
is tha essential iaterface in the information iaput and
output link between the Theater JTF CINC/CDR and the
GMFSC system in supporting user communication rgquire-
ments with satellite communications.

At the heart of the GMF-SCCS is the GMF Coatrol
Facility which contains a GifF-SCCS controller and a
Satellite Communications Monitoring Cemter (SCHMC),
AN/TSQ—llS. The SCHMC allows near real~t'me control of |
GMF NT's. The GMF-SCCS controller operates the GMF
Control F&cility.

GMF NT's are the actual satellite terminals as

discussed in chapter three. They are under the opera-

tional control of the GMF=-SCCS controller in all matters

related to allocated bandwidth and power, or space

segment access.
Interface of the DSCS and GMFSC

The GMF,'as depicted in Figure L-1, is a Special
Uger of the DSCS Network. Therefore, the GMF-SCCS

~controller has a real-time direction and coordination

interface with the DSCS SATCOM Nenwor¢ Controller
(Figures L4=2 and 4-3) The DSCS SATCCM Network Con-

troller, as part BT 4 the ACOC, has DCA area authority
for the DSCS.

~ Problems, e.g., the need to increase GMFSC. author-

1zed satellite power or bandwidth, which cannot be

" ” g - o
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resolved at the lowest Theater JTF and DCS inter?acs,
i.e., the GMr-SCCS controller and 0SCS SATICCH .uetwork

Controller, is referred up the hierarchical level (sce

‘Figure L4=4). If the problem cannot be resolved at the

ACOC and Theater CSPE level, the CSPE refers the problem
through the CINC/CDR to the JCS for resolution.

. Evaluation of the DSCS and GiFSC Interface

The preceeding discussion is sﬁfficient t~ begin an
analysis of ﬁhe presently planned Sysfem for integrating
the DSCS and GHMF Commurity after 1982. All of the
available literature and documents from which the above
examination of the planned system was based, amply
describe the intarfacé of the two systems in terms of
"mechanistic" organizational chain of command or author-
ity relationships. The'Ford Aerospace and'Communica-

tions Corporation's volumes on Operating and control

proce(ure provide a complete documentation fiow for

accompiishing allocation of space segment resources

' from the DSCS down to the GMF NT's,

Excollent work has been dono by many different
1ndividuals and asenciea within the DOD and contractors.

- However, the evidence suggests that the present system
,désignerl'ovorlookod the "humanistic" elemert involved

in any organiiaéionil interface.
| ‘Orsjnization and Managesent theory provides insight
{nto the humanistic element and its role in organizational
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interfaces. The xzodel developed by Lasrence and Lorsca
tn their book, Developias Orsaaizaions: Dlacosis 4ac

Acticy, exacines organizalions at tkhree 1avela of 1nter-l
face: organization-environment intertace, the group-to-
group interface, and the individual and organiiational
interface. The model suggests obg#hizationa should be
designed with differentiation and mtagraﬁon in balance
to meet the needs ror'coordinAtibn and interaction
involved in efforts to acdomplisn task or goals.

The prime interface of interest in the GMFSC a_xlxd
DSCS relationship is the group-to-group interface. If
both the GMFSC SHF program and the DSCS are viewed as
paft of a much larger system providing C- to the NCA,
this relationship becomes more apparent. The humanistic

element is still a very valid concern at the group-to-

. gfoup interface as expressed by most 6:ganizational and

management theory.

.The key ingredients in most definitions of organi-
zations are individuals and their interactions which are
shaped by atructure and individual and joint goals.ll
Generally, all organizational and management theory from
the Traditional; .g., Taylor's Scientific Management,

‘Max Wobor 8 Bureaucratic model, and Henry thol's
,'Administrativo management theory, to General Systems

theory attribute some value to the human element. .
Adnittodly, the Traditiona; ichool hcld‘a-rathqr.pocsi- .
sistic view of man, and the General Systess theory is not
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as "huzmanistic" as the Bchavional :heories.‘ dcwever,
General Systems thecry's definitioa of cpea systezs,
as being composed of componments Or subsystezs orerating
witkin boundariea'rhich delineates them Irom scze
broader suprasystem, nas at its core, understanding 6:
buzman envolvement in organizational interfaces. The
spallest subsystem is two individunls interacting for
goal or task accomplishment.lz |

It, then, is not unreasonable t¢ analyze the inter-
face between the GMFSC SHF program and the DSCS ns
individuals interabting with perceﬁtions shaped by
different mechanistic organizational structures and
tasks or missions. Attempting to understand the criti-
cal interface points in this manner provides valuable
insight into the need for possible alternatives which
can help improve operational control of the limited
DSCS space segment avalilable for use by the GMF,

Differentiation, as defined by Lawrence and Lorsch,

~between groups results from ,he "{nternal character-

istics each group must devéloP to cnrry out planned
transactions with its assigned part of the environ-
ment. nl3 Differentiation basad upon dasired goals and
the need for interaction with the outside environment

at times is not just minor variations in outlook, but

can 1nvolvo "tundannntal 'qya of thinkins and behav-
ms"m
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Svidence indicates tha: trhere isg significant diilfer-
entiation tetwsen the D5CS and the G:FSC SEF prograa.
D3CS L8 a subsystea within a larger sugrasystez, JC5,
with a prizsary :issioﬂ of managing the JC3's rradcn-
inately fixed world-wide communications network. 2J5C§,
therefore, has the orientation of a "fixed" communica=
tion system manager. <Classical definitions of ﬁilitary
compunications requirements for speed, reliability, and
capacity are important parameters of performance accepted
by the "fixed" communications community. The "tactical"

communication system manager, however, must also ve

" highly concerned with requirements for mobility, economy

‘of resources, and flexibility in meeting changing battle-

tield dictates.l?
Differentiation is alsc apparent from the defini-
tion of the GMFSC as a Special User of the DSCS. Each

' Special User has unique satellité communications needs.

' The GMF's unique need is for satellite communiéations in

support of a Theater JTF in a tactical situation. Thus,
the GMFSC mahagar's faak is to provi&e "t%ctical" coxﬁun-
ications for the CINC/CDR. | |
IDifferentiation is.turther evidenced by the distinc-
tion as either DCS quality or Tactical qutlityor commun=-
tcations.1® This distinction in communication quality
reflects the different interpretation and| weighting of

~ the same basic philosophical concepts or parameters,

°.8., qﬁgod._rdlinbility, capacity, mobility, economy

i
4
|
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of rasourcbs, and flexibility, of mili‘tary ccmmurnication
systems oy '""{ixed" and '"tactical" system managers. ihus,
differentiation betaeen'the GFSC community and the DSCS
can be attributed to different perceptions and tasx or
aissions resulting from either a "fixed" or "tactical"
communication systeam orientation.

The result of this differeatiation betwees the
Gi{F'SC community and tne DSCS is a polarization of indi-
vidual attitudes and expectations within 'each group.

The stress qf operating in a crisis or comtingency
-environment coupled with the real poésibility of inter-
face poiﬁts being phyeically several thousand miles
apart can accent this polarization leading to a break-
down in crucial information flow at critical interface
points. Therefore, a means of facilitating integration
by minimizing the effects of_differentiation on'indiyid-
uals invelved at critical interface pointé befween the
GMF-SCCS and the DSOS can help ;mp?ove Opefgfional con-.
trol of DSCS assets avai;ableizor use by the GMFSC SHF
program. | '_

Concern muét_be directed to two aspects of the

integrazion issue: which units or subgroups are required

‘to work together and how much interdependence is required.'

In the operational integration of the DSCS and GMFSC SEF
program, the main interface is between the GMF-SCCS and

~ the ACOC with the key 1ndividuall hqins the DSCS SAICOW

Network Controller and the GHFBSCCS Controller. Thercvia
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a need for étrbng interdependedce between the two groups.
ﬁoth must work closely together because of skared inter=-:
est in iaintaining control over the DSCS space segment
allocations available to the GifF. However, motivations
are differént. The DSCS SATCOM Network Coatroller is
concerned with mﬁintéining total DSCS intégrity in his
aréa,.whilé tﬁe GMF-SCCS is interested in maintaining
control of only the GIMFSC SHF program in order to ensure
‘the best possible C° system for the JTF CINC/CDR.L7
| In such situations "it is often necessary for

arganizations to ‘develop more complicated integrating
mechanisms."l8 The basic mechanism for interfacing is
the mechanistic or organizational management hierarchy.
In this instance, there 1is a need‘for'dev910pment and
testing of a'"supplemental" integrating device or an
individual coordinator whose basic function would be
facilitating integration between the DSCS and GMF,19

" Before proceeding with the discussion of alterna-

. tives and recbﬁmepdations for improving the operational

control'of the DSCS space segmépt, it will be fruitful
to firat diaéuss the essential factor chessitating',
any MILSATCOM control system for the SEF space segment.
Cafacity, cr more specifically limited capaéity, 1s'the
single most critical factor in providing SHF satellite

| communications to tho GMF.
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Capacity Limitatioms

The examination 0f capacity limitations is impor-
tant from two sfandpbints. First, appreciation of the
factors causing caﬁacity limitafions ahd the effect of
capacity limitations on the GIF deepens understanding
0f the need for a MILSATCOM control system. Also,
capacity limitétion issues are an essential part of
alﬁernatives discussed in chapter five.

The factors contributing to capacity limitafions
of unguided (radio) electromagnetié wave“transhission
systems are familiar to host telecommunication managers
or system engineers, and therefore, are'énly briefl&
recountered here., Ilost factoré can be donsidered to

be under one of four general categories: Economical,

Technological, Spectrum, or Political.Z®

Economic'factors would include the cdst of obtain-

ing more capacity, or improving the existing management

structure to provide a better distribution of capacity.

Technological limitafions are often equipment design,

propagation characteristics, and information capacity of
various spectrum bands. The radio freéuaﬁcy spectrﬁm is |
itself a limited‘resourcé and must be utilized and sharedv
by all spectrum users, both national and international.
Because the radio frequency spectrum does not respect

man-made political boundariea, both national‘and inter-

national cooperation is necessary to prevent chaos.
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A complete discussicn covering the eifact of each
0f the above ‘actors on the capacity, now Oor planned |
to be avaiiable to DSC3 user#, 1s beyond the scope OF
this thesis. The bibliography does, however, cc-.ain
mary interesting readings treating the avove And treir

effects on MILSATCON.?® Suffice to state that due to
the aggregate of economic, technical, spectrum, and
political factors, the capacity of the DSCS space seg-
ment 1s limited. | |

Chapter four of the MITRE Corporation report
"Review of Air Force Ground Hobile Forces (GMF) SEF
Satellite Terminal Program," coatains an excellent
example of the effect 6f DSCS space segment limjtations
on the GMFSC SHF progranm. The illustration indicates

“that in one instance, .the DSCS Indlan Ocean Satellite,

the tentative allocation of DSCS II transponder power

| for the GMF'falla approximétely one third short of the

Air Force's austere channel requirements for a represen=
tative Air Force Forces deplOyment.22 It mrst be empha~
sized that the total temtative allocation is onme third
short of austere Air Force requirements, other component'
requirements in a joint operation would also have to be
addressed. The MITRE report also indicates that DSCS III
will do little to improve the capacity avallable to the
GMF.%. Thus, 1t can be seen that the capacity issue is
a driving force behind any effort to improve the inter-
face between the DSCS and the GMFSC SHF program. |
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Therefore, the alternatives considered in the next

chapter address the caracity and interface issue.
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Crhapter 5

ALTERNATIVES

Limited capacity is the prime factorvnecessitating
effective operational control of the DSCS space segment
assets. The preceeding analysis of the planned systex
of interfacing the DSCS and the GiMFSC SEF program in
the post 1982 time frame provides'a framework of three
alternatives which‘may be pursued. The first alternative
is to do nothing to improve the intérface, or more suce-
cintly, to maintain the status quo. The second alterna-

tive is to avoid the problem of improving the interface

This is essentially an attampt to circumvent. the inter-
face problem;"The final alfernative is an integrative
approach thatvattempts tc affect smooth interface df the
two systems by crsating a "supplemental" integrating
davice, and deals with capacity limitations. |

. Therefore, to enhance the ability of communications
satellite technology tb-providd a "key force multiplier”
effect on the GMF, chapper‘fivé includes an examirnation
of each of the above alternatives. Criteria for evalus- .
tinz each alternative includes: fsasibility, potential
coofa,.and potential benefits. Fialibility is the prob-

_ability of carrying out an alternative in tho'iccr.or-
far term. Potential coitl‘aro'only exaxined in a

|
i
1
g
i
l
1
1
|
l by greatly increasing the capacity of the space segment.
i
|
|
|
|
i
i
|
|
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‘values of adopting this course of action.

qualatative context. The most important potential

benefits are ones that iamprove the ”3 **s~em available

to the GiMF, thereby enhancing thé combat effectiveness

of the GiF.
Ylaintenance of the Status GQuo

This alternative completely disregards the analysis
performed in chaptier four. Iacluded in this altérnative
are the following actinns: accept fhevanalysis as valid,
but not particulérly pertinent, accept. the present |
nechanistic interface, and test the existing system in
JCS directed exercises. Perhaps the single most impor-
tant virtue of this alternative is testing the existing
system for interfacing the DSCS and GMF after 1932.
Admittedly, only a limifed number of terminals will be
available to accomplish testing prior to 1982, however,
this should not unduely restrict testing. The planned
syéfem can be tested during JCS diréétéd exercises by
sizulation of that part of the system thit is missing
or nct requiréd due to actual deployed equipment strength.

Actual testing ﬁay establish the heed for a reevalu-

. ation of the present largely mechanistic systam. Reeval--

uation nay point to the need ror the humanistic element
in organizational interfaces. This potential benefit,

the ease of accpmpliahment, and the cbvious low cost,

in terms of immediate expenditures, are the positive

Y
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egative val.ie. A2 AZTla. siz-
tingency is tte wrcng tize to discover tzat tie tresext
‘systenm is inadeqguate.

| The atove actior also cozple:eiy aeglacts the
capacity limitatibn issue. =ffor:s to deal witz capa-
city limitations can iake at least two directions:
seeking téchnologi cal alleviation, or attempting to
manage available capacity in the best possiovle maaner.
The possibility of technical‘assistancé increasing
space segmént capacity, thereby decreasing the need for
effective integration of the DSCS and GMF is at the

heart of the second alternative.
Circumvention of the Interface Issue

The means by which technology can be employed to
decrease the capacity limitation of fhe space segment

‘are numerous, however, only three are addressed:

component sybtqm,enhancement, bandwidth expansibn, and

quantitative increases.l' These threo'should not be con-

_ itdoroa‘an the only means available to the GMF community.

Rather, they are préqentod as oxanpiéa * s+ the many
technical avenues opbn to enhance the GMF CB'syeteu. o

Component systea enhancement incorporates such

technological chango- as bottmr antonna _Subsysteas,

accocaing acho-ol, and codinc lyltcna Antenna sub-'

,-yctou 1:;rovoanatl 1nc1udo nnltiplo beas antennas as
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Lo8y8tes loprovexentld L3 o lzprev
toerssy ‘-;*ﬂvizg sigza.-%C~niise pericrzacce allcwing

cazacily lacreare tharcug:s tascwiiin versus signal-tii-

Accessing scaenes, e.3., vezand-Assigned .ultiple
Access (DAA), such as that planned fér use by tae
Single-channel UEF and SHF GHF systems, oy using
?rqqﬁency-Division “ultiple Access (FDMA) or Time-
Division Multiple Access (TDMA) techniques ioprove
system utilization. FDMA makes available a pool of
frequencieé, assigning them on{demz to uéers.. TDiMA
makes available a stream of time slots, assigning them

on demand to users.3 For spectrum reasons, TDMA~-DAMA

is the most probable system of the future.

The ¥ convolutional encoder and Viterbi decoder
plarned for use in the GMFSC SHF ‘terminals can, by.
providing suffi ciently powerful error detection cap;;
bility, lower required energy per bit to noise ratio,

henco received signal to noise ra*io.# The effect of

such a tochniquo is to provide tor & power versus band-

width trade which can increase usable capacity of a
systsm. |

Bandwidth oxpansion'il sosewhat analogous to
Lacrtaltng ths diaseter o! & water plpe to locrease ke
voluzse of flow. datavcr. thtlo {ncreasing the diazeter

of a pipo say tave 11 tle or o effect on atac:~uitor

v
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=132% zave ilsasgtrcus alleCcts C©x Clier Tazlc systezs.

lzcreasicg tze actiual candwiitz ol a systes lavolves
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Perzaps tke Dest avenue Ccpen tO tie 3.l
creasing satellita cozmunications c#;aci:y i3 L0

acve tactical cr acbile URF systems to SET and tOo z:07ve
strategic or high data and aiga capacity SEF systea to
the Zxtremely High rrequency (EHF) band._s’6 The EHF
band includeé those frequencies in the 30 to 300
gigéhertz range.7 In 1977, there were eight satellite
syétems in operational or proposal stages in the 18-40
GHz raﬁge, and it was predicted that by 1990, the 20
to 30 GHz band would become the new super-highway for
heavy route traffic-.8

Operating in the higher EHF band has many advantages
as a result of larger available bandwidth, e.g.,
increased capacity, gnd TDMA-DAMA bandwidta room,
however,'the one major limiting factor at these bands
is the reduction ia link avai¢ability due to rain attenu-
ation. Recent literature indicates that progress is
being mad~ in studying and analyzing rain phenomenon
and it. effscts on satellite comnnnications. As a result
of this ongoing effort, availability enhancement tech-
niques are being postulated and tested, e.g., amultiple
local sites, angle diversity, and utilizinc tv¥o or azore

scpnrato paths. I
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9. ze prizary
will be iz terss cf tncreased capacity. Tte effects
37 rain atteauatica arnd pcssitle exzanceszen:t tecinljues
will bave to Ge cCopared with She valie 0f suca zeeded
caracity gaizs.

The third possidble avenue open o the Gus in efforts
0 increase communication satsllite caracicy is techn-
nically the simplest to understand; maike quantitative
incréasea in the number of communication satellites in

orbit. This would result in the additional benefit of

- decreasing the ASAT vulnerability of the GIFSC progran

by providing for a proliferated crosslinked network if
used in conjunction with the DSCS space system.lo
Howeyer, such an option is obviously extremely expensive,
and in terms of continuing Congressional interest in '
militéry satellite communicationa; as evidenced by

LeaSat discusséd'in'dhapter two, highly unlikely.

The monetary aspect of technological means of
1ncreaéing satellite ‘capacity is perhaps the largest
stumbling blcck te pining total hope on techmology. It
can be dsduéed intuitively that at least the semblance of .

‘& rough corollary exist between the significance of a

capacity increase and the more advanced the technolcgy

'roquirod. Usually, it is the case that the more futur-

1st1c the tochnolo;y 1: over present ott—tho—chol. com=

,poncnta and -ysto-l. tha hishtr the costs.




Tze atcrve is ast :a‘sei’:za: tze L5 szcull scz-
.8%8Lly asanicn researcr effor:s. Tte toird alterza-
tive belcw includes a philoscphy Isr i=proviag e 35
8y8-e3 availatle :e:::e SH? wnica acaacwmisdges e ccn-
tinuing need for :eeearch'and developzen:. Thze :ain
fault of e&epting altsrnative twc i3 in relying solely
ca technqlegy to disinish the need for isrroving alloca-

‘tiom of available resources. It is unlikely that signif-

icant increases in eapacity will be made availabla to the
GMFSC SEF program before the 1990-2000 time frame.
The costs of futuristic technology can be high if

. the DOD 18 the sole end user. However, as recent litera-

ture indicates, many commercial telecommunications users
such as national and international financial institu-

tions are becoming increasingly interested in improve-

ments in eaﬁellite capacity and security. It hesvbeen '
. estimated that the daily transfer of funds over tele-
rcommunications networks is a mind-staggerinug 8302

billion. In the United States alone, monetary related
télecommuniéatione 18 5rowins at a rate of 20%.1t

It is almost certain that the money behind this growing 3
need cannot fail to etimulate telecomnunicatione com=
panies to increase their efforts to_previde technolog-
ical improvements in at least some areas of interest

to the'DOb. Hopefully, the GMF will be eble to ~to=
1:.1130 on any technolosieal 1-prove-ente that can

bensfit the oursc snr precrll
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Tze potential tenellis of tecnnilcgical zelalis
3 ;zcroaxc capaciiy are quite nigh, LI tzey =ature .2
a tizely sanner. If a tecknolcgical breag:arc«g- Ero~
7ides a ten fold iacrease ia satellite cczsunications
capacity to the GMF after the war »as lcst for lack cf
capacity, it is of little bemefit or ccasclation.

Sometaing sust pe done now.
Integrative Alteriative

Providing an improved interface between the DSCS '
and GMF involves four differemt, but highly related

~actions: a "supplemental" integrating device, user

capacity control and educationm, technology,'and testing.
"Supplemental" Integrating Device

The analysis in chapter four of the planned systém
for integrating the DSCS and GMF in the post 1982 time

frame pointed out the need for a "supplemental'" inte-

grating device or an individual vhose;basic funcfion
.wouid bo_facilitating integration between the DSCS and

GMF. Figure 5-1 below will assist in underetanding.

 the functional relationships of this individual, the

GMFSC Liaison Officer (GMFSC-10).12
Figure 5-1 indicates that the provigion of a

."supplouontal"‘1ntogra£1ns device can hovucconplished

by locating a GMFSC-LO with the NSCS SATCOM Network

' Coatroller, This is the yrotérrod sethod. The JTF
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Figure 5~1. Functional Relaticnships of the
GMFSC~LO and the DSCS and GMF-SCCS




CINC/CDR is able to maintain greater integrity of his
C3 system if the GifF-3CCS Controller remains a colocated
part of his theater CSCZ staff;

However, as outlined in the rord Aerospace and
Communications Corporation "Book M: lanagement .etnods
and Techniques," it is possible that under certain
scegarios locating the Gi{F=-SCCS controller and an
AN/TSQ-118 with the DSCS, SATCOM Network Comtroller

could be required. When this is done, the problem of

providing an effective interface between the DSCS and

GiF would bé greatly simplified. It can reasonably be
assumed that the two controllers would be in close
enough physical proximity to accomplish face-to-faqe
communications, as required.l3 However, in the more
provable course of events, the GMF-SCCS Controller
would be located withinu the deployed theatef. Therefore, .
more must be sald about the GMFSC-LO position and
functioﬁal relationships with the DSCS and GMF-SCCS.
The GMFSC-LO would be directly responsive to the
GMF-SCCS Controller. His funciion would be to represent
the Gnr'position.to the DSCS. The GMFSC-LO, by virtue
of being coiccatad within the DSCS, should also be able
to more effectively relate the DSCS position to the GMF.

‘The credibility of the GMFSC-LO representing the DSCS

porition to the GMF will be higher than that of the DSCS

'SATCOM Network Conmtroller. After all, the GMFSC-LO will
. be. from the GMF camp. -




A aighly qaa..f‘ 4 3#75C~1L and tce adied scnus i
seing in face=to-Jace cozamunicatiocn sitz toe J3C3
SATCCM Ngtuorx Contrcliler snould cuﬁbiao tC provide
the GMF higner creditility witn the J33S. Jhe guadili-
caticns of a GHFSC-LG are taus a satter oOf izportaace.

The GirSC~-LC snould be an Ufficer or Senior .on=-
commissioned Officer well versecd in =zaraging tactical
communications., The Gl4#3C-L0 skould also be experieaced
in the GiFSC SHF program and equipment, the GiF=SCCS,
and TRI-TAC TCCF equipment and architecture. The above
qualifications are taseline requirementé, It would be |
extremely beneficial if the GMFSC-LO also possessec the
following qualifications: comprehensive knowledge ot
JTF and coaponent éommunications systems, both satellite
and terrestrial (for alternate royting and backup
capability), familiarity with the DCA's DOCC, and the

: mechaniatic organizational procedures for interfacing

the DSCS ard the GMF.

- The GMFSC-LO must have adequate commuﬁications;
both voice and data, with the GMP-SCCS. It 1s possible
that the GMFSC-LO and DSCS SATCOM Network Controller
could shace common communication links with the GMF-SCCS.
The Gursc-Lo, however, must be totally familiar with all

:prinary secondary, acd even tertiary methods of main-
taining ~omnun1cationn with the deployed GMFBSCCS.

It nisht bo conlidorod difficult to find an indi-.
vidual with all of the above mandatory and beneficial
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qealifications. However, tne ctest pccl I talexn: -;@l:
provadly lie within tze telecomaunications planning
s:affs for JC5 exercises ard cortingencies a: ize JTF
and cozﬁoncn: level.

Doubt might still exist as toc thae need for a
"supplamental" integrating device to facilitate the
interface of the DSCS aﬁd GH? ‘T0 clear up such douot, ‘
the example of JCS directed exercise 30lid Shield 76
(55-76) in the Southeastern United States will provide:
the iinal argument. 33—76'was in serious jeopardy |
when the Federal Aviatiuvn Administration (FAA) warned -

the military that unless critical telecommunications

1inks between the FAk and Military Air Traffic Con-

trollers could be activated and proven reliable, the
FAA would not turn exercise needed Air Space over to
ailitary control.

There was a multitude of management problems, e. g.,
authority versus reappnsibiliuy imbalanqea, and problem -
identificaticn procedures, involved in the failure to

activate tactical telecommunications in a timely ménner..

‘ Proninent to the overall problem was the lack of an-

effective interface betveen two elements of the Air Fcrce

Forcex telecommunications management hierarchy. This

pear disaster in 5S-76 resulted in the rewrite and

successful tsltins from 1976 to 1978 of & Tactical Air
Command rogviatiOn; that, in addition to correcting other

sanageaent dbticioimi‘n, provides for a ":nﬁpluontal”
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intesrating device. Tnis is a:cc:piished by provicding
ap individual =ell versed in tae parcicu.ars of cne
element's telecommunications system deing placed on
the staif of the other unit, higher in tae :énagement

hierarchy.l4

Capacity Conirol and Education

The above action to provide a more effective inter-
face should be complemented by efforts by GMF commanders _
to emphasize the effect of limited sPace'segment capacity
on the GifF ¢ éystem. GMF communicators should assist
commanders by taking the initiati&e. GMF commanders
should be prdvided with realistic GMFSC SHF space seg-

ment qapabilifies in the near and far term. GMF communi-

‘cators should also heavily involve Operations personnei

in the development of telecomrunications annexes. for
pcsgible exarcise and contingency scenarios.

The old axiom that "communications is a service -
and that communicators,provi&é" should not be viewed

as prohibiting military telecommunications managers

. from empkLasizing the real limitations of exristing and
planned systen., ‘The cost;,in terms of money, material,

and personnel, of providias eervices must also be

discussed. ICreativé means 0f providing communications,
based on a thorov,: understanding by'bho communication
zanager of user mission and neads, can help tris over-

statod nooda.
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Adiisionally, 3iF telecommunicaticzs mazagers sust
pusk for greater ilectrcaic warfare and austere Jozaual-
cations play ia J<i3 directed exercises. Titure 3as:le
Staff 4anagers need this enhanced traiping to0 provide
a realistic background for managing f{uture crisis or

contingency situations.
Techrology

The third part of this alternative is to continue
efforts to improve ccmmunication satellite technology
that car help satisfy milifary telecommunication needs.
However, technology should not b- _ursued for the sole
purpose of alleviating poor management. Rather, manage-
ment should be perfected to best utilize available
technology, providing a "key force multiplier" effect.

- The !‘mportant operative idsa is that technology
can improve the systém's'capability while management
cénfimprove its utility. Thus, the prime goal of GMF
telecommunication managers and planners should be to
prdvide the best‘integration'o: the DSCS and GMF which,

in turn, improves operational control of limited space

_‘éegmen;‘capacity while remﬁinins cognizant of the possi-

bilities of technology to improve the GMFSC progran.

Testing

‘Any good plan should be tested. The best way to
test the above alternative is to do s0 during JCS directe
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{oins exercises. JSuck testing ctan provide azrle crpor-

vy
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tuaity fcr izproviag the Cperaticnal sczircl ©
J3C3 space segzmen:; hofafully, sefcre an actual ¢risis
or contizgency.

¥ith careful planning, JC3 exercises caan also

.serve as an excellent veanicle {cr tasting new tecrnc~.

logy for wider application. A xey concept that G5
teleconmunications managers zust remember is that test-

ing of new'technOIOgy must not ve allowed to interfere

‘with exercise objectives.

Evaluation

Establichment of a program that includes the above
actions would not be overly difficult. Tae major factor
involved ié the manpower to shape the above concept
into a workable, detailed plan. The above alﬁernative

would not be costly. The Only major overhead cost would

‘be that asBOuiated with preparation of a management con-

~cept similar to rord Aerospace and Communications

Corporation's that included the GMFSC-LO position and .
runction.

Potent;al benetits are high. .The vehicls of testing
the GMFSC-LO and capacity actions afforded by JCS exer=
ciges could be invaluable in proving the system and

' training paraonnel before an actual criaia or contingency
'dcvolops The Option to iaprove gystem pcrtornanco as

technology satures also adds t3 the attractiveness of
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*ais option. Thus, the GiS can have the vest ¢ sy7sten
at zeir dispcsai Woen tae 12ed arises.

In visw of the discussion of tae above taree
alfernatives, what should be done? Chapter six, in
addition to reviewing the ?receding {ive crapters,

provides tkze answer.

A i g 4
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lA complete technical discussion of each of the
possibilities, while interesting, is well beyond the
scope of this paper. However, the bibliography con- |
tains numerous refsrences with excellent discussions
on each topic.

aR B. Dybal's paper "Multiple Beam Communications
‘Satellite Antenna Systems," presented at the Institute
of Electrical and Electronics Engineering, Inc., in
international Conference Or Communications, June 17-19,
1974, is an excellent discussion on the basics of mul-
. tiple beam antenna technology.

3James vartin, TeleCOmmunlcatlons and the Computer,‘
(gnglewood Cliffs: Prentice-Hall, Inc., 197/5), Dp. 49o-
503 ,

4J. A, Heller's paper "Performance and Implementa-
tion of the Viterbi Decoding Algorithm for Satellite and
Space Communication," presented at the above IEES Con-
ference Report is a good discussion on Viterbi decoding

algorithm.
Sfobert L. Drummond, "Future Trends in MILSATCOI

Systems, " Cogference Record of 1977 International o
Conference on Comm cations, IEEE, LI (Chicago: Design
Business Forms, Inc., 19,75, 31 3-287 .

6The volume of literature on EHF, Millimeter wave
(MMW), or K Band technology is large and continues to
grow each year. . The bibliography contains numerous

articles. on this-subject and should prove interesting
reading to the serious student of the GMFSC program.

Tuire quency Management and Electromagnetic Com-
. patibility," U.S., Department of the Air Ferce, Air Force
Manual 10031, October, 1974, p. 1-2. |

h 8Louis Cuccia Carl Hellman and Wasson Quan,
"Above 10 GHz SATCOM Bands Spur New Zarth Terminal

Deve1°pment " Mlsxg_axs_éxgzzg.ﬁszs, March, 1977,
Pp. 37-46.

9p. E. Brandinger, "ao-so GHz Communication Satellite
Systems Design," Conference Recor Internation

Conference on Communications EEE Oshawa Canada.
ger Press Limited, 1973), lO 4 1210. 4.,.’ t
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lOS. Nichels et. al., "Alternative Zommunicatioa-

Satellite Configurations: Volume 1. JSystem Concepts
and nvaluation,' Naval Research Lab, Washington, D.C.,
Report No. NRL-3134 (Distribution limited to U.S.
Government Agencies only), September, 1977, p. xiil.

llC E. thte "Electronic Banking - A Mixed Bless-
ing," Telecommunications, 13:4:65, February, 1979.

l"For simpllc1ty and ease of understandlng, Pigure
5-1 does not include all hierarchical relationships as
indicated in chapter four, Figures 4-=3 and 4~4. The
impact of neglecting these relationships is nil because
they remain the same regardless of whether or not this
alternative is undertaken.

lslt is understood that the DSCS and GMF would be
interfacing under a tactical 24 hour a day environment
and that more than one Controller would be involved in
each system. However, this distinction is not important
to the discussion. In military telecommunication opera-
tions, sufficient overlap is normally provided to ensure

‘continuity of operations.

lu"Management and Status Reporting for Tactical
Communicaticns-Electronics Systems," U.S. Air Force,. .
Tactical Air Command, Tactical Air Command Regulation
100-53, August 1978, p. 4.




Chapter 6

RECOMMENDATIONS

Chapter one stated that the purpose of this thesis

was to analyze the interface of the DSCS and GMF utiliz-

ing the conceptual framework developed by LaWrence and
Lorsch. The objective for accomplishing the analysis
was to seek a method for improving the planned system
-0of exercising 0perationél ccntrol of tHe space seg;ent
used by the GMFSC SHF program after 1982. Improvements
in the management of communicatior satellite teéhnology
can be an important factor in achieving "key forcé"
enhancement 'of thé GMF.

Chapters two and thrée.provided the historical
background on military commuqication satellites, aad
the GMFSC program necessary, for é compiete understan&ing
of the GMFSC SHF program. Chapter two traced the uegin-
‘ning of militery Space communication activity to 1946
when the United States Army achieved radar contact with
' the moon. Thisrhistory.p: tactical and strategic com=

munications satellifes‘from 1966 to 1980 was reviewed.

- DSCS II and III were examined in greater detail hecause

of their significance as the GMFSC épéce segment.
The need due to deficienciee in present tactical
terrestriul communication systems, 0.8., HE/SSB Cable,

LOS, and ”rOpo for a. GMFSC program vas outlined in
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chante” three, However, it was polnted out that the
GilF3C program shculd 10t be considered as the panacea

for all G communiCation nceds. Because of satelliﬁe
system vulnerabilitics, e.g., jamming, and ADAl, the
GMFSQ progran shculd be viewe! as an essential part

of a.whole,.which includes uefrestrial'systems, in the
oagoing effcrt to improve GilF communicatidnk. The
history of tze GMiSC program and the different componept
systems of the grogram were surveyed. ‘The AN/TSC-86, 85,
93, and YL ground verminals of the GMFSC program were |
hricily explored to precvide conticuity.

Chapter four's detailed analysis of the planned

intefface c¢f the GMF and the DSCS in the post 1982

time frame included an examination of the.management
structure of the DCA, TRI-TAC, and the GMF-SCCS. The
conclision of the analysis was that operational control’
of the space segment is necessary due to real capac1ty
limitations and can be improved by providing a "supple-

mental' integrating device as described by Lawrence and

Lorsch in their book, Developing Orzapizations: Diag-
08 d_Acclo .l The "supplemental" integrating

device or individual is most needed at the DSCS SATCOM |
Network to GMF-SCCS Controller interface.

 Cbapter five takes the position that essentially |
three alternatives can now be pursued by GMF military f | ;
tolecommunication plannera and’ uanasura. Theyfcan ‘ . ; %_

chooase to diaregard hompJetoly the analysis of chapter
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four, thereby maintaining the status quu. They can
attempt to eliminate the essential need, that of limited
capacity, for beiter integration of the DSCS and GMFSC

through technology. Or Gi{F telecommunications plaaners

- and managers can accept, as valid, the need for a

"supplemental" intggrating device or GMFSC-LO and adopt
a synergistic cours. of action designed to address this
need and the capacity issué through education and
techhology. '

The recommended course of action is that GMF
telecommunications planners and managers adopt option
three essentially as outlined in chapter five. Tﬁe
alternative needs to be fleshed out in detail and tested
thoroughly. However, the provision of a GMFSC-LO
position colocated with the DSCS SATCOM Network Con-
troller, actions to deal with present caéacity limita=-
tions through education and trainingt‘maintaining a
iital inferest in future technoiogy fith the capability
to increase system capacity, and a thorough ongoing
evaluation effort during JCS directed exercises will
all combine to providé a "key force multiplier'" effect

for the GMF.
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FCOTNOTES

lPaul R. Lawrence and Jay W. Lorsch, Developing
Organizaticns: Diagnosis and Acstion, (Reading: Addison-

e tu——

vesley Publisning Co., 1569), pp. 12-13.
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ACCC

ArSAT

AFSATCOM
AFSCF
ASARC
ASAT
ATEC

BPF

BPSX

c2

CESE
CINC/CDR

 CNCE
" COMSAT

CSC=s

- CSPE

CVSD
DAMA
dB
dBW
DCA

" DCACC
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GLOSSARY OF ABBREVIATIONS

Défense_Communicationé Agency Area

| Communications Operations Center(s)
Air Force Satellite

Air Force Satellite Communications

Air Fcrce Satellite‘Contrql facility
Army System Acquisition Review Council
Antisatellite

Automated Technical Control

Band Pass Filter

' Binary Phase Shift Keying

Command, Control,'and Communications
Communications Equipment Support Element

Commander=~in~Chief/Commander .

. Communications Noéal,Conirol Element

Compunication Satellite(s)

Communication System Control Element

Communication System' Planning Element

" Continously Variable Slope Delta

Demand Assigned Multiple Access .
Decible
Dacible (réferenced to one watt)

Defanse Cummunica.ions Ageacy

Defense Coﬁmunicaﬁions Agency Operations

Canter 

‘e
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GMFSC
GMF-SCCS
GMFSC-10

HF/SSB

" HPA

HVPS
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Defense Communications System

Defense Communications System
Operétions Control Complex

Department of Defense

Defense Satellite Communication System

Diplomatic .Telecommunications Service -

Barth Coverage |

Sxtremely High Erequéncy

Effective Radiated Power

Federal Aviation Administration

Frequency-Division Multiple Access

Fleet Satellite

Gapfiller Satellite

Giéahertz ' ‘

Ground ifobile Forces (grouhd maneuvering
units of the Army, Air Forcs, and
Marine Corps) ' |

Ground Mobile Forces Satellite

Communications

Ground Mobile Forces Satellite

Communications Control System
Ground Mobile Forces Satellite
' Communications Liaison Officer
High Frequency/Single Side Band
High Power Amplifier |

High Voltage Pouer'Suﬁply
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LRIP
MARISAT
Mbps

. MHz .
MILSATCOM
MUX
NATO

NC

" NCA
NCT

NT
NWS
QPSK
RF

RTAC
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Initial Defense Communications 3Satellite
1Program

Integrated Tactical Communicaticps
Sysﬁem Study

Joint Chief of Staffs

Jolnt Task Force

Kilohertz

Leased Satellite

. Lincoln Experimental Satellite

Low Noise Amplifier

Line~of-Sight

Low Rate Initial Production
Maritime Satellite

Megabits per second

Megahertz

Military Satellite;CommuniCations'
Mutiplexer

North Atlantic Treaty Organization

Narrow Coverage ;

National Command Authority

Network COntrbl Terminals

. Network Terminal

Nuclear Weapons Storage

Quadripkase Phase Shift Keying

| Radio Frequoﬁcy" {
 Real-Time Adaptive Control




SATCOM
SATCOMA
SCAC

SHF

sS

sYcen

TACSAT
TACSATCOM I0C

TCCF

TCF
TDMA
TRI-TAC

Troéo

TT&C

TWT

IWTA
UEF
UK

v

Satellite Communications.

Satellite Communications‘Agency

Satellite Communications donitoring

| Center

Super High Frequency

Solid Shield

System Control

Tactical Satellite

Tactical Satel;ite Communications
Interinm Operatiqn Capabilify

Tactical Communications Control
Facilitie(s)

Technical Control Facilitie(s)

Time-Division Multiple Access

Joint Tactical Communications

Office (Program)
Tropospheric Scatter
Telewetry, Tracking, and Cowmand
travelling>wava Tube

fTravellins Wave Tube Amplifier

Ultra High Frequency

Uaited Kingdom

Watt
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