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FOREWORD

This constitutes the final report under Contract No.
218T-08011-4-2297, Serial 0STB84-00133, titled "Paxsat
Concept for Arms Control and Disarmament Verification
in OQuter Space".

The contract was carried out by the Satellite and
Aerospace Systems Division of Spar Aerospace Limited,
with a major subcontract to Philip A. Lapp Limited who
in turn were supported by the Canadian Center for Arms
Control and Disarmament.

The report is presented in two volumes., Volume I' is
the main body of the report compromising of sections 1
through 10.0, Veclume 2 is the appendix of the report
and contains Appendices A through D.

The material on Space Assets and Weapons Analysis
presented in Volume 1, section 2.0 and, on the
cperational aspects of the Paxsat concept presented in
section 4.0 of this report, are the effort of Philip A.
Lapp Limited. Additionally, the rescurces of

Phnilip A. Lapp Limited generated the material on the
ground based and space based optics capabilities
presented in section 6.0. Section 3.0, the Political/
Legal context for a Paxsat type mission is the effort
of the Canadian Center for Arms Control and
Disarmament. Remaining sections of the report
including the Artificial Satellite Log of Appendix A
were generated by the Satellite and Aerospace Division
of Spar Aerospace Limited.

The contract was mcnitored for External Affairs Canada
by Mr, Bon ClemiInson and for Supply and Services Canada
by Mr. Louis Cloutier. The monthly reviews and reports
were made to an ad-hoc committee of DND, DEA, EM&R and
DOC personnel chaired by Mr. J. Ray Marchand of the
Interdepartmental Committee on Space.
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1.0 INTRODUCTION

This is the final report on a study for the Canadian
Government, Department of External Affairs, regarding
the feasibility of a spacebased remote sensing system
designed to determine the presence of weapons in space.

The Paxsat A System Concept is based on the supposition
that a properly configured set of observations in space
can determine the function of an unknown satellite te an
acceptably high degree of confidence, such that it can
contribute to the determination and control of the
presence of weapons in space.

The present study extends earlier studles in this field
[Refs. 1,21 and is intended to develop a data base In
respect to the Paxsat concept from which the Canadian
Government may assess other similar related concepts or,
develop a Canadian negotiating position in respect to an
international forunm. The study thus addresses three
principle questions:

(a) Can space observations determine the role or
function of an object in space?

{(b) Are there one or more political/international
agreements or treaty contexts in which
observations could or would be carried out?

{c) Would the observational requirements and the
political restraints of a governing treaty permit
a viable Paxsat mission and design
spacecraft?

The report discusses the concept and its implications
under eight principal topics. Section 2.0 outlines the
present distribution of assets in space, both civil and
military, and considers the prospects for weapons in
space.

Section 3.0 discusses the political considerations
affecting an arms control agreement for ocuter space and
suggests the limitations under which a Paxsalt system
might have to operate,
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INTRODUCTION (Continued)

Based .on the reality, options and limitations of the
previous sections, Section 4.0 develops a
political/technical scenario and plausible operational
profiles which are analyzed in Section 5.0 as to their
demands on the system performance and resources.

The basic senscr payload of the spacecraft 1s discussed
in section 6.0, while the supporting subsystems and
overall spacecraft concept are discussed in section 7.0.
A typical program plan associated with this type of
mission is presented in section 8.0.

The study conclusions are summarized in section 9.0,

Section 10.0 lists the references consulted during the
course of this study.

Detailed data bases and analyses associated with various
aspects of the report are appended in a separate
volume, .

I%
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THE QUTER SPACE SITUATION

Introduction

A weapoOn in space can have as its objective the
destruction of, or the damage to another orbiting
object, or the destruction of, or damage to targets
situated on the earth. The former weapon's objective is
accomplished in the space environment while the latter
Wweapon's objective may be accomplished either directly
from space or subsequent to a re-entry through the
earth's atmosphere, The current debate over the
Strategic Defense Initiative (SDI), a spacebased
ballistic missile defense concept more widely known as
the 'Star Wars' concept, marks a third func¢tion for a
space weapon: namely the destruction of suborbital
ballistic missiles during flight.

The review of weapons in this section of the report is
developed in the context of a Paxsat A system operating
to verify a treaty agreement with the verification
taking place 1in space. Legitimate candidate weapons for
Paxsat investigative scenarios are weapons placed in
stable orbits with the aim of being used at some future
time. Weapons like the Fractional Orbit Bombardment
System (FOBS) developed by the Soviet Union in the late
1960's, the current generation of antisateliite weapons
under development and testing within the Soviet Union
and the United States, and the familiar strategic and
tactical ballistic missiles of the current day, are not
candidate weapons in the Paxsat scenaric. These weapon
systems spend far too limited a portion of their flight
time in the space domalin for space-to-space
investigation,

In the case of the FO0BS, a nuclear warhead can be fired
into an orbit of 160 km altitude and then slowed down by
retro-rockets to re-enter the earth's atmosphere and
fall on the target before the completion of its first
orbit. This approach makes 1t possible to attack
Western targets by the '"back door’', travelling three
quarters of the way round the world via the Scuth Pole,
instead of the traditional 30 minute ballistic missile
trajectory over the North Pole. Such a roundabout
trajectory would last approximately one hour.
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Introduction (Continued)

The two antisatellite weapons (ASAT's) currently under
development in the Soviet Union and the United States
are also not verifiable in the Paxsat scenario because
they are not in space for a sufficient length of time to
enable an investigation to be undertaken. The Soviet
Union has successfully tested and put into operation a
ground launched weapon while the United States is
currently testing an air launched ASAT weapon. Since
these weapons seek out and engage targets within hours
or even minutes of their launch, there 1s no question of
their presence being be verified by a Paxsat spacecraft

pased in space. Verification of these weapons would
have to be done while the weapons were still on the
ground. However, it is envisioned that the next, or

second generation of ASAT's would employ alternative
methods to destroy or disable the targets from the
current impact method, and be based in stable orbits to
carry out their mission. The Paxsabt system would be
attuned to the verification of these types of weapons in
space.

The review of weapons in space conducted in this section
of the report is presented in three parts. Section 2.2
addresses the targets in space and the space weapons
likely to be deployed against them. Section 2.3
addresses targets on the earth and weapons likely to be
deployed against them. Section 2.4 summarizes the
preceding analyses to tabulate the threats relative to
the earth and space assets, and defines the weapons
sytems most likely requiring verification by the Paxsat
system.

Space~to-Space Weapon Situation

No known operational spacebased weapon system for space-
to-space operation has yet been deployed in space.

Thus, there is still a considerable amount of
uncertainty as to how these systems would be configured
for optimal performance. What is known about the
situation in space however, is the location and
distribution of potential targets in space.
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Space-~to-Space Weapon Situation (Continued)

Potential targets for a spacebased space-to-space
weapons system can be divided into two distinct classes
based upon the orbital parameters of these targets.
These ¢lasses are: |

(a) Sub-orbital projectiles
(b) Orbiting artificial satellites.

The sub-orbital class of targets encompasses such
vehicles as Intercontinental Ballistic Missiles
(ICBM's), Submarine Launched Ballistic Missiles (SLBM's)
and Fractional QOrbit Bombardment Delivery Vehicles
(FOB's). These targets spend but a brief time in the
space environment ranging from approximately 8 minutes
as in the case of SLBM's to approximately 60 minutes for
FOB's and do not in any case fully complete an orbit
about the earth. It is this class of targets that the
proposed Strategic Defence Initiative {SDI) is
addressed.

The Strategic Defense Initiative as proposed by
president Reagan in March of 1983, is generally
envisioned to be complex system employing a series of
orbiting satellites using exotic technologies to shoot
down ballistic missiles during thelr flight. A primary
emphasis has been placed upon disabling the missiles
during the boost phase of thelr flight and a variety of
technologies are proposed for this concept, including
chemical rockets, hypervelocity rail guns, lasers and
particle beams. Current research and development
activities appear to be slanted towards directed energy
weapons like lasers and particle beams for the boost
phase intercept portion of the layered defense system.
Technical and economic concerns over the viability and
effectiveness of the concept is the current debate,
since ICBM's may be 'hardened' to counteract the
destructive mechanisms of the directed energy weapons.
Even if the system was to fail against the robust
missile targets, the SDI concept would make an effective
antisatellite weapon since satellites are much more
fragile than missiles and are far easier to target, In
fact, it is regarded that, "virtually any putative BMD
(Ballistic Missile Defense) aystem will be an effective
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Space-to-Space Weapon Situation (Continued)

ASAT long before it achieves any significant ABM
(Antiballistic Missile) <capability". [3] Additionally,
given the intrinsie vulnerability of spacebased systems,
the domination of space by ASAT measures would be a
prereguisite to the reliable ballistic missile defense
of an entire nation. Thus, the more immediate concern
for the placement of weapons in space are weapon systems
designed to carry out antisatellite activities and it is
in this direction that the report ensues,.

Since the launch of Sputnik I by the Scviet Union on
October 4, 1957, to the end of 1983 over 2,500 known
successful space launches have occurred, hurtling over
14,400 objects, consisting of artificial satellites,
recket fairings, expent rocket casings, etc. into the
domain of space. [4,5]. Many of these orbiting objects
have been placed into low earth orbits where the drag
exerted by the earth's rarified atmosphere has resulted
in their firey return such that approximately 5,000
objects remain in space today.

A database of all known satellite launches compiled from
a variety of sources [3-17] . for the period 1980 to 1983
inclusive, indicates the intensity of space-activities
by the world's nations in recent history. Appendix A
documents this satellite listing. During this periocd,
over U476 successful space launches for an average annual
rate of 119, have placed a total of 585 artificial
satellites into outer space. Table 2-1 illustrates this
level of space activity. Of these artificial
satellites, the USSR and the US are the predominant
owners accounting for 80% and 13% respectively.
Approximately 70% of all satellites launched during the
peried serve a military function with approximately 80%
of all Soviet satellites serving military recles and
approximately 50% of all American satellites performing
military activities, Certain of these satellites while
launched for military use, serve a double purpose as
part of the arms control veriflication process between
the Superpowers. Therefore, certain military uses of
space are essential from the arms control aspects,
Nevertheless, as Iincreasing numbers of single-purpose
military assets are placed inte orbit, an inereasing
militarization of space will result. But, as mentioned
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TABLE_2-1__ CIVILIAN/MILITARY SATELLITE _DISTRIBUTION LAUNCHED
1980-1983_AD

Y E 4 R
COURTRY 79807981 ]1982]1983[TOTAL
UNTITED STATES
Military 11 T 8 13 39
Civilian u 10 9 | 13 36
SUBTOTAL 15 | 17 17 26 75
SOVIET UNION
Military | 90 J100 |101 g2 383
Civilian 20 | 23 18 | 24 85
SUBTOTAL 110 |123 119 [116 | 468
NON-SUPERPOWER
Military 0 0 1 1 2
Civilian 4 17 6 | 13 40
SUBTOTAL § 17 7 1 17 T
— TOTAL WORLD -
Military | 101 |107 110 106 | uou
Civilian 28 | 50 | 33 | 50 161
SUBTOTAL 129 |157 |143 |156 | 585




TABLE 2-2 TYPES OF ANTISATELLITE TARGETS

DATABASE
SATELLITE FUNCTION FUNCTIONAL MILITARY CIVILIAN
: ABBREVIATION|EMPLOYMENT |EMPLOYMENT
(APPENDIX A) -

Antisatellite ASATT X
Communicaticns COMMU X X
Early Warning EARLY X
Electronic Intelligence ELINT X
Experimental EXPTL X X

{(Technology Development)
Earth Resource Monitoring ERSAT X
Interplanetary INTER X
Manned Missions MAN'D X X
Meteorological METEQ X X
Navigation NAVIG X X
Ocean Surveillance ORSAT X
Radar Calibration RADAR X

(Minor Military)
Photo Reconnaissance RECON X
Sgientific SCIEN X X

(Pure and Applied)
Spacebased Weapons WEAPO X
Targeting TARGE X

2-6



Space-to-Space Weapon Situation (Continued)

previously, there are no known and currently deployed
weapons in space, such that the present concern is over
the weaponlzation of space.

Though they vary in importance from trivial to strategie
as targets, all satellite systems, civilian and military
are, by virtue of their very presence in space,
potential targets for a weapon. Table 2-2 lists 16
types of application satellites ranging from )
conventional communications satellites through the
sophisticated survelllance satellites to the most
escteric ASAT weapon platforms. Figure 2-1 illustrates
the distribution of the satellites launched between 1980
and 1983 according to these functional classifications,

The first generation antisatellite weapons developed
thusfar are to be based upon the earth. The ¢urrently
operational Soviet system requires a large booster
rocket to lob its kill vehicle into a phasing orbit
about the earth. The kill vehicle of this system can
require up to two complete earth orbits to align itself
with the target and terminate its mission with a close
proximity explosion. Thus, 1f an Americ¢an antisatellite
system were to have a response time on the order of
minutes, the Soviet system ¢could itself become a target

of an antisatellite system. This is in fact the
apparent design philosophy of the American antisatellite
system currently undergoing testing. Launched fron

fighter aircraft, the smaller American antisatellite
weapon is much more versatile than 1ts Soviet

- eounterpart. Time frowm launch to impact of its target

iz on the order of minutes slince the kill vehicle
directly as¢ends into the flight path of its intended
vehicecle. Consequently, even first genesration, ground
based, antisatelllite weapons are targets for
themselves,

Early warning satellites can, by recognizing the
infrared radiation from an ICBM launch, provide about 30
minutes warning of an attack. This effectively doubles
fthe time availlable from ground based radars to make
cerucial decisions. It has been pestulated that if early
warning satellites can be disabled quickly, a nation ¢an
be rendered blind, being unable to detect launches
during the early phases of a confrontation. However, it
is also argued that such an attack on early warning
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Space-to-Space Weapon Situation (Continued)

satellites would merely serve notice of an impending

nuclear strike. Nontheless, early warning satellites
remain potential targets for antisatellite weapons in
strategic war game scenarios.

Electroniec Intelligence satellites (ELINT) are
electronic ‘'ears’ recording radio and radar
transmissions from areas of military activity. They
provide data abouft missile tests, missile defenses and
early warning systems and thus serve an important role
in the monitoring of ABM treaty articles. On the darker
side of intelligence activities, ELINT satellites may
even monitor government and civilian communications
preoviding Communications Intelligence (COMINT) data for
which the code cracking computers of the intelligence
communities constantly hunger. Thus by their nature,
ELINT satellites become potential targets for
antisatellites.

Ocean surveillance satellites are satellites designed
specifically to monitor military naval activities upon
the high seas. Te fulfill this function, two types of
ocean survelllance satellites have evolved. EORSAT, an
acronym for Electronic Ocean Reconnaissance Satellites,
operate similar to the passive ELINT satellites
listening for the telltale signatures of shipborne
radars and communications signals. RORSAT, an acronym
for Radar Ocean Reconnalissance Satellites, are active
satellites empleying radar te detect the presence of
ships in all weather conditions. Soviet ORSAT's are of
such an effect, that US Naval officials worry that they
could facilitate attacks on US snips. Thus, ocean
surveillance satellites can be expected to be high
priority targets for any antisatellifte weapon system.

Photo reconnaissance satellites or 'spy' satellites are
major components of a nation's National Technical Means
(NTM) providing irreplacable intelligence on the
military and strategic activities of hostile naticns.
Their capabilities are shrouded Iin secrecy bult are
hypothesized to be able to discern an object on the
order of 1% ¢m in diameter on the surface of the earth
from their low earth orbits [15]. The US maintains
three photo reconnaissance systems and the USSR two.
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Space-to-Space Weapon Situation (Continued)

The importance of these systems to the intelligence

- communities of the superpowers mark them as high

priority targets for antisatellite weapons.

A combination of the current survelllance satellite
systems, ocean reconnaissance, photo reconnaissance,
communications and navigation satellites can provide
near real-time data for targeting purposes of associated
weapon systems. Future satellites dedicated for real-
time targeting are likely to evolve and become an
integral part of the weapons system itself. These
targeting satellites will utilize sophisticated
technologies both to locate itself, and hence, its
remotely sensed targets, and to process the data into a
form that is immediately useable by the aiming or the
guidance portion of the weapon system 1t supports. Such
an exotic system would be a formidable weapon and a high
priority target for an ASAT system.

The other satellite applications in Table 2-2 are
self-explanatory and will not be discussed further.

The energy required and thus the cost of placing
spacecraft in orbit is such that the spacecraft design
and its orbit must be highly optimized in terms of its
required function. The result of this constraint is
that all spacecraft whether scientific, remote sensing,
experimental, commercial, or of military application are
found in several specific volumes of space defined by
orbital parameters. These orbits are illustrated in
Figure 2-2. Most application satellites are found in
one of the four orblt regimes identified. Notable
exceptions are the interplanetary spacecraft who employ
particular trajectories to escape from the gravitational
pull of the earth,. As such, these satellites do not
orbift the earth.

The geosynchronous orbit (GEO) is a particular circular
orbit above the equator of the earth with a unique
feature; the period of the orbit is equal to the period
of the earth's rotation about its spin axis. Such a
characteristic translates into the fact that there does
not exist any relative motion between points on the

ground and the orbiting satellite. From a point on the
grocund then, the satellite appears to remain at one spot
in the sky. Thus, receiving stations are greatly

2-10
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Space-to-Space Weapons Situation {Continued)

simplified by the fact that they do not need to track
the satellite as it crosses the sky. In addition, the
high altitude of the orbit enables the satellite to view
all but the extreme edges of the hemispherical disk of
the earth, Three equally spaced satellites about the
earth's equator are required to view all of the earth
except for the extreme polar regions.

Because the geosynchronocus orbit does not provide clear
line of sight to insftallations in high Arctic regions,
an alternative orbit is employed. A highly elliptic
orbit inclined at approximately 639 to the earth's
equateor with its apogee positioned over the Northern
Hemisphere, permits 8 or more hours of its 12 hour
period to be within a clear line c¢f sight of the North
Polar regiocn. An inclination of 639 is ce¢ritical to the
maintenance of the apogee above the Northern Hemisphere,
as gravity anomalies caused by the non-sperical shape of
the earth tends to disturb the orbit from this optimal
alignment. Ground stations in this c¢case need

mechanisms to steer the communications antenna as it
follows the motion of the satellite in the sky.

Another c¢irc¢ular orbit with a 12 hour period is utilized
exclusively by navigation satellites. This semi-
synchronous orbit is also inclined at approximately 630
to null the effect of the earth’'s gravitational
aberration. A constellation of 6 satellites equally
spaced in three such orbits also equally positioned
about the earth, enable a number of satellites to be
visible to an observer on the ground at any one time.
This multiplicity of observable satellites, enables an
observer to calculate his position in three dimensions
te a high degree of accuracy. The American Global
Positioning System (GPS) enables a position fix to be
calculated with an error less than 10 meters,

The fourth orbital domain is the range of orbits
classified as Low Earth Orbit (LEQ). A&n orbit is
defined to be a LEO orbit simply if the altitude of the
orbit 1Is less than 3,000 km. However, most satellites
of interest to antisatellite weapons in this domain lie
between the inclinations cof 50 to 105° and altitudes
between 160 km and 1,500 km.

SPAR
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Space-to-Space Weapons Situation (Continued)

Orbits in the LEO domain can also be defined as either
'prograde' or 'retrograde' orbits. Prograde orbits are
orbits with inelinations between 09 and 90° while
retrograde orbits are orbits with inclinations between
909 and 180°9. The distinction is based on the fact that
satellites with inclinations greater than 90° rotate
about the earth in the direction opposite to the
rotation of the earth on its axis, hence, the term
retrograde. Conversely, prograde satellites rotate about
the earth in the same direction as the earth’'s
rotational motion. The term is of significance only in
that there exists a special class of retrograde orbits
that are known as sun-synchronous orblts. Because the
earth is not a true sphere, gravitational forces cause
the orbit plane of a satellite to precess in inertial
space. Here inertial space is simply a reference frame
to which all motions can be described relative to the
orientation of its composite axis system. The
precession rate of the orbit depends upon its
inclination and altitude above the earth. If these
parameters are selected carefully, an orbit can be
established that exhibits a special rate of precession
whereby the plane of the satellite orbit rotates once
per year In inertial space. To an observer on the
ground, a satellite covers the same track in the sky at
the same time each day because the precession rate of
the orbital plane just matches the day to day change in
the earth's relation to sun as the earth moves around
the sun. This orbit is referred to as sun-synchronous
and is of particular interest to satellites carrying
optical instruments like photo-reconnaissance and remote
sensing satellites since the angle between the sun and
the surface of the earth is relatively constant for all
observation points along a particular latitude,

Figure 2-3 illustrates the distribution of the
satellites for the past four years according to the
orbital parameters, inclination and semi-major axis.
For a circular orbit, the semi-major axis is simply the
altitude of the orbit above the surface of the earth
plus the mean radius of the earth measured from its
geometric center, The three dimensional plot excludes ¥
civilian interplanetary, 4 civilian highly elliptic
astronomical and one military satellite for which the
orbital elements have not been published. Figure 2-4
focuses on the low earth orbit satellites in the
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Space-to-Space Weapons Situation (Continued)

database with a cross-sectional view of the earth and
LEC orbits. These two figures illustrate the degree to
which satellites are employed in quantized orbital
bands.

Figure 2-% illustrates the entire population of
satellites launched in the past four years into the LEO
domain, while Figure 2-5 only illustrates the military
launches. Comparison of these figures illustrates that
both civilian and military launches utilize low earth
orbits and that the LEO military satellites occupy a
narrowband of inclinations between 50° and 105°. Both
civilian and military satellites utilize the four
principle orbit domains illustrated in Figure 2-2,.
Tables 2-3 and 2-4 specifically identify the orbits of
American and Soviet military satellites found in
employment today. Figure 2-6 illustrates the typical
distribution of these satellites in the four
characteristiec orbits. Evident from these tables and
figures is the degree to which satellite missions
exploit the advantages of the specific orbit regimes,

In terms of vulnerability from an antisatellite weapon,
a satellite is more or less at risk in terms of the type
of satellite it is, the orbit into which it is placed,
and the type of mission i1t is to carry out.

Delicate optical sensors for remote sensing or on-board
altitude control of satellites can be readily burnt-out
by a powerful laser beam. The maneuver to bring a
damaging beam into the field of view of an optical
sensor can be made very difficult but once accomplished,
it only requires a momentary exposure to cause
irreparable damage through permanent blindness.

All satellites are easily damaged by physical contact.
Their light weight construction entails the use of
structural members that are just adequate to withstand a
launch environment. The only exception might be small
vomb which, because of its size, could be physically
robust in the space environment,

Solar arrays can also be damaged by powerful lasers
because like other optical sensors they are tuned for
maximum absorption of visible light. Under threat of an
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RRERICAN KILITARY SATELLITE SYSTENE

FUNCTION SYSTEN INITIAL  19R0-1983  SYSTEM QRBITAL [NCLINATION PERIGD PERIBEE  APDSEE  WISSION
HANE YEAR LAUHEHES CONPLEMENT REEIHE ALTITUDE  ALTITUDE LIFETIME
tdeg) (ninl 1¥n! (K}
COMMUMICATIONS DSCS 1L 177 1 42 EEDSYNCHRONOYS .0 1432.2 oAb 35T7R.0 5 YEARS
DSCS 111 1982 | i GEOSYHCHADNOUS 2.4 1432.2 39640 357260 10 YEARS
50§ 1971 3 2 KIGHLY ELLIPTIC 43,4 8.1 a0 %0635 7 YEARS
FLTSATCON 1579 3 4] BEDSYNCHRONDUS 2k 1433, 8 JLES.0  39000.0 5 YEMRS
NATO 1770 b 3 BEQSYRCHRONOUS 8 1436.0 A0 JSB40 T YEARS
RARTSAT 197 [ 1 GEQSYHCHRONOUS 2.5 1438.0 I5784.0  3STBA.0 10 VEARS
EARLY WARNING 5P 1970 1 3 BE{SYNCHRONGLS 1.9 1430.5 156310 35M7.0 25 YEARS
ELECTRONIE FERRET 1580 3 1 LDW EARTH QRBIT 94,7 1118 1304.5 1388.0  UNK'N
IRTELL [GEHCE RRYOLLTE 1973 9 i GEOSYNCHRONOLS 8.2 1434.0 TR0 35764.0 34 YEARS
KETEDROLOGY D5 191 2 2 LOW EARTH ORBIT  98.7 141.3 8i2.5 B21.0 3 YERRS
NAVIEATIDH TRANSIT 1944 i 5 LDM EARTH DRBIT 90,0 103.0 1075.0 HO0.0 3 YEARS
NAVSTAR 1978 3 18+3  SENI-SYNCHROKDUS 2.8 NLe 19679.3  20279.3 5-7 YEARS
NV 1981 1 ¢ LON ERRTH CRBIT F0.7 HIR G 1760 1167.0 & YEARS
OCEAH .
SURVE | LLANCE BRI TECLOUD 177b g i2 LON ERRTH ORBET 83,4 i07.3 10351 1139.8 >3 YERRS
PHOTOBRAPHIC KH-8 UNE "N 0 ! LOW EARTH ORBIT  94.5 (B4, 2} 31,0 19,0 <& WEEKS
RECDNKATSSANCE KH-9 1T} 2 | LO¥ EARTH ORBIT 94,9 B9.8 136.0 3675 & BEEKS
B1G BIAR 1971 L 1 LOW EARTH ORBIT 9.5 9B.4 54,4 258.8 T-5 HONTHS
K- 11 1924 3 2 LOW EARTH ORBIT  97.0 92.1 5.7 96,3 2 YERRS
SCIENTIFIC HILAT 1983 ! i LOY EARTH RBIT  B2.0 100.9 IR B340 ENK'N

+ HOVA SATELLITES ARE REIMG INCORPDRATED IN THE TAAWSIT SYSTES.

# DUAING 19B0-1983 ONE SPACECRAFT LAUNCHED FRON £TR COULD NOT DE §CENTIFIED.
{1 IHOECATES THAT THE DATA IS UNCERTALM.

TABLE 2-3

AMERICAN MILITARY SATELLITE SYSTEMS
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SPAR
A
SOVIET MILLTARY SATELLITE SYSTEMS
FUNETION SYSTEN INLTIAL  19B0-1983  BYSTEM DRAITAL [HCLIWATION PERIOC PERIGEE  APOBEE  MISSION
NANE YEAR LAUNCHES COMPLENENT REGINE ALVITUDE  ALTIYURE LIFETINE
{deq} Inin} {ka} 111]
COXMUNICATIING COxN 1 1970 10 3 LON EARTH ORBIT 74,0 100.8 768.1 826.0 17 ROMTHS
CONM 2 1970, B0 il LON EARTH CRBIT  74.0 115.4 1455.3 15240 5 MAMTHS
HILHIYA-1 1963 14 B BIGHLY ELLIPTIC 2.8 1214 339.6 4D003.B 2 YEMRS
BOLK1YA-3 1914 e i HIBHLY ELLIPTIC  62.B T38.0 TP A0TIET 2 YEMRS
RADUGA 1975 ] 2 BEBSYNCHRDMOLS 0.7 (44,5 Ib34b.b 3A3AA.L 2 YEARS
GORLTONT 1978 § 6+2 BEDSYNCHRONOLS Lo 1§38.2 2170 TAMT.0 2-3 YEARS
COSHDS-1365 1] { UMEN  BEDSYNCHAONOUS 1.5 3.0 1062000 35820.0 MM
EARLY WARNLHE Ei-1 1972 2044 ¥ HIGHLY ELLIPTIC  42.9 2.7 823.7  I9EFLG 20 MONTHS
ELECTROKIC ELENT 2 1970 13 b LEN tARTH ORBIT  81.2 9.9 629.5 S7TLR 20 HONTHS
INTELL1GENCE L1} " M th LON EARTH ORBIT 74,0 4.9 193.0 MLO UKKCR
1] it 1 12 LON E&RTH ORBIT a3.0 109.1 i07.0 1982.0  UNK‘N
1 1} M {3 LO¥ ERRTH ORBIT  BR.5 1.8 b42.0 2.0 LKL
KETEDROLOBY METEOR 2 1975 i 3 LOW EARTH ORBIT  BL.3 162.0 838.¢0 903.8  UNKN
1] (2-3t  LOW EARTH ORBIT 82,5 104.2 934.0 976.0 Uk
NRVIBATLON RV 2 1974 Fii [ LON ERATH DRBIT  B3.O 104.% 9784 1023.7 6 MOMTHS
NAY 3 1974 11 L] LW EARTH ORBIT 11 H ] ]] 3 YERRS
BGLONRSS 1743 g 3-12 SEMT-SYNCHROWAUS M. & 14,3 19148.0 19418. 0 iLLA |
ACEAN EGRSAT 1 1979 9 2 LOW EARTH DRBIT £3.0 91.3 132.7 §56.6 b KOMTHS
SURVELLLANCE H 2 {DW EARTH ORBIF 2.5 F7.8 [N 678.2  UMK'N H
RORSAT 1987 9 i LDH EARTH DRBIT  45.0 90.0 775,40 29,3 1-4 NONTHS '
PHOTOGRAPHIC VhR1DUS 1962-1975 H LEASH] LOW EARTH DRBIT 1] #l n H -5 WEEKS
RECONHAISSANCE H 1] 1 LOW EARTH DRBIT 3.6 R0 209.0 M.
H L 5 LB EARTH BRBIT 64,9 89.5 148.0 RN
1] 1] i7 LON EARTH DRBIT 67.2 8.7 1B1.2 MR
1] L] i LO# ERATH ORETT T0.4 70.0 206.8 71
18 L] 4] LM EBRTH ORBIT 129 90,9 207.5 LN ]
1] 11 13 LON EARTH DRBIT B3 B%,40 nnl 721
SCIENTIFIC GEODETIC 1988 2 11 LON EARTH QRBIT  82.a 114.0 14950 (325.5  LNK'R
H 1k 1 B8 LW E4RTH ORAIT FEN 1i6.1 1570 15370 UKC'W
{TDHOEPHEREY HHEH 2 il LGN EARTH ORBIT 83.0 148,2 353.3 L7670 UNE'N

b INCLUDES | UNSFECIFIED MOLNIYA SATELLITE FALLURE.

+1 [HCLUGES 2 ERALY WRRNING SATELLITE FRILMRES.

4 DISTINCTION ANONGST SATELLITE SYSTEM CLASS[FLCATIONS DLFFLCULT HITH INFOANATLON
AVAILABLE. CLASSIFICATION SHOMM 15 BASED DN DRBIT PARAMETERS.

¥ IST METEDR 2 SATELLITE IN IHIS DRBIT REGIME.

{1 INDICATES THAT THE DATA 15 UNCERTAIN.

B 17 AMTISATELLITE RELATED LAUNCHES b B NIOR MILITARY (PRESUMABLY RADAR CALIBRATIDN]
LAUMCHES WEKE LDGSEQ BETWEEN 19B0-196% RO,

TABLE 2-4 _ SOVIET MILITARY SATELLITE SYSTEMS
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Space-to-Space Weapons Situation (Continued)

attack by an ASAT, solar arrays of the future may need
to he designed for repeated deployment and retraction to
assure survival of a satellite's primary power source.

Communications satellites are susceptible to jamming and
temporary loss of function, Although anti~jamming
technology is reaching ever increasing levels of
sophistication, the threat is also becoming more
adaptive and more sophisticated.

From the point of view of orbits, a satellite in a low
earth orbit is at a high risk for the simple reascns
that:

{a) It is easier to place a heavy weapon in low orbits

(b) A weapon in low earth orbit has a much higher
selection of potential targets, 1s more effective
in terms of the number of potential kills and is
therefore, more likely to be found there.

Since the current population of satellites reflects an
optimization for effectiveness assuming no threat, it
must be presumed that at scome future time under the
threat of attack by ASAT's on satellites, the ocptimum
deployment of application satellites, will see the
gradual introduction of hardening, redundancy and
unconventional orbits as a defence against complete loss
of function or service. The nature and timing of this
new optimization will be driven by the pace of events in
the weapons arena: an arena affected in turn by the
changing nature of the target.

In an early report [1], optional generic forms of ASAT's
were reviewed in some detail. Drafting from that
report, a weapon in space whose prime function is to
destroy or permanently damage another satellite can

accomplish its objective in one of six ways. It can:
(a) Collide — possibly many times
(v) Explode - with a conventional fragmentation or

pellet warhead

(e) Explode - with a nuclear warhead
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Space-to-Space Weapons Situation (Continued)

(d) Launch smaller rockets with warheads, or with an
intercept and collision capability

(e) Launc¢h electromagnetic or particle beams

(1) Jam and spoof command, communications and sensors
on a satellite.

Depending on how it achieves i1ts objectives, an ASAT
weapon can be classed as a close range Wweapon oOr a
stand-off weapon, The stand-off weapons are further
gsubdivided into weapons that are destructive and weapons
that cause temporary disorientation or improper
functioning of the satellite without experiencing
destructive effects in the long term. The various
classifications are set out in Table 2-5.

From information available in the current unclassified
literature, the trend and the outlook in weapons
technology is the eventual use of beam weapons. Launch
and intercept weapeons using physical impact ¢r explosive
warheads are the first generatlion of ASAT weapons.
Lasers in space would be the second, The X~ray laser is
inecluded on the list of potential lasers, although its
deployment is a special case because of the present ban
on nuclear explosives in space. Farticle beam weapons
are likely to be the third generation of ASAT weapons,
with a capability to attack targets on the earth from
space. Certain classes of lasers may alsoc have
wavelengths suitable for penetrating the earth's
atmosphere from space,. Spacebased weapons for balllistic
missile defense would be (more) complex derivatives of
the second and third generations of antisatellite beam
Wweapons,

A reading of the unclassified literature of the past
three to five years leaves little doubt that both the
USSR and the US have well advanced conceptual options
for protecting their space assets from space. The
current generation of ASAT weapons using the launch,
seek, maneuver and kill sequence is at least partially
in place now and could, by the end of the decade, be in
full deployment and readiness. As has already been
mentioned, Paxsat has no role in the scenario of these
first generation weapons.




TABLE 2-5 KILL RANGE OF ASAT WEAPONS

CLOSE RANGE GROUFP

1. Collision -

2. Conventiona
3. Small rocke
STAND-OFF GROUP,
1. Nuclear exp
or volume W
2. ¥Visible/Inf
3. Short Wavel
thousand ki
y, X-ray laser
STAND-OFF GROUP,
1. Jamming and

Zero range, requires contact

1 explosives - a few tens of meters

ts - a few kilometers
DESTRUCTIVE

losives including EMP - long range area
eapon

rared lasers - medium range, to 500 kmnm
ength lasers - long range, a few
lometers

- medium range, possibly long range
PISORIENTING

Spoofing - long range
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Space-to-Space Weapcns Situation (Continued)

Decades of the 1990's and the 2000's would see the next
generation of ASAT weapons being developed and deployed.
These weapons would be based on beam technology, being

either electromagnetic (laser)
For deployment in space, laser
meost promising and hence would
to be.used. Extensive testing
preceding deployment of any cof
assumed.

beam or particle beam.
beam technoclogy is the
be the first of the two
for at least ten years
the three generations is

While it is beyond the scope of this study to envisage
all of the possible configurations for an effective
ASAT, gilven the range of targets against which they
might be directed, there are certain general
observations that would held true for most systems.

Damage or destruction of satellites in geostaticnary
cerbit can be accomplished by ASAT's with shert range
capability since an ASAT weapcon drifting slowly in or
near geostationary orbit will eventually come within a
few kilometers of all of the satellites in that orbit.

Damage or destruction teo satellites in Mclniya crbits or
12 heour ecircular orbits would require an ASAT with a

stand-off capability.

The only alternative would be to

empley a close range weapon and place the weapoen
platform in a ce-orbit with the target satellite,
clearly a provocative act requiring no further

verification,

A stand-off weapon with a range of several hundred
kilometers could be effective against many of the low
altitude reconnaissance satellites shown at inclinations

between 60° and 80°,

A low altitude satellite with a

nuc¢lear warhead would be particularly effective against

targets in this range of orbits.

Satellites with

weapons to be used against earth targets, if optimally
deployed, would be found in the same low altitude

range.

By similar reascning, a satellite with a range of a few
hundred kilometers at an inclination corresponding to
sun-synchrcnous operation could present a threat to the
military photo reccnnaissance satellites and civilian
remcote sensing satellites coperating in the sun-

synchronous orbits.
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2.2 Space-to-Space Weapons Situation (Continued)

In August 1981, the Joint Chief-of-Staff (JCS) of the US
issued an ASAT requirements document which set out the
perceived requirements in the United States for a US
antisatellite weapons system. This document contains a
threat list of Soviet spacecraft at high altitude and at
low altitude. Soviet satellites shown on the threat
list were divided into four priorities including passive
and active satellites.

The first priority for the US ASAT system is Soviet
weapons systems on satellites and Soviet satellite
surveillance systems capable of real-time targeting
against US forces.

The number two priority is surveillance systems capable
of targeting US forces, but not in real-time.

The third priority 1s Soviet support system directly

supporting weapons platforms, i.e. communications and
navigation satellites.

The fourth priority is satellites supporting Soviet
forces that indirectly support the weapons platforms,
i.e. national and major headquarters level
communications,.

The Deputy Secretary of Defense in the U.S. has directed
the United States Air Force to develop an ASAT system
capable of negating priority one and priority two
passive threat satellites at low altitude. Soviet space
weapons are active satellites and would not be included
In this request.

The targets for a US ASAT system in corder of priority
are summarized in Table 2-8

In the August 1987 ASAT requirements document referred
to above, the US Joint Chiefs-of-Staff estimated that
the USSR will have six orbiting high-energy laser ASAT's
by 18990, designed for the same mission as the first
generation of launch, seek, maneuver, and kill ASAT
weapons.
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TABLE 2-6 "TARGETS FOR _US ASAT's IN ORDER_OF PRIORITY

Soviet weapons systems and survelllance satellites
capable of real-time targebting against US Forces.

Soviet surveillance satellites for non-real—-time
targeting.

Soviet navigation and communications satellites
supporting weapon platforms.

Soviet satellites indirectly supporting weapons, e.g.

H.Q. Communications Satellites.




Space—to-Space Weapons Situation (Continued)

A review by the US Government Accounting Office of the
Defense Department plans for performing the ASAT
function has revealed a USAF ASAT concept utilizing
relatively low power maneuverable laser weapons, In the
concept, seven weapons would be placed in low altitude
waiting orbits and eight others would be placed near the
geostationary orbit. The 15 satellites would meet the
stated ASAT mission requirements.

An alternative US ASAT system would see a constellation
of high power, long range laser weapons Iin fixed orbits.
This alternative system would also have a capability for
targets cther than ASAT's

Space-to-Earth Weapon Deployment

Targets in space for a spacebased weapon can be
enumerated and ranked according to some priority,
however primitive. Earth targets for a spacebased
weapon are much more difficult to enumerate because they
are a diverse assembly of strategic objects and
locations, the destruction of which has meaning in the
context of a military objective. A reading of the
current literature reveals that seats of government,
military and industrial complexes and large civillian
population centers, though not necessarily in that
order, are prospective earth targets, Isolated space
support installations, for example, a control center for
surveillance and tracking satellites, would also seem to
pe logical candidates. The location of these targets is
well known and they are all immovable. That being said,
further detailing of their size, numbers and location is
not useful in the context of a conceptual study save to
note that they are distributed around the globe.

Given the immense size of some of these targets as
compared to a single satellite or even a cluster of
satellites, the choice of effective weapons to be parked
in space for eventual deployment against them is more
limited than in the case for satellite targets.

A nuclear explosion in space is known to be an effective
weapon in that the ensuring Electromagnetic Pulse (EMP)
would cause the destruction of communications and other
electrical apparatus, perhaps even in primary power
systems over many thousands of square miles. 4 nuclear
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Space-to-Earth Weapon Deployment (Continued)

device in a satellite is therefore a legitimate option,
technically speaking. Similarly, a nuclear explosion
following re-entry of a satellite is an effective weapon
of mass destruction. Its tactical or strategic value
might be guestioned when 1t is compared to, for example,
a submarine launched missile with a nuclear warhead, if
for no other reason than that while in orbit, its
capability to re-enter at the appropriate place on earth
is dictated by its orbital characteristics. Delays of
12 nrs or more Lo achieve the right sub-orbit location
might be a necessary, but an unacceptable, restriction.
Nevertheless, a re-entry nuclear device is an option,

A chemical/bioclogical weapon for use against earth
targets must re-enter and be placed at a specific
location before it is activated. Successful deployment
of such a weapon could cause havoce in a heavily
populated area. As for the re—-entry nuclear device,
operational questions arise because of restricted
useable time windows and the alternative of a submarine
launched missile. But the option does exist.

Beam weapons attacking earth targets from space are a
very future coriented concept. First of all, to be
effective, the target or some key componenf of it must
be small in size, comparing perhaps toc a satellite.
Second, most earth targets can be hardened against a
peam attack, so the effectiveness of the weapon comes
into doubt. In the light of these two difficulties, the
range of acceptable earth targets may be so small in
numbers that the spacebased beam weapon is suboptimal
when compared to other options. A final problem with a
beam weapon is the effect that the earth's atmosphere
and magnetic field have on it, from the point of view of
absorption and beam bending.

Without benefit of sophisticated (and classified)
cperational research analysis, a simple ordering in
likelihood from most probable to least probable 1s as

follows:

{a) A high altitude nuclear detonation from space
creating an EMP

(b) A de-orbited chemical/biological area weapon
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Space-to-Earth Weapon Deployment (Continued)

(e) 4 de-orbited nuclear device
(d) A laser beam weapon in space
(e) A particle beam weapon in space.

The first three candidates are technically feasible,
conventional technology, and the remaining two require
technical feasibilities to be established over the next
ocne or two decades.

Verification of the first three candidates by Paxsat
could require that Paxsat be maneuvered to within a few
kilometers of the satellite carrying or believed to be
carrying the weapon. Close-in remcote sensing of nuclear
decay products or chemical ledkage would be a key
measurement. Physical features as observed optically
might be gquite innocuous.

The remaining two candidates would be more easlly
verified because of the large dimensions and unique
appendages on the satellitfe.

Summary of the Space Weapon Environment

The nature of the targets in space and on earth, and the
qualitative dimensions of the threat to these targets
from weapons on satellites have been examined in
sections 2.2 and 2.3 of this section. In this final
part, the results are combined in a single Paxsat system
framevwork.

The highest priority targets in space are military
satellites for targeting and tacti¢al surveillance and,
of course, other satellites carrying weapons,

Should targeting satellites be placed at very high
altitudes, in the order of 100,000 km for example, a
practical weapon system will also have to be placed at
high altitude, certainly within 10,000 km of its
intended target. Successful verification by Paxsat for
such a weapon is probably not practical, although the
very presence of the satellite may serve to cast
suspicion on 1ts mission. A jammer would be classed as
a4 weapon in this context.




Summary of the Space Weapon Environment (Continued)

Military satellites for surveillance of terrestial
activities or even activities within the atmosphere, for
example aircraft operations, must be in relatively low
orbits to obtain highly detailed information. All of
these satellites are vulnerable even with hardening, so
they are legiltimate targets. Weapons satellites would
be placed in the same general region of space as these
satellites, the actual separation between the weapon and
the target depending upon whether the weapon was in the
stand-off or close range class. Paxsat would have a
meaningful role in all cases.

Weapons to be deployed against targets on earth would be
stationed in relatively low orbits for reasocons of cost
effectiveness. Whether used directly from space or used
after re-entry, they are all legitimate objects of
Paxsat verification,

Difficulties in successful verification of earth
directed weapons as well as space directed weapons
pertain mostly to verifying the first generation of
unsophisticated close range weapons and the stand-off
nuclear EMP device, Both require close inspection to
confirm the presence or absence of a weapon payload,.
The other stand-off weapons, essentially the beam
weapons have more distinguishing features and are
therefore harder to disguise.

A summarization of the four categories of assets (i.e.
targets) and the six potential spacebased weapon systems
is shown in Table 2-7. Relevance befiween weapons
systems and targets are signified in this table by the
eight cases marked 'yes'.

Collision weapons, because they are limited to close
range encounters, are effective against the category 1
targets, designated Space Assets in Table 2-7, but have
no role against targets in categories 2, 3 or 4, These
Wweapons are relatively inexpensive, a re-usable weapon
could require re-fuelling in space, and the technology
exiats to build such a weapon now. Such a weapon could
be difficult to verify if it also served some peaceful
role.

¥
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TABLE 2-7  WEAPON SYSTEM THREAT SCENARIO RELEVANCE
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I TARGET COLLISION|EXPLOSIVE| NUCLEAR | ROCKET |LASER BEAM] JAMMING
CATEGORY
I SPACE ASSETS YES YES YES YES YES UNLIKELY
TERRESTIAL NO NO YES NO NO NO
I BALLISTIC MISSILES NO NO UNLIKELY NO POSSIBLE NO
I SPACEBASED WEAPONS |UNLIKELY [UNLIKELY YES  |JUNLIKELY YES UNLIKELY |
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Summary of the Space Weapon Environment {Continued)

Conventional explosion weapons, like collision weapons,
are effective at c¢lose range only. Thus, they too are
effective against category 1 targets and ineffective
against targets in categories 2, 3 and 4. These weapons
are relatively inexpensive, they could be bullt and
deployed now, and they could be difficult to verify.

Nuclear explosion weapons are relatively inexpensive and
could be built and deployed now. They are classified as
long range area or volume weapons, The radiation from a
nuclear explosion in sSpace is effective against category
1 targets, present and future, and against the
terrestial targets and spacebased weapons of categories
2 and 3. The Electromagnetic Pulse (EMP) from a nuclear
explosion in space is most effective against category 2
{terrestial) targets on a continental basis.

Space launched rockets are effective in space only.

They are very effective against the current generation
of military and commercial assets which are highly
vulnerable and without defences. Rockets would have
limited effectiveness against a spacebased weapon
system, which is assumed to be 'intelligent' in a threat
situation. Spacebased rockets are inexpensive although
the spacebased launching platform is a highly
intelligent system. Such a system c¢ould be successfully
deployed in the next decade. A rocket platform wWwould be
less difficult to verify than an exploding device,.

Lasers or particle beam weapons in space are a threat to
any object in space or an object approaching or leaving
space. Hence, they are effective against category 1, 3
and 4 targets. The potential effectiveness of these
weapons against point targets on earth has yet to be
established. These systems are very expensive to build
and deploy and they may be expensive o maintain
operationally capable, They are not difficult to
verify.

Spacebased jammers for use in Electronic Warfare (EW)
and Electronic Countermeasures (ECM) are ineffective
against categories 2 and 3 targets and have very limited
effectiveness against category 1 targets as a substitute
for earthbased jamming sources. A spacebased Jjammer has

1]
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summary of the Space Weapon Environment (Continued)

doubtful effectiveness against a category 4 target
because these targets are assumed to be very
sophisticated and highly optimized for countermeasures.
in additional barrier to long term use of spacebased
jammers is the continuing development of new EW
technology and hence the need to continually upgrade a
jammer's capability.

To take this analysis of the space weapon environment a
step further, the population of satellites in Category 1
has been broken down into seven groups in Table 2-8.
Studying the most threatened groups serves to focus the
Paxsat scenario more clearly.

Bearing in mind that a space wars concept assumes a very
short (perhaps only a few hours) and intense confliect,
it follows that all targets must be pre-selected and
pre~-targeted and will (because of the complexities of
this process) be only the most crucial targets. To be
cost effective, the spacebased weapons wWill be highly
optimized, therefore they must be pre-programmed and
pre-positioned. In the space environment of orbiting
targets and weapons at variocus inclinations, and at
different points in the orbit cycle, only a limited
number of targets can be attacked in a coordinated

action cccuring within a very short time frame. The
indiscriminate widespread, target-of-opportunity, attack
of space assets becomes an unlikely scenario. 1In

examining the roles and capabilities of the space
population groups, 1t Is concluded that the groups at
the high end of the risk scale are the second and third
groups, military navigation and military surveillance
and reconnalissance groups. These groups include what is
often referred to as targeting satellites. AT this
point in time, some of the military satellites ¢of these
types are at considerable risk, they are visible,
accessible and vulnerable. It must be assumed that
succeeding generations of such space assets would be
less vulnerable through hardening, repositioning and
redundancy measures.




TABLE 2-8 CURRENT SPACE ASSET

CATEGORIES

COMMUNICATIONS

NAVIGATION
RECONNAISSANCE/SURVEILLANCE
METEOROLOGICAL

REMOTE SENSING

MANNED MISSIONS

SCIENTIFIC

SPAR
A——




Summary of the Space Weapon Environment (Continued)

In the matter of terrestial targets of category 2 (Table
2-7), there are two classes:

(a) Area targets
(b) Point targets

An area target might be a city or military/industrial
area. A point target might be a missile launch site or
a military/government command and control center.
Taking into account the features of spacebased weapons
and cost effective alternatives, 1t is concluded that
area targets would be more rewarding than point
targets.

Hence the nuclear radiation/EMP risk could be relatively
high. A bateriological/chemical risk is valid to
consider but the necessary optimal target conditions,
including local weather c¢onditions c¢ould present some
difficulty in such a scenario.

Concerning the category 3 target in Table 2-T ,
ballistie missiles, 1ittle more c¢an be said at this
time. The destruction of ballistic¢c missiles in flight
in the context of current US thinking places a weapon
system in space, where none now exist. This event could
trigger the generation of the category 4 targets,
another weapon,




POLITICAL CONSIDERATIONS AFFECTING AN OUTER SPACE_ ARMS
CONTROL AGREEMENT ’

Inttoduction

In constructing a politically plausible scenario for the
operation of a Paxsat A system, two connected sets of
issues must be addressed. Taken together, these issues
and their implications form the general context which
will determine the degree to which the operation of a
Paxsat system is both plausible and valuable in arms
control terms. These issues also have specific
implications for whatever criteria of technical
tsufficiency' are to be applied in defining and
evaluating the operational parameters of a Paxsat
system.

The first set of issues concerns the 'participatory
status'! of an arms control agreement relating to the
weaponization of outer space. In particular, will the
arms limitation regime which Paxsat will assist in
verifying be bilateral (US-Soviet) or multilateral in
nature? In other words, what role can be envisioned for
non-superpower states? This gqguestion may, in turn, be
broken into two component parts:

{a) The participatory status of the negotiations
process (bilateral versus multilateral).

{(b) The nature of the resulting agreement, (bilateral
versus multilateral) and the degree, if any, of
multilateral involvement in the administration of
the agreement, including its verification and
compliance provisions.

The second set of issues concerns the precise nature of
the treaty administration and verification regime
associated with an outer space arms control agreement.
In particular, what purpose could a Paxsat system serve
in constituting or contributing to the verification
requirements or provisions of a plausible accord, and
what standards, if any, can be identified to assist in
defining verification 'sufficiency' for Paxsat? A4nd
lastly, should a credible verification role be
identified for Paxsat, what general operational
parameters can be identified which might serve as the
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Introduction (Con;inued)

broad administrative and decision-making structure
governing the use of Paxsat in relation to the total
treaty context?

Multilateral Verification and Arms Control Agreement

A central question in constructing a plausible scenaric
for the operation of a Paxsat system is the issue of
whether or nct an outer space arms control regime can be
expected to be bilateral or multilateral in nature. If
outer space arms control negotiations and the resulting
agreement were to be a purely intramural superpower
exerclise, the task of defining a credible verification
role for Paxsat would be entirely different from that
present in the case of a multilateral treaty ccontaining
provisions for multilateral treaty administration and
verificaticon,. Put somewhat starkly, the former would
imply that Paxsat operate outside the treaty context,
relying essentially on self-contained technical
resources, and doing so possibly even against the wishes
cf the Superpowers. In the latter case, a more benign
scenarioc can be envisioned, with US and Soviet
acquiescence in and support of third party involvement
in the mechanisms of treaty verification. Yerification
in this case might constitute, as Is discussed in more
detall below, a more cooperative multi-tiered activity,
with far less onerous technical reguirements for Paxsat
in the context of a carefully constructed multilateral
verification framework.

Prior to proceeding with this question, it will be noted
that a central assumption underlying this discussion is
that a legal framework is required to legitimate and
direct the functicning of a Paxsat system. This is
based on several factors. If the propesed purpose of
Paxsat is to assist in verifying the existence or
otherwise of certain classes of military activifties ¢or
systems, it is difficult to envisage what role Paxsat
Wwould have in the absence of a treaty or agreement
relating to these systems and/or activities. Without a
treaty, Paxsat would merely be T"verifying' the
oceurrence of activities, or the existence of systems,
which were sanctioned by international law. Moreover,
were such a role be envisioned, several somewhat
troublesome questions would arise. If Paxsat were Lo
simply ocbserve what was allowed, what would be the




Multilateral Verification and Arms Control Agreement
(Continued) '

purpose of such an activity? Since questions as to the
legality of activities would not arise, by definition,
the observation of legally sanctioned events would
either be pointless, or would simply serve to enhance
the accuracy or breadth of information available to
those with access to the output of the Paxsat systenm.

In the latter case, it is likely that those states whose
systems and activities would be under surveillance
{primarily the Superpowers) would be opposed to such a
development.

This, in turn, might pose certain problems:

(a) the operation of Paxsat might itself be perceived
a3 the hostile act, acting to increase precisely
those tensions which the system was presumably
designed to reduce. '

{b) As a matter of practical politics, it is
questionable whether states allied with either
Superpower would seek to engage in activities
which were opposed by the US or USSRH.

{(c) Should the only purpose of Paxsat be intelligence
gathering, it is doubtful whether the states whose
resources would De required to put Paxsat in place
would consider the expense justified.

{d) Depending on the identity of the states involved
in operating Paxsat, there would arise real
questions as to the willingness of these =states to
share intelligence, and practical problems as to
who would direct the system to look at whose
activities.

In conclusion, such a sc¢enario over and above the
specific issues just outlined, is not an arms control or
verification scenario. Simply put, to postulate the
operation of Paxsat without reference to a specific arms
limitation regime is to postulate the development of a
system whose only role could be to gather information
about military activities sanctioned by international
law.
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(Continued)

It is possible, however, to envisage other scenarios
according to which Paxsat might operate without
immediate or formal linkage to a treaty. One would
involve the development and deployment of Paxsat in
anticipation of an arms control agreement which it could
then assist in verifying. It could be argued that this
option has several advantages.

(a) Given the lead time involved in the development
and deployment of a satellite verification system,
deployment in advance would allow for the
immediate utilization of the system once a treaty
is signed.

(b) To the extent that it is accepted that the
existence of Paxsat would enhance confidence in
treaty adherence, it could be argued that
deployment in advance would encourage negotiation
of the agreement itself.

Other factors, however, would seem Lo speak against the
viability of this option.

(a) Unless the system is designed to simply lie
dormant pending the signing of an agreement, the
same questions concerning what exactly the systenm
is verifying would arise as In the case discussed
above.

(b)) It is unlikely that states would consider the
expense and effort invelved in deploying such a
system warranted in the absence of an assured
role.

{(e) The coptimum techneological and operational
characteristics of the systems are likely to be
dependent on the precise nature of the
restrictions embodied in the arms control
agreement., Deployment in advance would preclude
this design optimization, and might result in a
system inappropriate to the agreement.




Multilateral Verification and Arms_Control Agreement
(Continued)

Another scenario would envisage the development and
deployment of Paxsat as an adjunct to existing
agreements, rather than as a verification asset at the
disposal of a new accord relating to military activities
in outer space. According to this option, Paxsat could
assist in verifying adherence to such agreements as the
ABM Treaty, the Outer Space Treaty and the Moon Treaty.
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Once again, however, there would appear to be serious
problems with this scenario.

(a) Inscfar as it is intended that Paxsat be accorded
a formal verification role, the treaties as
negotiated would have to be amended to this end.

(b) Given that these agreements were negotiated in the
absence of the scort of capability represented by
Paxsat, it is at least questionable whether or not
such a capability is needed in order to ensure
adequate confidence in adherence. Moreover, in
some contexts, such as the Quter Space Treaty, it
is arguable that c¢ertain provisions of the
agreements are themselves unverifiable, given the
nature of the technoleogies and activities
prohibited. The utility of Paxsat in these
contexts is, therefore questionable,.

Specific problems arise in contemplating a role for
Paxsat in the context of existing bilateral accords such
as the ABM Treaty. Were Paxsat and its associated
administrative mechanisms to be formally associated with
the Treaty, renegotiation would be necessary. Moreover,
if Paxsat is seen as a verification asset at the
disposal of a group of states other than the
Superpowers, the ABM Treaty itself would have to be made
into a multilateral accord. This, in turn, would pose
serious problems since key provisions of the existing
treaty are incompatible with its multilateralization.

There is one final scenario which would involve the
operation of Paxsat in other than a multilateral treaty
context. This would envisage Paxsat as a 'stand—-alone’
verification asset at the disposal of a state or group
of states, designed to verify the adherence of other
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states to particular arms control agreements. For
example, this could involve the policing of the ABM
Treaty by a group of states who are not parties to that
agreement. The rafionale for such a scenario would
presumably be based on a desire to ensure that the
parties are adhering to the agreement, on the assumption
either that existing verification assets are inadequate,
or that there might occur some sort of collusive
violation of the agreement by the signatories.

However, problems abound with this scenario.

{(a) Since by definition neither Paxsat nor the states
invelved in its operation would be legally linked
to the treaty or treaties to be verified, there
would be no legally established means for
discussing compliance issues arising from the
operation of Paxsat. Although Paxsat itselfl and
its assocliated administrative structure might have
international legal standing by virtue of
agreements signed between the participating
states, there would be no legal linkage between
this structure on one hand and the agreements to
be verified on the other.

(b) It is generally accepted that verification and
compliance processes are conditioned by the
political context in which they operate, What in
one political context might be construed as a
violation of an agreement might be seen in another
as an activity which is either allowed by the
agreement or a violation insufficiently serious to
warrant a major political conflict,

A stand-alone verification capability operating outside
the context of the political relations between the
treaty parties would interfere with this relationship
between verification and politics, and might well create
unnecessary pelitical problems between the parties. In
addition, since compliance issues arising between the
parties are subject to private consultations, through
such mechanisms as the Standing Consultative Commission
created by SALT I, independent 'findings' could well
interfere with this process, generating more problems
than they would solve.
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(Continued)

Over and above these questions, however, is the issue of
practical politics, It is doubtful if a state or group
of states allied with one or other of the Superpowers
would find it politically prudent to police agreements
between the Superpowers which they themselves have
pledged to adhere to and verify. The US and USSR would
find this representative of a lack of trust, and would
see it as constituting interference, il not an attempt
to secure intelligence on Superpower military programs.

It would seem, therefore, that the most logical scenario
for the operation of a Paxsat system is in the context
of an arms control agreement which is multilateral in
nature, involving the Superpowers and other states, with
Paxsat as a verification asset formally legitimated by
the treaty itself. It is to the plausibility of this
scenario that the discussion now furns.

Bilateral Versus Multilateral Outer Space Arms Control

The question of the 'participatory status' of an outer
space arms control prcoecess and agreement may be divided
intoe three distinet parts. First, to what extent can it
be anticipated that outer space arms control
negotiations will be conducted bilaterally between the
superpowers, or multilaterally among a group of
interested states? Second, if this process is bilateral
in nature, can it be anticipated that the resulting
agreement will be opened to other parties for signature?
And third, if states other than the Superpowers are
allowed to participate in the negotiations and/or the
resulting agreement, what role can be envisioned for
those states or other institutions in the implementation
of the treaty provisions?

The Negotiation Process

There is a clear historical pattern to superpower
perspective and behavior relating to bilateral
approaches to arms control. In general terms, neither
the US nor the USSR has demonstrated a willingness to
negotiate over critical central -strategic issues except
through direct bilateral channels, Central strategic
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issues may be defined as matters whose ilmportance to the
security of states is perceived by both tc be paramount.
This approach has been favored for several reasons.

(a) Given the importance of the issués and assets
under discussion, direct participation by others
in the negotiation process has been considered
imprudent by both Superpowers. In certain cases,
consultations with Allies take place when their
territory or interests are implicated, but a
formal negotiating role for them is eschewed.

(b) Since such negotiations generally relate to assets
which are sclely owned by the Superpowers, and are
deployed ¢on, in or over Superpower or
international territory, there is, in a strictly
legal sense, no requirement to seek the
acquiescence of other states in agreements
concerning these systems.

(e) As a result of the nature and importance of the
systems in question, national security data and
intelligence have been an inevitable part of these
negotiations; disclosure of such information to
third parties has been considered unwise,.

(d) It is widely recognized that the process of
bargaining between two parties with very different
strategic programs, interests and perspective is
in and of itself sufficiently delicate and
difficult to make the involvement of other states,
with their own interests and perspective,
undesirable in terms of managing the negotiating
process and producing a successful outcome., The
most important arega where these considerations
have applied is strategic nuclear arms control
where all negotiations in this field have been
purely bilateral in nature.

Multilateral arms control negotiations, on the other
hand, have been pursued under a different set of
conditions. In general terms, a multilateral approach
has been adopted when the issues under discussion have
demanded it, or when the probable impact of an agreement
is sufficiently secondary in a military sense, to allow
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The Negotiation Process (Continued)

far more open and less controlled {(or controllable)
negotiations. In addition, multilateral negotlations
have been favored in conditions where one of the aims of
the talks is the improvement of general political
relations between a particular set of states.

For example, the ongoing talks on conventional force
reductions in Europe (the MBFR negotiations) are of
necessity multilateral (although conducted on a bloc~to-
bloec basis) given that the territory and troops of
states other than the Superpowers are under negotiation.
Similarly, the recently convened Conference on
Disarmament in Eurocpe {the CDE) is by its very nature
multilateral both in substance and gecgraphic scope.
Moreover, a primary purpose of both sets of negotiations
i1s political, rather than strategic, and narrowly
defined. This political effect 13 to a large extent a
function of the multilateral nature of the talks
themselves in terms of broad EBast-West dialogue and
confidence building. )

There is in addition an alternate hybrid pattern of
negotiation which has been followed in some contexts.
In situations where the subject matter(s) under
negotiation has a clear multilateral dimension (as a
result of prevailing or projected deployment patterns,
territorial considerations, ete.}, but where the US and
USSR determine that central strategic interests are at
stake, a 2~track process has developed: formal,
multilateral talks have been supplemented by private
bilateral approaches.

Chemical weapons arms control illustrates this pattern.
The proliferation of existing or projected capabilities
requires the involvement of states other than the
Superpowers in negotiating any meaningful chemical
Weapons arms conftrol measures., At the same time, a high
proportion of the chemical weapons stockpile is owned by
the Superpowers and the strategic implications of these
assets for deterrence in Central Europe are considered
central by beth states. Hence, while multilateral
negotiations proceed in Geneva at the CDE, the U3 has
sought private, bilateral talks with the USSR.
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On the basis of this historical pattern, 1t can be
plausibly asserted that it 1is unlikely that serious
negotiations concerning outer space arms control will be
conducted on a multilateral basis., This assessment is
based on several factors.

{a) The Superpowers are the primary owners and
operators of satellite systems for military use.

{(b) Weapons for use in outer space are currently
deployed and under development only by the
Superpowers. This is likely to remain the case

for the foreseeable future.

(e) Because satellites and other space systems are
considered to be naticnal territory, and since
space itself is considered to be international in
nature, the involvement of other parties is
legally unnecessary.

(d) Satellites and weapons technclogies and systems
are considered by both Superpowers to be critical
to their central strategic interest.

(&) The sensitive nature of these systems in terms of
technological characteristics and capabilities may
be such as to make the Superpowers reluctant to
disclose such information through a process of
multilateral negotiation.

{(f) The issues confronting outer space arms control
negotiations, ranging from differing interest to
problems of definition and verification are
sufficiently difficult so as to create a lack of
interest in third party involvement, which might
be seen as unhelpful interference.

Historical precedent would seem to support this
assessment. The most significant restrictions on
Superpower military activities in space are embedded in
bilateral agreements which were negotiated between the
two parties, in particular the ABM and SALT I and I1
accords. Restrictions contained in multilaterally
arrived at agreements, such as the Outer Space Treaty,
are widely considered to be less significant in terms of
thelir consequences.
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The Negotiation Process (Continued)

In addition, the only previous set of arms control
negotiations concerning antisatellite weapons, the focus
of much of the current military activity and arms
control debate, were bilateral in nature. More
recently, the US has opposed the multilateralization of
outer space arms control negotiations at the CDE in
Geneva, partly on the grounds that the most productive
and prudent approach would be private US-USSR talks.

And the current bilateral approaches between the
Superpowers concerning possible other space arms control
negotiations are premised on a strictly bilateral
negotiating process.

The most plausible scenaric for the negotiation of an
other space arms control agreement is, therefore a set
of bilateral talks. The implicaticons of this for the
plausibility of Paxsat as a multilaterally operated
verification capability are as follows:

(a) The precise context of an outer space arms control
agreement, together with asscciated verification
and compliance arrangements are likely to reflect
a mixture of US and USSR interests, rather than
those of third parties.

(b)) It follows that the Superpowvers themselves will
have to be convinced of the value of a
multilaterally operated Paxsat system if this
system is to exist in organic connection with an
arms control agreement.

{(ec) This process will require the multilateralization
of a bilaterally negotiated agreement in order to
formally 1link third parties to its provisions.

(d) The parameters for the operation of Paxsat will
have to be embedded in the agreement itself, and
therefore the Superpowers themselves must
integrate this system into their verification
discussions at a relatively early stage. This is
not to suggest that specific verification
technologies require identification in the
agreement, but rather that the legal framework for
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The Negotiation Process (Continued)

the existence and operation of a multilateral
verification structure will have to be established
in order to avold subsequent treaty

renegotiation.

The Participatory Status of an Quter Space Arms Control
Agreement

The above analysis suggests that it is unlikely that an
outer space arms control agreement will be negotiated on
a multilateral basis. If the most plausible scenario
for the operation of Paxsat is in the context of a
multilateral treaty containing provisions for
multilateral treaty administration and verification, the
implications of this assessment are serious indeed.
However, it does not necessarily follow that a
bilaterally negotiated agreement need resulft in an
agreement which is bilateral in terms of participation.
As noted earlier, the accessicn of other states to
bilaterally negotiated conventions has been sought in
situations where their participation is seen as
enhancing the effectiveness of the accord. In
particular, when the Superpowers have an interest in
ensuring that a prohibition on certain activities does
not apply solely to them, multilateralization may be
sought. Such interest usually reflects a desire to
avoid treaty circumvention through the transfer of
technology and capabilities to non-signatory states and
to preclude the proliferation of capabilities through
indigenous production by non-signatory states,

In addition, states other than the Superpowers may have
an interest in enccouraging the multilateralization of
bilaterally negotiated accords. In areas where military
developments adverse to the security interests of states
other than the Superpowers are cccurring or anticipated,
those states may encourage the Superpowers Lo negotiate
an arms contrecl limitation agreement. Such persuasion
may take the form of a willingness to sign an agreement
which one or both Supérpowers might deem inadequate In
the absence of assurances that preoliferation or
cirecumvention could not take place.

Taken together, these considerations may well apply in
the area of outer space arms control.
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3.3.2 The Participatory Status of an Quter Space Arms Control

Agreement {Continued)

(a)

(b)

From a Superpower perspective, both the USSR and
the US are likely to be sensitive to the
possibllity of a threat to spacebased assets
resulting from third party activities and
programs, In the outer space g¢ontext, this
gongcern may be heightened by the Increasing
reliance of both Superpowers on satellite systems
and the inherent vulnerability of those s3ys3tems to
attack, even from relatively minor ASAT
capabilities. There may, therefore be an
incentive for multilateralization arising from a
fear of medium to long term proliferation or
treaty circumvention,

Non-~superpower states who rely on satellite
systems for various tasks may fear that these
assets will become vulnerable to attack from
Superpower outer space weapons. In additicon,
¢certain states such as Britain, France and China
may fear that the development of spacebased
Ballistic Missile Defense (BMD) systems may erocde
the credibility of their independent nuclear
deterrent. Hence, apart from a general assessment
that the weaponization of oulter space may be
destabilizing, there is also a feeling that such a
development would accentuate the asymmetry in
strategic power between the Superpowers and other
countries. Recognizing that a fear of
proliferation or treaty circumvention may be a
barrier to successful negotiations, an offer by
certain non-superpower states to sign an outer
space accord may enhance the chances of an
agreement. In additicn, the application of
political pressure from allies, who in general
terms are opposed to the weaponization of outer
space, may encourage the multilateralization of an
outer space arms control accord.

There are two final considerations which may bé seen as
increasing the prospects of a multilateral agréeement:

(&)

On the assumption that the essential features of
an agreement will be negotlated bilaterally
between the Superpowers, as argued above, and that
the Buperpowers would retain the prerogative to
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3.3.2 The Participatory Status of an Quter Space Arms Control
Agreement (Continued)

consult bilaterally on questions of compliance and
yerification, there are a few, if any, costs to
the multilateralization of an outer space arms
control accord. Insofar as the essential features
of an agreement would reflect a mutually agreeable
set of constraints, and insofar as both
Superpowers could subsequently approach each other
at will on treaty-related matters, neither need
fear the intrusion of 'extraneous' interests or
constraints.

{b) Given the prevailing state of technology and
deployments, it is probable that an outer space
arms control agreement will involve a prochibition
on certain types of technologies, activities
and/or deployments. Since prohibitions are
absolute restrictions as opposed to limitation on
already existing deployments or technologies, the
multilateralization of an arms control agreement
becomes considerably easier. For example, in the
case of SALT I and II, the agreements involved
specific limitations on existing US and USSR
forces in terms of quantity and gquality.
Multilateralizing these accords would Dbe
impossible given the very nature of the treaty
provisions.

However, in the case of prohibited activities,
technologies and deployments, there are no legal
or logical problems in opening up an accord for
multilateral signature. This is demonstrated by
existing multilateral treaties and negotiations
which are prohibitory in nature, such as the
Geneva Protocol, the Antarctic Treaty, the Limited
Test Ban Treaty, the Quter Space Treaty, the
Biological Weapons Convention and the ongoing
chemical weapons arms control negotiations.

Based on the above considerations, therefore, it is at
least plausible that an outer space arms controcl accord
may be multilateral in nature. As noted earlier, this
is of relevance to the operation of Paxsat since the
formally sanctioned participation of non-superpower
states in the treaty itself will be required for
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The_Participatory Status of an Outeéer Space Arms Control
Agreement {(Continued)

political if not legal reasons. However, the
multilateralization of an other space arms control
accord is not in and of itself sufficient to mandate or
Justify the existence of a multilateral verification

mechanism. It is to this question that the discussion
now turns.

Multilateral Participation in Treaty Administration and
Verification

Although it is plausible that the Superpowers may seek
to multilateralize an outer space arms control
agreement, it is by no means clear that such an
agreement would thereby sanction a multilateral
verification capability. Indeed, the only multilateral
arms control treaty currently in force which contains
provision for a specific multilateral organization
designed to ensure compliance with treaty provisions is
the Treaty for the Prohibition of Nuclear Weapons in
Latin America. Other multilateral agreements such as
the Biological Weapons Convention, the Partial Test Ban
Treaty, the Antarctic Treaty and the Quter Space Treaty
simply bind the parties to adhere to the terms of the
agreement, and to verify compliance with the agreement
through their own national resources. Questions of
compliance are to be resolved on an ad hoec basis through
consultation between the parties. There are no ongoing
administrative mechanisms or verification assets at the
disposal of the signatories as a group.

Therefore, the involvement of third parties in an arms
control regime for outer space may require only that
these states ensure that their national policies and
programs conform to the provisions of the agreement,
with verification of compliance consisting of the
application of so-called National Technical Means
(NTM's). 1In such a case, a legally sanctioned
relationship between a multilateral verification
capability such as Paxsat and a multilateral arms
control regime would not exist. It must be asked,
therefore, whether or not there exist incentives for the
Superpowers .and other states to sanction the inclusicn
of non-superpowers, and non-national verification assets
in a compliance regime associated with an outer space
arms control agreement.
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Multilateral Participation in Treaty Administration and
Verification {(Continued) )

This question may in turn be broken into two logically
distinect components. To what extent 1s 1t plausible to
envisage a multilateral organization empowWered to
administer the treaty and discuss questions of
compliance? And to what extent is it plausible to
envisage such an crganization possessing and operating
verification assets such as Paxsat for the purpose of
ensuring compliance?

In considering these guestions, the following points
bear consideration. First, the interest of the
Superpowers (and other states) 1in creating a
multilateral verification capability is likely to be
related to the degree of difficulty anticipated in
verifying the provisions of the treaty, together with
the potential significance of violations should they
occur. Simply put, an agreement which is easy to verify
using existing NTM's is unlikely to prompt interest in a
multilateral verification capability. 8Similarly, an
agreement which is unlikely to be violated {(for reasons
of prudence or military logic}, or whose provisions are
strategically ihconsequential is equally unlikely to
prompt such interest.

However, significant all encompassing outer space arms
control agreements may be difficult to verify and the
consequence of violations extremely serious. For
example, the sensitivity off an ASAT arms control regime
te small numbers of violatipgns is considered to be high.
A small number of concealed ASAT tests may be sufficient
to develop confidence in an ASAT system adequate to
contemplate operational deployment. Similarly, a
relatively small number of deployed ASAT weapons may be
sufficient to constitute a serous threat to key
satellite communication, navigation, early warning and
intelligence assets. The 'elasticity' which exists
with regard to nuclear weapons, where a small number of
warheads or launchers in excess of agreed limits would
noct create fundamental asymmetries or instabilities,
does not exist with ASAT's.

In addition, it is widely agreed that a satisfactory
verification regime for an outer space arms control
agreement will be difficult to negotiate and to
implement. This arises from the following factors:




Multilateral Participation in Treaty Administration and
Verification (Continued)

(a) The small number of tests and deployed systems
deemed sufficient to constitute a significant
threat.

(b) The possibility of ground tests or tests of
component systems in space in a mode difficult to
detect.

{c) The multi-funectional nature of certain
technologies and launchers (e.g. rocket boosters,
aircraft, lasers).

(d) The relative ease of concealment of certain
destructive mechanisms (especially conventional or
nuclear explosives).

Indeed, these considerations have been put forward by
the current US Administration as an argument against the
pursuit of a comprehensive ban on weapons I1In outer
space.

Compounding this situatlion is the fact that certain-
cooperative verification techniques of relevance to
other arms control areas are not possible in the outer
space realm, On-site inspection, for example, although
avalilable as an adjunct to NTM's for certaln terrestial
activities, is of little relevance to certain space
related activities. If the system in question are
spacebased, on-site inspection may be impossible, unless
the parties are willing to contemplate system retrieval
by other states for the purpose of examination,

Based on these considerations then, there is a prima
facie case for the maximization and multiplication of
verification assets at the disposal of the signatories
to an outer space arms control regime. This need not,
however, Imply either a multilateral treaty
administrative and compliance body or verification
assets under the control of such a body. Other options
include an inc¢rease in NTM's, or a simple assessment
that what is avallable is adequate, though less than
ideal. It is therefore necessary to outline
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Verification (Continued)

considerations which may turn a recognition of the
difficulty of verification and the potential seriousness
of violations into a desire to multilateralize the
verification process.

First, it must be recognized that given the significance
which both Superpowers attach to outer space military
activities, neither is likely to acquiesce in an
agreement where the verification technology and the
verification authority resides solely with a
multilateral organization. Both Superpowers possess
technology more sophisticated in its ablility to verify
an arms control agreement than that at the disposal of
third parties., This is unlikely to change in the
immediate future, though both France and China are
currently experiencing R&D effort in this area.
Moreover, national control of this technology allows
verification activities to proceed according to national
interests priorities, unimpeded by an international
political process. These activities can also proceed in
secret, a factor which avoids international political
controversy and allows observation without notification.
In addition, the technology invelved in verification is
sufficiently sophisticated that neither Superpower would
be willing to expose 1ts sources. This stems from both
the quality of technology involved and the desire to
maintain some uncertainty Iin terms of the knowledge of
potential adversaries as to the activities and
capabilities of verification systems. And finally,
given that verification technology yields sensitive
information about the military programs of other states,
neither Superpower would be willing to grant others
unimpeded access to such data. To do so would amount to
exposing sensitive intelligence data tec all parties to
an arms control accord, and would inform each Superpower
of the precise state of knowledge concerning the other's
military program.

Based on these factors, 1t ¢can be concluded that neither
Superpower would be willing to rely exclusively on
multilaterally controlled systems for the verification
of an outer space arms contirol agreement. For the
Superpowers, primary reliance for verification in the
outer space arms control area, as with nuclear weapons,
is likely to remain with National Technical Means.
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A second factor concerns the political process
assoclated with the verification of arms control
agreements. Historically, both Superpowers have sought
to resolve compliance issues bilaterally and secretly,
either through ad hoc¢ channels or through institutions
such as the Standing Consultative Commission created by
SALT. This approach has been preferred for several
reasons. Confidential bilateral approaches generally
avoid the politicization of compliance questions whiceh
would be more likely to result from an open process of
discussion conducted either bilaterally or
multilaterally. A bilateral approach alsc avoids the
sharing of sensitive information with others.

In addition, since most compliance guestions relate to
activities which are ambiguous either in terms of their
nature or their relationship to specific interpretations
of treaty languages, confidential bilateral approaches
allows the process of clarification to take place on a
routine basis without unnecessary international
political scrutiny or interference. This in turn,
reflects the fundamentally political nature of
verification. As noted earlier, what is or is not
perceived as a questionable activity or an outright
violation of an agreement depends to a large extent on
the overall context of Superpower and East-West
relations. Historically, in a period of detente,
different criteria have been employed in evaluating
treaty adherence than in a period of tension. Taking
compliance questions out of this bilateral political
context and placing them in a less controllable
multilateral context might do violence to this delicate
contextual relationship between verification and
politics.

Based on these considerations, the Superpowers are
likely to resclve most compliance issues associated with
cuter space arms control on a closed, bilateral basis.
Therefore, it can be concluded that in terms of
verification technology, the Superpowers will continue
to rely on National Technical Means, and in terms of
political process for resolving verification issues, the
current pattern of bilateralism will be maintained.
While this may be seéen as arguing against the
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Verification (Continued)

plausibility of a nmultilateral verification capability
and process, this need not be the case. These factors
may simply suggest certain technological and political
parameters for the operation of such a system. Indeed,
a multilateral verification process and capability may
complement rather than conflict with primary reliance on
national verification capabilities and bilateral

Superpower relations for the resoclution of compliance
issues.

In particular, the following points emerge from this
analysis:

{a) Since the Superpowers will insist on relying upon
existing verification capabilities and approaches,
a multilateral verification system for outer space
will be unacceptable unless there is no
interference with the continued operation of this
verification system. The use of NTM's for the
verification must be legitimized by any outer
Space arms control agreement, as must the right of
individual states to resolve compliance issues
bilaterally. In addition, for the reasons
coutlined earlier, there can be no obligation to
either share data derived from national
verification assets or to bring compliance issues
before a multilateral body.

{(b) Given that the Superpowers will retain existing
verification assets, there is no requirement for
the creation of a multilateral verification
capability which duplicates the technology
currently at the disposal of the US and USSR. Any
new verification assets must be seen as
supplements rather than replacements. And since
the Superpowers will continue to monitor each
other using NTM's, there is no need to create a
similar (and redundant) capability at the
multilateral level. This implies that the quality
of the technology at the disposal of a
multilateral treaty verification body must be
Jjudged not in isolation, but in relation to the
total verification assets at the disposal of the
parties to the agreement,
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In a more positive sense, however, what case can
be made for the requirement for a multilateral
verification regime? First, since in general
terms the Superpowers will be extremely sensitive
to the possibility of any violation of an outer
space arms control agreement, given the possible
strategic consequence, additional verification
assets of either an organizational or technical
nature should be welcome, if configured in a
manner which does not militate against the
Superpower prerogatives noted earlier. Second,
given the difficulties associated with verifying
an outer space arms control agreement, it is
possible that compliance issues may arise more
frequently than is the case with existing accords
in other areas. The availability of additional
capabilities and avenues for the resclution of
these problems might well be perceivedtas
advantageous by the parties to an agreement.

(c) It is arguable that the Superpowers and others
) would see some value in an institutional mechanism

for the exchange of data, discussions concerning
activities and programs, and the resclution of
compliance issues through debate and/¢r study.
The existence of & properly configured,
multilateral 'court of appeal' would provide a
legal framework for the conduct of activities
relating to compliance and verification questions
which could not be resclved on a bilateral basis.
The 'deterrent' effect of a legally constituted
multilateral forum for the arbltration of disputes
could be seen by the parties t0 an agreement as an
important asset in ensuring treaty adherence, a
confidence building measure for outer space arms
control.

The support of non-superpower states for a multilateral
verification body would arise from additional facteors.
Since most states for the foreseeable future are
unlikely to be economically or technically capable of
mounting and sustaining a national, stand—-alone
capability to verify an outer space arms control
agreement, access Lo a hody design for that purpose
might be attractive. In addition, to the extent that
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these states support an arms control agreement, and
perceive a multilateral verification body as an
encouragement to the superpower for the reasons outlined
above, third party support for this concept is at least
plausible in principle.

However, support for a multilateral treaty
administration and verification body need not imply
support for a multilaterally controlled verification
capability. It could well be the case that states could
judge existing capabilities as being adequate for the
verification of an outer space arms control agreement,
or feel that the costs associated with such a System
outweigh the possible benefits in terms of verification.
While it is beyond the scope of this analysis to deal
with the latter point, it is necessary to examine the
plausibility of a scenario where states feel that such a
capability is in principle desirable.

As noted earlier, the Superpowers will continue to
monitor compliance with an outer space arms control
agreement using NTM's, and will probably choose to
resolve compliance issues on a bilateral basis. It is
possible, however, that in the event of detection of a
possible v1olatlon and unsatisfactory resolution of the
issue through bilateral consultations, the issue would
be brought before the treaty administration and
verification body for further action. At this point,
various options could be pursued ranging from discussion
and examination of nationally provided evidence to a
full-pledged investigation. Such an investigation,
however, if it is to avoid total reliance on information
provided by the grieving party (which might be portrayed
as questionable by the party whose activities are under
examination, or by others) must possess its own
technical assets. Such assets, if operated by the
treaty administration and verification body, would be
perceived as 'objective' in terms of data thereby
generated. The possibility of independently derived
findings would in turn present the potential violator
with the prospect of the sanction of the collective
group by signatory states. This might well be viewed as
far more serious than the findings of an individual
state, findings which could be portrayed as biased or
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falsified. Given the deterrent effect such a capability
might have on potential violatcors, support for
independent multilateral technical means of verification
may be forthcoming. Such assets would be the functional
equivalent of on-site inspections or investigations of
terrestial activities in other arms control contexts.

In addition, investigations conducted by a multilateral
verification body using its own assets would avoid
perceptions of hostile activity. Given that such
activities, as discussed below, there would be due
notification of the party under investigation, thereby
avoiding surprise. Moreover, the relative level of
technological sophistication, combined with knowledge of
the precise capabilities of the system should alleviate
fears either of intelligence gathering or of actual
attack.

Finally, based on the scenario as described thus far,
the degree of system sophistication and completeness
need not approach that of a stand-alone verification
capability. Data provided by the parties to the
verification body through the use of thelr own NTM's
would greatly relax the technical requirements of a
functional Paxsat system. A5 described, the role of
Paxsat as a multilaterally controlled verification asset
at the disposal of a multilateral treaty verification
body wWwould be primarily that of an arbitrator or 'court
of last appeal'. In this context, an evaluation of
Paxsat should be based not 30 much on the quality of the
system in strictly technical terms or on its redundancy
in relation to other verification systems, but rather in
relation to its ability to perform this political role.
Evaluated according to this criterion and given the
importance of the function itself, support for Paxsat
from the parties is at least plausible,

Guidelines for Organization and Decision—-Making

Although it is beyond the scope of this study teo
identify the precise organizational structure of a
multilateral treaty administration and verification
body, or to spell out in detail the decision-making
process associated with the use of Paxsat, the following
may serve as relevant guidelines in these areas:
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(Continued)

(a)

(b)

(¢}

{(d)

(e)

The organizaticnal structure and decision-making

process must recognize the political nature of the
arms control agreement and associated verification
provisions. Decisions to conduct various
verification activities must be subject to
political c¢ontrol by the signatory states. This
implies an organization governed by official
representatives from the signatory states rather
than an executive agency empowered to conduct
investigation at will,.

The speclal interests and prerogatives of the
Superpowers and to a lesser extent other space
powers, must be recognized in the decision-making
process. This may involve permanent
representation by these states in the crucial
decision-making body, and a voting procedure which
implicitly confers more power on these states,

Voting procedures for the initiation of
verification activities, including a Paxsat
mission must avoid a veto on the one hand ang
abuse of the investigatory process on the other
through excessive use by individual states or
group of states. This implies a voting procedure
carefully integrated with the composition of the
governing body or bodies which ensures that
activitlies can be neither permanently foreclosed
nor persistently launched at will against a
particular state.

In relation to the point just made, the governing
body must reflect the political complexion of the
signatory states. This implies an East-West
balance, with LDPC participation congruent with
their significance in the outer space area.

A technical secretariat will be required to
conduct investigations and evaluate data obtained
from Paxsat or given by signatory states. This
group of experts must be beyond direct political
control, but must be representative of the
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{(Continued)

(f)

(g)

signatory states. In the event of an

"investigation, experts from both the grieving

party and the alleged offender would be excluded
from any activities.

Should an investigation be authorized, including
those which involve a Paxsat mission, the results
of such inquiries should be disseminated
immediately to the signatory states. Since a
political decision would be required to instigate
an investigation in the first place, the results
of such an investigation should be circulated to
all parties as soon as they are available.

In order to secure agreement on the requirement
for a multilateral treaty administration and
verification body and to ensure its proper
configuration, the essential organizational
structure and decision-making process must be
outlined in the treaty itself.
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THE PAXSAT CONCEPT - A VERIFICATION ROLE ANTICIPATED
AND AN OPERATIONS SCENARIO POSTULATED

Introduction

The objective of the analysis is to develop a plausible
political and operational scenario for Paxsat A within
which remote sensing technologies mounted in a space
vehicle may be deployed and utilized in the verification
of possible violations of an outer space arms control or
limitation agreement, This report is limited to the
verification of space-to-space and space-to earth
weapons systems in which the weapon system is deployed
in stable orbit following test and launch phases of its
life cycle.

To this end, section 4,0, by taking significant issues
from sections 2 and 3, and analyzing these in terms of
conventional wisdom strategies, implications and
consequence will:

(a) Postulate a scenario of the most likely . threat,
and the character and magnitude of that threat,
relevant tc the requirement of embedding a
verification capability into an outer space arms
control/limitation agreement.

(b) Postulate the most likely plausible political
scenario and its implications in prescribing and
defining the verification role and mandate.

(ec) From the analysis described in (a) and (b) above,
develop the conceptual description and operational
profile of a plausible Paxsat system which
conforms to the political scenario and establishes
technical parameters for the systems operational
capability and deployment.

Verification Requirement)

Section 2.0 of this report has provided a broad
description of the present inventory of spacecraft by
generic types, the most widely used orbits and has
within the parameters of unclassified information,
discussed the possible space weapons that might be
deployed. These spaceborne weapons are grouped into two
major families:




Space_and Space Weaponry (Character and Magnitude of
the Verification Requirement)(Continued)

(a) Space-to-space weapons
(b) Space~-to-earth weapons

Additional reference and comment has been made with
respect to operational factors and physical features,
which make such weapon systems elther more or less
difficult to verify,.

With respect to the present situation in space, it is
significant in the political context to note that of the
approximately 5,000 spacecraft deployed (comprising
active spacecraft, spacecraft presumed dead, and space
junk) that 90% of these are owned by the US and USSR
with the remaining number owned by assorted non-
superpower nations.

The Superpower assets are divided, approximately as
follows:

(a) Us - Military - 50%
Civilian/Commercial - 50%

(b) USSR - Military - 80%
Non-Military - 20%

(e) 70% of all satellites are military.

None of the inventory of national space assets is known
or suspected to be a weapon system of the space-to-space
or space-to-earth categories.

The foregoing spacecraft population is deployed in
orbits in three magnitudes of distance from earth:

(a) 200 _km_or_less

This does not provide stable orbit and such
spacecraft have relatively short lives.




Space _and Space Weaponry (Character and Magnitude of
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(b) 200 _km_to 50,000 km

This is a stable orbit range and spacecraft in
this area are candidates to be targets for anti-
satellite weapon systems if they are also
rewarding targets.

(c) 50,000 km and beyond

These are stable orbits but are at extreme range
for most antisatellite weapon systems. Such
systems, if deployed in optimal positions relative
to those targets would be quite distinguishable.

Of the space weapons systems referred in section 2.0,
each represents somewhat different levels of
technological sophistication not only in terms of the
Wweapon systems capabilities but also in the ways in
which they are deployed. All are expensive to deploy
and it must be assumed that they would not be deployed
unless such deployment can be optimal in terms of target
of substance. Targets of opportunity do not seem to be
a cost effective role for space weapon systems. This
requirement of course eliminates most of the space
assets inventory as target candidates for antisatellite
systems. Although colliding and explosive weapon
spacecraft are probably well within state-of-the-art,
deployment and range factors are limiting to the scope
of these weapons as antisatellite systems. In the form
of space-to-earth weapons, only nuclear explosive
spacecraft appear to have any plausible role (either
single or multiple warheads), but precise targeting
presents difficulties and other systems may prove to be
substantially more cost effective. The same limiting
factors may not apply so stringently to space-to-earth
chemical weapons, however, although meteorological
factors will be important as an additional dimension
which could make their effectiveness uncertain at
critical points in time. The point of the argument is
that spaceborne weapon systems whether space-to-space or
space—-to-earth dedicated to be practicable, will require
high levels of optimization and will be focussed on
targets which are of such a nature as to justify the
complexity and cost of the weapon systems envisaged.
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While the foregoing assessment is considered valid for
state-of-the-art systems currently feasible, a different
scenario may be justifiable for the employment of X-ray
lasers and particle beam weapons that may become
feasible by the turn of the century providing the
population and character of targets should justify the
development of these technologies. (It is important to
note here that the Paxsat A context does not include the
ground based components of pallistic missile defense.)

Essentially therefore, in assessing space and space
weapon factors applicable for postulating a first
generation space weapon verification system in the
Paxsat context (this is to say in the timeframe of the
next 15 years), a primary focus is on possible space
weapon systems which do not involve Twenty-First Century
technology. This is not to suggest, however, that a
Paxsat would be ineffective against more sophisticated
weapon systems. In reviewing the probable character and
configuration of such poetentially feasible future
systems, they seem to present less challenge to the
verification requirement than current more primitive
feasible systems.

As pointed out earlier, not all spacecraft at present
deployed (or at any given time for that matter)
constitute logical and rewarding military strategic or
tactical targets for space-to-space weapon systems.
Table 2-2 of section 2.2 has listed sixteen types of
ASAT targets. The highest risk space assets are
suggested to comprise:

(a) Dedicated targeting systems which direct
earthbased weapon systems

{v) Spacebased weapon systems
(¢) Surveillance and reconnaissance systems
(d) Navigation systems

4-4
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In this context, it should be noted that the first two
categories of space assets are not currently deployed.
It is anticipated that targeting spacecraft will
probably be deployed at distances (100,000 km or more)
which would make them relatively safe from the shorter
range more primitive space weapons currently feasible.
The present space population does not include any
operational spacebased weapon systems. Advanced space
weapon systems such as sophisticated laser systems and
particle beam weapons capable of operating with precise
discrimination and at extreme ranges are unlikely to be
feasible within 15 years. Consequently, spacebased
counter ASAT weapons are unlikely to appear prior to the
turn of the century.

Taking that military surveillance and reconnaissance
satelites and military navigation satellites, with the
prospect of the introduction of deep space targeting
satellites in the relatively near future represent the
highest risk assets, the volume of space in inclinations
from 600 through 1050 appear to be the most sensitive.
Such spacecraft are mostly deployed in distances ranging
from 200 km to 1500 km (excluding more distant targeting
spacecraft). Such areas are easily accessible by
currently feasible spacebased weapons of geosynchronous
orbit (36,000 km) were an additional 800 items reside.

Therefore, in the context of what might be classified as
the midterm (up to 2,000 to 2,005), the highest risk
space assets appear to be the categories of surveillance
and reconnaissance systems and navigation systems. The
most sensitive of these groups are those which embody
real-time fast data processing features. Military
systems of these categories are exclusively the property
of the US and USSR. This point is of particular
significance in contemplating the substance of any
possible outer space arms control agreement (including
one which embodies a verification feature), since vested
interest will be a major factor or force of the
political process which may lead to such an agreement.
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Space _and Space Weaponry (Character and Magnitude of
the Verification Requirement)(Continued)

Section 2.0 has made reference to the extent of the
current thinking with respect to the USSR space weapon
threat and also to statements by US authorities on the
ways in which they would counter that threat. The
currently perceived threat to US spacecraft seems to
consist of Soviet colliding or explosive weapons in the
midterm but no doubt including more sophisticated
technological challenges in years to come. Current US
focus (argued from the popular defensive/protective
philosophical base rather than from first strike/pre-
emptive principles) is to counter Soviet weapons that
might be put into place.

Irrespective of the differences in philosophical
positions from which the arguments and statements come,
it would seem clear that taking into consideration the
relative positions of the two Superpowers as the
predominant owners of military operated space assets, no
unplanned verification capabilities will be tolerated in
a Paxsat type system. On the other hand, predetermined
mandates agreed between the major owners can result in
an arms control agreement defining parameters which act
as a deterrent to the exploitation of outer space beyond
those bounds.

Paxsat Verification Role and Mandate in the Political
Context

Section 3.0 of this report has provided a comprehensive
view of the political process and the relationships

among and between nations and ideological 'blocs' which
play their part in the achievement of an acceptable form
of outer space arms limitation agreement. Within the

limits and constraints discussed in section 3.0, this
section postulates what is believed to be the most
plausible political scenario and its implications both
for the verification process and for Paxsat.

Recognizing the dominant positions of the US and USSR in
the world milieu, the special relationship between these
two Superpowers, and theirrownership of the
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Paxsat Verification Role and Mandate in the Political
Context (Continued)

preponderence of space assets, it i1s difficult to
envisage any arms control agreement and associated
verification function which may seem to intrude upon the
exclusive rights of either. Consequently, no
independent third party notion of such a treaty or
agreement seems plausible or achievable. It is doubtful
that such an initiative would have any support of
substance from either East or West bloc aligned nations.
The cost to a third party group of nations taking such
an initiative would be extremely high and incentive to
undertake investment of such magnitude relative to the
scale of third party ownership of spacecraft at risk
would not be likely to result in a highly effective
verification capability. The technical effectiveness of
the third party verification capability would always lag
the technology of the Superpowers vis—-a-vis each other
and efforts to replicate such technology by the third
party of nations could well be destabilizing and
counter-productive.

Working from the position that an effective verification
capability must be a part of any outer space arms
control agreement or treaty, the following points
suggest certain parameters that are important
politically in the achievement of an agreement and which
play a significant role in development a plausible
Paxsat operational concept.

(a) The concept of the bilateral imperative must
continue to be respected. This is to say that the
Superpowers will continue to insist upon bilateral
exclusive negotiation whenever their central
security interests are involved.

(b) The exclusive proprietary technologies of the
Superpowers vis-a-vis each other will continue to
be restricted and unavailable for purposes of
space weapon system verification.

(c) The verification methods and the verification
process must be discriminatory in the sense of
limiting its function and activity to areas
outside the 1limits of the bilateral imperative and
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proprietary technologies,. (Failure to achieve
this would mean that data and intelligence
collected by non-superpower operated verification
system would be subject to superpower filtering
prior to release to any verification authority
established within an outer space arms control
agreement. Failure in this respect could present
insurmountable obstacles in achieving an
agreement.)

(d) The verification system must function
multilaterally and not seem to be focussed
exclusively on the Superpowers. Consequently,
multilateral participation would be extremely
important.

In consideration of these factors, it appears to be most
plausible that an outer space arms control agreement
would be most likely achievable by following what
section 3.0 has described as the 2-track negotiating
process., This is to say that the two superpowers
negotiate initially the crucial elements of a treaty for
the control of outer space weapon systems which is
tolerable in terms of their individual central security
concerns and which defines the limits of verification
acceptable in that context. The second stage of the
2-track process would be the multilateralization of that
agreement followed by the establishment of the defined
verification capability. Assuming the
multilateralization of the agreement, and that it is
executed as a multilateral agreement not focussed
exclusively upon the Superpowers and the degradation of
the bilateral imperative, it would follow that the
verification capability also would be multilateral.
Viewed in this way, the verification system becomes in
essence a joint bilateral-multilateral verification
function in two parts as follows:

(a) Bilateral exclusive areas of verification denied
to the multilateral capability, or Paxsat
operational mission, which have been defined

bilaterally (and accepted on a multilateral
scale).
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(p) A multilateral verification capability which is
‘ecreated through contribution of national technical
means of the multilateral participants augmented
by a multilaterally sponsored Paxsat. In this
context, the Paxsat augmentation represents a
space-to~space verification capability not in the
inventory of non-superpower space assets.

1t would be argued that such a formula for achieving an
outer space arms control agreement preserves the
bilateral imperative, creates a formula for verification
which does not pose a challenge to the exclusive
technology preserves of the Superpowers, and assures a
situation in which the multilaterally sponsored
capability does not aspire to achieve a level of
technological sophistication which acts as an external
technology escalation stimulus on the Superpowers.

In considering the validity of a joint agreement and
verification role of this kind, there must be sufficient
benefits to constitute an incentive for both parties to
the joint undertaking. Realistically, it must be
conceded that there is no conceivable outer space arms
control agreement that Wwill not be abrogated by either
of the superpowers should there be considered to be
justifiable cause to do so irrespective of the thrust of
world opinion. On the other hand, there are steps that
might be taken to reduce the risk of such actions.

Although the verification mandate of the multilateral
based verification function is operationally limited by
the bilateral imperative and 1is technically limited by
the proprietary technological preserves of the
superpowers, the following mutually beneficial plausible
roles and missions of the multilateral function ( in the
context of two spacebased weapon families) can be seen
to be of considerable substance and potentially a key
element in reducing the risk of treaty violation or
abrogation:

(a) The multilateral element of the verification
function and capability provides the opportunity
for a court of last appeal for the superpowers in
bilateral disagreement or suspicion of violation.
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(b)

(e)

(d)

In this context, the existince of a Paxsat
verification system could be a crucial instrument
if it embodies a truly effective verification
capability and does not duplicate available
contributed technical means which might otherwise
be mobilized.

The multilateral element of the agreement
verification capability would also provide a
watchdog function against third party
proliferation and would eliminate the need for
either superpower to become directly involved.
The third party non-proliferation verification
role would also inhibit the transfer of space
weapon technology from the superpowers to their
bloc members.

The multilateral verification element of the
agreement would be the most logical body to deal
with allegations of violations arising out of the
multilateral group with respect to another member
or members of the multilateral group.

The existence of a multilateral verification
capability provides a level of confidence for
those non-superpowers which have assets deployed
in space.

It could be argued that the most crucial roles of the
multilateral verification capability are those which
relate to resolving differences in perceptions which may
arise within the bilateral imperative and those which
concern third party proliferation in space weapon
technolgies. It is not difficult to see that such a
verification capability would have to be highly
effective and relevant to the verification tasks which
are implicit in these roles. Such a level of
effectiveness is unlikely to be possible without
significant augmentation of national technical means of
the multilateral nations group. The operational
requirements of these two roles will be the crucial
determinants of the form and substance of multilateral
verification capability.
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Paxsat System - Operational Concept

Key points emerging out of sections 4.1 and 4.2 of this
section, which have significance for the character and
capability of a viable multilateral verification system,
include the following:

(a) The number of potential spacebased weapons systems
that might be justified in terms of cost
effectiveness either in space-to—space Or space-
to-earth roles is not great.

(b) The technology requirement of the verification
function is not extreme taking into account:

i) The limitation of the verification role in
terms of bilateral imperative.

ii) The distinguishable characteristics of the
more advanced and spectacular potential
spacebased weapon system

(e) The act of verification is limited to situations
in which the political process has been unable to
achieve an acceptable consensus level of
confidence and the final step of physical
verification is considered mandatory.

\

(d) That each act (or mission) of verification

requires specific political authorization.

An additional consideration is the matter of the extent
of which the aggregate of contributed national technical
means on the part of the non-superpower nations
constitutes a verification system which is able to
fulfil the role and missions postulated above.

It must be assumed that the multilateral verification
system and capability to be envisaged is not confined to
any single phase of the development cycle of a
spacebased weapon system but that it applies, within the
limits of political consent to any or all of the six
detection sensitive phases as follows:

(a) Design and build

(b) Test at full scale/power
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Paxsat System - Operational Concept (Continued)

(c) Deployment

(d) System test

(e) Deploy the stable orbit/position following test
(f) Change to alert status

Envisaging the role and conceivable missions of a Paxsat
system as a space-to-space verification instrument
augmenting contributed national technical means
(consisting almost exclusively of long range earthbased
surveillance and remote sensing facilities), the Paxsat
role is relevant to (d), (e) and (f) above, but
primarily to phase (e). Phases (a) and (b) verification
or surveillance is more relevant to downward looking
spacecraft or earthbased methods. Phases (c) and (d)
are likely to occur more quickly than the political
process can react and utilize Paxsat effectively. Phase
(f) would involve Paxsat speculate deployment before
the fact, but might also be detected by earthbased
systems utilizing intelligence and data previously
provided by Paxsat operating in a phase (e) surveillance
and verification mission. While the Paxsat role is
almost exclusively focussed on phase (e) of the space
weapon development cycle when deployed and configured
optimally for that role, it provides a unique high
performance verification capability superior to earth-
based systems.

The space and space weaponry scenarios combined with the
political factors affecting multilateral verification
and practical applications of space and remote sensing
technologies offer options:

(a) Stand-off and/or close-in verification missions.

(b) Prior on-station deployment and/or event triggered
deployment

(c) Dual mode optimized spacecraft performing both

stand-off and close-in inspections or single mode
optimized spacecraft.
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The choices to be made with respect to these options
will be determined by the operational/tactical
verification scenario which is compatible with the
technical and political parameters which have been
developed in this report.

There are certain features or characteristics of the
foregoing options in system configuration which should
be noted since they have some significance for defining
a plausible tactical scenario.

(a) Stand-off verification implies relatively long
ranges of 1000 km or more. In this mode, the
spacecraft payload would be heavy and somewhat
awkward if optical remote sensing was utilized.

If imaging radar was utilized, the power demands
would be extreme. Pre-event deployment in a space
patrol mode is implicit. If the spacecraft was
also to perform close—-in inspection missions, a
maximum bus capability would be mandatory and
trade-off problems between payload and fuel 1load
would be severe (possibly unacceptably limiting on
spacecraft endurance and ability to execute its
assigned mission).

(b) Single mode spacecraft optimized either for stand-
off long range surveillance or for close-in
inspection are likely to be more effective than
dual mode spacecraft. In choosing between the two
modes, the optimized close-in inspection mode
would be superior to the stand-off long range
mode.

(c) A relatively short range 100 km stand-off
capability could be incorporated into an optimized
close-in inspection spacecraft and would be highly
effective especially if the close-in inspection
preceded the stand-off surveillance.

(d) Close-in inspection spacecraft may be maneuvered
from space patrol positions into relatively close
fly-by contact (1 km to 5 km depending upon the
relativity of the two initial orbits) with the
verification target. Similarly, optimized
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spacecraft may be launched on command from earth
directly to the target to close ranges (2 km to

5 km). The exposure of the spacecraft's remote
sensing equipment to the target may be extremely
short in situations where the verification
spacecraft is in a space patrol mode (fly-by) and
the verification target is in a different orbit.

(e) Maximum time to target rate for a space patrol
deployed spacecraft would approximate ninety days
although statistically, the period would be less.
Time to target rate for an earthbased Paxsat would
approximate two months assuming maximum pre-
programming and readiness state. The 1less
attractive average response time of the earth
launched Paxsat is offset by higher levels of
endurance in the mission and the ability to co-
orbit with the target.

It is suggested that effective verification conforming
to the implicit requirements of the two major roles of
Paxsat, and performing within the political parameters
discussed earlier in the report can involve a more
complex tactical procedure than a single look at the
verification target. Follow~on extended surveillance of
the activity and performance of the target may be
crucial in gaining sufficient data and intelligence to
arrive at sound conclusions. Second order targets may
be found to be or suspected to be associated with the
primary target and second order intercpets may be
required. The character and duration of the
verification mission must be sufficient to provide a
credible verification. The Paxsat must be configured
and deployed so that the capabilities for flexiblity,
maneuverability and endurances are maximized.

On this basis, the tactical scenario for Paxsat which
might be favored would be the following sequence of
events:

STEP 1 Paxsat is launched either from earth or an
initially dormant parking orbit when there
is agreement and authorization by the
political authority.
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STEP 2 Paxsat is launched initially on an intercept
and verify mission. 1Intercept takes pace at
2 km to 5 km range.

STEP 3 Following its initial intercept and
reporting mission, Paxsat takes up stand-off
survelllance role at distance 90 km to
100 km from target and utilizing optical and
other remote sensing methods, continues to
report data on target behavior and
performance.

STEP 4 Paxsat stands by for additional intercepts
should these be required.

STEP 5 Depending upon the level of residual
endurance following the mission, Paxsat is
retrieved or parked, a political authority
decision.

The attributes of the foregoing scenario may be seen to
include the following:

(a) Full control of Paxsat and its mission activity
resides within the political process.

(b) A Paxsat optimized for close-in inspection
followed by short range stand-off surveillance and
possible further intercept is feasible within the
constraints of the Bilateral Imperative.

(¢) Paxsat optimization for event triggering response
is totally discriminating and prevents
unauthorized and provocative surveillance and data
collection.

(d) Maximum mission capability and endurance.

(e) Provides high level of verification without
extreme technological challenge.

Subsequent chapters of this report will examine in
detail the technical aspects of the configuration,
remote sensing and performance of a Paxsat operating in
the second phase (second order intercept) of the event
triggering mode and optimized for close-in inspection
missions.




MISSION ANALYSIS APPROACHES FOR PAXSAT SPACECRAFT

Introduction

The objective of the mission analysis activities was to
select a Paxsat investigation philosophy and to
determine the requirements that this would place on a
Paxsat spacecraft design. The key parameters to be
specified were the amount of maneuvering (and hence the
amount of fuel) required, the mission sequence, the
stand-off distance during the investigation and the
spacecraft platform hardware requirements.

The following mission scenarios were investigated:

(a) Paxsat is launched from the ground to co-orbit
with the target, investigate it and then on-board
fuel is used to effect further investigations
(launched on demand scenario).

(b) Paxsat is launched into space, parked and then
long range sensors are used to investigate
targets, while Paxsat maneuvering is kept to a
minimum (fly-by scenario).

(e) Paxsat is launched into space, parked and then
maneuvered to within several kilometers of the
target under investigation (rendezvous scenario).

An important factor in selecting the mission profile is

the amount of time available for the investigation.

From political considerations, it seems that after a

decision to investigate is reached, the investigation

should happen as quickly as possible.

Analysis of the rendezvous scenario show that a period
of 90 to 120 days must be allowed in the worst-case for
Paxsat orbit to drift to the target orbit plane. It
appears that although long, this might be acceptable.

Since it was considered that the time required to launch
the satellite directly into the target orbit plane is
too long or alternatively, that the cost of keeping a
launch vehicle ready to launch within a few months is
too high in order to make scenario (a) the accepted
solution, scenario (c¢) was preferred to scenario (a).
All of the data to make a final decision have not been
considered as yet.
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Introduction (Continued)

What was concluded, however, was that a rendezvous
scenario, whether involving a direct-to-target launch or
prior stationing in space was preferable as a baseline
method of investigation to a fly-by investigation.
Essentially, a rendezvous mission allows the best
opportunity for a complete investigation of the target
in many of its operating modes, while requiring
relatively unsophisticated technolcgy as compared to a
fly-by investigation (which would require high
performance control and/cor sophisticated optical
processing and extremely powerful optics and long range
sensors).

It was determined that a rendezvous mission could be
performed by a spacecraft whose net mass is made up
approximately three parts fuel to one part hardware,
The tankage is not unlike that available in recently
produced liquid upper stages for use by communhications
satellites launched by the shuttle.

In the rest of section 6.0, the arguments used to
determine the baseline mission as well as the resultant
spacecraft requirements are detailed. Section 5.2
presents and discusses the merits/demerits of the launch
on demand scenario. Section 5.3 defines the fly-by
scenarlio and discusses operations of Paxsat in this
mode. Section 5.4 presents trade-off considerations for
a fly-by versus a rendezvous operations. Finally,
section 5.5 defines the baseline rendezvous scenario.

Launch on Demand Scenario

Definition and General Implications

Simply speaking, the launch on demand scenario is a
mission events sequence whereby the Paxsat spacecraft is
launched from the ground to co-orbit with the target,
investigate it and then loiter in an alternative orbit
until called upon to perform other investigations using
the on-board fuel capability of the spacecraft. In more
detail the secenario may, but not necessarily consist of
the following events, (The scenario is presented as one
of a multitude of possible alternatives to illusirate
the main characteristics of the scenario and to provide
a4 basis upon which 1ts merits can be ascertained.)
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Definition and General Implications (Continued)

The first event to happen in the scenario is the mission
tgo' command issued by the governing body of the treaty.
The governing body of the treaty controlling the
operation of the Paxsat spacecraft will order the Paxsat
spacecraft to investigate a suspected felon only after
exhausting all political avenues at its disposal to
defuse the event using the contributed national
technical means of its member states. Until this go
ahead is given, the Paxsat spacecraft may have bsen in
some general state of readiness in its ground storage
location and upon receiving the go directive the
spacecraft would be flown to a suitable selected launch
site to be launched on a vehicle that alsc needs be at
some general state of readiness. Frem this point on,
the launch pad becomes a beehive of activity with
detailed mission sequences plans being created,
Tracking, Telemetry and Control links with numerous
ground control stations around the world being
established, last minute systems c¢hecks being undertaken
on the spacecraft, and mission sequence rehearsals being
enacted, all culminating with the launch of the '
spacecraft into its orbit. Contrel of the spacecraft is
then effected to maneuver the spacecraft into close
proximity of the target using some predetermined mission
strategy to begin the investigation of the alleged

of fender. After the investigation is completed, the
Paxsat spacecraft moves from the vicinity of the target
spacecraft to another orbit, sitting there to await its
next calling.

The major advantages gained by a launch on demand
scenario over the prelaunch scenarios is the reserving
of valuable fuel on the spacecraft to enable the
spacecraft to perform additional missions. By launching
directly into the desired orbit instead of an initial
parking orbit, the spacecraft need not burn as much fuel
to rendezvous with its target. Thus, the spacecraft may
be available to perform more inveatigations as a reult
of this fuel savings and thereby the cost effectiveness
of the spacecraft life cycle cost is iIncreased.

However, considering the operations sequences above, the
launch on demand scenario is a complex logistics and
operations problem requiring time to plan for and to
execute effectively.
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Commercial launch campalgns are similar to that
presented above. From a programmatiecs point of view,
companies generally like to allow between 3 to 4 months
to plan for and conduct a launch campaign. However, for
a higher state of readiness, time on the order of two
months may be required to conduct the campaign assuming
that a launch vehicle is also Iin a high state of
readiness, To have a launch vehicle in such a state of
readiness may require a fully integrated launch vehicle
to stand upon its own dedicated launch pad as the timing
of a Paxsat mission may not entirely phase in with the
launch activities of individual nations. Sharing
existing launch facilities may introduce potential
launch campaign c¢onflicts with regularly scheduled
military and civilian launches. However, as the Paxsat
compatibility with the number of launch vehicles
increases from different contributing nations, the
prcobability of interferring with regularly scheduled
launch campaigns decreases. Such a state of readiness
however, would still entail the regquirement for a fully
built and integrated launch vehicle since launch -
vehicles of themselves require about 30 months to be
manufactured and assembled.

Political factors are also at play in a launch on demand
scenario, The more evident factor is that a decision to
launch and subsequently, the excitement arcused by an
investigative launch can be seen to exasperate the
crisis at hand. During such international cerises, it is
often wise to have acticns done on the quiet, since they
do not contribute to the fever and excitement of the
general populace. Launches are exciting events in
themselves and cannct in any event be done without
arcusing the curiosity of the media.

A somewhat more latent political factor arises from the
fact that launch vehicles are not always successful in
placing their payloads intc orbit. Because launch
vehicles are not 100% reliable, a further operational
constraint is introduced to the launch on demand
scenario as a result of political psycholcgy. If the
suspected felon were to be an American satellite, would
the remaining states to the treaty entrust the Paxsat
spacecraft to be launched by an American launch vehicle
from an American launch pad when a deliberate act could
foil the investigative mission under the guise of a
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Definition and General Implications_(Continued)

statistical launch vehicle failure? Or conversely, if
the situation was Soviet? This is not to suggest that
these nations would commit such actions, but only to
illustrate that the question of trust is a real concern
within the international community. This dilemma 1is
resolved if Paxsat is launched by a nation different to
that urnder question and ideally one who can be neutral
to the constestants involved. This requirement on
operations combined with the need for a fully integrated
launch vehicle soon raises the system cost for the
launch on demand scenario by requiring several
integrated launch vehicles, and may well exceed the
spacecraft life cycle cost savings which was asserted in
the initial scenario.

Additionally, technical factors involved in the launch
on demand scenario also questions its relative
effectiveness when compared to its alternatives. These
factors regarding launch windows are present in the next
subsection.

The results of the analysis on the launch on demand
scenario is a function of the assumed operations
scenario. That scenario presented here points to an
alternative mission scenario for the Paxsat spacecraft.
Further study on this subject would be required to prove
conclusively that the launch on demand scenario is not
an ideal mission concept for the Paxsat spacecraft.

The Rendezvous Problem

The possibility of launching on demand requires the
ability to launch from earth and closely approach an
orbiting satellite. The technical problems Involved are
identical to those of the rendezvous problem, excluding
the final approach and.docking. The procedure for
rendezvous was therefore explored and is described in
detail in Appendix B. The major elements of this
procedure are sketched here.

When a target is identified and its orbital parameters
are determined, a procedure for rendezvous may be
established. The objective of this procedure is to
bring the chasing satellite to the same place at the
same time and at the same speed as the target. The
method consists of precise timing of all events from
launch to rendezvous.
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The Rendezvous Problem (Continued)

The near approach of one satellite to ancther will
require careful monitoring and the best possible
visibility from earth stations, The point where
rendezvous Will occur will be selected with
consideration of the avallable tracking sites and
control centers. The choice of an intercepition point
will be most limited for the targets at the lowest
altitudes, as these will have the highest speeds and the
shortest visibility times from any ground s8taticn. The
first step in the procedure is the selection of this
rendezvous point.

4 transfer orbit is designed to bring the chasing
satellite to this position and a phasing orbit is used
to assure that it arrives at the same time as the
target. The design of these orbits is a process of
trial and error to find the best combination of time and
fuel costs which will meet the rendezvous objectives,.
The altitude of the phasing orbit is cpen Lo choice and
a variety of values will be tried in finding a suitable
combination. The process begins with an arbitrary
selection of an altitude for the phasing orbit. This is
used together with the target orbit to prediect the
transfer orbit parameters.

The time of launch must be coordinated with the position
of the target satellite in its orbit at the launch time.
This is obtained by working backwards from the
rendezvous point and equating the times for both
vehicles to reach this peint. The time for the homing
satellite Lo reach the rendezvous point is the sum of
the time in the transfer orbit, the time in the phasing
orbit and the time of ascent to the waliting orbvit. The
point of reference for these times is the perigee of the
target orbit.

Launch from earth i3 planned to occur when the launch
site crosses the plane of the target orbit, This scheme
i3 necessary to avoid the prohibitively high costs in
fuel to make changes in the plane of any satellite
orbit, With the inc¢lination of the target orbibt known
and the latitude of the point of interception selected,
the distance along the equator from the longitude of the
launch site to the eguator crossing of the target may be
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calculated, This leads to an expression for the time of

which the launch site c¢rosses the orbital plane

referenced in the vernal equinox direction.

The launch time, measured in the orbital plane, and the
time the launch site crosses this plane, measured along
the equator, must then be related toc a common base so
they may be equated.

Matching these times shows when the target must cross
the equator for a successful rendezvous,. A different
equator crossing point will result for each different
number of revolutions in the phasing orbit. The one
which matches one of the actual equator crossings of the
target will allcow a launch which will lead to
rendezvous.

A new set of solutions will arise from a new altitude of
the phasing orbit. The procedure is repeated until an
appropriate launch time is found corresponding to a
sufficiently short time to intercept. In a simplified
but representative sample case, the time required to
rendezvous with a satellite orbiting at 1000 km above
the earth was 15 hours using nine revolutions in the
phasing orbit (see Appendix B).

A very specific launch time results from these
calculations, Deviations from this time of launch
impose penalties in fuel which rapidly become
prohibitive. For example, the launch window for the
Solar Max repair mission was reported to be 3 to 13
minutes per day over a partlecular one week period. A
missed launch would generally require the selection of a
new set of orbits for a new launch time.

Launch from earth to intercept an orbiting target is
feasible in terms of orbit design. Ground station
controlled maneuvers may be used to bring a satellite
into acquisition range for rendezvous. By launching
into the plane of moticn of the target, the fuel
required is limited to that needed for altitude raising
and corrections. Penalties would be incurred should the
stringent timing requirements be relaxed.

'
'



Figure 5-1 illustrates two orbit planes of different
inclinations (i1, i2) and right ascension ( 1, 2)
relative to the equatorial plane., Any two such planes
may be characterized by a relative inclination and
their line of intersection, In the analysis which
follows, the orientation of the planes relative to
earth's equator will be ignored and only the relevant
parameter, the relative ineclination of the orbit planes,
considered.

The relative inclination of the planes can be obtained
from a specification of i, R,, i2, X2 by the equation:

G (pB) = e (- )eimi s, x wnl md,

This can be derived by taking the inner product of the
normals of the two planes expressed in the equatorial
reference frame.

As shown in Figure 5-2, the relative satellite phasing
angle (¢ ) is defined as the target true anomaly
referenced to the line of intersection at the time that
Paxsat crosses the line of intersection.

For the purpose of determining parameters such as range,
range rate, azimuth and elevation angles and other
parameters of interest, it will be assumed that both
Paxsat and the target are in circular orbits, and are
operating at the same altitudes. These assumptions
simplify considerably the analysis. The assumption of
circular orbits is justifiable on the grounds that many
orbits of interest are circular. Further, the insight
gained in an analysis of circular orbits can be applied
to elliptical orbits with allowances for varialtions in
satellite phasing and altitude.

Sensor Slewing

In order to maintain the target satellite within the
field of view (FOV) of the Paxsat sensors, it will be

53-8
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Sensor Slewing (Continued)

necessary to slew the FOV's relative to the orbital
reference frame. This may be accomplished in any one of
the following ways:

{a) The sensors are filxed to the satellite which
maintains an unchanging attitude relative to
either the earth or inertial space and the sensor
head sc¢ans mechanically or electronically to
follow the target.

{b) The sensors are mounted on a platform which slews
to follow the target. The platform is coupled to
the satellite body through a gimbal systen. The
satellite body remains pointed to some reference
frame.

() The sensocors are fixed to the satellite body which
slews Lo follow the target.

A combinatlion of these methods can also he used of
course.,

The following are the equations of motion of the target
in a Paxsat centered reference frame which rotates so
that the X-axis remains pointed away from the center of
the earth and ¥ is the direction of flight. This
reference frame réepresents the attitude reference for an
earth centering control system with yaw control such as
might be typical for a LEO spacecraft.

_@ - RT(mQP ol + S0 s 8 ca:bﬁ\'Rp
Re (558 am « o8 258, cnbf)
. sub st

g- wr"?
§ = wteg

—

5-11



Sensor Slewing (Continued)

From these equations, one may determine the requirements
for slew rates, slew angles, angular accelerations,
target range and target range rate which make up the
constraints on the sensor and spacecraft design for a
fly-by mission. Figure 5-3 illustrates the definition
of main and secondary bearings.

Figure 5-4(a-f) illustrates these quantities in the case
where Paxsat and target heights are 1000 km, relative
inclination is 90° and phase angle is 1.0°. This gives
a distance of clcsest approach of just under 100 km.

From the point of view of the sensor design, the range
and the observation time are of most interest. The
slewing rates effect the spacecraff momentum management
philosophy and so are important to the spacecraft
design. The angular accelerations, along with the
intertia properties of the items slewed determine the
torque actuation requirements,

For exampled, a maximum yaw slew rate of " 6.52 per second

{see Figure 5-4(c¢}) imposed on a satellite whose yaw
inertia is 100 kgm?2 gives an angular momentum L of

L = (&-Sﬂ'){ga
{ga
L = 1.2 Nmws

which corresponds to the reaction wheel capacity
required to maintain the satellite body stable.

The corresponding maximum angular acceleration

(Figure 5-U4(d)) is apprcximately 0.489/82 and translates
te a required torque T of

T= (lao kﬁafYO‘i’ﬂgTr\
(.11

T 7 0.%% Bm




Sensor Slewing (Continued)

which, in conjunction with the angular momentum
requirement, effectively specifies the reaction wheel
capacity required on the spacecraft to perform the yaw
marneuver.

Figure 5-4(d) therefore also shows the torque profile
which would be commanded by the maln bearing slew
controller during a pass of the target. It should be
noted that the torque profile is highly non-linear, and
s0o would require sophisticated controls to implement,

From the plots in Figure 5-4, it is clear that most
parameters reach a critical value at the time when the
target is closest to Paxsat. It is of interest,
therefore, to see the relationship between these
critical parameters and the orbit configuration
parameters (relative inclination, phasing angle).

Values of the Parameters of Interest at the Time of
Closest Approach

Taking the derivative of target range with time and
setting it egual to zero gives the time of closest
approach 4., as

4, - ;‘3‘(

~la

.hhTT) ne ©,4,2,%,...
w T onbit eghation tote

Evaluating the expression for target range at this time
gives the range at closest approach to be:

Ren = RAZ( - (B el (%) comnp

The angular rate on the secondary (elevation) bearing is
zero at closest approach. However, the main bearing
angular rate reaches its maximum which is evaluated to
be:

é{ﬂg} - € S AR S d
dlf ("w;¢¥l+mAP)

Con
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Yalues ofrthe Parameters of Interest at the Time of
Closest Approach_ (Continued)

The table below shows the values of time of closest
approach, range and azimuth rate for the case of 1000 km
altitude orbits Iinclined 900 relative to each other with
Paxsat and the target phased 19 apart.

1 a ds,
A , “A l :FS.C4
-8.%s l ©

Al Km I 6.53

These values may be compared to those 1llustrated in
Figure 5-4,

Range from Paxsat to the Target

The magnitude of the displacement, i.e. the distance
between the satellites is then given by D, where

D= AR J'\~ Con (Wt +f Yo (o) = si(otsg Mo (ut) AR

With this information, one can determine the extent of
visibility of the target orbit from the Paxsat orbit,
However, for low earth orbits, the effect of the earth
in hiding parts of the target orbit will be pronounced,
therefore, an algorithm for determining whether the
target is eclipsed by the earth must also Dbe
introduced.
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Conditions for Earth Interference in the Line of Sight

From Figure 5-5, it can be seen that the distance L may
be obtained from P, the vector from earth's center to
Paxsat, and D a unit vector from Paxsat to the target by
equation:

L = [P xDB| =]|p singDPp|

~

replacing P and D vectors from above gives
L R 8. oo (B, - 48\ 8 8
= K| 58w (6,- + o8, 508 5088 — pd_sia

where Bf" wt
9{- uf+¢

if L < Rg + &

then, the earth interferes

Re = earth radius
¢ = thickness of atmosphere through which Paxsat
sensors cannot operate

Figure 5-6 shows the maximum possible satellite phasing
which will allow at least 1 minute of viewing per orbit
of the target by Paxsat for a selection of orbit
altitude.

One may interpret the graph to say, for example, that if
the target is randomly phased relative to Paxsat, if
both satellites are at an altitude of 200 km, and if the
relative inclination of the orbit planes is 459, then
the probability of viewing the target is only 17% even
with an infinite range camera (31° out of 18¢) due to
earth interference in the line of sight.
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2

Target Visibility versus Relative Inclination and

Phasing Angle

An expression can be derived which gives the allowable
set of inclinations and phases for which the satellite

is visible a set period of time. As Appendix B shows,
if, e* = % + 6-5}_{-
8- = o -k
K - CANMZAD.  Adncht
Al Aadisse
& = relative inclination
«> = orbital rate of rotation
T = time that the target is in view for each
encounter (there are 2 encounters per
orbit)
Then
k?..
Cos(AFEB = 5 cao(gf)a-a(@:-\ -\

5ﬁ~6h33k4§4

Using this expression, one may plot a graph, Figure 5-1,
of how long the target is visible each orbit {expressed
as a percentage of the orbit period) as a function of
the relative inclination of the Paxsat and target orbit
planes and the phasing of the satellites in their
respective orbits.

Plotting these graphs for the case of Low Earth Orbit
{at altitudes of 200 km and 1,500 km) and camera ranges
of 100 km and 1,000 km (see Figure 5-7), one can see
that continuous coverage may be obtained only for orbits
with a small relative ineclination, This in itselfl does
not preclude the use of the fly-by as a means of target
interrogation. It does show, however, that a trade-off
exists between camera range and fuel (which can be used
to get near the target). This trade-off favours long
camera ranges only if they can be obtained relatively
cheaply. This is discussed in the following sections.
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Fly-By Versus Rendezvous

Since it is possible to observe another spacecraft event
though it is not co-orbital with the investigating
satellites, the question to be answered is, To what
extent should Paxsat be maneuvered towards the target?

The options are as follows:

(a) Perform a fly-by making no effort to align the
orbital planes, concentrating solely on satellite
phasing and orbit altitude.

{b) Perform a rendezvous by expending fuel to rotate
the Paxsat orbital plane to make it coincide with
that of the target and then maneuver to get near
it.

If it is considered that continuous coverage of the
target is required during the investigation peried, then
a trade~-off between coverage at a distance versus co-
orbital coverage favors the co-orbital scenario. The
fuel required to co-orbit is cheaper to carry than a
camera which could maintain continuous coverage even in
the presence of a relative inclination of the satellite
planes.

If, however, it is considered that periodic coverage
giving an access time of approximately one minute per
encounter is sufficient to investigate the target, then
a fly-by investigation would be favored because the
sophistication and expense of the on-bcocard hardware
would be offset by the speed with which the
investigation could vield results, and by the endurance
of the investigating satellite, neither of which could
be matehed by a rendezvous investigation.

For the purpose of this study, 1t was assumed that
continuous coverage was a requirement due to the number
of observations and measurements deemed necessary to
identify the function of the target. Subsequent
analysis {(sSee section 5.5.3) show that the fuel
requirement does not render a rendezvous unfeasible
provided that sufficient time is allowed for the
transfer. However, a large number of investigations can
probably not be mounted with the same investigating
satellite unless the targets to be investigated are
distributed favorably.
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5.4 Fly-By Versus Rendezvous (Continued)

(a)

(b)

(e)

(d)

(a)

(o)

{(c)

(d)

Drawbacks of the fly-by scenario are:

fligh angular velocities of the target with respect
to the Paxsat create a requirement for a high
performance control system and in any case, limit
the range of relative inclinations across which an
observation could be made.

Due to earth interference and also due to the fact
that only a limited relative inclination of the
orbit planes will permit cbservations to be made,
it is clear that a fly-by configured Paxsat would
have to carry a propulsion system and a reasonably
large fuel supply in any case.

Because of the high angular velocities and long
camera ranges, the quality of the Iinfeormation
gathered will, in principle, not be better than
that obtainable through observation from the
ground, where a larger and more sophisticated and
flexible investigative capability could be
constructed.

The gquantity of information gathered by a fly-by
satellite would not be larger than obtainable from
the ground, especially considering that several
ground based Installations could be used.

The benefits of the rendezvous scenarioc are the
following:

Relatively unsophisticated, freely available
hardware can be used in the spacecraft design.

The number of measurements and observations taken
of the target is large and the target can be
observed in a large number of operating modes.

The fact that the number of investigations are
1imited puts more emphasis on and highlights the
political process which makes the decision of
whether to investigate or not.

The rendezvous optimized satellite is relatively
mycopic and so poses no threat in any sense to the
satellites not under investigation.
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Fly-By Versus Rendezvous (Continued)

(e) Because it operates at the closest practical range
to the target, 1t affords the best opportunity
available to investigate a satellite short of
retrieving the satellite from orbit and examining
it-on the ground.

Rendezvous Scenario

e e S it it

Figure 5-8 illustrates the classical orbital elements
which are used to define the positlon of a satellite in
orbit about the earth. Since these elements describe a
perfectly elliptical trajectory, they pre-suppose an
orbit about a peint mass and Ignore effects of earth
triaxiality, solar and lunar gravitational
perturbations, aerodynamic forces and solar pressure on
the orbit dynamics.

The first assumption made is that all of these
perturbation effects except those due to earth
oblateness are negligible., The preocblem addressed is
that of the transfer of Paxsat from one defined orbit to
another. In essence, it is assumed that both the
initial and final Paxsat orbits can be defined prior to
a transfer being made.

The second assumption Is that the initial Paxsat orbit
is circular.

The orbit transfer is then divided into a gross maneuver
which places Paxsat 1into near proximity of the target, a
mid~course phase in which the target is acquired and
station-keeping phase which locks Paxsat on the target
and maintains a desired station relative to it.

The groess maneuver phase itselfl is divided into separate
maneuvers each of which is dedicated to adjusting one or
more of the six orblital elements as follows:
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Geometry (Continued)

MANEUVER OREITAL ELEMENT ADJUSTED
1 Right ascension (&)
2 Semi-Major Axis, Inelination {(a,l)
3 Eccentricity, Argument of Perigee (e,w}
it True Anocmaly {¥)}

As shown in Figure 5-8, right ascention () and
inclination (i} orient the plane of the orbit relative
to the earth; eccentricity (e) and semi-major axis (a)
define the ellipse; argument of perigee (X) defines the
orientation of the ellipse in the orbit plane and true
anomaly (¥} locates the pesition of the target in its
orbit,

The parameters requiring the largest proportion of fuel
to adjust are right ascension, inclination and semi-
major axis.

Eccentricity, argument of perigee, and true anomaly
will, for most orbits be more costly in time-to-transfer
due to synchronization requirements rather bthan fuel.
The exceptions will be those highly eccentric orbits of
the Molniya type for which the fuel required to adjust
eccentricity will obviously be lmportant. For virtually
all other target orbits, the fuel expenditures will be
as indicated above.

The mid-course phase begins when Paxsat is at a lower or
higher altitude, in a nearly coplanar orbit, and closing
on the target vehicle and when the distance between the
two satellites is such that the Paxsat homing sensor
(nominally radar} can acquire relative position and
velocity data.

Two types of homing laws were considered:

(a) The proportional navigation laws developed for
early homing missiles

(v) The state estimation/optimal filtering techniques
based on Kalman filtering developed more
recently.
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5.5.2.1

Geometry (Continued)

These two techniques were chosen as the mest reliable
and the most efficient respectively, and so to give an
indication of the effectiveness and efficiency
characteristics of these maneuvers.

Finally, the proportional navigation laws were modified
slightly to be used as station-keeping algorithms which
can be used to maintain Paxsat at a desired station
relative to the target.

Determining a General Transfer Strategy

Direct Injection Transfers

As was shown in section 5.3.1, the angle of intersection
(bP) cf two planes is given Dby:

m(oﬁ\ (R -Ta) sty sin iy 4 ton il Codin

This means that for a minimum time transfer, maneuvers 1
and 2 of the gross maneuver phase may be combined into a
2—-burn sequence Wwhich injects Paxsat into the target
crbit directly.

If the Paxsat orbit maneuvering engine can be assumed to
provide an impulsive burn, then the optimal 2-impulse
transfer between inclined circular orbits of different
altitudes requires the amount of velocity change shown
in Figure 5-9. These curves present velocity change
requirements (AV) assuming that some of the relative
inclination is taken out at perigee and some at apogee
s0o that the net AV is minimized.

It may be seen from these curves that the maneuvering AV
required for all but very modest changes iIn relative
inclination are too high to make direct injection
practical for most orbit transfers.
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Transfers Using an Intermediate Drift Orbit

Due to the nonspherical nature of the earth, there
exist gravitational perturbations which change the
orbital elements of any orbit.

Using Vinti's potential as a representation of the
gravitational potential for an oblate body having axial
symmetry, truncating all higher order terms and solving
for the first order secular perturbations gives:

Aol = o
be = o
L
Aw = 3D, _&)(2—5;@:1\ raA/rcu
v
2l o 3o (QFE (- 3 ) e
AL = O
z
AJL = -3TW :'I-,_(_&) Cov rWrcu
P

[Ref .1%8]

The perturbations of primary interest are to altitude,
inclination and right ascension. Since a and 1 are
both zero (to first order), the only usable perturbation
is to right ascension. Converting the formula to units
of degrees per day gives:

AR = _};—,31'(/: ﬂ: oo ’ ng){}(,oo)cm) d@wuus/dm_‘

oS (- T

and this is plotted in Figure 5-10 on a modified
altitude/inclination plot.

There are other perturbations to the orbit of a
satellite due to solar and lunar gravity, solar
radiation pressure and aerodynamic drag. However, these
do not produce siginificant effects in the elements of

Ig
I




FIGURE 5-10:

AN ILLUSTRATIQON OF LINES. OF CONSTANT DRIFT
(TO FIRST ORDER) '




5.5.2.2

5.5.2.3

Transfers Using an Intermediate Drift Orbit (Continued)

interest (a, L) for nearly circular orbits. Therefore,
for the purpose of this preliminary analysis, they are
ignored,

Earth oblateness may be used then to eliminate without
using fuel the component of relative inclination (2f)
due to right ascension. Assuming that an infinite
amcunt of time is available to perform the orbit
transfer, only semi-major axis (a) and inclination (i)
changes need to consume fuel,

Determining the Optimum Drift Orbit

Using natural perturbations to precess the Paxsat orbit
implies the selection of a drift orbit in which Paxsat
would wait while the perturbation acts.

The algorithm chosen to¢ determine the optimum drift
orbit is constrained by the following requirements:

(a) It must be quick encugh to allow parametfric
investigations (i.e. to calculate AV toc a range of
target orbits) without using an excessive amount
of ccmputer time.

(b) It must be accurate enough to give a realistic
estimate of AV required.

(e) It must be clear enough to implement (write, test,
debug) on a digital computer in a short time.

(d) It must handle non-coplanar transfers and bi-
directional transfer (orbit raising and
lowering).

(e) It should account for aerodynamic drag In very low
orbits.

(f) It should find the drift orbit which optimizes net
AV for the transfer (parking to drift to target).

The problem was subdivided into three parts:

(a) Determining the optimum eccentricity (e) of the
drift orbit




5.5.2.3 Determining the Optimum Drift Orbit

(b} Determining the optimum semi-major axis (a)
(e) Determining the optimum inclination (i)

This was done because these orbital elements (a,e,i)
control the first order expression for drift rate,

The search for an optimum drift orbit ccould then be done
in the following way:

(a) Allocate a desired drift period in which the
Paxsat orbit phase must precess towards that of
the target. ’

(b) Determine the initial offset of the Paxsat
ascending mode with respect to that of the
target.

(e) Determine the required drift rate of the ascending

mode (this reduces the degree of freedom of the
problem from three to two).

(d) Perform a 2-dimensional parameter scan 1in altitude
and eccentricity to determine which drift orbit
minimizes net AV.

This algorithm would require the calculation of between
103 to 10% scenarios to optimize just one parking orbit-
to-target orbit transfer.

The calculation of AV required to burn from one orbit to
another was based on the following assumptions:

3 i R
e e we O A O T I Wl Em U NE B

(a) Hohmman type 2-impulse transfer

{b) Optimum ineclination change split between perigee
and apogee,

(e} Combined correction of ineclination and semi-major
axis.
(d) No consideration of burn duration effects on

transfer eflficiency.

5-3%




5.5.2.3

Determining the Optimum Drift Orbit (Continued)

Impulse burns rather than finite duration burns were
assumed due to the difficulty in determining the effect
of non-impulsive burns on out of plane transfers. An
in-plane correction could have been applied but it was
felt that a uniform set of assumptions was preferable,

Also, though impulsive burns do not give a conservative
estimate for transfer AV, it is possible in theory to
apply operational constraints on the way the transfer is
accomplished so as to minimize any additional fuel
impact. Transfer efficiency can be traded~off against
transfer ftime.

It was assumed then that the fully optimized 2~impulse
transfer would be representative of an achievable
transfer AV requirement.

In time trials, the algorithm for one orbit transfer
calculation was executed in approximately 5 ms on the
available computer system, To perform a parameter scan
of the kind suggested above for a set of 100 target
orbits would require:

H

(103)3(100)(2)(0.005) 1000 8§ ( 17 min) at least

and

(10%) (100)(2)(0.005)

i

1000 5 ( 2-2/4 Hrs) at most

This time was considered excessive in view of the fact
that it would take this time to determine the volume of
space accessible by Paxsat given just one initial Paxsat
parking orbit and one transfer time specification.

Therefore some analytical means to reduce the number of
options for a drift orbit was required. Further, since
semi-major axis and inclination are tied intimately with
the properties of the target orbits (most targets in low
earth orbit and gecsynchronous orbits are in near-
circular orbits), therefore some means of Fixing drift
orbit eccentricity to a given value would probably be
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5.5.2.3

5.5.2.4

Determining the Optimum Drift Orbit (Continued)

the best way to reduce the number of degrees of freedon,
It was therefore to be determined whether and under
what conditions it is more efficient to change semi-
major axis than eccentricity in order to change the
drift rate.

Eccentricity of the Optimum Drift Orbit

In transfers where transfer time i3 critical, it is
necessary to precess at the highest possible rate
relative teo a target plane. This i3 achievable either
through a high absolute precession rate or a very low
(or negative) precession rate. The focus is on finding
any drift orbit that will give a fast enough drift to
meet the requirement. In this case, finding the best
orbit is relatively straightforward.

For transfers in which time 1s not a factor of great
importance, the problem iIs te find the mest efficient
drift orbit as well.

In setting the eccentricity for an orbit whose drift
raté is as great as possible, the first problem can be
rephrased as follows:

"If the greatest drift rate is desired, is it

better to have a circular orbit of the smallest
semi-major axis possible, or to have a slightly
larger semi-major axis and some eccentricity as

well?"
Choice 1
[s N RP = R
Choice 2 RP'_* Q
P - R, ( l*€>
i—-e
e = P?f(a~c3

where e takes any value.




Eccentricity of the Optimum Drift Orbit (Continued)

The drift rates are compared as follows:

Choice 1
J.Lt = '-K [# -u
N &
P~
Choice 2

ﬂ-,, s =k @
SN

Choice 1 is preferred if:

Q3. 51

Since this condition is always true except when e=0,
therefore it is true that the fastest drift orbit is
circular. The drift orbit should therefore be at the
lowest feasible altitude and be circular if the highest
drift rate is desired,.

The investigation then turns to how a small absoclute
drift rate could be achieved.

In order to lower the absolute drift rate, three cholces
are possible:

(a) A change in inclination towards the pole.

(b)) A change in semi-major axis and/or eccentricity
(this will lower the drift rate but not allow an
absolute drift rate of opposite sign, only going
to the other side of the pole can change the sign
of the drift rate).




5.5.2.4

EcCentricity_gg_the_gggimum7Drift Orbit (Continued)

{c) A combination of the above.

In order to clarify the choice given in (b}, one might
ask, "Is it more efficient in fuel to change semi-major
axis rather than eccentricity to lower the drift rate?"

It is assumed that the initial {(parking) orbit and final
{target) orbit are both circular, then cne must
determine the optimum eccentricity and semi-major axis
of the drift orbit whose drift rate ia known.

. i
2 - —;%.{;:ﬂb o

2% (-eY

where

is the drift rate

is the radius of the earth

is a constant (38600 km3/82)

is the drift orbit semi-major axis
is the drift orbit eccentricity

Tl

First, the effect of changing eccentricity on the drift
rate 1s given by:

2R | LRl | e
DE &5 (- Y (-2)

It may be noted that

25
B

- O
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Eccentricity of the Optimum Drift Orpvit (Centinued)

for an initially circular orbit. The effect of changing
semi-major axis is given by:

In order to gueage the fuel effectiveness of changing
eccentricity or changing semi-major axis in order to
change the drift rate, the following derivatives are
desired:

2 ON. amd D oVe

S —_—

B R >
but WAV . B8Ve e
AN o DR
and ANMe | oV e
S 2 e 3

As is shown in Appendix 8, the following expressions a
true

e - R S

>e 2 o Me z Va

For an initially circular orbit of radius & .

ws.\[—ﬂ ol

T3
(]
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5.5.2.4

BEccentricity of the Optimum Drift Orbit (Continued)

and

DoV, _ o

WA

This may be interpreted to mean that although changing
eccentricity alone is not more expensive in &V, it is
relatively ineffective for an initially circular orbit.

Since it appears that the optimum adjustment of a
circular orbit to produce a relative drift appears to
imply adjustment of semi-major axis rather than
eccentricity, the guestion remains whether this is also
true for an initially eccentric orbit,

Again from Appendix B, the following expressions are

‘ l "

true for eccentric oroits:

» (6Vhe) . 1teYi-e)
-—3: * 2 4. \}7\( &X

and

AoVe) . A \) .
e 2 alive1-ed

Forming the expressions for

»AY,

DR

and

D av,
N

as before gives

WY, '\Jhkcwqo..e)(
2 -

Yy

+
— -
s.2¢ {/1 @ wn &




5.5.2.4 Eccentricity of the Optimum Drift Orbit (Continued)

}lb_vi-_ = .-L — GES_({ C @1)_5_
30 Z alitreY1-¢) Gd;..l’-tzmé e

To determine which element (semi-major axis a or
eccentricity e} gives a more favorable decrease in the

satellite drift rate , a ratioc can be formed
d4Y,
2pH be(treYi-¢)
s BVUg c.s (- C"')S
———
35
This expression is evaluated in Table 5-1 for a range of

eccentricities.

This may be interpreted to mean that for corbits which
have an initial eccentricity of less than approximately
0.5, semi-major axis adjustment produces the same change
in drift rate as eccentricity change for less fuel.

For orbits of the Molniyva type, whose eccentricity is
greater than 0.5, changing eccentricity produces drift
rate changes more efficiently.

It may be concluded then that for LEQ satellites in
near~-circular orbits, one may select circular drift
orbits as a reasonable approximaticn to the optimal
eccentricity., For Molniya orbits, a different strategy
must be used.

It must be noted that this analysis does not take into
account inclination changes or air drag effects. In the
final analysis for detail design purposes, the full
blown parameter scan will need to be performed to
optimize both semi-major axis and eccentricity and to
account for finite burn times.

Summarizing, the following are the features of the

algorithm: )

{(a) Spends approximately 1 8 of computer time to
optimize a single transfer thus allowing parameter
studies.

5-46
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TABLE 5-1 RELATIVE EFFICIENCY OF CHANGING SEMI-MAJOR AXIS, AS A
FUNCTION OF INITIAL ORBIT ECCENTRICITY

aaN
S Ebﬂc

0.057
g.117
0.248
0.648
1,016
1.674
7.055

o
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5.5.2.4

Eccentricity of the Optimum Drift Orbit (Continued)

(b) The accuracy is difficult to estimate because for
any given transfer, a more optimal strategy nmay
exist. The algorithm computes fully-optimized
2 impulse transfers making no allowance for finite
duration burns, and assuming circular drift
orbit.

(e¢) Algorithm is quite easy to understand, there are
no special cases or difficult logic sequences.

(d) Handles non-coplanar and bi-directional
transfers.

(e) Uses an analytical version of the Jacchia 77 model
atmosphere, making no allowance for day/night
variations. A first order estimate of altitude

loss due to drag is used which allows for
atmospheric rotation.

(f) Finds the optimum drift orbit in terms of minimum
Av.

For the purpose cof parameter studies which produce a
contour plot of AV against target orbit altitude and
inclination, the contour plotting algorithm uses a
quadratic Lagrange interpolation formula.

Delta-V Requirements for LEO Operations

The transfer strategy developed above requires as input
the following parameters:

(a) Parameter 1 - Initial Paxsat position
{b) Parameter 2 - Transfer (drift) time
{(c) Parameter 3 - Range of target altitudes and

inclinations

(d) Parameter 4 - Required change in right ascension
of ascending node.

Parameter 2 was varied in relatively coarse steps (60,
90, 120 days). Parameter 3 was determined from the
sample satellite data base which indicated a typical
spread of operational military satellites. Parameter 1

14
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