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N The current efforts of the United States in developing a.  antisatellite systeny were
reviewed and are sumimarised in this paper. The factors that are important to the develop-
ment of a kinetic energy kil system were identified sand five were determined to be eritieal
issues. These are target list, orhit determination, system reaction time, mirs distance, and
kill criteria. Early attention to these individusl problems could reduer the cost sand The risk
of proposed syatems, The aystems being contemplated that use high-energy lasers as the
kill vovice are discussed in the light of current and near-term technology levels, The thivee
locations of such syatems—ground-based, aireraft-borne, and space-hased-- are compared,
and the attributes peculiar to cach are identified.

[ BACKGROUND

W) The Space Defense Program has now wehieved
a programmatic stability amd s expected to
proceed ia an onderly manner through develop-
meat, flight test, i -1 deployment. Space Defense
is the unclawified title assigned to all U8, ants-
satellite (Asat) efforts. There are no current or
plannad programs to defend space assets. It s
expected, however, that if Asat becomes n subject
for SALT negotiation or when a new AsaT
hardware contract s let, the Department of
Defense will declassify the fact that the United
States hax been engaged in Asat activities (hoth
studies and operational hanlware) since 1956,

TS The early history of Asar system studies,
technology development, and system operation i
summarized W Space ['efense Sysiem, Task 1,
Historical Summary Report.('*) Other volumes of
that series (Refs. 1a-1c) discuss threat assessment,
conceptual design, wnd technology a sessment,
and Ref. 1d is & summary of the three, This series
represents the view of the Space amd Missile
Systems Organization (SAMSO) of the Awr Foree

Systems Command (AFSC). It is one of the fow
suecessful - treatinents of  the complex  Asaw
problem.

™ Figure 1 was freely adapted trum Rel. 1o to
show the mterrelationstups m both deas and
concepts among & number of programs that have
contributed to the generally known Asav pro-
grams. The Air Force opened diseussion on Asar
with SR-143 m 19566, following it with SR-187
and ADV-40-all sty programs  In the mean-
time, the Navy sponsored FEarly Spring, the
Navy's first avd oniy {oray inte the AsaT arena.
While this pregram was only modestly Tundedd
($500,000), it i« often remembered as the seed
from which many of the current concepts have
sprung. Subsequent to Farly Spring, the Navy
has mawtaimed only a low-level mterest m Asar,
primarily through nonnueclear warhesd amd hy per-
velveity impaet testing at the Naval Research
Labaratory.

W The two efforts, ADO-40 and Karly Spring,

gave rise to three distinetly (ifferent appreaches
to the Asat problem: (1) a large-riek! nuclear

*(1') Thia work was done during 1876 77 for the Asetstant Dircetor, Defensive Syatems, ODDR&E. During the effort
the author worked elosely with the Air Staff, the Space and Missile Systems Organiration, the Aercspace Corporation,
the Vought Corporation, General Dynamics Pomona, and the Defense Intelligenee Agency. The work seported here
takes advantage of the conevpts, studies, anid analyses already developed by them, The aithor also wishes 1o acknuwledge
the able assistance of Dr. Rex Finke, who was invaluable throughout the task.
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weapon amnd a pomnt-inspace intercept, for ex-
ample, Program 437; (2) & homing guided, large
interceptur with & nonnuclear fragment warhead,
for example, Progran: 922; and (3) a miniature
homing wmterceptor using the body tor kil (the
one-eved poalie), for example, the Army Hir.
Figure | shows these separate paths, and they are
discussed in more detail Iator.

(W) Conenrrvently with, Marly Spring, the Air Force
undertook an ambitions effort toward a satellite
intereeption and mspection system (Saxt) Over
ape od of 5 vears and under thoee program name:
some $60 miluon were spent. Although the program
was terminated in 1962, the Phase 0 study results
were not formally pubhshed until 1964, The
rensons given for terminntion included lack of
development of the predieted Soviet  threat,
difficalties in developing the technologies thought
necessary to implement the <ystem, amd cost
uncertamiies pssoviated with development, de-
ployment, awd system operation. The concept of
combined 1 e tion ane! negation has never boen
revived, and with the advent of sophisticated
space object identification (so1) techniques, it is
unlikely that it ever will,

™ The Armay, in response (o what -was then
considered an nrgent need, developed and de-
ployed in 1963 the first operational U5, Asat
capability with Program 505 [t consisted of «
single site at Kwajalein Atoil in the Pacifie, from
which a maditied Nike- Zens missile was lannched
in a direct-ascent, commuand-gnided  trajoctory
to & point in space. The warhemd was
nuclear. Program 505 provided the sole Asar
capability until 1964, when the Air Foree Program

1”2 JOR
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Figure 1. Genealogy of miniature,

conventional, and high-energy laser

Ry Arar systems,  (Figure classified
e

437 became operelional. Program 505 was decom-
missioned in 1966. The total cost of the Army
effort was appioximately 811 million.  Until
recently, there has been no interest on the part of
the Army in a return to the Asar arena. The
Ballistic Missile Defense Advanced Technology
Conter (BMDATC) now has a program® explorin-
tha techniques of intercepting a reentry vehi
during the mideourse portion of its trajectory
(ear npogee). AraT is 4 natural subset of this
rroblem, and as such, it is being examined.

T Parallel in time to the SaiNt program was
another program sponsored by the Air Force,
the aforementioned Program 437. An outgrowth
of the soveral early study efforts, thix program
went through both a developmental (Phase 1} and
an operational Phase 11) sequence. The system
consisted of a nuclear warhead delivered to a point
in spuce by a Thor hooster. The target point in
spuce was detined on the basis of SpAcETHACK
Jdata. Phase |, which lasted some three yea.s,
consisted of development and four flight tests of
the svstem for an ivestment of about $67
million.

Nln 1964, the system was flight tested by aa Air
Force crew al Johnston Island. Subsequent to the

Progrem 437 was declared operational at
that s'te. Periodic training amd evaluation lnunches
were comuluctedd with regulsr Air Foree crews
through 1874. When the svstem was finally de-
commissicned i that vear, the operational aspeet
had expended about $111 million. The facilities

i The Erhbit program in progress at Mellonnell
lhlu las Corp., luntington Beach, Cahl, sponsared by
H\iﬁ\ TC.
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at Johnston l<land were closed, but were main-
tained, at least for u while, in & manner that wounl!
allow reactivation if the need arvse. The facilitios
were ultimately closed down arl the svstem com-
pletely phased out.

™) Interest in ronnuclear Asat has ulways heen
preseut from the time of the early studies, and the
Air Foree revived nonnuelear AsaT activily
through the ADO-40 program, Program 93,
Program 437Y, Program 922, ani the Special
Defense Program. This series of programs (un the
same concept as the seminnl  Farly Spring),
spanning simost 10 vears of elgped time, denls
with s rather large intereeptor, a homing guidanes
system, and a {ragmentation warhemsl. The fimst
three programs named were stdies, and the last
two were for hardware development amd tests,
The haniware development portion spent over
$34 million and required abont 5% vears (v om-
plete. A single flight 1est wax attempted (during
the Special Defense Program in 1970) and it
fuiled, not because the technology being explored
was too advanced, but because a loak oceurred
in the vacoum seal of the sensor vap. Some
organizational elements in the Air For-e use the
Program 922 portion of the series of offorts as o
case stwdy in inefficiency resuliiig from mission
redirection amd priority reversals. (") The progr. m
was lso plagued with reseheduling and stop-work
onders, it suffered w change of mission from Asar
to anw, and it was finally canceled as Leing an
Air Foree program in an Ay mission aren,

N The thind focus of nttention has been the wse of
nHniature intereeptors weighing a fow tens of
nounils, rather than the few thousands of pounds
that are associnted with the homing guided,
fragmented-warhend  schemes,  Miniature  inter-
eeptors were first considered in ballistic missile
defease ns 8 counter to indiscriminable decoys.
The small interceptors, weighing a pound or <o,
woutlid be launched by the hun-deeds into o threaten-
mg volume, where they would engage and destray
hoth decoys and attacking reentry vehicles by
hody impaet —~the intercey e woulil be “intel-
figent shrapmel.™ Supportec Grst by DARPA and
then by ABAMDA, the bady ixedd seeker version

homing interceptor technologe: (i), Jeveloped
by Vought — was earried thoough extensive groumd
and drop tests. A pimbaled spinning sensor im-
plementation was conceived, and a number of

SECREY

tests have been performed by General Dynemics
Pomona 1o investigate the value and applicability
of this coneept. Other reluted issiies hive been the
subjects of arallel and subsequent progeams, and
some of the more important ones wre shown in
Fig. 1. The Air Foree's Mininture Development
Program, as it is called today, takes sdvantage
of the DARPA, ABMDZ, and Air Foree studies
Al experiments, ss well gs the sensor technology
work sponsored by the BMUATC.

TS Ax coon as it locame apparent that high-cnergy
lasers (EL's) were possible, the Air Force spon-
sored a study, Satan, secking to exploit the uet,
s A Asat weapon. [n ¢ later Sir Forew stidy,
Spades, the laser was thought of a. sn anw kill
mechanism. The studies Spaser [ and Spaser 11,
sponsoredl by DARPA, explored the capability
of & spree-based Inser as a satellite defonder and w
satellite attacker, respectively, Other DARPA-
sponsored work, the Advaresd Radintion Speee
Defense Applications  (anrsoa) Study and  the
Long-Ramge  Optieal  Svstems Stwdy  {Lioss),
continued  the space Iaser Asa1 studies; the
Spaee Laser Experiment Detinition (Skn) magped
the path to follow o determine ssperimentally
the capnbility of a space laser.

™ The viable Asar possibilitios, as soen tlay,

fall Lt three clisses:

I. The miniature homing vehicle, whose kill
mechanism i direct body impaet,

- A “eenvenstonal” fragmentation warhead in-
tereeplor, which by definition uses law-risk,
proved technology g sure-kall veluele that,
because of it “eonvenlionality™ e heavy
warhead and sensor, 1 eapectd 10 weigh
about 10 b, and

3. A gleenergy laser Avar that wight be spmee-

based but, if required early, night well be
deploved atop a high mountain,

[

Breause *he pen Asam s 5o far from realization and
i consdered st the DARPA elass of 1ech-
nology development. o1 s disenssod enly brielly
m this paper. 1t s expeeted, however, that future
work will better dehneate the rele of the nen
agmnst space objects and that ultimately the ne
will replace whatever kmetecnersy il deviee
s develapuad.

(U The cuerent plan for the space defenze offort
by the Aw Force centers on the developmoent of a
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Figure 2. Geometry of Soviet orbital interceptar trajectory.
(Figure classificd  Secret: figure caption  claeitied
=Ehprireiretinkd

miniature interceptor; & small amount of money
is earmarked for conventional-system study and
techuology  development, and some money is
carmarked for wen study. At present, the con-
ventional system ix considered only as a backvp
for the mu:nture systen: and no longer as an
carly-capability system.

I1. SOVIET ASAT DESCRIPTION

N As & matter of general interest and to generate
insight by U.S. Asar designers into some of the
interactions among Asat subsystems a  brief
description of the Soviet Axat system ns it ix
perceived is included here. Much of the basic
infornation that follows is from Rel. 2, which
can be studied for further details.

N The technology that supports the Soviet
AsAT systera is similar to what was assumed in
.S, studies in 1960,(*) when the SaiNT program
was being pursued. The propulsion and guidance
systems were first tested in 1963 and 1964 (Polyor
1 and Polyor 2), but the first intereeptor vehicle
was not flown until 1967 (Cosmos 153). The first
intercept tests were made in 1068 with Coxmos
249 and Cosmus 262 mpminst an instrumented
target vehicle ((osmos £48). These three launches
were made with the SL- 11 booster. as were all
interveptor launches after Palyot. Other tests
followed, and the orginal series termivated in
1972. when a targel was put into orbit but no
interceptor followed. There were 17 launches, 6

17¢ JDR

targets (of two varieties), and 11 interceptors
(with 7 intercept attempts) in the original series,
not including the early Polyor fights, In 1976,
testing was resumed, with three targets and four
interceptors  launche Al tests in 1971 and
thereafter were conducted in orbits inclined 65 deg.

T\ The geometry of a typical interception is
shown in Fig. 2. After sufficient tracking by
Hen House spacr-surveillance radars o establish
the ephemeris ¢” the target (over an iaterval
that has been wot less than three days), the
interceptor is launched when the target is about 60
degr (n Tew degrees for two of the 1976 tests)
belore its closest approach to Tynratam. One
quarter of an orbit downrange, the interceptor
performs a nlane change to get inte the plane of
the target. The plane change capubility may be
s much as & deg. At the completion of one-lal!
orbit, the mterceptor again manenvers to raise its
perigee (or wpogee in some cnsed) (o the tanget
altitucdde. The flight continues for wnother orbit-
and-one-hall (haif-an-orbit for two of the 1976
tests) lor adjustment of phasing with the target,
and as the point of closest approach is about to
occur, # thinl bum v made, after which the
relative velocity between the vehicles is observed
to be 400 m sec. About 3 min before the point of
closest approach is reacked, the intereeptor begns
search, and our observations have shown that
acyuisition oceurs with 70 to 90 see to po. At this
voinit, the terminal homing maneuver beging, und
at about 2 sec to go. a pellot warhead is fired.
While there have been failures from time to time
in various subsystems, it has been noted that onee
the secker s locked on the target the warhead
hins never failed, nnd the target has always been
observed to react to the impact.

™ Beewnise no gronnd commands to the inter-
voptor dading an engagement hnd been detected
(until 1976), it was assumed  that the entire
intercept  sequence  counl be  preprogrammed.
(This was supported by the one-orlnt 1876 tests,
i which there was no opportunity for ymound
interaction.) For this reason it was predicted(Y)
that system operativa conld be improved to a
quarter-orkit (direet-ascent) intercept with the
sime equipment. Improvement in computational
procedures slone (with no change in propulsion
capability) would ailow a single burn at the quar-
ter-orbit point that would combine the plane
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change and the closing-velocity adjustment, as
shown in Fiz. 3. While this mode has not been
tested, there is no reason to helieve it may not
be forthcoming, and if the United States were to
plan for the defense of its low-earth-orbit satel-
lites (by evasion or decoying), it should include
consideretion of this possible capability.

“t3) The sensor used on the interceptor is assessed

to be & monostatic, pulsed radar operating at 838
MHz with a 7.5-deg beamwidrh.(*) The unit is
estimated to weigh about 125 lb. To scan the
uncertainty volume, the entire interceptor has
been observed to cone rather than just the
antenna;* coning stops, once acquisition is
accomplished. Lock-on range is sbout 15 nmi
against a 2-m? target.(?)

=5} The warhead is estimated w .1 the multi-
layer, explosively driven fragment variety, fixed
to the vehicle and fired forward. When the war-
head is detonated, the rader ceases to function,
indicating either that the explosive destroys the
radar or that the pellets tear off the antenna. The
estimated warhead weight is 750 1b. The allowable
miss distance is estimated ¢t 50 ft and the range-to-
go at firing at about 2,000 ft.(3)

=t% The vehicle is estimated to be about 14 ft long
and 6 ft in diameter. Five orthogonal rocket
engines provide axial thrust, as well as the ability
to maneuver laterally. The radar and warhead are

) Tests in 1976 may have introduced an articulaten
antenna or feed.

Figure 4. 3oviet satellite interceptor
configuration (gource: Ref. 6).
(Figure clussified “Sevretr)
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Figure 3. Schematic of direct-ascent intercept mode for the
Boviet AsaT system (source: Ref. 7). (Figure and figure
caption both classified Sweret)

at the end opposite the axial engine. An artist’s
concept is shown in Fig. 4. The weight of the
interceptor at launch is about 5,500 Ib, and the
total velocity capability is about 4,000 {./sec.

%3 A number of observations that can be made
from the above description should aid US.
designers in pursuing their Asar program. The
principal limiting factor n the system is the
sensor. Considering the time period of develop-
ment, & redar was in order, but because radars
are severely range-limited (because of radiated-
power constraints), serious compromises are placed
on system operation. In addition to the radar,
another limiting factor is the propulsion. The

FIXED SENSOR (radar)

WARHEAD
{probably petiets)
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Soviet desigmer: chose to wse four fixed-thrust
transverse engines to close the initial latersl error
and final miss distance. The final miss distance 1s
strongly dependent on engine thrust,(% and
the thrust was therefore probably chosen to be
sufficient to get ("o interceptor within the desired
miss distance {which had been assessed as about
50 f).

™ The lateral maneuver capability of the system
required for operation within the combined error
wenerated by the target-epheeris measuring
system and by the Asar booster guidanee s
essentially the lateral velocity (that can be
added) times the time to go. This lateral velooity
increment capability was probably =et by the
miss—distanc> consideration, sa the only free
parameter is the time to go. The tinwe to go is the
sequisition range (set by the radar) divided by
closing velocity. To have the lateral range suffi-
cient 10 close out the errers mentivned above
{about 10 km), the Soviet design adopted & very
low value of the relative velocity (the observed
‘%) mysec) for the end game. The chiel consequence
of this small closing velocity is that orbital-
injection capability 1= required of the booster—
end hence, the use of the large S1-11 (modified
55-9 1enm) borster,

) What have been deseribed ahove are the prin-
cipal interactions smong the several parameters
that control the system design. The prudent TS,
desigmer will choose a sensor with as long a detec-
tion range as possible and a rocket motor (or ot
of motors) whose thrust veetor aud impuilse have a
large contiolled varmbility. 1T these selections
can be wade without undue penalty m complexuy,
the need for precise ephemers data will be
redueed, a lower cost booster muidance system
can be used, and short-time-of-cngagement geon,e-
try (such as direct ascent) ean be chosen for the
infercept.

= 1t was surprising that, alter the 4- to 5-vear
standdown, the new series of Soviet tests dud not
melude  new  components  (besudes  articulaed
antennas) that would relex some of the constrict-
mg parameters deseribed snbove. 1If no new tests
are conducted  with major upgradine of the
limiting subsystemws, we ean expect that the Sovie
system will remain very linited i altitude reach
and inclinanion covernge, will thorefore place only
a limited number of U.S. satellites at risk, and

176 JDR

will be replaced eventually by an all-new system. *®
Thus far, there have been no observations or
indications of follow-on Soviet Asat activity.

I1I. KEY IsSUES IN KINETIC-ENERGY
KILL SYSTEMs

™ A number of issues must be successfully
addressed if the United States is to continue the
development of an Asar system that uses a
Limetic-enenr kill mechanism. These issues are
discussed in the sequence one might follow in an
operational consideration. Those issues that are
considerad as key considerations are then identi-
fiedd, summarized, and ordered as to their relative
in.poi tance.
A. TARGET LIST

" The list of targets that can be negated by the

Asat system = important in several ways. The
functions of the targets and their usefulness to
the Soviets determine the vigor with which we
must pursue their destruction amnd the timeliness
required of the intercept trajectory. The sltitude,
the inclination, and the apparent size of the
satellite determine the performance requirements
of the interceptor system.

= In Ref. 9. which is a 1976 revised version of
the required operational eapability (roc) for a
space  defense svstem, the Aervspace Defense
Command (ADCOAD has ‘aken a more relaxed
position than ot took in an earlier document(™)
with regand to the number of Soviet sutellites

that nee! negation ard the anrency of their

newation. Although AIDMCON, i Rel. 9, still
projects for the 19532 time frame a large number
of sarpllites that it asserts the United States must
be capable of negating, estimates that  were
current i 1976 and near-term projectionst
muehicate that only 10 to 15 interceptions would
negate all the Soviet tactieal and  strategic-
support satellites. 1t is expected that ADCOM
will continue 1o serutinze the Soviet satellite
force and alter the roe as the pereeived threat
changes,

= A shightly ditferent criterion can be used (o
decide what satellites must be negated | It is that

e Note that Sevier troubles sith Asor colbibity have
not heen disetissasd here,

) Ut the hasis of the Defense [rtelligencr Propecizans
Jur Planuing. (0
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the United States must be able to negate Soviet

satellites (or saiellites from way other country)

; whose existence poses a threat to 115, forces
: or to the security of the United States. Here, it
' is important that the potential enemy be denied

the use of space to gain a military advantage
he would not have in any other way. As the
satellites listed by ADCOM as requiring negation
are discussed below, this criterion will be applied.

(U) Teble 1, taken from Ref. 9, is shown here
; as the focal point of the discussion. Satellite
'; descriptions and performances are taken from
1 Rels. 6 and 12,

1. Photoreconnaissance Saltellites

E M) The photoreconnaissance satellites currently
in use are a low-resolution photo/clint and a high-
resolution photo. They both use modified Vostok
3 vehicles and operate at a few hundred kilometers
altitude. Inclinations of 52. 65, 72, and 81 deyg
are used, and the satellites are launched from

R

- Tyuratam Missile Test Center and Plesetsk
, Missile and Space Center by SL—4 boosters.
L The low-resolution satellites are launched at the

rate of ahout 10 per year and the high-resolution
satellites at the rate of about 20 per vear. There
is usually only one of each operating at any
one time,

W) Both systems use film, which is recovered
after landing, and both satellites have useful
lives of 12 or 13 days, which lim'ts the use of such
a system to long-term intelligence and verification.
Unless the desigm and operation of these vehicles
are changed, they will have little value in a real-
time situation. Therefore, from & view of what is
“at risk,” there is little incentive to intercept
3 them.

g o

™ A new-generation photoreconnaissance satvl-
lite system, operating at a 67-leg inclingtion with
& spacecraft lifetime up to 40 days and filn-
capsule recovery, began tests in September 1975,
With this system, the converse of the above
problem is the case. Thi, photoreconnsissance
satellite system is of a technological level thut
it would be possible to make the first orbit a
data-gathering orbit, if it were in au inclination
to overfly interesting areas. Therefore, it would
be possible to launch the photorecommaissance
satellite, take the desired photographs, and dron
the film capsule en the first orbit, well before an
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TasLe 1. Soviet military satelliies projected Jor
1982. (Table and table caption both classified
HSerren)

Lom . i2ftuds High Aititude
(belo TUO0 naf) Lilfprie (above 1000 pat |
{ Protorecon 4 MOLKIYA 4 Mereorol

4 B 3 Kissile Surv, 3 STATSIOmAR

4 Meteoralogy 3 SlainT

5 Ocean Surv 18 Mavigation

& Afr Sury, 2 Misstle Surv.
37 Comm Kep#at

Asat system could cven establish the ephemeris
of the orbit. While the new photoreconnaissance
satellite may be a desirable target, it is also well
beyond the capability of currently projected
orbit determination systems, at least for the
first few orbits.

2. Elint Saic'lites

=t A dedicated elint system operition was
initiated by the Soviets in 1968 with the so-called
second-generation system, the first-generation
system being an add-on package to photorecon-
naissance satellites. 1t appears that this second-
generation system, cylindricel in shape, ! meter
in diameter, and 2 meters long, continues to be
launched in spite of the existence of a third-
generation systom that was first launched at the
end of 1970. The third-generation system uses a
vehicle substantially larger than the second-
gen=ration system, but of the same general
confijuration. These third-generation satellites
oparate at about 600-km altitude at an inclination
of 81 .leg. They are normaily programmed once
per day, snd play back cheir output dumng a
single pass over Moscow, Lut there is no reason
tc believe that this procedure will rimain static.
The elint program appenrs to be very active. and
one should not ignere a possible real-time, loeai
readoul mede with local tasking of the ~atellite
as part of the growtli of the system. If this happens.
the clint systeni conld in o time of crisis beerme
a selious threat, one whose existence places a
number of our nssets such as command posts or
radar sites at risk. The clint satellite therefore
~hould be con-idered as a arget for a U5 anti-
satellite or some growth version thereof.

3. Meteoridogical Saieilites

T The Soviets have upgraded their meteorological
satellite propram with a new Afeteor-2, first
tevnched in mil-1975. It has the same basic
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configuration as Meteor-1 and is in the same
orbit inclination, 81 deg. Both Meteors are
launched from Plesetsk on SI~3 boosters to an
altitude of 870 un. It is expecied (hat the number
in operation at any one time will be nine to twelve,
with three to five launches per year. The opera-
tional lifetime is about 24 months.

T The prime sensor for Meteor is vidicon tele-
vision, scanning an«d nonscanning infrared systems
are secondary. Both svsteins can be operated in
real time or in store-and-dump modes. The
automatic picture transmission capability that
was developed on Meteor—1 is a tan:duni feature.
There are three known civil recipionts of Meteor
data, and it is believed that there is 8 network of
ground stations serving the military forces.

S The Meteor system provides repetitive cover-
age of a given area every 4 to 6 hr, which, cougled
with the real-time readout, could provide the
Soviet forces with tactical weather situstion and
prediction information to support their icem
strategic scrike forces and their tactical aircraflt
used for theater operation. The operation of the
satellite places our forces and our nation at a
higher level of risk than would exist without the
satellite. Hence, Meteor shouid be a target for
any U.S. antisatellite,

4. Ocean Reconnaissance Sateliites

%8 The ocean reconnaissunce satellites come in
two versions, radar and elint. The development
of the radar version (Romsar) was started in
1965, and a prototype was launched in 1967
{Cosmos 198). All of the satellites are lsunched
from Tyuratam aboard an SL-11. This booster
(a slightly modified 55-9) uses storable fuel in
both stages and, thus, could be deployved on
short notice in time of .risis. The operating
altitude 1s 270 km at an inclination of 85 deg.
‘The operational system is expected to consist of
two satellites, separated in phase by about 25
min. The system is currently assessed as having
achieved initial operational capability, and the
tests (in pairs) during 1974 and 1975 were thought
to confirn overall system performance. The life
of the system is about 2.5 months, after which the
satellite separates and one piece trausfers to a
circular orbit at an altitude of about 980 km.
A thermal-balance analysis of this higher altitude
stction, together with the expected decay time
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(250 yaars) from that altitude, suggests & nuclear-
reactor power supply.

TS} The dats acquired can be played back in real
time or in a store-and-dump mode. Operating in
pairs, this system poses a real threat to naval
forces and has been observed to be used in tracking
U.S. aircraflt carriers. Other Romsat activities
include operations at the same time as Soviet
and US. fleet operations. The expectsd Romsar
launch rate is two per year. RoRsAT is an obvious
target candidsta.

") The olint ocean reconnaissance satellite

(EorsaT) is & new addition to this series, having
first been launched in December 1974 (Cosmos
659). It, too, comes from Tyuratam sboard en
SL-11 booster. The operating altitude is; 435
km* at an inclination of 65 deg. It is similar to
the Romsat, in that it uses the same command
system and a similar data [orust. Data are read
out in & stere-and-dump mode over Moscow and
in real time to other sites in the USSR and to
Soviet fleet elements. 1t appeared to be operational
after only two launches, suggesting a high reliance
on proved RorsaT technology. The expected
EorsaT launch rate 1s one per vear. The elint
ocean reconnsissunce satellite is an AsaT target
candidate.

5. Atr Surveillance Saiellites

TS Air surveillance satellites are projected for
1982. It is difficult at this time o enucipate the
details of the technology and the system operation
that would make these satellites a threat. However,
it is understood that the projection wes made
with good foundation, aud one should properly
expect its appearance. If an air surveillance
satellite svstem appears and becoimes operational,
one should consider the system able to support
tactical operations in Kurope, as well as 1o detect
and track strategic bombers. At this time, one
should cousider an air surveillance satellite as u
potential target and expect 8 U.S. Asat to either
intercept it or be able to grow in capability so
that it could negate the low-altitude air surveil-
lawce function.

MLt i nota! that, of the four Eoksar satellites that
been launched, Cosmox nwr, Cromos 777, Cormox 838,
and Cosros 878, the precision in-ortutai &'titode has
been +1 km. Since no other Soviet system has this
precision, 1t is suggested that this might Le an Eorsar
3ysteia requirement,
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6. Communication Hepeater Safellifes

T Communication repeater satellites, as presently
deployed at low altitude, are of two varieties:
(1) small satellites that are launched in groups
of eight (hence the nickname, “eight balls")
from Plesetsk by an SL~8 #nd are randemly
injected at an elutude of about 1,500 km st an
inclination of 74 dey, and (2) larger single satellites
at about 800-km altitude at the same inclination,
also originating at Plesstsk and Loosted by an
SL~8. They both appear to be store-and-dump
communications repeaters with little capability
to support a tactical situation. As such, they
should not be on a target list. in any event, it
would be very difficult to attack a set of eizht-
ball satellites with a kinetic-energy interceptor
becsuse the satellites are many and are physically
small.*

7. Molniya Satellites

TS\ The Molniy. family of satellites was launched
in three models, starting in 1965 witl, Molniya 1.
The announced function of the program was to
serve as a domestic commuuications system, but
the capability for & global militury rominunica-
tions application is obvious. The succeeding
models Molniya 2 and Molniya 3 are very similar,
the cnly apparent changes being in frequency,
antenna configuration, and power supply. The
lavnch vehic'e is the S1-6, and the launch site
1s nuw Plesetsk.

TH Molniya | appears to have become of primary
service to the Soviet military forces. It is assessed
as being capable of relaying voice or telegraphy
only. The orbit is highly elliptical (with apogee
at its greatest northern latitude) and harmonic
(two orbits per day). The apogee 1s about 39,800
km, the perigee is about 560 km, the inclination
is 63 deg, and the period is 12 hr. The expected
lifetime is about 2 vears, and the lsunch rate has
been three per year.

™) Molniya 2, first launched in 1971, is similar in
deployment to Molniya I and has television
repeating capability as well as telephone or
facsimile. The operational lifetime is expected to

Should it be necessary Lo depend solely upon space

for communications, one technigue that would have a

high coance of suiviving a limited conflict invelves the

roliferation of very-small-cross-section repeaters with
-life power supphee

be a bit shorter than that of Molniya I, and the
launch ratc has been as high as three per year,
The use i© primarily commercial.

M Mob.iga § was first launched in 1974 sod is
expected ‘o be only a modest improvement over
Moiniya 2. The orbital elements are the same.
It is expected that Molniya 3 will be & component
of the Washington-Maoscow hot line.

“t%r A single launch, in July 1974, of a Molniya IS

to synchronous orbit aroused preat interest.
It was stabilized at longitude 85° E., operated
for about & months, and has been silent since.
It appeas 10 have beeni 3 development satellite
in the Statsionar program (Section 111410),

TS The Molniya family of satellites in elliptical
orbit appears to be a part of a concerted effort
by the Soviets to deploy & worldwide communi-
cation system to serve both their military and
civil ueeds. There i< & plethora of ground stat‘ons
in the Soviet Union, and there are & number in
countries friendly to the USSR and on several
Soviet ships.

™ [t is not clear thut Molniya is a desirable
target. With the exception of Molniya 1, the
system appears w be civil oriented. Soviet
military satellite communicstion traffic, while
heavy, ‘s parslleied Ly other military systems
that are not .atellite related. In addition, one
must consider the practical aspect of 1nterception.
The satelhite. while large in size, is virtually out
of range of our Northermn-Hemisphere-based
tracking stat.ons when overhead (apopee) and
out of sight of our tracking staions when at
perigee (midocean in the Southern Hemisphere).
In addition, when the satellite is at its lowest
altitude, its velocity 1= about 8,000 ft/sec {aster
than satellites in circuler orbit at that altitude.
One would have to make a substantial cost/
benefit argument that the continued existence
of the Molniya system places our forces or cur
national security at a unigque rizk before commit-
ting onesell to an Asar capability to engage this
difficult target.

N. Missile Surreillance Satellites

™ A series of missile surveillance s tellite
experiments was initiated in September 1972
with the launch of Cosmes 520 frem Plesetsk on
an SL-6 into s highly elliptical orbit. Thera is
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some difference of opinion as to the satellites’ Tasie 2. Revised target list. (Tuble classified
shapes and sizes, but not as to their function. asbipegsmagel
A total of five launches have taken place, injecting
the payload into Molniyu-like orbits. The coverage Drar iaised letay
of the broad ocean areas in e Northern Hemis-  FIk Scain Meconeisrance fareiiiin (Fonint,

phere was almost continuous, with lesser coverage
of the Minuteman sites, the Westeru Test Range,
and the Eastern Test Rango.

S The satellites described above as being in
highly elliptical orbits were foit med by Cosmos
776, which was launched to synchronous orbit
in October 1975, Whereas the earlier satellites
were launched from Plesetsk on an SL~6, Cosnes
775 came out of Tyuratam on an 5L-12. Thewe
is a difference of opinion as to the configuration
of the launch-detection satellites. Somz hold
that they are variations on the Molniya space-
craft, while others regard them as new configura-
tions. (‘osmos 775 is stationed at about long'tude
24° W. and inclined at about 0.1 deg.

™ One should consider the value and risk asso-
ciatedd with the interdiction of these missile
surveillance satelittes. In times of tension. there
may be value in the enemy’s knowing that the
United States has not lsunched a massive 1enw
or stum attack. The value of destroying the

Soviet lsunch surveilllance system would come .

only if a Ub. attack were launched and only
if the satellite had some capability to estimate
trajectory and time of armval and te alert the
Soviet defense. 1t is arzued, however, that the
interception of this type of satellite would pre-
maturely alert the Soviets to a U.S. intention o
launch a ballistic missile attack. Serious consid-
eration should be given to these factors before
the United States undertakes the desipn of an
Asar for this capability.

0. High-Altitude Meteorological Satellite

™ No Soviet meteorological satellites have
been observed to be launched for high altitudes.
Meteor [ and Mefeor 2 represent the total Seviet
meieorological satellite capability, but the Soviets
have announced that they intend to place a
weather satellite i geostationary orbit. If it
comes, it will be a candidate, albeit a difficult
one, for interception by a growth Asart.

10. Stutsionar

. The Soviets anuounced plans to establish a
network of geostationary communication satellites
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CLIAT Satellite
Meteorclogical Satellite (METSAT)

Postsfble Targets

Arve Survatllance Sste!!lite*

Precisfon Mavigacisnal Satwllifte*

Hig' ~Altituce Metsortlogica! Satedlite
Mew-Generation Photoreconnaissance Satellice
MOLNIYR 1

Isgrobatle Targety
Comsynicat!=n Repeater Satellite
MOLNI¥A 7 ang MOLNITA 3

Misptle Survelllance Satel|f”ex (E10rprical and Kigh-Altitude!
STATSIONAR

* Vivepeen bui net yel Lo orbge

nan ed Statsionar; it would duplicste coverage
of the Infelsat system. Cosmos 637 was the first
Soviet satc'lite launched to » synchronous equa-
torial position in Maich 1974, but it remained
inactive. A second synchronous equatorial satel-
lite wes launched i~ July 1974, but it was desig-
nated Molniya 1S (mentioned eurlier) and oper-
ated, as cxpected, on Molniya 1 frequencies.
After two announcements in June and September
1975, Statsionar T (Raduga 1) was lsuncned on
an SL-12 on Dec. 22, 1975 and inserted into
geostationary orbit at longitude 90° E. The
satellites have a television relay function rather
than the announced general communications
function announced for Statsionar . The plans
for a ten-satellite system appear to Lave slipped
in time, but are expected to be implemented in
the near future. Maduga 2 was launched in Rep-
tember 1976, and a geostationary satellite desig-
nated Ekran was launched in October 10876,
Statsionar 4, expected in the 197579 period, would
be placed off the west coast of Africa over the
Atlantic. Stefsionar & and Stationar 6 would be
placed over the Indian Ocean, whereas Stalsionar
7 would be placed over the Pacific Ocean. Abont
19580, Statsionar § would alse be placed over the
Atiantic. Two more Statsionars in that period
woull be positioned over the Indian Ocean and
the Pacific.(*)

T As far as is known, no military functions ae
currently associated with these gecstationary
satellites. They are parallel to other Soviet cain-
munication links, and therefore they do not
present a higi-value target to a U, Asar unless,

SReREE

i b il

CoaE

%




¥ 3 = = 3 - WA o pa.

T

P e e e

i e

T

T

G e L

i .

N A 8 L e e =

-SECRET
__ SPACEGRAFY VELOCITY VECTON
228 |
T E———
ITRE
4 9m}
o
™ 11 9} 08’
Figure §. Compor ite image of radar :_ ! (025,
ocean  recomasissance  satellite f,_.,, e h l'L
(Romsat) (source: Ref. 12). (Fig- SRaRRE AL r
ure and figure caption both classi- ] 1 a4 ‘
fied=Beerat) 1s* { 10.5m 1

of course, it becomes necessary (and pussible) to
interrupt the entire Soviet communications system.

11. Sigint Satellites

T No Soviet satellites are currently identified
with the role of sigint, although they are projecied
for the 1982 era. It is not clear how this function
differs from the elint function. Should the sigint
satellite system be capable of more than long-
term intelligence gathering, it should be reexamined
as a potential target. Until then, the physical
characteristics and the location remain as nebulous
as the function and need not be considered as
distinct from elint satellites in the current concerns
over the configuration of a U.5. antisatellite
5 /stem.

12. Frecision Navigation Satellites

%% Precision navigation satellites are projected
to appear in the early 1980's. It is not clear which
military role will be assigned to this new ~apability.
The Soviets can achieve satisfactory soft-target
accuracy for their sLpm and reny force with their
current technology. Should they find it advan-
tageous to use a navigation satellite to improve
the accuracy of their tactical ballistic missiles,
the existence of the satellites would place our
troops at rick and the satellites would become
attractive targets. It is not likely, however, that
an AsaT could be made effective in such a time-
demanding role when the flight time to high
altitude is so long (2 to 5 hr). Another role for the
navigation satellite would be to give the Soviet
sLBm force a real capability against our hard
targets without the need for significent improve-
ment in the inertial guidance equipment on the
submarines or in the supy’s tiemselves, Shou'd
this role come about or appesr iinminent, the
navigation satellites would indeed he a serious
threat to our forces.

SREREF

TS\ In summary of the above discussion, we have
a revised tareet list, as shown in Table 2. Here,
the list. from Table 1 ha., been parutioned, for the
reasons stated above, i, ¢ e groupings: target
satellites today, satellite © < hecome attrac-
tive (nucessary) targ s, 25 that are not
now and are likely neve: hwhile targets,
The basis for the choice 1 e nrst group is, of
course, that the continued existence of a particular
satellite or set of satellites places U.S. forces or
assets at a significantly higher level of risk. The
second group, possible targets, consists of three
satellites whose existence is foreseen but has not
yet materialized, a military communieation setel-
lite, and a new-generation pholoreconnaissance
satellite. 1t should be recalled that Molniya I is &
valid target only if all other parallel communica-
tion links are also attacked. The last group poses
no threat to the United States in their present
employment. Should their roles be changed, these
satellites should be reconsidered as possible targets.
It 15 unreasonable to categorize these satellites
as targets just because they might possibly be
used in a limited military way.

N’I‘he satellites that are perceived to be targets
for an early U.8. Asat system are shown in Figs.
5 through 8.(*)

B. ORBIT PREDICTION

TS, Once the satellite target list has been estab-
lished, it 1s important to determine the accuracy
to which the orbital parameters of those satellites
can be measured. The prediction error (volume of
uncertainty) contribute:. to the maneuver radius
required of the kinetic energy interce ptor.

¥, At the present time there are 2 number of
ground tracking stations that provide data on
which the ephemerides of satellites are based.
The spece detection and tracking sysiem,
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Seapats, (™) has two primary operating sensors:
(1) the tvacking and detection radars at Di yarbakir,
Turkey, which are now at least temporarily inoper-
ative and (2) the tracking and detection radars
at Shemys, Alaska, which are to be replaced by
& phased-array radsr in the near future. In addi-
tion, there are a number of contributing sensors
whose secondary missinn is satellite tracking and
that respond when available to requests from
Spapars. These sensors include: the three ballistic
missile early waming system (BMEWs) detection
and trackiug radars at Thule, Greenlend, at Clear,
Alaska, and at Fylingdales, England; the FPS-85
radar at Eglin Air Force Base, Fla., the Air Force
tracking radars a. Ascensi~n and Antigua Islands;
the Lincoln Laboratory Millstone Hill radar;
and the Navy-operated space surveillance system
(SpasuRr) radiometric interferometer.

3 Part-time contributors include the Air Force
Satellite Control Facility, the perimater acquisition
radar (paR), the Kwajalein Missile Range Radar,
NASA tracking and detection sensors, and selected
intelligence sensors. Beker~Nunn cameras are not
considered here, because of their loug response
time.
8% When both the Navseasur and the FPS-85
are available, they complement each other. The
Spagur notes that an cbject has penetrated a
““detection fence,” alerts the FPS-85, and furnishes
it with ‘“look angles.” The FPS-85 is then able
to eperate much more efficiently because, without
this alerting, the FPS-85 wouid spend about half
its power in search.(’®) Figure 9 illustrates the
locations of some of the sensors that can be used
as part of the Spanars system and shows their
visibility circles.
M) A study is now in being to investigate the
capability of the SpapaT= vystem as it is presently
const'tuted and to recommend the quality and
location of additional or alternate sensors that
might be used to upgrade the system if need be.
The study, tentatively titled “Space System Net-
work Evaluation/Optimization,” is sponsored by
SAMSO and is being performed by the Aerospace
Corp. The results, when published, will provide a
valuable insight into the syctem. The last general
stndy of the Spapats, published in 1965,('%) was
performed by an ad hoc working group reporting
tc ODDR&E.
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TS In its snalysis in support of the Ai Force
Miniature Development Program, the Air Force
Spapats says if expects to be able by 1080 to
predict satellite location 24 hr shead with an
“equivalent spherical error’”" of } nmi for low-orbit
earth satellites.* To do this, it would use the
current sensor array and spectal computer pro-
grams. For satellitex et higher altitudes, where

*Wl Today, for 80 percent of the low-altituile “satellites,”
the best position determinstion at the Iatest routine
measuremont is stated in Ref. 14 to be 12 km, or about
6 nmi.

the <ensor angular error gives greater position
uncertainty, the “‘equivalent spherical error” is
expected o be 10 nmi. Highly elliptics] orbits
such as thet of Molniya are not discussed, bat
when u sen-or i< avalsble for tasking, one would
expect an eror of about 10 nmi, considering the
sensar location.

™ Of course, the error of location of a low-orbit
satellite i< not a sphere but an ellipsoi having its
long axis along track, because of uncertainty in
the drag. For these orbits, the drag magnitude is

LAhTuoT

Figure 9. Visibility circles (2-deg honzon) f-r sensors used as part of Seapats. (Figure classified Seeree)
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uncertain enough to generate errors in this dinen-
sion from 10 to 20 times that of the cross-track
or radial errors. As the altitude increases, the
drag and the along-track uncertainty decrease.
The measurement error finally dominafes, the
error volume assuming 2 spherical shape. Above
1,000 nmi, the constant angular error leads to &
linearly increasing error volume dimension with
increased altitude, and not a constant 10 nmi as
is being considered in current AsaT studies.

T A recent ADCOM technical note(*™) includes
several sets of tracking dats and predictions made
from them, as well as an analysis of the errer in
the prediction. While these data do not constitute
a sufficiently large base on which one could predict
future capability with any real assurance, some
understanding of erbit-prediction limitations can
be obtained. The radial and out-of-plane errors
for resident satellites are indeed small and are
nearly equal over a 24-hr-shead vrediction interval.
Values of thess errors of less than 0.2 nmi are
typical with dedicated tracking. The typical values
of along-track error are large compared to the
other two, sometimes as much as 20 tunes. From
these data and further discussions with the AD
COM Chief of Astrodynamics Application (') it was
asserted that one can expect accuracies (predicted
ahead for 24 hr) of 0.3 nmi (3e) in the out-of-plane
and radial directions and 3 nmi (3¢) in the along-
track direction for satellites below 1,000 ami.
This expectation assumes no new sensor, no curiail-
ment of existing facilities, no traffic overload
problems, tracker tasking dedicated to the desig-
nated few satellites, and the routine use of what
are now special perturbation algorithms in the
data reduction. These accuracies do not apply to
newly launched satellites or to orbital altitudes
above 1,000 nmi.

YS) While the reguired accurscies to meet these
antisatellite capabilities are expected and freely
predicted by the Aerospace Defense Command
and the Fourteenth Aerospace Force, there are
still several areas of serious concern. An analysis
memorandum of the Fourtevnth Aerospace Force
titled SPADATS (hbit Prediction Capabilities(**)
states that: (I) to meet the space defense capabil-
ity required by ADCOM, an abnormally high-
level dedicated tasking for sawellite tracking is
required of the prime sensors (two of which are
no longer operational); (£) there is no currently

184 JDR
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available analytical method for selecting an orbit
determination interval (observation period prior
to the prediction interval); and (3) actual (a
posteriori) observed values of the solar radiation
parameters during the prediction interval were
used. (Knowledge of these solar parameters is
not an operstional capsbility; and if it is ever
achievable, it will not be available for at least
10 yvears.) These are rather serious deficiencies for
8 system expected to provide accurate orbital
parameters on a rcutine basis. A detailed out-of-
house study is needed to examine the capability
of the current and future Spapars, either to
confirm the capability of exi: ting sensors and data
reduction facilities to meet ' ~e Air Force require-
ment or to identify revisions in the tracking and
compvtational systemn that will provide the predic-
tion capability necessary for ap AsaT.

TS Another prineipal area of concern is the sugges-
tion that Spaparz become a key element in a
weapon system® rather than just cataloging space
objects. Currently, SpapaTs operates in & rather
leisurely, non-realtime mode and, to become part
of a real-time wesapon sy:tem, it will require a
significant change it .perat;«.7 procedures.

™4 It is not obvious ihet SrapaTs (as currently
constituted) can ever bc ~me such a bigily time-
critical, key element in the system. Tt might be
better to create a new orrarization that would
perform in the manner mq:ired than to task an
existing organization unreasonably beyond its
opersting capability.

C. ENGAGEMENT GEOMETRY AND SYSTEM RE/CTION
TIME

W The engagement geometry involves parameters
that have a substantial effect vn "he performance
requirements of an Asar syst .. Of particuler
interest are the advantages and ponalties associ-
ated with a quasi-coorbital approach trajectory,
in that this trajectory is what = “ein;; i:od in the
on'y existing AsaT today, ar! v 3 what was
str rgly suggested by ODDR&L 'm .ate 1976
as the approach to be fullowed for the so-called
“sonventional” Asat. Elements of the engage-
inent geometry that have a strony l:feraction

*™ As part of the current Mipisture i*zvelopment
Program, the possible involvement of SpapaTs in = *nission
control subsystem is being examineq,
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includo the previously discussed Spapars error,
the interceptor position and velocity errors at
the beginning of the engagement, and the relative
velocity between the two objects. Driving the
design of the system, of course, is the range at
which the target can be detected, as was true of
the Soviet system cdlesign. While detection range
i8 not discussad in detsil in this section, its im-
portance must be borne in mind.

W) Consider the quasi-coorbital approach geom-
etry used by the Soviets in their AsaT tests,
Having the Asat in almost *he same orbit as the
tarpet satellite makes the relative velocity between
the AsaT and the target very small. By careful
application of thrusi, the attacker can extend the
engagement time to last as long as is desired.
For example, one could implement an inspection
system for use prior to the interception and
destruction of the target satellite, as was con-
sidered in the Saint program.

~“6&yFurther advantages of a low relative velacity
between the two objects, and therefore a long time
uf engagement (for a given acquisition range),
include the provision of sufficient time to point &
directional warhead (discussed later) and a re-
laxation of the rather serious requirements on
fuze timing,

~8). The prices one pays for these advantages are
large ones:

* The interceptor must be boosted to orhital
rather than suborbital velocities.

= The time ol interception cannot be severely
urgent, because it may take several orbits
to achieve interception.

* The propulsion system may require dual
thrusters per axis—large engines ‘o obtain
the lateral reach needed and small engines
to obtain the precise control needed to
effect terminal homing interception.

* Finally, the kinetic energy delivered to the
tarpet must be produced almost entirely
from the explosive in the warhead that
drives the pellets, rather than being generated
mostly from the relative velocity betwren the
AsaT interceptor and the tarpet satellite.

8 Since it is highly unlikely that the orbit
plane of the target satellite will pass through
the Asar interceptor launch site at the precise
time required for a launch into an intercept
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trajectory, there will be the necessity for a plane
change at least as great as the offset angle at
launch. The optimum (minimum-ntersection-
angle) point at which to change planes in the
interceptor trajectory is one-quarter orbit down-
range (or any mcremental hal{-orbit later), and
therefore the interceptor should be lasunched into
the inclination thst provides an intersection
one-quarter orbit from launch. The velocity
added at this point for low earth orbits is about
450 ft/sec per degree of plane change desired.
The minimum step-over distance (between subse-
quent orbital ground tracks) for = low-orvit
satellite is about 22° of longitude. Thervlore, a
satellite must always come within 11° of longitude
of the AsaT interceptor launch site. The require-
ment is then set by virtue of having, in this illus-
tration, a single fixed launch site (that is, Tyura-
tam) at about latitude 45° N. to provide the
AsAT interceptor system with at least 3,500
ft/sec of velocity for the sole purpose of plane
changes.*

M) Another requirement for the AsaT system is
becoming apparent—that of the field of fire
available to the launch site. If it is desirable to
use the quasi-coorbital approach and there is
but one launch site available, it will be necessary
to have the freedom to launch almost directly
into the inclination of the satellite to be attacked.
Launch would take place when the phase angle
were correct for the orbital passage nearest the
launch site.

TS) The would-be AsaT system synthesizer should
now begin to appreciate the strong interactions
among the engagement geometry, the number,
location and restrictions on the launch site,
and finally the system reaction time that is re-
quired of the AsaT in response to an orler to
destroy s specific satellite (or satellite set}.

TS If multiple launch sites were possible—two,
for example—they should be separated by 11 deg
or 33 deg or 55 deg, etc., so as to require that
a satellite pass within 5.5 deg of oue of them
and thus achieve the greafest reduction in the
propulsion required to perform a plane change.
The location of the launch sites relative to the

*#&5 It is recognized that this could be reduced in effect
by combining this mancuver with others, il others of
equivalent magnitude asve required.
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Figure 10. Typical orbita of & satellite in an K3-deg inclined orbit coumting from a southern pass near Hawaii and first
encountering the field of fire avallable from Vandenberg Air Foroe Base for s quaai-coorbital intercept. (Figure

unclassified.)

position of the satellite in its orbit when the
order to attack is issued is important, because it
is necessary to wait until the satellite orbit nears
the lsunch site in order to attack using the
previously described mode of operation. For
example, ¥ a satellite were in an Ri-leg inclined
orbit and passing Hawaii on its way south when
the order to attsck were miven, the fimt oppor-
tunity to ground-launch a US. Asat out of
Vandenberg Air Force Base would not occur for
at laast 21 hr. Figure 10 shows the ground track
of such a satellite. One can see that the first time
the satellite passes near Vandenbery going in
such s direction that a quasi-coorbital engagement
geometry can be enforced is on the 14th arbit
after the erder 1 given,

8 If system reaction time were essential, a
number of options would be open, but not all
might be acreptable for one rewson or another.
The options are discussed below.

TS0One could launch into & retrograde orbit out
of Vandenberg Air Force Base into the plane
of the target and perform the intercept where the
relative velocity between the AsaT interceptor
and the tarret satellite (the sum of the sctual
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velocities) 15 on the order of several tens of
thousands of feet per second, rather than a few
thousand (the difference i velocity). While such
8 geomelric arrangemen’ can be entirely feasible,
for typicsl radar sensor detection ranges it does
result in & total engmgement time of a few seconds,
Longer rany ' sensors, such as passive long-wave
infrared, would extend the time to a few tens of
seconds—still not » practical solution in view of
the state of the supporting propulsien and guidance
technologes.

T The range safety hmils of the Vandenberg
launch site could conceptually be altered =0 8= to
allow a launch in the example 8i-deg orbit in a
rortheasterly direction, reducing the time to
initiste the engagement Lo less than 12 hr. How-
ever, such artion would risk the lives and property
of people along the boost trajactones.

T8 A number of lsunch sites conld be built,
preferably on islands where there may be a nearly
all-azimuth field of fire available. This is a direct.
but expensive, solution to the problem:, snd its
implementation would depend upon the perception
of national nead relative to the competition for
the funds available to defense.
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T8r Mobile lsunch platforms have been considered
from time to time as having spplication, not only
to the launch-gite selection problem, but also to
the potentiulity of & covert launch ss a counter-
countermeasure. Although s surface ship would be
an ideal platform, it would be unressonably expen-
sive to dedicate a vessel large enough to be
practical to this mission. A missilelaunching sub-
marine would be well suited to take on this addi-
tional mission, bt the current view of the role of
missile-lsunchitg submarines is that of offense
aguinst ground targets, and it would take e strong
hand at the helm to alter that view, even though
the principal U.S. assets at risk from current
Soviet operational weapon-associated satellites
are capital ships of the Navy.

TS} An sir lsunch of an Asat is not unreasonable.
Current efforts of SAMSO are to develop & minia-
ture interceptor that van be boosted to an apogee
at satellite altitudes using vehicles such as modified
short-range attack missiles (suan’s) launched from
F-15 sircraft. Recent demonstrations have shown
that boosters as lavge as AMfinuteman I can be sir-
dropped and fired from C-5A aircraft. In-house
studies by Lickheed Georgia show the feasibility
of using other buosters and other aircraft, such
as the C-141.

TSk An airmobile booster has several advantage:
and disadvantages that are summarized here.
Potentislly, & jet cargo aircraft or an extended-
range fighter could, in time of need, be diverted to
s site in the far northern latitudes and be fitted
with an already checked out and prepared module
(or modules) containing the complete AsaT system
hardware. The aircraft could then fly (with &
much shorter transit time than a ship) to its first
possible encounter orbit and (perhaps have the
range-safety freedom to) launch the AsaT on its
mission. I the payload were sufficiently small and
light (implying the success of the current ministure
AsaT program), the sircraft could salvo against
high-priority targets, proceed to the next possible
encounter point, and refire in case of failure of the
first launch or proceed to engage a second sateilite.

Y8 The arguments against such a scheme include
the availability of suitably modified sircraft with
trained crews in geographic lucations from which
such an operation could be carried out. Mcdifica-
tion kits, while not complex, could be expensive.

BXPECTED
i POSITION

AT
POSITION

SPADATS LSCERTAINTY
y VOLUME

Figure 11. Batellite intercept geometry.
(Figure unclassificd.)

Availsbility of aircraft at times of high national
readiness would be questionable. Crew training
weculd be both expensive and time consuming.
(Similar arguments apply to ship basing.)

TC) Since fixing the position of the launch point
at the time of launch is as important as predicting
the position of the sateliite ..t the time of intercept,
these aircraft would have to be equipped with
navigstion devices possibly of s quality higher
than their usual operational needs. Adding thess
devices might represent a nontrivial cost con-
sideration.

19 Anaother candidate mode of operation that
would be responsive to the requirement for an
intercept in the shortest possibie time after the
decision to intercept were made is to launch the
Asar interceptor on a direct~-ascent, but suborbital,
trajectory such that it crosses the orbit plane of
the sateliite at the time the satellite is there, not
waiting for the orbit of closest anproach. Although
time responsive, this scheme is not conservative
of energy and may induce severe techmclogical
problems.

S) Depending on the field-of-fire limitations of
the launch site, the engagement could take place
within a few hours of the decision to launch. The
encezement would begin with the velocity vector
of the satellite substantially different in direction
from the velocity vector of the interceptor. Figure
11 shows a representation of s typical encounter
geometry, and the additional propulsion require-
‘ments to perform in the crossing-course mode are
calculated below.

S As was describsd earlier, the shape of the
volume of uncertainty for low-earth-orbit satellites
for the SpapaTs is an ellipsoid with the longest
dimension slong track. Collinear intercept schemas
using on-board homing sensors view this uncer-
tainty essentially from aloLg the satellite track.
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Some schemes allow the satellite to cateh up to
the interceptor, whereas others grive the interceptor
the velocity advantage. Under these conditions,
the along-track component of error, £,, does not
onter into the computation of propulsion require-
ments. However, if there ix & substantial angle,
shown ss ¢ in Fig. 11, between the velocity
vector of the satellite, Vo, and the velocity
vector of the interceptor, Vi, aud if Uy, is not
small compared to Vg, then the on-board sorsor
will see a component of E,.

) If, as shown in the figure, the actual position
of the satelhte is behind the sxpected paosition,
the interceptor must have a lower velocity
order tn mske the mtercept. The adjustment of
the velocity is independent of any other rorrec-
tiona that must be made o take out the radiat
or cross-track errors fror Spapats,

Y The velocity required ramal 0 Vi, and
normal to the line of sight is
. i win @
W=,
where T, is the time of flight to the intercept
point. Since

Ve
Tum g

where B, ix the range at which the interceptor
can begin to make corrections based on sensor-
acquired data, then

- _E sinel,

AW e Tt

But, by the law of sines, we have

siné# «@n ¥
‘-llt V "Tﬂ

and then

BV sng

D

AV

% Thus, it is seen that the additional velociiy
required solely to take vut thu! component of
Spanats error along track is proportionsl w the
magnitwde of the error, to the sine of the angle
betwen the velocity vectors, and ta the mugni-
tinle of the interceptor velocity. 1t ix inversely
proportional to the ranwe at which the engagement
i mitinted,
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M An extreinc vase exists in which there ix a
lange rrossing course aml u high interceptor
velocity, such as might occur when & time-urgent
ntercept is necessary and the satellite under
fire is several orbits away from the AsaT inter-
ceptor launch site. I one assumes =45 Jdeg and
u satellite ophemeris error of 4 ami along track,
with & sensor capability allowing the engagement
to start .t a range of 50 nmi, then the additional
propulsion required to correct ot the along-track
error amounts o 42 fi/sec pec 1,000 (it/uec of
interceptor velocity.

TS From these caleulations, it is easy to see what
price i additiopal propulsion must be paid for
timeliness of intervopt obtained via s crossing-
rourse, direct-uscont intercept geometry. Further,
it also points up the relief that might be obtainad
through better satellite ephemeris prediction
techniques and sensor, having longer (effective)
range. A large proprlsion unit sized to deal with
the large velocity incoements brought about by
the pressure of early negation may well be too
large to be effective in the eind pume, where the
nterceptor must reduce the muixs distance n a
precise manner to within the lethal raiye of the
warhead.

W) It has been seen in the above discussion that
timelimess of response can have u lange loverage—
either on the basmg required to support an mter-
cepl a short tune alter the onder 1+ issued or on
the performance of the Asav mierceplor sub-
sysiems,

™ While the require,] operational capabilii,
document (')  discusses the need to nepate
newly launched s tellites within two revolutions
(720 deg) m thewr orbits and to negate the long-
term resident satellites within 24 hr, there is
httle support in that Jdocument for ecither re-
suirement .

T Let us consider the requirement to vegate &
newly launched satellite hefore 1t has completed
7H0=<leg contral angle (rom launch. Plesetsks is
the launch site mest often wsel for reconnaissance,
data gathernng, and surveillance satellite lmmehes,
although the Romsat and Eorsar come out of
Tyvumtam. Figure 12 shows the grownsd track of
satellites launched from Plwetsk to a 100-mni
cirenlar orbit for their first two revalutions, 720-
deg contral angle, using the range of inclinations
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Figure 12. Ground trach of first two
orbite, 100-nmi circular inclina-
tirms of 83 73, spd 83 deg.
{Figure unclassified.)

(63, 73, and 83 deg) normally associsted with
those satellites. During the fint two orbits,
satellites with these orbital inclinations view
little that is of strategic importance to the United
States. Indeed, there might be some coverage of
South Americs and vonsulerable coverage of
Western Europe, but there is little of strategic
importance there.®* It one were to make the
argument on a tactical operations basis, there
woukl be mo:e ground; but if s0, the question of
when the data are acquiredd and retrieved becomes
paramount. First ix the question of the guahty
of early ephemens data. So little is known of the
Spapats capability (1) to detect the launch of »
Soviet satellite and (2) 1o calculate the 2phemens
based on whatever Spavats sensors are aveilable
ani with the posaible assistance of other non-
SPADATS sensors thai ruight be available at timex
of high stress, that 1t would be difficult to predict
how one would operate with potentially degraded
ephemenis data. An aliernative—even less attrac-
tive—is to make the intercept after the recon-
natssance data are acquiret but before they are
dumped. Unless the United Stetes could extablish
a base frome which it could carry out its Asat
mission during that short time between the =atel-
hte's «data acquisition over the Mediterranean
Ses, for exemple, and the possible dump of its
data a fen tens of minutes later over its homeland,
the Unitel States woulkl be hard put to enforce
this requirement.

MRy Worldwide, usetul photoreconnaisaance data coald be
obtained in the firat few orbits only if the Soviets broke
their long-established practice of launching inta only
these stervotyped inclinations.
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M, A question of operational checkout should
also be raised. It sppears that it would be possible
to make the first orbit of a photoreconnaissance
satellite a data-gatherng orbit, if uselul informa-
tion could be obtwined on that orbit. The tech-
nology is well known, and ihe terrain background
(for location determination) is fixed wnd easily
ilentifiel. Az one poss to elint or ocesn recon-
naissance satellites, the problem changes because
of the lack of a fixed gricd system to make location
positive. Until the ephemeris of & newly {aunched
satellite is kuown and the errors in the satellite’s
sttitwde control system are compensated, the
aata denved from it might not prove useful.
Our own experience with this type of equpment
suggests that the several weeks mow required
coukl he compressed to several drys, but not
to l:=s than 3 hr (two orbits).

63 (learly, the quick-reaction requirement should
be reevaluated in the tight of the above discussion
and other conxiderations,

) Aliernatively, the Air Foree chould reconsider
the arbitrary statement regarding the 24 hr allowed
for the negation of the satellites in residence that
the Air Force consulers threatening. As was ihs-
cussed in an earlier saction, some satellites are
more threatening than others, OF those that are
threatening, the level of threat is highly dependent
upon the perceived capability of the satellite
and its location. For example, at a time when
international tension is high, negotiations have
broken down and ceased, troops have been alerted,
and a pair of ocean reconneissance xatellites, a
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Rorsar and 2 Eonsat, ave only two orbits from
the American fiset, one would lock upon these
satellites as candidates for interception in much
less than 24 hr. In like manner, in a similar high-
tension situation, a real-time meteorological satel-
lite (METSAT) or elint satellite about to make a
pass over West Germany should be a candidate
for immediate interception.

W) It would appear that those who periodically
revise the required operational capabilities docu-
ments could well give more serious thought tc
the nature and location of threatening satellites
and how these would affect & U.S. Asat system.
The definition of iystem reaction time alone
could slter the future of the U.S. system that is
now in the embryonic stage.

15} There are substantial interactions among the
location, number, and possible mobility of lsunch
sites, the order and timeliness of negation, the
accuracy of Spavars, the ronge capability of the
sensor, and the resulting propulsion requirements
on the interceptor system. Thus far in this analysis,
& question of technieal feasibility does not appear—
only one of practicality and cost.

163 For the interceptor, the most benign and
least energy-demanding engagement situation is &
nearly in-plane (orbit of closest appruach to the
launch site), suborbita!, apogee geometry. Devia-
tions from this standard raise the cost of the
system. Payment can be made in the form of deley
in operation, multiple launch sites, mobile lsunch
sites, or improved propulsion snd/or on-board
sensor.

S} Il » system can be made small, it will probably
cost less. In the Assx systems studied to date,
the bocster and related operation and maintenance
costs dominated the system. Therefore, a light-
weight terminal stage, no matter how costly, will
permit a lower overall cost system.

) It appears that there may be targets that will
require negztion within a short time of the decision
that they must be destroyed. Under these rules
and with the desire to keep the system costs low,
one must reexamine the roles and missions assigned
to be satisfied that ADOOM is the appropriste
Asat user. In addition, a cost/benefit analysis
must be performed to cousider single, multiple,
and mobile Jaunch sites without the constraints
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of current military structure. For example,
ADCOM could not seriously consider the use of s
large booster air-dropped from a cargo aircraft
flying from an overseas site.

™) There are no critical issues, per se, with regard
to engagement geomeiry; that is, there are no
serious singularities upon which the success of an
AsaT depends. There is, Lowever, s substantial,
though subtle, interaction among s number of
parameters which, if not properly addressed, may
make the developed Asar far more complicated
and costly than it needs to be. The system resction
time, for example, does involve issues ertics] to
successful design of the Asar system,

D. MISS DISTANCE

¥ It is not the purpose of this section to demon-
strate that s specific miss distance can be schieve:d
with & certain system against a certain class of
targets. The intent is, however, t¢ discuss the
major fectors contributing to miss distance in
sufficiant depth that we can be sssured that the
problem of achieving an acceptably small miss
distance has a satisfactory solution. The miss
distance that can be achieved is a key factor in
the several Asat mechanizations that are bemng
considered for U.S. development, and it is there-
fore of serious interest here.

«8) The Miniature Development Program (MDP)
sponsored by the Space and Missile Systems
Organization, AFSC. (SAMSO) has been under
way for several years st Vought and also st
General Dynamics/Pomons. These are the cmrent
efforts on the Miniature Asar, and the heritage
can be traced in Fig. 1. In this concept it s
expected that the vehicle itself can be made to
collide with the satellite. Each contractor has a
~lightly different technique as to how this will be
accomplished from a mechanization view, but
the end resul. is the same—body impact. While
one thinks of zero miss distance in this situation,
in actuslity the miss distance is the distance be-
tween the center of the interceptor and the
centroid of radistion of the target. For targets
with large vulnerable areas, there is Jess of & prob-
lem than for small targets, but while the concept
of body hit to kill is not new (it was explored
rather thoroughly im analysis and flight test
during the ARPAT Program),('®) the success of
uDP depends on the miss distance being made
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acceptably smpll (leea thun the ~um of the radii
of the wterceptor and of the target's vulnershle
area), and this is properly classified as & high-risk
area,

T A more conservative approach is being taken
in an Air Foree study program under the “Con-
ventional A: a1 title. Here, it 18 ascumed that
the miss distance 18 not sufficiently small tn
enxure hady impact, but an explosive-diapersed
pellet pattemn it be used o miake up for the
error, A significant weight penalty (with sxplosive;
pellet warhead) must be paid for the inability to
obtain body-hit kill. Warheads presently being
considered weigh several hundred pounds, which,
when added to the other components used to
mantain 8 low-nisk, conservative approach,
raise the total interceptor weight to the onder of
1003 Ib. This gross weight should be compared
with a {few tens of pounds for the minature vehicle,

TH The payofl for anall ouse distance is great.
Dispensing with the wariead (and utihaing a
lightweight sensor) can reduce the nterceptor
weight to & value that can be launchad to the
eltitudes of the satellites on the near-term: target
fist by a vehicle costing much less than Minuteman
[} This cuscading effect is of sufficient attrac-
tiveness to make the Air Foree willing to direet
itx primary effort tuwanl the nunisture approach
and to leave the conventional Asar as a backup.

T¢) Miss distance s most strongdy influenced by
three inputs; (1) the mccuraey with which the
sensor can nake angular rate (or angular position
as a function of time) weasurements, (M the
precision to which the thrust of the proputsion
system can be controlled, and (3) ik time that
has elapad from the fimt perception of the reed
for an incremental manevver until & subsiantial
fraction of the meremental maneuver mpulse
has been applimi. Mo succnetly, sensor ace
curacy, thrust contrel, and system  response
time are '« pincpal factors in determining
miss distance.

=% That i+, if ane can make an anpular rate (or
position) measureraont witholl error, generate
exactly the required amount of thrust, sud do
both without any delay in time, then the miss
distance of the system spproaches zero. A number
of simulations of the kinematica of an angle-
obiy-measurement (as a function of tinw) homing
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svstem have been developed and exercised. For
exaluple, in support of the work being done for
ODDREE un the Spuse Defense Progrsm, the
Institute for Defense Analyses has developed a
simplistic, transparent simuolstion of the end-
gamie encounder betwesn & miniature-type Awat
snd & satellite, In this simuiation, it was possibi-
to vary the parameters of interast (that is, angle
arcuracy, propulsion granulerity, and system
respone time) ami wscertain thewr effect on the
miss distance. The results wdicated that, with
reasonable chioices of the values of these param-
Mers, the miss distance could be made acceptably
stuadl,

=% The most extenzive sunulation o] this kind
kaown 10 us was developed by Vought to explore
the interactions aimong the specifications for the
various components and subsvstenis w the My
mterceptor, as well ax to deternnne the ultinste
effect on miss distance from the variations.
Currently, this sumilation 15 being  modifisd
slychtly 1o model the engagement between the
Vought mechanization of the uue and a satellite;
the previous mode! was for an spymymement between
Hir and » reentry vehicle. '

727 General Dynanues, Pomona hia a simubstion
that models the General Dynaniics mie~hanizativn
of the mor engamne a satellite. and the resuits
are sulmtantially the same: that s, by proper
balance among the important parameters, =
near-zere auss distanie (Jess than a {oot? can he
achieved for casex where there are rossonable
component pecifications,

T In support of the'r work on the mideourse
mterception of reentry vehicles by homing inter-
coplors, several contractors have modeled the en-
sageneent. (7" Here tha interceptor waz of a
mopr “conventional” desigm, as oppoeed to the
sir. The semmor was large and imbaled, the
thrust was controlled »» magmitinde and direction,
the warhead required furing, and realistic tme
delays for the various subsystems were mudeled.
Again, the pesults showed that for very snall
sn=or errors, fine thned contml, and litte tme
delay the miss distance approached zero. Realistic
values of the porfonrance parameters of the “con-
ventional” compournts and  subsystemz  drove
the miss distance up to the ardar of 10 {1, ilustrat-
ing the fact that larger svstems are hander to
comtrol accurately because of their larger inertias.
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=t3 From these studies and observations it 1s
concluded that the prediction of miss distance
between an AsaT interceplor and & point terget
is well understood. Tho mechanizations that have
been constructed are realistic and produre miss-
distance values near 10 ft for the larpe vehicles
and near zero (less than | fu) for the miniature
AsaT varsion.

=83 The effect oo miss distance of & aistributed,
rather than point, target is of some concern. One
can easily make the wyument that a reentry
vehicle approximintes s point tarpet, but it is
impossible to represent large satellites of the
Rorsar or Eorsar class 3 point tangets. Investi-
gations are under way not only at the upp con-
tractors, but elsewhere, to attempt 10 ascertain
the eflect of monpoint targets and to develop a
sensor/data processing technigue that will n
effect reduce a distributed warget to a point vource
of energy.

1t Other effic: 2 to dea! with the potentally
disruptive effect on miss distance due to s distrib-
uted-radiance target include Lill-enhancement
devices sucl. as -ery-mall-pellet warhecds, rod
warheads, net warheads, ancl sheet warhoads.
These are intended to be deployed just prior to
the point of closest approach at a signal from a
suitable sensor (in this case, a fuze) It appears
that this approuch 15 merely a different version of
the fuse/warhend problem and that it should be
considered in that light.

E. BENSOR SELECTION

T Sensor accuracy has long been an ares in which
significant improvements are continually being
made. The early radar trackers, where the angula:

192 JDR

mits

error was measured in deyrees, have miven way o
the more precise, high-frequency, fie-contrul
radars, where the error is measured in mils. Long-
wavelength infrared (Lwir) trackers have a sipnih-
cant advantsge in wavelength over radar
defining angular error, but they still full short of
the short-wavelengt! frared (swir).

3 In addition to the inherent capability of »
sensor to measure angle, given « sufficiently high
symal level, two add tional desimble characteristies
of & sensor should be considerad: (/) the seners-
tion of & high internal sigmal-to-noise ratio and
(2) the incudental ability (o0 messure range. Range
measurement is s useful, but not a necexsary, soures
of guidanve data. If available, it would be used,
but colnpacably acenrate yundance commands ~an
be gwenerated without ranpe data. Range menasure-
ments are of preat value for fuzing, which will be
discussed later. A quelitative view of the four
distinet sensor tyes 1s yiven in Table 3.

T In an assessment of the charactenstics of the
sensors listed for a possible role as a goidance
component, it 15 immediately seen that a swin
device would mve accurate angle track data
against & hot target and be small, Light, and at
low risk. Unfortunately, atellitex gencrally have
low temperature, so swir has Little value. Radar
(here assumedd to be microwave), while large and
Leavy, 15 low-risk and doex provide range data.
The angular eccuracy possible s conrse when
compared to 1R and visible, but it could be nsed
(it s used by the Soviets) for an Asat sensor.
The principal shoricoming s that of liited
mage —hmited primanly by the weight necessary
to generate th. power to travel both ways and
still provude a signal-te-noise ratio high enough
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to be useful. Lwin hus its greatest sensitivity,
and therefore its greatest eapability, agminst
warm tarpets, typifisd by satellites. The sensor
wze can be much smsiler than rdar, but not
quite as small ax sawm aught be. Cooling 1~
serious problam, amd its serousnes (0 terms of
weight and power to produce lower tem peratures)
1 a function of the sensitivity desired. Few 1wik
sensors huve been built at all, aml fower vet have
beens built specifically for space object detection
Current efforts are expectsd 10 bring 1o test ide-
sgns that wre suitable for Asac systems n the
next few years: henee, Lwir sensors ame <till
consulered hygh-nadk itemis of technology

™ Viuble-hight sensars have besn consulerad for
an cariv-capahility muature Asar using the
Army’s Hir vehiele, (™) and thess were given some
sertons thought dvrmg wid after the Air Forve-
sponzored JUAS study (™) Viable-yght sonsors o
exint that could be modiied for e i an Asar,
but the use of viable hight requires that he
engagement lake place m sunlight and with the
un-targsl -=ensor gvometry such that sufficient
hight i reflecte] from the tateet 1o allow the
mterceptor (o begm track at w useful range

T Selection of a sensor suitable for the Asar
mussion 15 not, m this case, hased on the shiity
to measure an angle precisely. The fonr <ensors
hsted in Table 4 will qualily. Sam cannot e
considered, because of the very small symal
availuble at <hort-wavelongth it from a ~ateltlite.
The chowe s among viable hight, rdar, and Lwin,
and the basis of seled Lion 1= really one of evaluating
tradeoffs such as tume wnd fsk versus size and
cost versus operational (ifficulty. That 1, an
LWIR sensor, if it can he developed (rsk), will
take several vears (time): or & redar sensor {or an
adequate tange capability will be heavy, neces-
sitating a large booster (cost). Qur perceptien of
the Soviet design experience hax hown that
being range-limited has. serons  consequences:
Very demanding performance mquirements are
leviad on other components, a compron: sl system
performance may result, or bhoth. Hoewe cer, if
there 13 & demanding requirement that an Asat
rapability be fielided as soon as posible aganst
the threats that are conudsred here, with hittle
or no regan! (o \ost or to growth capabidity, ane
should give serous consideration to a radar
SEDSOT,
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™% The advantages of small size and early
capability can be capturesd i 8 visible-sensor
path s followed, but the operstional problems
could be overwhelming. Should there be w desirw
for an early linitedcapability (Lut not wmimal-
timie) systenr that can grow to fall capabiliy,
the Air Foree sbould undertake o study 1o eaplon
ancd quantyfy the hots of & systew usige & visible
Iight sensor and, on the bass of thas study, pochaps
copes Ui ws the preferrad route 10 follow.

= The twir sensor s high risk, in that none has
vet been bt for the Asar purpose; but when it
1= realized, it will provide full capabitity atr small
szt and, therefore, low svstem cost. With the
present sitiwtion. of w mther lesurely develop-
ment cvele fur the Asar, this s shinost certamly
the reute o follow, since the real slemeut m
risk here 15 one of tme of developuent and not
one of regquirng an mvention or a better wnder-
standing of the physies,

F. FROPULSION FEQUIREMENTS

= The propulsion svstem o the miterceptor can
be comsudersd ax performing two functions: (1)
that of meving the mterceptor on » course normal
o the Ime of sight to the tanmet Jateral rangm
wul (2 that of providing thrust of the precise
marmitidde and g o fnsure ntercept. Fur
the fint neguizeent. a lane-thrust engme s
wsually mdivated m onder 1o displace the inter-
ceptor i the timte between  target  scguisition
atul mterception, so ws to cover completely the
volime of uneertenty that surrounds the satel-
hite's predicted focation. A lanw enguw can also
make up for & ranze-hinited sensor, w poor booster
sunlanes poor satelhte sphemeris-
measurement svstem, or some combumtuon of
(AT

svslem,

T4 Before consudering the miss<listance contn-
bution of the sropulsm, let s first esanime a
few pracueal aspects. Larnge nocket motors often
generate vibeation of sutficient gt Y to
mhibit & sensor from msking  measurements.
Thus, m some mechanzations one sees rstartable
thquid) rocket motors or mutuple sohdd rockot
motors. Ligmd-motor technology has been pre-
dominantly himited (0 langy spacecraft, where
the tankage, plumbing, snd motor inert weights
are el significant, and few are seep m oA size
similar to the ministure Asat. The two mechan-
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izations of the miniature Asat use multiple, very
small, solid rocket ruotors fired sequentis’ly on
demand. The technology tradeoff betweon liquid
motors from the well-understood space applica-
tions and newly developed restartable motors is
not clear at this time; no preference can be
stated.

“¢€>To correci, a sensed miss distance, it isnecessary
to provide exactly the right amount of thrust
normsl to the line of sight to the target at exactly
the right time. Because the thrust-time history of
large motors is difficult to predict with precision
aud because practical throttling ratios (maximum
to minimum (thrust) for controllable-thrust mutors
seldom exceed] 15, the designer with the end game
in mind usually strives either for small values of
thrust with throttle-susceptible or restartable
liquids or for multiple solid rockets.

“1t>) The end product is of courss s conpromise.
Some designs use large engines for maneuver and
small enganes: “r end game. If the engine is small
enough, it neid not be off when the seusor 1s taking
messurements. In some designs, the engine is
throttled to its minimum ‘. ust as the intercept
approaches and the requiremen’ for propulsivn
diminishes. In other designs, the constant-thrust
engine is oriented away from the normal to the
line of sight, so that only the desired component
of the thrust vector is in a direction normal to
the line of sight and the remainder is expended
alony the line of sight, where it has no effect on
muss dlistance, In this way, the difficulty in provid-
ing a larnge throttling ratic is traded for additional
computation and a precision attitude-control
system.

=& There appears to be a large variety of solutions

w0 the propulsion problem. The current state of
technology is broadl enough to ellow the interceptor
designer to choose a solution that will not tax the
rocket industry. In view of the many improvements
in propulsion in recent vears, there does not appear
to be a key issue here.

G. RESPONSE TIME

45 The final important contribution to miss
distance to be discussed is response time, here
defined as the time lapse between the instant
that there is a sufficiently large error for the
sensor to detect and the time that the interceptor

1 JDR

has achieved a large poriion of the response
nec#sssry to eliminate the ui.9r1, & portion usually
defined as 90 perceat of the impulse required to
overcome the error. System response time is the
sum of the individual component or subsysten:
response times. The principal comaponents of the
response lime in a typical AsaT system ure .he
sensor response time, the data-proressing delay,
time to rotate the interceptor (or some portion
of it) to point the thrust in the proper direction,
and the delay entailed in overroming the inertia of
the interceptur and changing its veloeity (a func-
tion of thrust-to-weight ratio). Optical sensors and
maodern computer technology can make the sensor
response time and data-processing delay small.
The rotation time can be made small only through
clever degign, and as was discussed earlier, the
ine:tial delay is a compromise in the rocket engine
size selection.

4y Of the many designs that have been con-
sidered, great care has been taken to control
response time and hold it to s velue ut which
small variations have little effect on the miss
distance.

=% In summary, the three most important rontrib-

utors to miss distan e are sensor sccuracy, thrust-
control accuracy, and system response time.
Investigations of these, as appliad to the Asar
problem, have shown that the miss Jistance
aganst & point (arget can be made satisfactorily
small with current technology and desym tools.
Selection of u sensor will be made on factors other
than miss distance- -primurily system cost and
nsk {length of development time}. The current
efforts to understand the effect of a distnibuted
target must yield a satisfaciory solution if the
miniature AsaT concept is to prevail,

H. WARHEAD

=8 The miniature Asat concept calls for a final
miss distance so small that body impact should
oceur, and no warhead would be needed. For the
conventional AsaT voncept, however. the miss
distance 15 assumed to be small. but not rero,
necessitating a warhead to distribute sufficient
energy to kill over the area whose radius is the
miss Jistance.

% A number of warkeads have been developead
over the years whose designs could be slightly
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altered to provide adequate capability for a con-
ventioual Asar. A few are deecribed here Lo assure
ourselves that, while important to the concept, the
warhead involves no critical issues. It is considersd
u straightforward engineering problem.

<6 Surface-to-air and air-to-air missile systems
have long dopended on kinetic-energy transmission
devices such as rods, pellets, or fragments to
destroy targets of interest, which are usually air-
craft or missiles. In general, the warl.eadl designs
consist of a mass of projectiles surrounding wn
explosive charge. At the proper time, the charge
is detouated and the projectiles are driven in a
pattern that expands radially outward from the
flight path of the interceptor while maintaining
uniform density. The principal difficulty with this
type of warhead stems primarily from a lack of
ability to predict the time history of the end game
with sufficient accuracy. The dosign of the warhead
requires prior knowledge of the expected maximum
final miss distance, the relative velocity between
the interceptor and the target, and the projectile
weight and spatial density required to ensure that
the target is destroyed. Coupling t}is knowledge
with the principls of operation of the fuze, the
warhead designer can specify the fur'ng distane,
the projectile design, the explosive charge, and th.
other requisite design characteristics that will at
the right instant produce s distribution of pro-
jectiles that is suitably uniform over the miss-
distance disk,

45 Secondary design issues for atmospheric apph-
cations deal with the effects of the angle of attack
of the interceptor, the ballistic coefficient of the
project’les, and the desire to kave the eflectiveness
degrade pracefully {rom the design operating
conditions and, thus, give the warhead the greatest
latitude possible for employment. The energy
delivered to the target usually comes from the
rel..tive velocity between the interceptor and the
target. Should the relative velocity be inade-
quate—ard it is inadequate in the design of the
Soviet Asat—it will be necessary to adid velocity
to the projectiles in a direction along the line of
sight to the target in addition to directions normal
to it (radial). Now the projectile distribution
assumes the form of & frustum of a cone, rather
than a flat plate. Angle-of-attack efects become
mure critical in this cese. In the space encounter,
the angle of attack can be equated to the angle
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hetween the body (or warh.ad) axis and the line
of sight te the target. There is no sensible atmos-
phere, of course, so there is no true angle of attack
or any slowdown effect of ballistic coefficient.

=43 Now there arises a competition betveen the
warhead and the sensor for the favorable lecation
at the front of the interceptor. The sensor sheuld
be ir front to mamntan an unobstructed view of
the target, and the warhead should be in front to
make possible an uncbstructed distribution of
projectiles toward the target. As the relative
velocity netween the target und the interceptor
becomes smallel und smaller, the cone angle of the
warhead shrinks until the warhead pattem
resembles that of a shotgun, and the projectiles
do not suffer serious interference irom an antsnna
mount that shares the favoral forwanl surface.
But then warlead pointing becomes critical.

459 In the configuration of the Soviet ASAT inter-
ceptor vehicle, it is deduced that both the warhead
and the radar sensor are on one end of the struc-
ture, with the » arhead perhaps slightly dehind. It
15 cbeerved that when the warhead is detonated,
the radar becomes inoperative. This indicates that
the radar was destroyed by the detonstion of the
high explosive inving the projectiles or by the
projecti'es themselvex when they prased through
entical radar components.

4%The enersy roquired in a projectile ix & function
of the tartet being attacked. In the case of a
compact snd structurally rigid target such ax a
reentry vehicle, the required enenzy per projectile
1= hugh, and the number of impacts 10 Jestroy the
target is seldom wore than one. For a large, hight-
weight structure siuch ax s satellite, the required
energy per projectile is low, but because the shock
of impac. does nut propagate as wel: as it doesina
ngid structure, 'he number required s eften
stated as beingz meore than one.

% The apy community has spent considerable
effort in the design of projectiles that are very
effective against the very iense reentry-vehicle
targets they seek to destroy. These optimized
esigns, generally rods oriented in the direction of
impact, deliver the most energy per frontal ares,
but they are not required for satellite targets. Tha
orientation of the ro'ls at impaci is critical, and the
difficulty of orienting the rods 1s great; the payoff
against light structures is negligible.
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~t& Although the warhead may seem complex in
detail, its designer really has a fairly straight-
forward engineering task. For low closing veloci-
ties, the mass-tncharge (muss of projectiles to
weight of explosive) ratio inust be low in order to
deliver the necessary energy to the target. The
projectiles will generally be pellets whose radial
velociLy component “s adequate to cover the miss
distance in the time allowed. The warhead indus-
try is mature, and it needs little or no prompting
to make its technology available to the Asat
com. .unity.

1. LETHALITY

=8y An area of serious concern in the development
of an Asat systein is the effect of the impact of a
projectile ou a satellits. A great number of studies
aru experiments have dealt with the impact on
proof plates of pe'lets of different shapes and of
various maierials, weighing different amounts,
traveling at different velocities, and arriving at
various angles of incidence; Yut there has been
little, if uny, attempt to correiate these data with
regard to their indivicnal or cumulative effects
or. & satellite structure. 't here are still two dia-
meatrically opposed points of view on hypervelocity
impact damage Lo a satellite, both widely held in
the community. One assert.: that the hypervelocity
impact of a pellet anywhere on a satellite will
send through the structure a shock wave that will
arrive at a vulnerable component with sufficient
amplitude o render the satellite inoperative. The
other asserts that a light, compliant strueture
such as a satellite will not support ihe propagation
of & shock and that, while the pellet will un-
doubtedly destroy the component it strikes and
in most cases will pass through it, damage will be
confined to the local aren. While ve hold the lutter
view, we do recognize that it is no better supported
on an analytical or experimental basis than the
other view. Clearly, more work needs to be done
in this area in both cnalysis and experimentation.
The ultimate experiment will be to impact a full-
scale satellite-like structure with a hypervelocity
pellet (or pellets) in a vacuum environment and to
meas re the damage.®

YS), There have beez a number of studies and

8 (1 course. asymme.ric impact of pellets on a satellit.,
can cause tumbling, but the magnitude of this effect ia
not predictable.

19¢ JDR

experiments on the effect of projectiles on U.S.
reentry vehicles. Some of this work led tu the
design of the so-called spinning rod warhead for
Program 922. That warhead consisted of two
burdles of rods strapped togcther to form two
cylinders in tandem. The reason for having two
#as to increase the depsity of the rod pattern.
The cylinders were spun about their axis of sym-
metry, and at the proper instant the straps were
removed. The cenirifugal force caused the rods
to spread radislly outward, keeping their indivi-
dual spin axes pointed at the reentry vehicle. The
intent was that the rod censity would be sufficient
to ensure that at least une of the rods would impale
and penetrate the reeniry vehicle. Experimental
evidence that this impact would provide a high-
confidence kill of a reentry vehicle was never
vbtained, nor was there any assurance that a
Soviet reentry vehicle or its payload would be
structured in the same manner as the U.5. ones.

=& Thc studies of the lethality of a pellet or

pellets against a satellite are even less satisfying,
Again, data on pellets launched by a light-gas gun
against a proof plate are cited, but they have even
less relevance here than they did in the case of &
reentry vehicle.

9 A number of tests of subscale model projectiles
of the two (Vought and General Db namics/
Poruona) configurations of the Air Force Mop were
made. The models were driven at hypervelocity
speeds by a light-gas gun ageinst a proofl plate.
Little useful information was gained. In genersl,
the model projectiles broke up either in the barrel
or in flight, and the data obtained from the few
that did strike the proof plate could not con-
fidently be scaled in size, velocity, or material.
While the tests were expensive and imp: essive,
they provided littl: gain in confidence over the
analyses that support the earlior lethality studies
for the moP program. ()

“® Several uncertainties need to be resolved,
including (I) the wulnerable area of the target
satellites, (£) the energy required to be delivered
to that area for assured disablement, ($) the need
for that energy to be delivered directly by the
pellet or by propagation through the structure,
(4) the benefits, if any. of impact at hypervelonity
speeds, and (5) the need to define the failum
mode(s) (including Ecv amd sensor-binding) to
tlisable the target satellites.
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¥8) Our lack of knowledgs ot the above factors
may consiitute the most serious deficiency in the
current AsaT program. Once this knowledge is
obtained, the argument between the proponents
of a single impact of upr and the proponents of
the many pellets of the “conventional” AsaT can
be resolved and a warhead can be designed.

&) The cost of the system is almost entirely
governed by the weight of the interceptor, which
in tumn is & very strong function of the weight of
the warhead. Thiz amplification from warhead
weight to system cost is what establishes the
crticality of the lethalicy question,

§. FURINO

™S The fupction of a fuee is to provide & firing
signal to the warhcad at the precim tinie that
maximises the effectiveness of that warhead. The
fusing problem exista only in Asat systems where
the miss distance is large enouth to preclude bosdy
irapact or where the probability of negating the
effectiveneas of = satellite with a single (unp)
object 18 unsatisfactory. The fundamental un-
certainty in a fuze system is the time until the
point of closest approach (“time to go"). For
AsaT systoms with low closing velocities and small
miss distances, sensitivity to errors in this pre-
dicted time is low. For systems where the relative
velocities are above 10,000 ft/sec and the expected
miss distanu.a is in tens of feet, there are no fuzes
in being. in design, or ccntemplated.

T One of the principal driving reasons for the
initiation of the Hrr program in 1963 by DARPA
was to bypass the fumiug problem against reentry
vehicles. It waa thought that it wouln be easier
o drive the miss distance of & small, agile inter-
ceptor to zero than to develop a fuze that would
provide s timely firing sigmal to detonate a pellet
warhead. Other AsM midcourse interrept systems
have avoided the timing uncertainty in a fuse
by incorporating s nuclear warhead, for which
there is virtually no timing problem. Further,
ABN systems do not have the advantage of re-
Hucing the relative velocitiea hetween the objects
by lsunching in the same direction. Because Aum
interceptors are required to operate at much
higher relative velocities (ranging from 25,000
‘0 50,000 ft/sec), the time of engagement is much
shorter and the fuse timing is much more critical
than in satellite engagem nte.
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T Design techniques used by surface-to-sir and
nir-to-air interceptor systems have been considered
for use in Asa? systems. In general, s (radar)
sensor locates the target and, after making suitable
range and angle measurements, calculates the time
of closest appruach. 1f there is sufficient time,
the calculstion is repeated and the predicted
time is updated. Systems so designed are generally
limited by radar power (and thus, by range-of-
operation restrictions), s well as the high angular
rates and accelerations imposad upon the angle
tracker. Varations on this technique substitute
laser radsr for microwave andjor eloctronic
scanning for mechanical trackers, Some innovative
designs have been proposed that woukl generate
three or more cone-shaped beams fixed at specific
angles relative to the interceptor to detoct the
passage of the tar et through them. With three or
more beanis, the time of closest wpprosch can be
calculstedd from the time of penetration of the
beams and used to detonate the warhead.(™)

T These systems appenr to have merit, and if the
conventionsl AsAT prograin is to be pursued
beyond the system-design stage, it wouli be worth-
while to evaluata the several fusing concepts that
have been proposed and to fund the most promis-
ing through wdvanced desiygm. Although sappesning
to involve a straight{forwan! engineering design,
these fures have never been built amd their limits
have never been Tully explored.

MWL Other innovative techniques have been pro-
posedd that do not require a separate sepwor or
range data; they operate on information that is
aveilable from an angle-only sensor. They both
take advantage of microelectronics and ¥ alman
filter technigues. They are treated here separately
from the above grouping becanse not ouly do they
apply to the conventional Axat aut, because they
have such little weight and volume, they could
also be considered as an adjunct to the mvr inter-
ceptors, should it be determined that » single
impact of the body upon the satellite would he
insufficient to negate the satellite’s effectiveness
and that some form of kill enhancement should be
provided.

™ A technique suggested by Kearfot!—Singer("™)
vequires that a precise maneuver be made early in
the end game and that the effect of that maneuver
upon angle aml angle rate measurements be
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Figure 13. Geomeiry of intercept end game for fuang,
(Figure unclsesified.)

couplsd with the (approximets) data already
known n the engagement to predict the time of
closest approsch. The analysis was briefly re-
viewsd, and it appears sound.

=& Another approach suggested by McDonnell
Douglas West(™®) requires that a seven-state
Kalman filter be preloaded with the initial con-
ditions of encounter such as range, range rate, and
time to go and that then one of the outputs of the
filter can be the time to go to an accurscy of
0.201 sec. Evaluation of this technique is being
cairied out by the Ballistic Missile Defense
Alvance! Technology Center, and their pre-
liminery ostimate is that it is valid for the Asat
application.

Y6 If angle measurements can be made precisely
enough, the time to go can be calculated directly
from the variation of the line-of-sight angle with
time. In the coordinates of the disgram in Fig. 13,
the angular rate is given by

‘m !‘rul
e

(where # is small enough that sin #=8 and cos
#=1). The range to go is given directly from the

above Nlltiﬂl’l b.v
v ; el

Differentinting, we have

PGV (g 7%
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(making use of the first relation above to simplify).
But #=V,, and the tims to go is approximately

#{Vra. 50 the time to go is given by a relation that
involves angle measuremerts only:

D

b=
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The raw line-of-sighi-rate data are geneally
too noisy te differentiate directly to give a lean
value of the angular acceleration, but smoo:hing
techniques such as the Kalman filtar are saul 10
be able to produce values clean enough to g ve
the aforementioned accuracy for the time to go.

{8, Of course, 8 value of the angular accalerstion
can be obtained simply from the overancot in
angular rate during the response tune of the
intarceptor (for each impulsive moter firh o
A firing signal is sent to the motor each time the
angular rate exceeds a prespecified threshold.
If the angular rate exceeds a second (higher)
precalculatad threshold before the motor can
drive the angular rate back down. « sigual can
be sent (o fire the warhead. The drawback of
this technique is that the sampling inicrval is
no finer than the motor-firing intervai, given by
At=AV/(2:V o), where AV is the impuls from
& motor firing and é; is the angular-rate threshold
for a motor firing.

W), Thus, it appesrs that theroc may be & number
of potentially useful approaches to [izing an
Asar from an angle-only tracking sensor, either
by separate means of generating additional data
on which to fuze or by using tracking sensor data
directly. The latter is probably more conservative
of weight, volume, and power, but it requires
analysis wnd verification before it can be imple-
mented in an Asart.

K. NECESSARY AREA¥ OF CONCERN, BUT NOT
DRIVING IS8UES

™, A number of areas have been of concern to
the Asar community for some time that do not
require serious study or expenditure of money,
but are of sufficient importance in be discussed
here, if only to ensure that they are not ignored
in any US. Asat development program.

1. Damage Assessment

M. There is always the problem of sssessing
damage to a satellite targel. This is done to
determine whether or not the assets being defended
from the satellite are safe und whether or not the
AsaT system shoukd be refired to complete an
initiated, but failed, negation. Ie need for rapid
tamage assessment is largely a function of the
target being attacked and the urgency with
which the negation is required. A nunber of
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techniques can be considered. A photoreconnais-
sance, elint, meteorological, or communication
satellite typical of toda;'s Soviet technology
has a pressurized powerconditioning ~humber, (™)
the puncture of which will negate the satellite's
mission. There is no necesaity for the Soviets to
remain with this design philosophy, particularly
in the face of a possible U.S. Asar, so one would
not want to depend upon mere sxsurance of rup-
turing the pressurised compartment for kill.
In like manner, sowe satellites have known
transmission patterns, and should these terminste
or chenge after impact, it could mean that the
function of the target satellite ix substantislly
limited or negaled. Again, we have no assurance
that there is wo prearranged second mode of
operation (‘“‘pemce-war switch”) to be used only
after an attack we have never observed and that
we are therefore not prepared to evaluate.

TS} A more nearly certain dantage assessment is to
observe the impact and to attempt, by use of
sensors, to measure the energy release, which
would also be a measure of damage. The same or
other sensors inight be used also to count the
number of objecis after interception and compare
this to the number before, or to observe the opers-
tion of the attitude control system on the target
satellite. By and large, the Soviet satellites are
attitude controlled, and a simple means of deter-
mining that tho useful life of a satellite s over
has been to watch it tumble. A tumbling satellite
would be considered completely negated.

%S The sensor for observing and assessing the
damage could well be = current space object
identification (s01) sensor, but sol sensors are few
in number and are not located at the expected
intercept points. Nonetheless, they represent the
most reliable technique currently available. A
proposed scheme for damagoe assessment, should
such a scheme become of sufficient importance to
pursue, ir to equip the last stage of the interceptor
booster with a sensor wuose only function is to
observe the intercopt and report back. A variation
on this scheme, if the interceptors are small
enough, is to disperse intarceptors saquentially and
to use the second to observe the first and, if the
first fails, to report back and then undertake to
engage the target. The third interceptor watches
the second and repeats the operation. Clearly, this
is an area for mnovation and invention.

AWERNT

£. Booster

Sy Although the cost of the booster and its
support conatitute the bulk of the ~ost of the Asar
system, there appears to be hittle cost reduction to
be yainad through innovation in propulsion. Early
studies by the Aerospace Corp.(**) and the more
recent ICAS study(™) support the argument that
a payload approaching the weight of 100 1b could
still be mir-launched from a fighter or fighter-
bomber aireraft and perform the low-sarth-orbit
niissivh in a direct ascent mode. Should the pay-
load nterceptor) weight be between 100 snd
1,000 Ib, the booster requirenents ncrease from
an sugmented saam (or an Aleor/Star motor) to a
Seou! or a Minuleman. In general, one would
consider these vehicles as being ground-launched,
although they could be sir-dropped if it were very
advantageous to tho mission, Beyond & payload
weizht of 1,000 lb, the booster required is of the
Thor-Delta class. It is difficult to conceive of an
operational weapon system built around a Thor-
Delta, in view of the operation and maintensnce
requirements, the large launch crew required, and
the long turmnaround time .  refurbishing the
launch site to fire & second round. There is clearly
greal incentive 0 keep the nterceptor launch
weight below 1.000 Ib.

TH Not only would the booster used drive the
cost of the system, but it could have an impact
with regard to the SALT agroement limiting the
number of 1cem launchers, I[ & Minuteman were
chosen for the AsaT booster, would it be counted
as an wen? The answer is not cloar. While there
1s & certain currespondence between Soviet weapon-
system boosters and the Soviet spaee-launch
bocster and while the United States can normally
discern the difference, would the USSR accept
U.S. space boosiers derived from 1csm's as willing-
1y It has been sugpested that the proper definition
of an icey launcher is one from which an 1cem
ix expected to be fired. In this country, the
‘aunchers are hardened underground concrete
structures, they have removable hardened doors,
and they are loaded with & known oM Siuce the
AsAT mission is quite different in operation, there
is no nead to use the same silo design or to protect
the vehicle from more than the natursl environ-
ment. Therefore, we might expect that a Minute-
man on an aboveground opr isunch pad or in
a shalter would not be regarded as an 1cnn.
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%€ The questions of what booster to use and
whether or not. it would be counted as an 1cpm
launcher are straightforward problems to be
solved—ecritical, but solvable, and not key issues.

(U) Not considered here, of course, is the arms-
contro! impact of AsaT’s—the unknowable limita-
tions thit may be epplied by SALT to Asar
systems.

3. Operations

8} There appear to be a few minor organizational
problems with the operation of a U.S. Asat system
and only one of major concern. Should it be
determined that the appropriate launch vehicle
(whether an aircraft-launched sram or a ground-
launched Minuteman, as typical examples) is
neither now nor ever was expected to be in the
ADCOM inventory, action must be taken to
allow for if; inclusion in the scope of ADCOM
operations. This iz largelv 2 political problem
internal to the Air Force,

S In like manner, if the appropriate bases from
which to lsunch the AsaT to ensure a timely inter-
cept at lowest possible cost are not now ADCOM
bases, it will be necessary to reconfigure the basing
structure of ADCOM.

S A principul operational concern is how
Spapats can become an integral part of a weapons
system. At the present time, Spapars has the
task cf maintaining a catalog of space objects.
To do this, SrapaTs attempts to establish the
ephemeris of s newly launched object as soon as
is practical and to predict the position of that
and every space object 24 hr ahead, so that
the tracking sensor, wherever it is, can easily
reacquire the target and update the ephemeris.
To do this in an orderly way, the Air Force has
organized a group of sensors, some dedicated,
but most of them shared with early wamning sys-
tems opel .ted and staffed by various organiza-
tions, some military and some civilian. What is not
clear, and is therefore of great concern, is how
this rather loosely knit group could function as a
critical part of a real-time weapun system at times
of high international tension, when many other
demands might be made upon it.

16> The most serious and interesting problem with
regard to operational capability will be to deter-
mine the number, location, performance require-
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ments, and dedication of facilities pecessary to
support. the planned AsaT system. Integration,
coordination, and command end control of these
facilities are critical factors for the successful
operation of this real-time weapon systern and
are yet to be worked out.

4. Countermeasures

& In designing an) weapon system, one should
always determine the susceptibility of the system
to countermeasures and design into the system
whatever safeguards are cost effective. The
Asat designer should consider the steps the satel-
lite designer could take 1o protect s satellite
{rom negation by the Asar. The obvious choices
are interference with the acquisition process by
using decoys or jamning, avoidance of acquisition
by jinking, or attack on the Asar directly.

8} Using the Soviet Asat as an example, one can
examine the several tactics the United States
could employ to avoid intercept. Since the Soviet
system uses a rather simple radar to provide
signals to the guidance system, only a simple
jammer would be required to deny those data.
The Soviet Asat radar-tracker system is well
characterized and it operates over s short and
critical time span, and s jammer aboard the
targeted satellite has the power advantage. The
jammer could be turned on through detection by
the target of the radar-tracker search signsl.

™ Since it is known from what launch site
(Tyuratam) the Soviet interceptor hes always
been launched (and current assessments indicate
it will continue to be launched irom there) and
since the mode of operation of the Soviet system
is expected to be well established (although at this
writing it appesrs that the Soviets may be chang-
ing from a two-orbit intercept to a single-orbit
intercept), when the lsunch of a Soviet Asar
occurs, the target for that Asat can be deter-
mined by the United States to be within a small
uncertainty volume. Since our pse saiellite can
observe the Asat Jaunch and our Spapats keeps
constant predictions on our satellites’ positions,
should a launch oceur when onu of our satellites is
vulnerable, there would be 1.5 hr (in the case of
the single-orbit intercept) or 3 hr (in the case of
the two-orbit intercept) during which attack
assessment and evasive action might be
accomplished.
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=) The evasive action might be a modest ma-
neuver to remove our satellite from the acquisition
zone of the Soviet interceptor, or it might be the
deployment of a group of decoys that would
either confuse the acquisition process or perhaps
present what appears to be a much stronger target
than the Asar. Detecting the radar emissions long
before the AsaT can sense s return, the satellite
could also trigger deplovment of interceptors of
the upP class to directly attack the Soviet AsaT
before it could attack our satellite.

=9 The above examplcs serve to illustrate several
festures of an AsaT that could make it less suscep-
tible to countermeasures; these are direct trajec-
tory, antijam capability, maneuverability (lateral
reach), large acquisition zone (angle and/or range),
and terget discrimination capability. Key factors
in the above exemple of avoidance of intercept
included & known AsaT launch site, a quasi-
coorbital trajectory for the Asat, and a well-
understood radar tracker. If the trajectory of the
AsaT were direct, then the time from launch to
intercept could be on the order of 10 min, which
would severely limit a reactive system for the
satellite. If the launch were made from an aircraft
or a submarine, it 1s not likely that a targeted
satellite could be warned in time to react, even if
there existed a Soviel launch-detection satellite
analogous to our psp. If the tracking signal were
based on passive radiance or rerediance rather
then reflection of an active signal frem the target
satellite, jamming or decoy dispersal would be
complicated because of the time uncertainty of
the attack due to lack of eaily detection of a
radar emission.

=t3 Of the systems being considered by the United
States for development, the miniature AsaT
launched from an aircraft using an LwiR sensor
has a clear edge over the others in providing the
above counter-countermeasure characteristics. The
same system, but with a sensor in the visible wave-
lengths, might be just as good; but since intercept
would be limited .to sunlit areas, this potential
illumination weakness might be exploited. A
ground-launched miniature Asat system could of
necessity deliver multiple interceptors to partition
the volume of uncertainty generated by c jinking
maneuver and be able to intercept every object,
whether decoy or satellite. A ground-launched
conventional interceptor with an LwiR sensor
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needs to have the lateral range to cover the un-
certainty generated by ‘inking and the ability
(discrimination) to identify the target in the
presence of decoys.

~8) Thus, from the expectation that Soviet coun-
termeasures might be employed agamnst a U.S.
Asar, it will be advantageous for the U.S. Asar
designer to strive for a long-range sensor with the
possibility of discrimination and small size with
the possibiiity for proliferation. If he is suncessful,
he not only has in principle an effective Asat (in
early expected encounters) but an anti-Azat (for
the current Soviet Asar).

L. KINETIC ENERAJY KILL BYSTEMS SUMMARY

) Of those 1ssues addressed, five can be identified
as key issues which, if unresolved, can have a
deleterious effect on the U.S, antisatellite pro-
gram. The iive key i ues are: (I) the target list,
(2) the orbit determination system, (3) the
system reaction time, (4) the miss distance that
can be enforced, and (5) the lethality eniteria on
which satellite negation is based. Other issues,
while contributing more or less to the difficulty
of the Asat task, have much less effect on the
outcome of the development and are thought to
be amenable te good engineering judgment.

IV. HIGH-ENERGY LASER OR BEAM
WEAPONS

A. INTRODUCTION

~&3 Significantly beyoni the technology deseribed
above are high-energy lasers and particle beam
weapons suitable for use in an antisatellite
system. Smce lasers are considered a substantial
advance in the state of the art, less attention is
given them here than was given kinetic energy
devices. Because particle beam weapons are even
further future developments, they are only refer-
red to, nct Jdescribed. The ground-based high-
energy laser Asar is thought to be the earliest
achievable weapon of this class, and it is described
in more detail in another paper in this series.

B. BACKGROUND

% A “beam of energy”’ has long been the dream
of the scientist as well as the science fiction
writer. In 1898, H. G. Wells wrote

It is still a matter of wonder how the Martians
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are ahle to slay men so swiftly and so silently.
Many think that ia some way they are able to
generate an intense heat in a chamber of
practically absolute noncenduct’ vity. This in-
tense heat they project in a parallel baam aguinst
any E‘t;’ect they choose by means of a polished
parabolic mirmr of unkroen compemition,
much as the parabolic wirror of a lighthouse
projecis a beam of hght. But no one has
absolutely proved these details. However it is
done, it 18 certain that u beam of heat is the
essence of the matter. Heal, amd invisible,
instedd of visible light. Whatever is combustible
flashies into flurne at its touch, lead runs like
water, it softens iron, cracka end melts glass,
and when it falls upon water, incontinently
that explodes into steam.(*)

It is interesting to note that he discusse the beam
pointing by means of a parabolic mirror, the wave-
length as not being visible, and the kill mechaniam
heing that of a high heat load. Later in the same
text he notes that the device gave off a “greenish
gas.” The description is a more-or-less accurate
description of the HF or DF laser that is being
exploited as the most practical (at this time)
source of laser energy. Moat of the weapons systems
studiea being conducted now or in recent years
attempt to take advantage of the high efficiencies
associated with chomical lasers couplad with their
short wavelengths that allow relativelv small
mirrors to focus the energy on a small spot at a
rather large distance. Prior to discussing the
application of a laser to the Asat problem, a brief
review of laser technology is in onder. A more
thorough coveraye, but still s primer on the subject,
is contained in Rei. 30

=) HF and DF lasers are chemical combustion-
driven devices that lase in the 2.7- and 3.8%-micron
wavelengths, respactivly. Some devices use either
medium interchangeably, with the slightly different
generation am tranamission efficiencies associa el
with each.

X8) The dry weight of the laser is about 0.5 10 0.3
Ib/kw of useful laser euergy generated, and it
expends on the onder of one pound of working
fluid for every 200 or so kilnjoules of energy. The
weicht of the tankage to store the working fluids,
as well as the structure to support the laser,
largely depends upon the proposed application and
total beam-on time required before refurbishment.

T2 At this writing, there are numerous HF/DF
lasers operating in the 10-kw region and two larger
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lasers built by ganging & series of the smaller units.
The baseline demonstration 'sser nom.nally oper-
ates at 100 kw, while the Navy-DARPA chemi-~sl
laser operates at between 400 and 500 kw. Other
larger lasers of the few megawatt class are in
development and the optimistic system d=ugmer
work: with values in the tens of megawatts.

™ Mirror technology has progressed rapidiy in
recent years, boing driven in nart by the space
astronomers and partly by the high-energy lasor
weay 30 advocates. A 2 4-meter-liumeler mirror,
diffraction-limitedd at visible wavelengths and
suitable for space operation, 1= available today.
Techniques for building larger mirrors, either
monolithic or segmented, are being explored and
DARPA has in development mirrors that can be
{olided for launch and then erected for space opera-
tion. Their poal is to demonstrate diffraction-
limited oplics tens of metors in diameter.

T For high-enerngy laser operation, the reflectance
of & mirror must be very high, or else there will be
» severe penelty in cooling weight or in permit ‘ed
operating time. While 0.99 was highly acclaimed
in the past, 0.989 is currenily available and 0.9949
is foreseen.

T Active compensation for nonplanar illumina-

tion and/er turbulent atmosphere 15 also under
development. These techniques, called adaptive
optics, seek to compensate for the error by pur-
posely deforming & small segment of the optics so
that the beam is diffraction-limited when it arrives
at the intended target. Active deformation in real
time for a transient phenomenon, such as atmos-
pheric turbulence, 15 no small eecomplishment.
There has been 1auch succass in this area, and it
18 promised that more is in stere,

9 Of primary concern to the high-#nergy laser
weapon syster Jdecigrer 18 the inability to isolate
the laser beam from vibration brought about by
bearing friction in the mimbals, unstable cownbus.
tion in the laser, or vehicle motion. Jitter causes a
ameaning of the damage spot and, unless it w
kept to w small fraction of the wypot size, the
penalties in power become great. Current demen-
strated capabilities are at least an onder of magmi-
twde short of that which is deared.

U, LOCATION

T The three approaches that have most often
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been coraidared for high-energy laser Asat have
dealt with ground-based, wircraft-based, and
space-based weapons. Each has its advantages and
disadvantages {rom an operational point of view,
but more importaatly, the techrology require-
ments for each are quite different amd therefore
the question of immediacy is raised. Hach is dis-
cussad in tum in an atten.pt t» point out its
salient features, but bacause laser weepon system
technulogy 18 so new and so little is known of
laser weapon effects, the details aie limited whea
compered to kinatic energy kill interceptom.

D. GROUAD-BARED LABER ABAT

< The ground-based laser can be of almost
unlimited size and weight, and efficiency is not a
serivus problem such as is seen for the mobile
aystems, The designer has an interesting set of
parameters among whick he must trade wm onler
to achieve an effective aystem. Ideally, the weapon
aystem site wou'd be located as high as possible,
atop an easily socessible mountain, perhaps, w0
minimize the thickness of atmosphere through
which the leser beam must penetrate. A vy
environmen! would also relieve the attenuation of
the beam through the atmosphere.

) With a single fixed nstallation, the armay of
satollites that can successfully be engmged is
reduced. Becauss of thermal blooming and attenu-
ation, there is a range beyoml which sufficient
energy to destroy a satellite cannot be delivered.
A brief discusaion of this phenomenon s contained
in Rel. 1. Therefore, the ground-based system
csn only atisck low-altitudn satellites thet pass
noar the laser site. Although the target list dis-
eimanl carlier sot the highest priorities on these
vary sstellites and no others, it is seen that, while a
mround-based systam might be very effective in
the near term, it has little growth potential.
(This is not meant as s disparaging remark. The
ground-based system could provide an effective
Asar during the interim period while the Saviets
developad newor high-aititude satellites and we
were developing uther means ‘o combat them.) As
the altitude is reised, 30 i the period of the orbit
lengthened, increasing the step-over distance of
the satellite track on the ground. Thorefore, not
only are higher altitude satellites farther removed
in vertical range, but they van be farther away
because of he lateral offset beiween the site and
the ground track of closest approach.

“¥ The most sarious problem with the grouml-
based system is that of reaction time between the
order to distroy s particular satellite and the
satellite’s destruction. The time lapse coukd be as
much as 12 hr between the onlet to fire aw! it~
execution. However, if one assumes thal 8 number
of sit~s are built to solve the lateral offset problem,
then proper choice of ground site would allow the
Asar system to attack a particular satelhte with
lesa delay. The locations of these sites are im-
portant to providing this timeliness, which then
raises the problem of overseas bases at wiieh to
locate weapon sites. Thix problem i1 yet to be
addressed,

T The orbit~determination system, which was so
important in the direct-attack, kinetie-energy-kill
Asar systems discussed earlier has far less demand-
ing performance reguirements in this spplieation,
Knowledire that a launch occurred (par} would
alert the usual tracking stations, and s rough
ephermeriz could be established early in the
satellite orbit. Since the microwave radars have
the capability tv search o large velume very
rapidly and can easily detect the presence of an
orbitng satellite when the satellite is =till several
orbits from the orbit of closest appronch. it
appears that a reasonably lange nucrowave radar
located near the laser site (or coupled to it thragh
# paraliax correction) would be a necessary adjunet
to the system,

™ Given the orbital parameters, perhaps ns
crude as from pak. a radar could search, aequire,
and track the potential tarzet satellite well before
the laser system needs to be slerted. The tracking
accuracy needs to be sufficiently precise only to
minimize the efforts of the low-power laser tracker
that would be an integral part of the laser Asar
system. Using either the same or suxiliary optics,
the laser tracker would provide data to predict
the vrbit precisely for the attack, chararterize the
atmospheric parameiers (moisture, turbulence,
dust, ete.), and transfer the tracking parameters 1o
the laser weapon system.

T The wavelength chosen for the weapon would
result from an evaluation of several parnmeters,
the most important of which are w:teruction of
that wavelength with the atmosphers (attenuation
and blooming), efficiency with which the enenry
vould be produced and directed, and the effect of
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that wavelength at that power level on the target
satellite. The attenuation is less for 3.8 microns
than for 2.7 microns, but the efficienicy of genera-
tion is better at 2.7 microns and the mirror for
that wavelenpth can be smaller for a given kill
spot size, although the precision to which that
mirror must be ground is greater.

=8> Jitter is & loss serious problem for a fixed
ground-based system than for a mobile unit. The
sheer massiveness that is possible in a fixed installa-
tion precludes significant motion of the com-
ponents. It is expected that wavefront jitter and
vibration froin even the large bearings in the
mirror gimbals can be compensated through the
adaptive optics. However, the primary reason for
the adaptive optics is to compensate for atmos-
pheric turbulence.

<3 As for lethality, the same problem exists as
with the kinetic energy Asar. The speculations
that exist at this time require thorough analysis
snd experimental demonstration that a particular
power level over a period of time will produce a
satisfactory probability of kill. The current esti-
mates of the enerpy required to kill a satellite
range from 1 ksfem? to 10 ka/em?, but it is generally
agreed that for current Soviet satellites the cen-
troid of the satellite iz the center of the vulnerable
ares.

"9 Assessment of kill also remains s <erious
problem. The techniques discussed earlier in this
paper apply to the laser system as well, but here,
since the kill mechanism is essentially one of
heating and melting, it is possible that a spectrome-
ter would be useful in measuring the energy depo-
sition on the tarpet and estimating kill on that
basis. Other techniques using a spectromeier
include the detection of materials known, a
priori, to be within the vulnerable volume.

=t®) Should the kill dese be marginal, the prudent
system designer would develop the capubility for
reengaging the target in a minimal time after kill
assessment. This task is dependent upon the speed
with which kill assessient can be accomplished,
the available geography over which the repeat
attack can take place, and the funds available for
& backup laser site. A careful systems analysis
will show whether the more economical approach
is to reengage & target that was not destroyed in
the first attack or to use the resources that would
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support the reengagement site o ensure that the
first attack was of sufficient certainty to preclude
the requirement for reengagement.

(U) Countermeasures is an srea that requires
considerable thought, especially at this time, The
prudent system designer will incorporate the first-
generation counter-counterineasure into his de-
sign to be assured of some finite life and, therefore,
value to his system.

87 The chvious countermessure for a pround-
based luser AsAT is to rotate the satellite into the
minimal cross section relative to the laser and to
have a highly reflective surface covering that cross
section. Since the satellite has knowledge of the
location of the pround base, it would be a simple
matter to interrupt the mission of the satellite
during the time it van be attacked, protect itself
in the shove manner, and reinstate the mission
when the danger ares has been passed. The satel-
lite operator must then determine if the mission
can be aborted while over that area, which then
establishes for the AmaT operator the need to
locate the AsaT near the area where the satellite
focuses its primary mission.

E. ATRCRAFT-HARED LASER ARAT

T The next consideration in laser location is to
utilize o lange aircraft, a C-5A or wide-body jot, to
carry the weapon system to a relatively high
altitude to avoid as much of the atmosphere as
possible and, perhaps more inportantly, to give
the Asar system a cupability to destroy an enviny
satellite wherever and whenever it is nmuportant
to do so. The price that one hes to pay for this
capability 1s not small, and several hitherto less
important. issues with regard to technology will
be raised.

=2 The target list will not be substantislly
changed, in that while the altitude is raised, thus
reducing the effects of the atinosphere, there is a
limit. placed upon the size (weight) of the laser
and s Tuel supply. At this writing, there has not
¥et been published any tradeoffl between the two
driving parameters, and thus, it & not known
whether the list is longer or shorter.

=t The more important wsue is the unpr xhictable
by the satellite operators) location of the aireraft-
based Asar. If one assumes that the number of
satellites that can be attacked is the same, then
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the recuirement for the satellite to come to the
Asaris eliminated snd the entire srray of satellites
is et risk. The satellite operator cannot count on
being secure from attack, except during the
rather short times of overflight of his own country.
With the potential use of sirfields the world over,
the Unived States could have an Asat that could
respond very repidly te sn alarm and not have to
deal with the >ountermeasure discussed earlier.

=87 Another capability that could be associated
with the aircraft-carried Asart is the ability to
carry out an attack and s reattack without the
problems associated with fixed ground bases. An
Asar aircraft opersiting in the high northern (or
southern) latitudes could attack a satellite and,
if the attack were judged unsuccessful, could fly
to the ground track of the next orbit and reattack.
No‘e that with sufficient warning the aircraft cen
always proceed to & point directly beneath the
satellite and attack without any degradation due to
lateral offset range.

“t8) This capability does not come easily. Requir-
ing that the laser and its fuel supply be transported
in an aircraft imposes the consideration of specific
power of tue laser device, mass flow efficiency of
the working fluids, and the design of a lightweight
fluid supply and structural-support system. No
longer would the system designer enjoy the luxury
of being able to use virtually unlimited weight,
volume, and coolant. Recalling the years of effort
that have gone into the Airborne Leser Labera-
tory, one can hope that the system designer can
and will take advantage of the many solutions to
problems of aircraft-located high-energy lners
that were discovered there.

TH=The requirements on the orbit-determination
system are also greater than for the ground-based
systein. No longer can a large microwave radar
be used as an adjunct to the laser device, in that
the aircraft will already be crowded with the laser
system components, and we cannot depend on
operating near : cround radar that can support the
AsAaT mission. Thus, the orbit of the satellite to
be attacked must be described with sufficient
accuracy that a radar (microwave or laser) of the
size that can be carried on board the aircraft can
search, acquire, track and hand over the target
to the luser weapon system early enough to effect
a successful intercept.

T® Jitter 1s expected to be a serious problem in
sircraft oper.tion. For ranges of operatio.” on the
order of several hundreds of miles, it is desirable
to have jitter down to & few tenths of a muro-
radian. To date, the cp.ration vn & large (KC-
135) aircraft sttempting to track a target with a
0.6-meter mirror has experieuced jitter on the
order of a few microradians without a high-
powered laser on board. Thus, it is seen that an
order-of-magnitude improvement, plus whatever
else is needed to compensate for the laser itself,
is required.

(U) The wevelength chosen is now (in the sircraf-
borne case) less dependent upon the atmospheric
absorption and more dependent on the efficiency
of generating a plane wave with little inherent
jitter. Again, the tradeoff study to support this
choice is yet to be made.

& Kill and kill-assessment considerations sre
similar to those previously discussed, although it
is doubted that a kill-assessment system could be
implemented within the confines of the aireraft,
and thus, refire would depend upon the availability
of space object identification sensors to determine
if kill was indeed accemplished.

=9 Countermeasures for an aircraft-borne laser
Asar are more uifficult to conceive than for the
ground laser site. The form of the solution, how-
ever, should take into consideration the problems
peculie~ to aircraft-carried lasers. Limited weight
and, hence, limited power could be exploited as
well as the genersily expected higher (than
ground-based) jitter that would result from
aircraft vibration and buffeting.

F. SPACE-BASED LASER ASAT

¥S) Space-based laser Asat was the subject of a
DARPA-sponsored study at LMSC, and this is
reported in deteil in Ref. 32. The scenario used
by the investigators involved the requirement to
negate a large number of satellites (about 75) in
a short period of time. The periods studie:d were
both 1 and 7 days. The currency of value in the
study was the number of Seaser (for SPAce
1aSER) attack satelites of a given technological
level to destroy the target rray in a given lengih
of time. A suminary of the results is shown in
Table 4. Here, it s seen that increases in tech-
nological capability have an immediate payeff, but
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that the real payoff comes from the ahility of the
SPASER o maneuver,

T In the operationsl modes selected by Lock-
heed, the Spasems were located at altitudes
between those occupied by the target satellites,
and the targets were attacked as they neared
their point of closest approach. A limited maneuver
capability on the part of the Sesraer allowed a
phase change in the orbit end greatly speeded up
the opportunities for intercept over the oppor-
tunities that would be afforded if the Seaser
maintained a fixed orbit. The kill dose used was
1.6 ks/em?, and the kill times were up to 100 sec.

™ Subsequent siudies, also spousored by
DARPA, entitled “Advanced Radiation Space
Defense Applications”(®) and “Long Range
Optical System Study,”(*) explorcd the use of
space-based high-energy lasers as Asar systems,
but with littie improvement in the state of know-
ledge of requirement for such systems.

T8) What has been missing from these and other
system studies of space-based lasers is the ex-
ploitation of the charactrristics that are peculiar
to a laser. The above studies treated a laser as
if it were a gun, caused the AsaT to approach the
target, and then fired ihe laser gun. A laser has
s number of peculiar properties that can easily be
exploited by the clever designer. A laser has
variable power, instantaneous (almost) time of
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flight over a farly large distance, and a veny
rapid retargating capability. Now, consider util-
izing such capability against an advanced Soviet
satellite that has plauned certain countermeasures
such as maneuvers or deccys. If the U.S. Asar
proceeded to what was expected to ba a point
from which to sttack and was faced with a turget
that was widely displaced because of sn umn-
expected maneuver, then the laser would have
the range to makoe up for that maneuver and could
carry out the mission as planned. A more complete
exploitation of laser capability is seen if the
target expecting an attack should deploy replica
decoys. In this case, the luser AsaT could reduce
the energy in a pulse and rapidly fie at each
target with & quantity of euergy sufficient only
to destroy a decoy. With the retarpeting and
target-recognition capabilities that can be built
into the AsaT, all the decoys would be recognizably
destroyed and the target remaining would be the
satellite, which could then be destroyed with =
lethal dose, as planned. A space-nased laser
Asat is valuable, not because it can do the same
job as & kinetic energy intercoptor, but because
it can aegate an arrayv of first-order counter-
meusures with which other systems have preater
difficulties or require higher costs.

T A shortcoming of the space-based laser Asar
svetem 18 1is very presence. To be effective, the
Asar force must be on station at all times, _ady
to act, because it would require s sigmificant
amount of money to maintain a force reudy 1o
launch and s rather large (compared to the desired
reaction time) time to put the force on station.
Such an array would appesr provocative and could
easily mncite an attack on 1t. While this 15 not a
techuological problem, it is nonetheless real and
must be considered in the planning for & space-
based laser Asat force.

Q. LABRR ASAT aUMMARY

=t In summary, regard'ng laser Asat systems,
it appears that ground-based lasers have the
earliest potential for operation because of their
lesser requirement fon  lightweight advanced
technulogy. They also have limited growth, but
they might well constitute a useful leaming tool
for ground-based lmser phenomenology while
giving some capability for Asat. The aircraflt-
based system has many virtues. Among them are
the covertness that can allow an sttack virtually

SReREY-

B ey i

i
H




b T i o

R e 4 % e e,

“SREREP-

anvwhera sad anytime., The price is tha highk
development cost of ligh*weight components and

the very high operational and training coat
associsted with man-operated equipment. A

| space-based systam features the rapidity-of-sttack

capability, but not the covert operation, assoc-

i isted with the sircrafi-borne laser. The cost of

developing lightweight components is necessary
here, but experience with nonmanned spsce
systems indicates an expected low operational
and maintenance cost.
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