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TAB A
THE POTENTIAL OF VERY HIGH RESOLUTION PHOTOGRAPHY

Introduction

This paper will summarlze significant aspects of present
and future high resolution photography bearing on the general
utility of such photography and the impact on representative
present and future intelligence problems. Current knowledge
of atmospheric limitation on achievability of satelllte-
collected, very high resolution photography will be discussed.
Finally, the results of a simulation program initiated to
illustrate the usefulness of high resolution photography by
specific examples will be described.

Conclusions

Photography is the most credible of all intelligence
source material short of official documents or the physical
hardware. National policy and decislons must be based on
hard data., For example, sufficient proof of the existence
of missile sites in Cuba in 1962 necessitated very high
resolution photography. The reality of new missiles in belng
or in test can remain in doubt pending photographic proof.
Further, the Soviets have paraded large military hardware
items which were entirely unsuspected.

Very high resolution photography, in the '
-r'a.nge, is required in order to formulate estimates of
military capability and vulnerability with reasonable levels
of engineering confidence. In addition, it is needed to
ameliorate the lncreasing danger of technologlcal surprise
and to compress the time span necessary to define a new enemy
capability after it is identified. Such photography 1s
extremely valuable or mandatory in producing intelligence
information for:

Crisis Management
Arms Control Inspection
Specific Tactical Estimates

Technical Intelligence
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Background and Definitions

What is high resolution satellite photography? The
definition of high resolution satellite photography has varied
depending on the year and the technology existent when the
question was asked. In the early days of photographic
satellites, 10 to 25 feet was considered to be very high reso-
lution, at least from a capability standpoint., The KH-T system
now produces photography of 2 feet on occasion and the follow-
on system, first flight in mid-1966, is expected to produce
resolution under average conditions.

For the vurnose of this paper, and considering the capa-
bility of] with a growth potential to envi-
sioned for MOL, "very high resolution" 1s defined as
It seems inevitable that in the future, satellite
photography resolution will be achievable
at which time a further re-definition will occur.

Utillty and Impact

Intelligence results, value, and confidence levels
- usually increase significantly as a functlon of increased
photographic resolution,

High resolution is particularly important in the techni-
cal intelligence area where primary problems are usually
grouped under questions of military capability or vulnerabllity.
For example, the payload weight of missiles and space boosters
is one of the first questions asked about any newly discovered
vehicle, In the case of a potential weapon system, planners
will want an early assessment of the systems!' assailable
points, i.e., hardness, radar cross section, armor plating,
type of guldance, eftc.

The usefulness of very high resolution photography for
furnishing credible information to the National Policy level
and in turn to the public and the world was proven irrevocably
during the 1962 Cuban missile crisis. This aspect ~-- that is,
convincing the informed layman and/or outright agnostic -- is
often overlooked by the intelligence analyst because he 1s
usually working from a base of a priori knowledge. The Cuban
crisis illustrates the role of very high resoliution photography
in crisis management and tactical reconnaissance cases, Proof
of missile-related equipment, launch site construction, and
country of origin of military equipment of all types was a
necessltv. The best of the Cuban crisis photography was at
the range and was
obtained by low altitude reconnaissance aircraft operating at
very low altitude, Collection by satelllite provides some
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measure of covertness and surprise and does permit penetra-
tion of areas denied to ailrcraft.

Very high resolution photography may have an even more
dramatic influence on the question of technological surprise.
Increasingly, advanced and exotic weapons are brought to
fruition covertly and in isolation., Any future Arms Control
agreement may make such photography almost indispensable.

Atmospheric Limitation

A recent program of anaiysis and test to determine the
1imits of resolution caused by the atmosphere has produced
evidence that the atmospheric limit in resolution from a
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moving satellite is almost certainly—about
50% of the time and that fohotography can be obtained

Q9% of the time. H_—_gu

of the atmosphere showed no
indication of a turbulence limit in seeing down through the
atmosphere., A _ has been started
that is expected to demonstrate photography through
the atmosphere during mid-1966. The extensive follow-on
analytical program includes effort to predlct seeing condil-
tions which may equal or possibly exceed present weather
prediction accuracy.

Silmulation Program

A simulation program has been conducted to demonstrate
the usefulness and value of very high resolution satellite-
collected photography. Photographs were obtained of a number
of equivalent U, S. subjects of reconnalssance interest at
different, accurately calibrated resolution levels., Contrast
ratio and grain were also simulated so that the program would
provide photographic samples that faithfully represented
present and potential future satellite photography.

Resolution tri-bar targets were placed on the ground

beside the subjects of reconnaissance interest. and low
altitude adircraft photography was taken.
resolution photography was thus obtained. This photography -

was sultably rephotographed so as to simulate contrast
attenuation through the atmosphere from a satellite, with
grain, scale., and resolution desired., Simulations are now
available at resolution to match DORIAN,

resolution to match GAMBIT-CUBED, and 2-1/2-foot resolution
to match GAMBIT, partial simulatlons are
also avallable,

Selected examples of portions of these photographs are
available in the form of stereo pairs sultable for hand-held
viewers, In addition, for comparison purposes, three KH-T
stereo palrs of current Soviet intellligence targets have
been mounted and are available. They consist of a completed
Soviet SS-7 hard site, a single silo in the excavation stage
of construction, and a large parabolic dish antenna.

Simulation Analyses

The photographs resulting from the simulation program
were analyzed by a selected group of photographlec inter-
preters and intelligence analyst/engineers. The general

RUFF/GAMBIT/DORIAN
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results are presented here with detailed discussion of only
three areas -- test facilities, hardened missile sites, and
large antennas -- for brevity. It is lmportant to recognize
that analogous statements and arguments can be advanced for
naval vessels; alrcraft; armored vehicles; research, develop-
ment, and test facilities of all types; and other items of
interest from a National defense standpoint. The relative
importance of most intelligence collection targets fluctuates
rapidly, widely, and unpredictably based on the National
planning or pollcy decisions which are critical at any moment.

Among the more permanent, important collection targets
requiring very high resolution photography are research and
test facilities., For example, the ability to size rocket
engines during the development phase would permit estimation
of future missile and space booster thrust capabllities.. The
KH-7 system furnishes excellent engine test facility layout
photography, but no rocket engine has even been ldentified.
Present Soviet rocket engine thrust capability estimates are
based upon Soviet announcements of pavload into orbit, ELINT
(telemetry) analysis, and extra-
polation of U. S. state-of-the-art. Of course, the Soviet
engine has completed the development phase and 1s into the
flight test before any of the above data can be acquired.
When time for analysis is added, the Soviet systems to date
have usually been operational before stage thrust estimates
and, therefore, payload capability, have reached a useful
confidence level. ‘

Developmental aircraft are often accessible to overhead
photography during their test phases. Knowledge of armament
types, nuclear weapons sizes, the existence of in-flight
refueling mechanisms, and the like, would be available
through very high resolution photography during flight line
operations. At present, the best we can do is recognize the
existence of weapons loading pits, armament firing bunkers,
and spot an occasional exercise or operation in progress.

Table I lists some general questions about a hardened
ICBM site that intellilgence analysts would attempt to answer
from available photography at various resolutions. The
resolution deemed necessary to provide a reasonably confident
engineering answer is noted by each problem area. Obviously,
the availability of various other intelligence inputs and a
priori information can influence a table of this type, but
experience of available photographic interpreters and engi-
neers indicate that these resolutions are needed.
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TABLE I

HARDENED ICBM INSTALLATION

Necessary Resolution

Facility Layout

Missile Type

Blast Resistance
Wall Thickness
Door Span and Dimensions
Construction Methods
Door Seals, Locks, Mechanisms
Steel Reinforcing Bar Size

and Arrangement

Soil Structure and Type

Ground Support Equipment
Handling and Loading Equipment
Missile Suspension and Support
Checkout and Calibration
Launch Control Layout
Electrical Power Source

Communications Networks
Microwave Links
Telemetry
Cables and Buried Radio
Guidance Links

Physical Security
Support Facility
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e a difficult time agreeing upon the actual
hardnggiiggeZirhixn ICBM installations since no gglé;scgé:ign
tests have ever been conducted, In §he absence ol atis o2
crlteris for Sorics LRI "Lt e, Tadiarion

om an ; : )
EﬁZi;agagggiif g?ound ghock, electromagpetic pulse, etg.a i;e
somewhat theoretical. At best, the estimates are baig ; p
how we would do it if we were in their shoes, given ihr o
construction technology, and with some safety factors thro

' in.

The intelligence analyst/design engineer must know silo
wall and closure thickness, door span distance, construction
methods, and some idea of the percentage of steel within the
concrete with reasonable confidence in order to arrive at any
useful estimate of completed structure blast and shock
registance. Table I shows that this is achievable with

photography. For higher confidence estimates,
detalls such as reinforcing bar sizes and arrangements; door
mechanisms, locks, and seals; and soil structure information
become important. Table I reveals ’cha’c-photography is
necessary for this level of analysis,

Important questlons about any missile in its launch
environment are the ruggedness of the missile itself, the
duration of time that the missile 18 essentially soft or
vulnerable after the commit to launch decision, the possi-
bility of silo reload, the guldance and control alignment
procedures, etc. Inevitably, the problem arlses as to
whether an existing facllity can be modified to handle a later
generation missile, A current, extremely important, question
revolves around whether the Soviets can retrofit theilr
existinge MRBM/IRBM silos wilth the new apparently solid ICBM

ﬂ The implications are self-
evident, The best approach to these problems 1s through

analysis of ground support equlpment, Inspection of Table I
shows that photography 1s necessary to get to the
heart of these areas,

One of the most vulnerable aspects of any military
operation is 1ts communications links. Tap them successfully
and it 1s possible to learn a great deal about operational
procedures, capabllities, control links, etc. Determine
thelr existence, layout, and general characteristics (parti-
cularly frequency) and 1t becomes feasible to attempt negation
of the weapon system by command and control interruption.

Very high resolutlon photography would materially contribute
to the solution of this problem.
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Table II lists information desired apropos of radars
and antennas. Current typical examples are probable large
Soviet phased arrays under constructlon and numerous para-
bolic tracking dishes throughout the USSR. If the capability
of these systems is not assessed accurately, the U,S. may
find that the USSR can negate its satellite reconnaissance
program, or it has a substantial ABM radar capabllity.

The most important question about a radar is 1ts fre-
guency. Probably next 1s its range and accuracy capability.
Wnile sipgnal modulation characteristics are not amenable to
ohotography , | NGz ooo:osraphy permits early assessment
(1ong before ELINT becomes avallable) of eventual antenna
functional capability and uses. For example, estimates of
eventual power output can be based on feed type and size in
conjunction with transmission line lengths, Joints, and.sup-
ports, and transmitter tube locations. Antenna mount and
depression angles are very important in connection with the
tracking of low altitude alrcraft and satellites.
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TABLE II

TRACKING ANTENNA AND RADAR INSTALLATIONS

Antenna
Type and Size
Mount Construction and Stabil
Depression Angles

Electronic Characteristics
Active or Passive Feeds
Feed Type and Size
Polarization and Power Output

ity

Calibration and Alignment Techniques

Frequency (if not above UHF)

Support Facility

Building and Cooling Pond Size

Computer Capability
Electric Power Source
Electric Power Capacity
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TAB B

MANNED FUNCTIONS AND SIMULATION DATA

Missicn Functions and Capabilities

Tne value of man in the primary mission of high reso-
lutlon eptical reconnalssance and other future milltary
missions basically stems from the ability. to provide real
time adaptive programming. This capability allows for
ootimization of operations to the specific conditions at
hend znd will result in more performance for a given
eguipiient state-of-the-art and more efficlent and timely
cava return. During the past year, an extensive simulia-
tion program has been carried out to verify man's
capabilities and establish performance levels relative to
the critical mission functions. These critical functions
in whicn man can make a direct contribution to lmproved
mlzsion capabilities are:

* Target Acquisition

* Sensor Pointing

* Target Tracking

* Equipment Adjustment

* Vehicle Control

* Information Management
¥ Assembly Maintenance

in addition to these principal functions, peripheral
finctions can be performed because of man's presence such
as direct visual reconnaissance, film changing, and settlng
o exposure times. :

In target acquisition, the man performs the function
of background discrimination and determines if the target
material is present, e.g., i the missile of interest is on
the Zauncher, or if the target area is obscured by cloud
cover., If the target is not present or if it is obscured,
ne provides the ability to switen to alternate targets. In

unmanned systems target acquisition must be preprogrammed,
the picture is taken under any circumstance, thus cutting

DCORIAN
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down the amOgn? of useful qata taken. ’%e%2§226t£2 ﬁgﬂuég
tion, the critical aspect 1s the time 1 : °
make the acquisition., If this is too long, 11tt}e advantage
can be gained from the alternate targetlng’technlque. ’
Simulations were carried out using reconnalSsalce quall?y
aerial photographs of various targets such as: 1ndust?1al
complexes containing refineries and tank farms gnd agklng the
subjects to find a particular tank, alrfields w1?h different
types of airplanes and asking him to plck gwpartlpu}gr
alrplane, or missile sites such as a MINUTEMAN Cormplex and
asking him to acquire a particular silo. The plctures were
presented in a manner simulating space viewing including )
varying haze conditions. The subjects were pre-briefed, 1.€.,
they had a pilcture of the general area with the targets
marked. The results of the simulation for the severe haze
case are shown in Figure 1, and as can be seen, 80% of the
targets can be acquired in 10 seconds or less. Under light
naze conditions, even better results were achieved, namely
95% of the targets were acquired in 8 seconds or less. JSince
acquisition can be started by looking some 40 to 500 ahead,
on the order of 30 seconds i1s available. Based on simulation
results time 1s avallable to acguire alternate targets.

Another acquisition simulation that has been carried out
1s that of acquiring specific stars. This is only of
seconcdary importance in that it 1s not directly a military
mission function, but would be valuable in providing an
autonomous navigation capability. The objective of the
gsimulation was to acquire a specific star for lock-on of star
trackers and i1t was accomplished in a planeftarium using a
variable field-of-view optical device. The results indicate

DORIAN ‘
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that for fields of view of the order of 20 degrees, acquli-
ition of specific stars can be achieved on the order of

40 seconds, which is a sufficiently short time to make

" autonomous navigation in this mode quite feasible.

The second critical function area is that of sensor
pointing. In the high resolution optical reconnalissance
mission, many pictures will be taken off nadir, both looking
forward and off to the side. Using a frame camera this
results in geometrical smears because of relatlive lmage
motion &t varlous parts of the field of view. At the peril-
phery of a field of view typical of that sultable for
yomanned system (2° Fov), these can be on the order of-
smears depending on 1light conditions. The man
plays an important function in assuring the target is in
the center of the field where the geometrical smear goes to
zero, Also by centering, the optical aberrations are
minimized and thus the maximum resolution achieved for a
gilven size system. Simulations were run, using the same
tyve of targets as is the ground acquisition simulations;
namely, industrial complexes, alrfields and missile sites.
The subjects were asked to track the target and position a
cross nalir on the target; when this had been accomplished,
a switch was triggered which would be comparable to
actuating the camera for picture. taking. The results are
shown in Figure 3, which plots the probability of errors
ecual vo or less than a given amount. For the case of a
100 n.m. orbit, the man can maintain the pointing error on
the ground 80% of the time to . ' Errors of
this magnitude will cause little degradation to the
resolution and are to be contrasted to unmanned system
pointing errors of the order of 1 n.m,

Target tracking is an important function in that it
provides precision image motion compensation which allows
better resoclution to be achieved through the use of longer
focal length telescopes, minimizing the effects of film

railniness., Very extensive simulations of ground tracking

were carried out, using an optical simulator with aerial
reconnaissance scenes which had the proper aspect viewing-
and realistic rate input errors. Alding was provided in
that 99% of the total image motion was compensated for

- (assuming knowledge of the orbit ephemeris) and the opera-
tcrs were asked to track the target and provide the vernler
correction by using a rate stick control. The case shown
in Figure 4 is that of 100 power magnification in the
tracking scope and providing 99% aiding. The results indi-
cate that ,1% image motion compensation can be achieved

DORIAN
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irtually all the time., For 200 power magnifications,
.06% image motion compensation was achieved 95% of the
time. In comparison present unmanned systems use a pre-
programmed image compensation which is poorer than 1%..
Image Motion Compensation devices using scene correlation
techniques have been buillt and demonstrated in the labora-
tory to procuce .5% image motion ccmpensation.

In the case of equipment adjustment man can make
important contributions to the allgmnment and focusing of
the ovtical system. Specifically, he can align optical
elements such as mirrors and corrector lens in terms of
centering and tilt by using auxillary optical elements.
Trne function involves viewlng fringe patterns and adjust-
ing the elements, by servomechanism drives, until the
vroper patterns appear. Similarly using an autocollimating
cevice the focus of the gystem can be adjusted., The same
wechnicues are used on the ground in the assembly of
telescopes and since no direct interaction with the space
environment 1s 1lnvolved, there 1s no reason to expect
these functions cannot be done egually well in space.

Another type of equipment adjustment is that involved
in electromagnetic signal intelligence; the man's function
is to take over when signals are intercepted which cannot
be handled by the automatic equipment. His function 1is
one of interpreting signal displays and adjusting electronic
oarameters such as the frequency band pass, pulse wildth,
interpulse timing and dynamic range until the signal 1is
separated from the background emission and optimally dis-
nlayed for recording. This type of operation 1s presently
used 1n the USD-7 aircraft system; however, the alrcraft
intercept is not time limited, whereas the space system
hag approximately 7 minutes from horizon to horizon.
Therefore, a simulation was carried to check man's ability
to work within this time constraint using the USD-7 equip-
ment and flying a reallstic environment. The results of

DORIAN
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88 encounters indicate that the maximum time rgqglred was
L-1/2 minutes, average 1-1/2 minutes and the minlmim 1/2
minute. Thus, it is concluded tnat man can do.the complex
signel analysis job within the short times available from
sgace,

Vehicle control of the spacecraft is a lesser manngd '
function particularly for the high resolution optical mission;
nowever, it does provide for more mission {lexibility,
particularly in the case of malfunctioning equlpments, and

to sore extent will lessen the ground support requirements.
Yo simulation is necessary since manned vehicle control
cepability has been demonstrated in both the GEMINI and
MERCURY flights as well as the GEMINI rendezvous simulations
conducted by NASA,

Information management is an important function in that
the man provides a real time decision capability and can
effect a large data compression by initially minimizing the
acquisition of spurious data and subsequently by selectlng
only the data of interest for transmission to the ground.
Ls an example only two pictures of an unmanned system could
e read per day, assuming one wideband readout statlon.
Instead of reacding out the entire 2.8 n.m. unmanned field
o view, if the target area of interest is assumed to be
.2 n.m. the man can select the target area of interest and
w~2adout approximately 400 pictures a day. Since the basic
funetions involved do not directly interact with the space
snvironment, no specialized simulations were carried out.

- Assembly and maintenance may be the most important
manned functions of all. Future military requirements may
require the use of large structures on orbit where manned
control of deployment and erection may be important., More
important is the maintenance ability which will allow for
cost eflective operations and also provide the ability to
utilize advanced technologies at an earlier point in their
development -- before their reliability has been developed
to a level acceptable for unmanned operations, In the
area of maintenance and assembly, simulations were carried
out for both shirt sleeve and pressure suit conditions
using a variety of simulators, consisting of 6-degree alr
bearing simulations, flying zero "g" profiles in the XC 135
alrcraft, and using neutral buoyancy water immersion type
techniques. The results of these tests indicate that,
witn the proper design in the tools and attachments, no
problems appear in terms of feasibility of maintenance,
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Generally, nowever, the times required to perform a given
maintenance function were several times that required in

the normal ground environment, Extravehicular activity has
been simulated both for local locomotion, as well as using

a propulsion unit. The simulation methods again include

the KC 135 and the water immersion techniques as well as the
g-visual simulation for the propulsion unit. The results
indicate that local locomotion can be done 1f the proper
attachments are provided. In the case of the propulsion unit
17 1t 1s stablillzed the man can do very complex maneuvering
operations in space. Also to be considered is the accom-
plished fact of the Soviet and the GT-4 extravehicular
operatvions.

In addition to the above simulations, direct viewing
simulations were carried out using a B-47 aircraft with a
modified bombsight which simulated 30 and 60 power magnifi-
catlon from 160 n.m, The targets were airfields, rail
junectilons, roadways, bridges and shipping docks in port
areas. The results indicate that the man can estimate with
90% accuracy the activity in the given area. For an example,
in flying over an airport in which 25 ailrplanes are on the
alrport the man would estimate maybe 23. Also, he was able,
in the case of the 60 power, to classify the different types
of aircraft, being able to clearly see airplanes of the
L-engine or jet type versus smaller alrcraft of the single-
engine type. The significance of this simulation 1s that
the crew while performing thelr normal high resolution
reconnaissance dutles may be able to detect anomalies in
activity patterns which will lead to early detection of
cnanging strategical situations.

Erological Capabillity

In addition to the mission simulations demonstrating
the critical manned functions, simulations have been
carried out to demonstrate man's ability to adapt to the
space environment for periods 1n excess of 30 days.

The first of these is the use of chambers with volumes
and arrangement typical of the proposed MOL system. The
volumes range from 200 to 600 cu., ft. free volume -- that
1s volume over and above that qccupied by equipment, and
the atmospheres used including the 7-1/2 psl oxygen/nitrogen
atmosphere, the 7-1/2 psi oxygen/helium atmosphere, as well’
as the 5 psi oxygen atmosphere. The results of these
simulations indicate that there is no problem with the

DORIAN
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stmosphere nor the confinement for the periods of the_
simulétions which extended from 30 to 45 days except in
the case of oxygen/helium which has only been carried to
10 days to date.

Lnother type of simulation performed was that to test
the ability of the man to withstand the re-entry loads
Tter being on orbit, Two groups of subjects were decon-

ditioned by bed rest for extended periods; one group having
no couditioning, the other belng exposed to exerci§e and ‘
positive pressure breathing during the deconditioning pgr%od.
They were then placed on a centrifuge and exposed to a' "g
profile with a maximum of 8 g's simulating ballistic re-entry
conditions from space in a Gemini spacecraft. During the
centrifuge runs the subjects were asked to perform a simple
tracking function. The results of these runs based on blood
pressure, heart rate, and the tracking proficiency indicate
no statistically detectable difference from that of the
controlled runs using fully conditioned subjects; therefore,
it appears that 30 days on orbit will not endanger the
astronautis ability to return from space.

The third area of concern reiative to man's ability to
alapt to the space environment is that of prolonged exls-
tence on orbit in the weightiess condition. Here, many
s2mulatlions have been carried out to evaluate effective
countermeasures which would forestall or eliminate the
cardiovascular deconditioning effects of the zero "g" environ-
ment. The countermeasures of most Interest are those of using
a short arm centrifuge compatible with the MOL vehicle
diameter of 10 feet and that of using exerclse of different
degrees of vigor for periods of 60 to 80 minutes a day. The
countermeasures and results are shown in Table 1. As can
e seen the 900 kilocalorile exercise countermeasure 1is
effective in forestalling the cardiovascular effects of zero
"z" with the exception of the minor blood plasma reduction.
The 700 kilocalorie exercise and centrifuge also are
effective; therefore, it is concluded that elther of these
offers a suitable countermeasure for conditioning of the
cardiovascular systemn.

In summary, then, an extensive simulation program nas
been carried out during the lagt year and the results have
cemonstrated man's ability to perform the critical mission
functlions and provide a high degree of precision, Secondly,
environmental and countermeasure simulations have been
carried out which provide reasonavle confidence that tThe man
wlll be capable of greater than 30 days on orbit without
difficulties.
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TAB C
OPTICAL SYSTENS

Backgrourd

The military need for optical reconnaissance has been
demonstrated by its use in support of many operatlops --
tactical, strategic, battlefield survelllance, crisis
management, technological analysis -- intelllgence gathering
in general, Our present satellite photo reconnaissance
systems (such as GAMBIT) are providing excellent operatlonal
material for the National Pnoto Interpretation Center and
ultimately the intelligence community. It 1s estimated about
95% of our photo take of the Sino-Soviet Bloc comes from this
source. Resolution as good as 2 to 3 feet is available from
tne present GAMBIT system. Development 1s underway on an
improved GAMBIT-CUBED system which 1s designed to provide

photography with best resolution of |l a2 nission
from 90 n.m,

average resolution of

Avmospheric turbulence is considered to set a lower
~:mit on ground resolution achievable by space optics. This
1imit nes been investigated _both empiricallv and mathematlically
and is currently defined as with the
expectation that. with further measurement programs now planned,
it will be most of the time., To achleve
ground resolutions to the limit permitted bv the atmosphere will
require systems of very large apertures, at 80
. altitude, To achieve nadir ground resolutlion ©
an aperture of is required. The
critical technical factors which determine the design para-
nesers for resolution are as follows:

O23tles Technology

1. A fundamental iimit to resolution i1s set by
the dlffraction pattern of the image; an otherwise perfect
system must be about 35 inches in aperture. This dimenslon
implies that reflective optics must be utilized,

<~ 2. Optical systems cannot be perfect and if surfaces
are accurate to about 1/10 of a wavelength of visible light the
resolution will be degraded 20=30%. Practical designs also
have obscuration of part of the aperture, transmission and
reflection losses. These factors cause the required aperture
to be about 45 inches. '

3. The above numbers relate to very high contrast
targets. A photograrhic system to resolve low contrast
objects must be larger; thus the aperture must be 50 inches or
more. o ‘ '
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L, Image motion compensation cannot be perfect
and, even if accurate to 0.1% (current systems are 1%), the
resolution is degraded and the aperture must be increased

for a2 useful range of exposure coaditlons.

5. The field of view of systems must be large
enough to include targets of interest consldering polnting
errors. To obtain a field of view as large as 1 mile x 1
mile requires that corrector elements be included in the
optics. Even with the best correction considered feasible,
it is required that the target be centered in the fleld of
view oy pointing with an accuracy of a few hundred feet.

These design considerations lead to a set of character-
istics whlch are vasic to achieve such high resolution:

1. The optical system must be large, more than
50 incnes aperture, and at least the primary element must be
a nmirror,

2. The optical system must be fabrilcated and
aligned so precisely that it will yield nearly perfect optical
performance on orbit.

. 3. Image motion compensation must be much better
than current systems -- at least 0.1%.

L, Pointing control must be precise -- a few
aundred feet. '

Each of these basic characteristics can be discussed in
terms of the technology requlred and the possible role of
man:

1. The technology to design and fabricate these
large optical systems is essentially at hand, at least to the
voint of high confidence in achleving design performance
during tests on the ground. New optical materials and new
Tabrication and design techniques are developing rapidly to
offer possibilities of major lmprovements in the next few -
yvears in such factors as weight and thermal sensitivity.
Conversely, major improvements in films or other recording
techniques which would change the basic characteristics listed
do not appear near at hand.

2, The precision required of such a large system
cn orbit 1s a more difficult problem. Some aspects of this
proplem are:

a. Reasonable weilght designs cannot be rigic
through launch and the optics must be extended, aligned and

DORIAN/GAMBIT
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: Qs S [ att A o : 3 3 Omplex,
tested in orbit. Automaut.:c syotcdé pgnd to pe c
inflexiple, and unreliable. One O tne clearest advantages
of a manned system 1s the contribution of the astronaut to
the initial alignment and test. ,

b. During the ortital operation several
orecise funchtions are necessary to maintain performance.
These include continuous refocusing, active thermal control
and realignment after thrusting or temperature excursions.
Wille man may not be essenvlal Lo these functions, his
presence permits simplicity, increased rellability and
greater precision.

¢. For optical systems of this precision
there are bound to be unexpected factors which will cause
significant optical degradation. To diagnose and correct
these problems, there is no substitute for a man observing
the image with full optical gquality and monitoring the
effect of corrections in real time. Wnhen a history of
oruvital experience is available, it may be that these pro-
bilems can be anticipated but, at least initially, there
seems little doubt that the man provides unique confidence
in timely progress.

3. The image motion compensation desired is more
precise than appears feasible now in unmanned systems,
Simulations have shown that a man can provide vernier control
and obtain 0.06% precision 95% of the time.

4, Simulation has shown that man can acquire and
point to about 40 feet accuracy. Automatic navigation and
pointing devices to achieve this precision are not known.

T~e conclusion is that the basic elements for a photo-
graphic system to achieve resolution from
80 n.rm. can be made available for the 1968-1970 time period,
without major invention, if the system 1s manned,

Ovtical System Alternatives

For the MOL program several types of optilical systems
(shown in Figure 1) have been considered. Two are basically
Newtonian systems with Ross corrector lenses near the focal
pilane. The third is a modified Cassegrainian system.

In the first Newtonian system, acquisition and tracking
of the target is achieved by motion of a large optical flat
in two planes. Pictures are taken at any time during the
tracking phase. In this manner, as many as 20 pictures may

DORIAN/GAMBIT
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be taken, from various angles, qf a single tgrget. Thg
systex 1s relatively simple in design and alignment an
flexiple in operation and is a fairly stralghtforward extra-
polation of the GAMBIT systern,

~he other two systems rely upon pointing the entire
sersor, thereby removing the requirement for the large flat
mirror., Either version of the Ross corrector could be flown
in the 1968-1969 time era, The modified Cassegrainian would
taite comewhat longer to Gevelop.

Bothn the Titan IIIC 5-segment and T-segment boosters
were considered; the 5-segment provides about 4,000 1bs. of
discretionary payioad and the T-segment provides 10,000 1bs.
in a polar orbit. When the weight of payload displays, film,
ard small recovery vehicles is deducted, and when the orbit
sustenance fuel load is optimized, the payload sensor itself
s allowed about 1500 1lbs. ia the 5-segment case and 6500 1bs.
or the T-segment case, The 1500 pound sensor is too small
to provide attractive ground resolution. Within the weight
2llotment of 6500 pounds for payload available on the DORIAN/
¥OL/Titan IIIC 7-segment combination, a 60-inch apertuce
£/8.3 Ross sensor with tracking mirror i1s possible. providing
nadir best resolution from 70 n.m, or
from €0 n.m. During a mission, observations are made at
various obliquity angles and thus various slant ranges which
degrade the resolution., Considering a typical mission wlth
e uniform distribution of obliquity angles up to U5 degrees
and a normal distribution of pointing errors and tracking
rate errors, a calculation is made of the number of photo-
zraphs taken at various resolutions. The median resolution
is that value where half of the photos over an entire mission
&re at least that quality, or better. The mission median
resolubtion for the 60-inch aperture from 80 n.m, is
The other sensor configurations shown 1n Figure 1 provide
even better ground resolution. Ground resolutlions versus
aperture for a 70 nautical mile altitude are shown in Figure
z.

)
)
-

Menned-Unmanned Comparisons

Two comparable unmanned photographic satellite designs
have been analyzed. In one case an egual-sized booster was
chosen for a 30-day misslon, resulting in an allowance of
14.500 1lbg. for seasor payload. Within this larger weight,
a |l coerture, £/6.1 opticel system provides optimum
mission average regolution. At 80 n.,m, altitude the nadir
best resolution is-(same as the smaller manned
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system), and foe pission median reso ]
(Bcompar’ed o |l or the menned system)., Figure

3 shows the resolution distribution curves for the 60-inch
manned and unmanned systems.

The superior performance of the smaller manned sy§tem
is explained by improved manual image motion compensation,
by man's ability to align the optics on orbit and to gorrect
the alignment as often as necessary, and by more p?e01se
target centéring using the man., These factors of improved
manual precision are true even though the unmanned system was
given the beneflt of a V/h sensor better than presently

exists, a new attitude stabilization system about better
than presently designed for GAMBIT-CUBED, and real time orblt
position knowledge better than GAMBIT is achieving.

further, the larger -aperture of the unmanned :
study is a much more difficult optical manufacturing job; and
the associated flat tracking mirror that is regquired
ror this design is a very major optics problem,

Considering these optics problems, and the probable one
o two year longer research and development time, a smaller
&0-inch aperture unmanned system was also studied. Such a
design is the same optical size as the DORIAN (manned) system.
Again giving the unmanned deslgn the benefit of possible
irmoroved sensorsgand subsvshems, this smaller unmanned payload
wiil vield a‘oou‘c—nadir best resclution and between

mission median resolution.

It is concluded that, within the same optical technology
cnd time schedule, a manned system orovid sionificantly
better resolution (median value: ) with higher
confidence, due to the several new inventions or new subsystems
reguired in the unmanned case. Even if, for some reason, an
unmanned system ultimately proves to be the better operational
aporoach (for example, if man cannot tolerate adequate durations
in orbit or if unmanned reconnalssance systems prove more
acceptable in international policies than manned ones), the
optical technology which can best be developed in manned flights
is also a basic requirement for a later unmanned system.,

Manned Optical System Development Recommendations

Two vasic sensor approaches have been mentioned, differing
mainly in the pointing method of acguiring and tracking the
target. Choilce between these approaches hinges on the follow-
ing arguments: ’

1. A 60" aperture sensor is the minimum size of
interest to achieve a major step in resolution beyond GAMBIT-
CUBED.

DORIAN-GAMBIT
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o 60" mirrors have been and are belng grgund
experimentally to the tolerances required, Larger mirrors
are not so far advanced.

3. The Ross corrector design 1s a ra?her
straightforward extrapolation of the GAMBIT design and .
tnerefore higher confidence exists now for such an approach,

I, Pointing the mirror or the entire sens?r'
requires lapger drive sysbtems than are currently availlable.
Therefore, the drive system design must be based on extra-

polasion from presently available technigques and equipments,
The degree of extrapolation i1s considerably greatgr for
pointing the whole system than for pointing the mirror alone.,

5. In current designs, the tracking mirror is
U %“imes longer in one dimension than the diameter of the
aperture. Therefore, as the sensor size is increased for
imoroved performance, the tracking mirror will, at some point,
azve to be abandoned due to limitations in mirror technology.
The aserture size at which this should occur is not well
cefined but is probably around-90", '

6., With sufficient time and effort either pointing
ach could most certainly be made to work for a 60"

or
rovure.

a2pro
apert

7. Careful consideration of interface specifica-
gions vetween the MOL and the two types of sensSors indicate
Tthat it can be designed to accommodate elther,

In view of these considerations, the following approach
to sensor development is recommenced:

1. For a period of 4 to 6 months from go-ahead,
the Ross corrector sensor program will carry a dual approach
o pointing and tracking (both mirror and entire sensor)
vzsed on a 60-inch aperture for either approach. During
tnails tvime a vigorous lightweight mirror technology program
will be initiated. In particular, zero "g" and temperature
tests will e performed. .

2. Competitive prelimlnary design studies will
be initiated for follow-on larger aperture optical sensors,
In support of these future systems, studies have already
been Inlitiated on a modified Cassegrainian pointing sensor
involving a scale model (say 20") and design studies of a
reimaging optical system,

DORIAN/GAMBIT '
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3. 1In parallel, engineering wo€k w;ll'be i@iﬁ?&ted
to develop a large drive system capable Ol pointing elvner
the Ross or Cassegrainlian Sensor.

4t the end of the 4 to 6 month period a decision will be made
on the sensor configuration to be developed and the time
phasing of larger aperture systems into‘theﬂMOL program, In
addition, advanced technology studies will be pursued which
rav eventually lead (19754) to very large aperture systems

in a follow-on Saturn V rendezvous program.

Unmarred Systems Technology Development

Tn addition Lo the manned optical system development,
continued studies and where feasible technology programs will
ve initiated for the purpose of improving high performance
unmanned systems. Some of the subsystem and technology efforts
%0 be pursued are: (1) improved V/h sensors capable of sensing
irnage motions to 0.1% or better; (2) improved stabilization
systems with residual rates less than 107 deg/sec and pointing
errors less than 0.1°; {(3) possible optical rectification

davices to remove geometric smear off the optical axis in
oclicue pictures.

Unmanned systems studiles will be pursued in conjunction
with this program to provide orientation to the technology
program and continue to assess the potential for advanced
tnmanned sensors. It is important to note that any of the
above advancements would also be important to the performance

of a manned system, particularly if it is also designed to
Ooperate in an unmanned mode,
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TAB C1

OPTICAL SYSTEMS FLIGHT TEST

OBJECTIVES

General

A development program consisting of six flights, one
unmanned and five manned, would be capable of demonstrating
an operationally useful manned high resolution optical
photographic reconnaissance system. Primary emphasis will
be placed on achleving resolutions on the ground of

A conservative optical system design,
utilizing a primary mirror of 60-inch aperture can attain
resolutions of this order, and will be the primary payload
for early flights. Parallel developments along less
conservative lines, leading to optical systemg of
aperture offering ground resolutions of about
will also be undertaken,

Flight Test Objectives

Flight objectives for the first three flights have
been defined. Objectives for the last three flights have
been deferred, awalting the outcome of our investigatlons
into optical technology. Hence the option to select more
advanced versions of optical sensors or SIGINT sensors for
these flights is preserved.

Flight number one 1is unmanned; and is intended to
qualify the integrated Gemini B/Laboratory/modified Titan
ITIIC vehicle as suitable for manned flight. Test obJectives
are to:

*Demonstrate Gemini B subsystem.

*Determine structural adequacy of the laboratory
vehicle,

*Demonstrate MOL/Titan III and Western Test
Range compatibility.

*Demonstrate polar orbit test operations support
system.

*Demonstrate recovery and retrieval from polar -
orbit re-entry.

DORIAN
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Flight number two, the first manned flight, has as
a principal objective the demonstration of a useful manned
high resolution optical reconnalssance capability. This
flight, planned for late CY 1968, will utilize an englneering
test model of a high resolution optical sensor, to permit
the refinement of equipment, and the development of techniques
and procedures leading to the achievement of high resolution
photography objectives as early as possible in the flight
test program. This flight is also intended to:

*¥*Demonstrate complete functioning of the GEMINI B
and laboratory vehicle system in orbit.

¥Verify crew transfer,

*Demonstrate control capabllity for manned missions
in polar orbit.

*Conduct biomedical and human performance tests.

*In the event of an unsuccessful flight number one,
to back-up that flight, unmanned. . N

Flight number three 1is devoted principally to the
demonstration of a useful high resolution optical photo-
graphy capability throughout a thirty-day stay in orbit.
This flight will also:

*Demonstrate capability of MOL systems to function
for 30 days in orbit.

*Evaluate crew performance.

*FEvaluate low altitude orblit capabilities.
A Typical mission profile suitable for this flight is dis-
cussed in the following paragraphs and is illustrative of
specific manned functions to be demonstrated.

Assembly and Alignment

0f particular importance is the assembly and alignment
of the optical system on orbit, a procedure which contri-
butes markedly to system performance., This is followed by
routine operation of equipment in several modes. The
following discussion is based on the activity associated with
a tracking optical flat Ross corrector primary optical sensor,

DORIAN
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In any high resolution optical system, precise align-
ment of the optical elements must be maintained if
performance goals are to be met. Once the MOL is in orbit,
the optical sensor lens barrel must be extended, and
secured in place. The internal optical elements must then
be freed from their "soft" mounts, which protect them during
ground handling and launch, and transferred to thelr
operating mounts. A step by step alignment procedure by
the astronauts follows during which each optical element 1s
tilted, translated, or otherwise carefully positioned. This
procedure is repeated until the optical system performance
converges to its design values. The system is then ready
for routine operation.

Basic Equipment

Equipment used during routine operation falls into two
categories: on-line, which is used during photographlc
activity; and off-line, which is used in the intervals
between photographic activity. Both categories are essentilal
to the realization of the full capabilities of the optical
sensor.

On-Line Equipment

Separate acquisition and tracking telescopes are
provided each astronaut to permit simultaneous inspection
of two alternate target areas. The telescopes are program-
med to track their respectilive target areas, the astronaut
selects the preferred target, and centers it in the optical
field.

Each astronaut is also provided with a viewing eyeplece
connected by optical relay to the primary optics. Once a
target has been selected with either of the acquisition and
tracking scopes, the prime optics are slewed, the acquisition
and tracking scope freed, and the target 1s centered,
tracked, and inspected thenceforth by direct viewing. Since
primary camera shutter travel time consumes only about
one-fifth of the camera cycle time, four fifths of the time
is available, 1f needed, for these direct viewing operations.
The optical relay has a variable magnification

Each astronaut has an operating console displaying, on
TV screens, scenes from both acquisition scopes, and primary
and secondary target cue data (pre-briefing) displays. All
necessary controls for acquiring, tracking and photographing
targets are included. An on-board computer and programmer

DORIAN
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provide preliminary aiming of the acquisition scopes, call
up cue data, and control focus, exposure and the operating
cycle of the photographic system,

Off-Line Equipment

After each photographic pass, at least one frame from
each target sequence may be selected for processing and
visual inspection by a pre-editing and processing device.
This sequence should take about fifteen minutes.

A viewing table with a traveling microscope and densi-
tometer will permit inspection of processed film to determine
correctness of focus and exposure, and to select portions
for transmission to ground stations.

Two scanning and readout positions permit transmission
of selected data to ground stations.

Recovery capsules will be hand loaded and sealed by
the astronauts.

Typlcal Operational Sequences

Target acquisition is accomplished by programming the
acquisition and tracking scope to aim at and track a
selected target area, After reviewing the cue data, the
astronaut inspects the target area through his scope,
evaluates cloud cover and haze, and decides to photograph
or to select an alternate, if available., If he elects to
photograph, he centers the target in his acquisition scope,
and slews the primary optics to the selected target. He
then views the target through the primary optiecs, re-centers
if necessary, nulls any residual tracking rate errors, and
begins photography.

Meanwhile, the second astronaut is briefed by cue data
on the upcoming target and begins acquisition. With targets
acquired alternately, about eighteen seconds will be
required between targets to permit briefing, acquisition
and tracking. A typical sequence of operations for targets
of minimum spacing appears in Figure 1.

Typical target swaths were studied to determine the
density of targets which could be expected to occur during
each 18-second target interval. The width of the possible
target area at an 80 n.m. operating altitude is about 140
n.m., and the 18-second interval represents 72 miles along

DORIAN
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track on the ground., It was apparent that most targeting
intervals contain more than a single target. The ability
of man to choose between alternates is a valuable and
effective advantage, )

Cloud statistics were applied to the target areas
which were studied to determine the probability of acquir-
ing a particular target in a single, and in multiple passes.
It was found that single pass probability is about 36%, and
improves as the number of passes increases, Hence the
ability of the astronauts to evaluate obscuration by clouds
and to select alternates improves the number of successful
targets photographed.

Other Opefational Functions

While actively acquiring and photographing targets, the
astronauts employ mostly on-line equipment. During other
intervals, off-line equipment can be employed to edit and
process selected photographic frames. Those which are
determined to be of particular interest can be returned to
the ground, either as high resolution readout by a wide-band
data link, or by capsule, Briefing data can be updated to
alert the astronauts to observe particular targets for
particular activity. Alternate photographic film, such as
color or infra-red emulsions can be selected and programmed
by the astronaut for particular targets. Low light level
targets can be photographed with high speed (but lower
resolution) film. The presence of the astronauts, in sum,
provides a unique capability for easy and very flexible
selection of alternate operational modes to increase the
quality, quantity and credibility of photographic data. A
typical crew cycle appears as Figure 2.

Supporting Functions

Operational equipment can be maintained at effective
performance levels by utilizing astronaut capability to
adjust, calibrate and repair. The principal mission equip-
ment can be utilized for scientific and technological
experiment functions when not occupied with reconnailssance
functions, The primary optics can be used to collect high
quality astronomic data. It can also collect data at infra-
red wavelengths, supplementing visual light. Figure 3 shows
how this, typically, might be done.
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TAB D

PROGRAM CONSIDERATIONS

Purpose

The principal objective of the MOL program is the
development of optical technology leading to optical systems
capable of improved resolution., The initial objective is
to develop and demonstrate, at the earliest time, an
operationally useful high resolution manned optical recon-
naissance system capable of achieving at least
ground resolution. Provision will be made in the vehicle
design to accommodate larger optical sensors and lmprove-
ments leading to longer mission times with concomitant °
increased cost effectiveness.

Other mission applications of the MOL program such as
ocean surveillance, COMINT, and ELINT are secondary
objectives, Accommodation of DOD and NASA technologilcal
and scilentific experiments is a tertiary objective.

Approach

In view of these purposes, the MOL program approach
provides for the orderly evolutlon through system definition
and development to meet the primary mission with reasonable
provisions for follow-on missions.

The configuration selected for the MOL system to
accomplish an early manned demonstration of high resolution
optics has followed the primary criterion of a minimum cost
program, Existing flight and ground system hardware and
capabilities from the DoD and NASA inventorles are being
used to the fullest extent practical. This optimized
selection has been made only after exhaustive examination
of the many alternatives and trade-offs of subsystems and
components developed and tested in other manned and unmanned
space systems. The orbiting system is to be inltially .
designed for a 30-day on-orbit stay time with growth poten-
tial for on-orbit durations up to 90 days.. )

MOL Program Alternatives

The MOL program could be conducted at both the Eastern
Test Range and the Western Test Range or solely at the
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Western Test Range. Three different program options and
their costs were examined. These optlons are:

1. Conduct the development program from the Eastern
Test Range using the Titan IIIC 5-segment booster, then
transfer the base of operations (with an uprated Titan IIIC,
7-segment vehicle) to the Western Test Range for the collec~-
tion of useful intelligence,

2. Conduct the development program at the Eastern
Test Range using the T-segment Titan IIIC and ftransfer to the
Western Test Range for the collection of useful intelligence.

3. Conduct the development program from the Western
Test Range using the T-segment Titan IIIC,

The schedules considered and the cost comparisons are
shown in Figures 1 and 2.

Although either approach is acceptable from a technical
standpoint, certain other factors favor Option 3. These are:

1. The payload required to test the 60-inch optical
system proposed for a 30-day period together with the necessary
sustenance expendables requires a discretionary payload of
around 10,000 pounds. Although the 5-segment Titan IIIC
launched from the Eastern Test Range could carry the optical
sensor, the lifetime of the vehicle on orbit would be severely
curtailed due to limited supplies of expendables. In order to
collect useful intelligence data the vehicle must ultimately
be used in polar orbits. Hence, transition to the Western
Test Range and uprating to 7 segments at some point in time
is necessary.

2. The cost to achieve a mission capability using
both the Eastern Test Range and the Western Test Range as
compared to using the Western Test Range only, is greater by
approximately $70 to $90 million.

3. Successes in the early research and development
£lights could yield useful intelligence data at least a year
earlier if the research and development program 1is conducted
from the Western Test Range.

4, Conducting the program at both the Eastern Test
Range and the Western Test Range creates management problems
that needlessly detract from efficient program execution.
Security measures, personnel bulld-up and tralning, procedures
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verificasion, base support arrangements and other detalls
would create duplication, increase costs, and introduce
schedule risks.

Trere are no known critical schedule items which
eclude achieving the Option 3 first flight date
Western Test Range.
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Program Schedule

The recommended fiight test schecdule is shown in
Figure 3.

Based on a six month Project Definition Phase (PDP),
with Pnase II development aporoval following shortly there-
after, the program will be undertaken as follows:

l. Two pre-MOL fllghus will be conducted from
Tre Eastern Test Range (ETR) using Titan IIIC R&D boosters.
Tra first flight, scheduled for late CY 1966, is a sub-
orsital re-entry test designed principally for qualifica-
tion o the hatch design in the heat shield of the Geminil

spacecralft., The second flight is designed to obtain

-

sxperimental data which will contribute to advancing optical

L

(

UJ
1

(

comporent technology. Specific definition of the experiments
30 be verrormed will be established during Phase 1B. While

v

nov yeu Llrﬂ, this flight is tentatively schequled for mid

2. The basic MOL development program will consist

of six integral launches from the Western Test Range, im-
medlately following the Titan IIIC 7- segment booster develop-
@ment rlight. The first MOL flight will be unmanned, but
ctherwise “all—up” to qualify and demonstrate the integrity
of the integrated basic vehicle. The second MOL flight,
scheduled for late CY 1968, will be manned, and will be the
first of the flights essential to the refinement of equip-
ment, development of procedures and techniques, and demon-
stration of the compatibility and functioning of man as a
system element, leading to the achievement of very high
resolution photography early in the flight ftest program,
Thnis ©light is scheduled to match availability of suitable
engineering models of sensor flight hardware to increase
probabllity of early achlevement of the desired optical
resolution as high quality flight optics become available

in 1969,

‘ Operationally useful photographic take, gathered in
conjuniction with system & sensor development should increase
in both quality and gquantity as the fllght test program

matures.
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3. In parallel with the basic MOL program, system
sign studles involving larger and more refined optilcal
sensors will be undertaken. Other mission applications for
the MOL, such as ELINT, COMINT, and ocean surveillance will
continue under investigation until specific conclusions can
be drawan. When shown to be technically feasible, and worthy
of development, suitable recommendations for thelr addition
to the basic program will be proposed. ’

"

L, The sensor and system deslgns demonstrated in
basic program wlll be suiltable for routine operational
0 _

th
m yment,

empl

5., During the progress of the baslic program,
other military experiments which directly support very high
esolution optical objectives may be added,

Sysvem: Configuration

Tne booster recommended for the MOL program 1s the
scandard Titan IIIC vehicle moditfied with 7-segment solid
mctors and a redesigned 14:1 nozzle expansion ratlo and an
iroroved chamber injector for Stage I to improve booster
rformance., These performance improvements will provide an
ditional payload capability of approximately 6,500 pounds
om the Western Test Range in a 130 n.m. clrcular, polar
orbit, The Stage I engine nozzle improvement also has an
added payload performance advantage of approximately 800
vounds for the Titan IIIX program. The original man-rating
of Titan III was for the Dynascar with considerations dlf-
ferent than those for Gemini, Geminl considerations require
design ghanges (similar to those made on the Geminl launch
vehicle ) for an acceptable level of crew safety during
zaunch and to improve mission success probablilities.

o

30O, (M

=

1

Hy

Study results show that these modifications and cnanges
to the Titan IIIC/MOL_oonfiguration present no major develop=-
ment or schedule risk to the program.

The Gemini spacecraft, which has been designed, tested
and successfully flown by NASA, wlll be the basic bullding
block for the Geminl B segment of the MOL program, In
defining the Gemini B segmernt, minimum necessary changes are
being made to the NASA Gemini flight system and ground
support equipment. The principal modifications for adapta-
tlon to the MOL are the hatch in the heat shield to provide
for transfer of the astronauts from the capsule to the
laboratory and a modifiled, shorter and less complex, adapter
for attachment to the Titan IIIC, The shorter adapter is
possible because of the reduced mission support systems and
is alo) desirable to maximize discretionary payload. Equip-
ments contained in the adapter consist primarily of NASA
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Gemini systems with some systems eliminated that are not
required for the MOL mission. A contract for Gemini B
definition yielding specifilcations, drawings and plans has .
been negotiated with the McDonnell Aircraft Corporation and : §
will be definitized by 1 July 1965, This six-month effort, i
previously approved by DDR&E, will provide the definition of :
those elements necessary and sufficient to inltlate acqui- :
sition of equipment and services to accomplish the MOL i
development flights. o

The payload sensors and laboratory vehicle as presently
envisioned constitute the major developments in the MOL
program. Extensive study by the MOL 3PO/Aerospace Corpora- :
tion, by the four industrial laboratory contractors, and by 1
optical sensor contractors warrants the initiation of the
Project Definition Phase on these two subsystems. A
concurrent approach is needed to closely integrate sensor
considerations into the laboratory vehicle so that trade-offs
can be made and evaluated and system optimization can be
obtained between the laboratory vehicle and sensors,

Unmanned System Consideratlons

Many of the prime program elements in the manned system,
such as the large optics, T-segment Titan IIIC, and other
components could be adapted to unmanned high resolution
reconnaissance systems.

Continued studies, and where feasible, component
technology programs in critical supporting subsystems will
be initiated for the purpose of improving the performance
of unmanned systems. Some of the subsystem and technology
efforts to be pursued are:

1. Improved V/h sensors capable of sensing image
motions to 0.1% or better.

2, Improged stabilization systems with residual
rages less than 10~ deg/sec and pointing errors less than
-l -

3. Possible optical rectification devices to
remove geometric smear off the optical axis in oblique
pictures.

L, Image trackers.

Unmanned system studies will be pursued in conjunction
with the technology program outlined above, to provide
orientation to it.
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As the technology efforts are defined and initiated

and as applicable elements of the manned program are more

firmly scheduled, a carefully phased parallel unmanned pro-

ram will be evolved. Thus, if unmanned reconnalssance

systems prove more acceptable in international policies,or

if man cannot tolerate adequate durations in orbit, the

- best attainable resolution by unmanned reconnaissance satellites

will be available and at the same time the best use will be
made of equipment designed, and facilities established, for
manned systems.

MOL RMission Control and Network Support Planning

The Alr Force will use existing network and control

c er facilities to the maximum extent possible, with
minimum augmentation to existing networks and control centers,
D ground support network adeguate to meet MOL require-

s consists of elements of the Satellite Control Facility,
National Range Division, and occasional use of selected

A stations.

For several years, the Satellite Test Center (STC) of
the Satellite Control Facility (SCF) has provided an effective
control center for multiple satellite control. The STC can
provide acdequate, competent, and relatively inexpensive
support to the MOL program by assignment of programmed dis-
plays to the MOL Mission Control Center, Provisions for
tight security control are already in effect so that no
substantial change to the normal mode of operation of the STC
will be needed. .

Costs

In late 1963, concurrent with DoD announcement of the
MOL program, various task group studies were undertaken to
define the possible approaches to a manned military space
vrogram and to provicde cost and schedule estimates for each.
The examinations undertaken at that time indicated that a
development program similar in scope to that which is now
recommended could be performed for a cost of between $1.2
billion and $1.6 billion exclusive of payload and integration
costs.

The preliminary definition studies completed to date by
MOL incustrial contractors and by independent Air Force
elements substantiate the original estimates. The develop-
ment program now being recommended by the Air Force is
estimated at $1.214 billion, exclusive of payload sensor

and integration costs. Cost of special activitiles for high
resolution optics and other payload sensors for the basic
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development program are estimated at an additional $439,0
million. The cost data will be more accurately defined as
we proceed with-the Project Definition Phase.

Figure 4 shows the deferred FY 65 and approved FY 66
funds required for implementation of the MOL program.

The costs estimated on the attached sheet are based on
one laboratory vehicle contractor for the Project Definition
Phase. If two contractors participate, the cost will increase

by approximately $30,0 million for six months of project
definition. '

Funds to support the sensor development approach
previously outlined in this paper will be requested and
funded by separate documentation and procedures., It 1s
estimated that funds totaling $38.6 million will be required
for these specilal activities in FY 66, Of this total, $10.0
million is required for Phase I definition studies and for
initial procurement of optical blanks and other long lead
time hardware. This sum is further identified to include
$7.0 for optics, $1.7 million for SIGINT, and $1.3 million
for Ocean Surveillance., The remaining $28.6 million in FY 66
is for Phase II development starting in January 1966.

It is to be noted that the funds being requested for
the Project Definition Phase and for continuation of pre-MOL
efforts require the release of only $23.0 million of the
approved FY 66 MOL funds. The remainder, $16.2 million, of
Definition Phase funding can be provided by using FY 65
deferred MOL funds. Based on current cost estimates, the
approved MOL program element funds for FY 66 need to be
increased by $24.5 million to satisfy total RDI&E MOL funding
requirements, exclusive of sensor costs. In addition, $4.0
million of MOL MCP funds currently budgeted for FY 67 will be
required in FY 66 to permit the timely initiation of Titan
ITIIC launch base support facllitles at the Western Test- Range.
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MOL PROGRAM COST ESTIMATES

WTR - 6 Flights MOL and One 7-Segment D

FY 65/66

evelopment Flight

(Dollars in Million)

* Proportional Share of ILC

ionwa 4 )

| FY 65 | FY 66
L ——Ph. 1———¢ Ph 2y
H - 1
{ T-IIIC (UTC-7 Segment, :
Booster Improv.) 7.0 - 35.0
Lab Veh 8.0 4.0 48.0
Gemini 1.2 -—- 26.0
Mission Control Equip. --- 0.5 4.5
Flt Crew Equip. --- 1.0 2.0
Test Support - 0.3 3.7
Recovery -— 0.2 0.8
System Analysis .- 2.0 2.0
GSE/TD - 4.5 4.5
I Test Stand * - - 25.0
Pre-MOL == 10.5 ————
RDT&E TOTAL 16.2 | 23.0 151: 5
174.5
MCP 4.0
178.5
Special Activities 38.6
@
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Two Competitive Laboratory Contractors vs., One during PDP

Five factors weigh heavily in examining the question of
two competitive laboratory vehicle contractors versus one
during the Project Definition Phase., These are:

. Management complexity

. Cost

1
2
3. Schedules
4, Competitive asﬁects
5

.  Security

It is emphasized that the laboratory vehicle, though an
important system segment, is only one of the several system
segments which will be subjected to the Project Definition
Phase. Major system segments are:

1. The Gemini B Spacecraft - McDonnell Alrcraft
Corporation,

2. The Titan IIIC - Martin Company, Aerojet
General, AC Spark Plug, and United Technology Center,

3. Optical sensors - Eastman Kodak.
4., The laboratory vehicle.

In addition, Definition Phase activities will also take place
for lesser system segments such as the tracking, telemetry
and command network, crew and crew equipment, and also the
general systems engineering and technical direction provided
by the Air Force/Aerospace management team,

Two laboratory vehicle contractors necessitate a com-
pletely dual set of contractor family relationships. McDonnell
Aircraft and the Titan IIIC teams would be required to work
with both laboratory contractors, presumably in equal amounts
if a true competitive environment is maintained. This
relationship is further complicated when each of the labora-
tory contractors is required to integrate his design studies
with one or more contractors engaged in large tracking gyro
designs as well as with Eastman Kodak on optical payload
designs. There would be a major fragmentation of the Air
Force/Aerospace Corporation management and general systems
engineering effort which, because additional skilled people
could not be provided and cleared in any reasonable period,
cannot help but dilute and degrade Government supervision
during the Project Definition Phase. There would be a major
impact on schedules and costs, '
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If the decision is made to compete two laboratory
contractors during the Project Definition Phase, there will
be a minimum delay of three months in the initiation of Phase
II development (Figure 5). Therefore, rather than beginning
development in January 1966, as proposed, the earliest Phase
II development could commence would be April 1966 with the
more likelihood that this date would extend nearer mid-1966
(approximately one year hence). There are several factors
which contribute to this delay.

Two of the four laboratory contractors do not presently
have any appropriately cleared personnel. The other two
have more than 1,000 appropriately cleared personnel working
on other contracts in the satellite reconnaissance field.
Bringing uncleared contractor personnel to the requited
clearance level normally takes three to four months. This
time could possibly be reduced in some cases depending on
the security status of the individual. However, in order
to achieve a truly competitive environment, clearances to
work an MOL payloads would have to be discretely controlled
to assure that each contractor selected to compete had the
same number of personnel cleared at the initiation and during
the competition. Unless this status is achleved, a true
competitive environment would not exist. To structure and
maintain the two competing contractors at this equal clear-
ance status will necessarily extend the period required for
project definition.

Upon completion of the competitive definition phase, 1t
will be necessary to again review, evaluate and select
under Source Selection procedures, a single contractor for
Phase II development. Past experience has shown this alone
to consume 60 to 90 days, and the selection will take place
in an environment no less complex nor complicated than the
present situation. During this evaluation and selection
period, additional funds will be reguired to sustain not
only the two competing contractors but the other assoclate
contractors on the MOL program as well.

Companion to the preceeding schedule consideration 1s
that of funding impact. Figure 6 shows projected definition
phase costs by system segments for two competitive laboratory
vehicle contractors, Assuming six months for Phase IB and
three months for Phase IC, the additional required funds for
the definition phase are about $28,0 million. It is empha-
sized again that these schedules are considered optimistic
and the funds required for the definition period will increase
proportionally with further extension to Phase I schedules,
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MOL PROGRAM COST ESTIMATES
FY 65/66

WITH TWO LABORATORY CONTRACTORS FOR PDP

(Dollars in Million)

FY 65

2

'P:Y 66
t 3
:
)
)

@L—Ph. 23

1
'
4
)
)

ssromowmeenneee Pha se 1B—¥Phase 1
—
T -IIIC 7.0 2.5 15.0
Lab Veh. 8.0 22.0 20.0
Gemini 1.2 2.5 12.0
Mission Control Equip. - 1.0 2.5
Fligh't Crew Eciuip. - 2.0 1.0
Test Support ‘ - 0.3 1.6
Recovery ———— 0.2 0.8
System Analysis -—— 2.0 1.0
GSE/TD —-—-- 8.0 2.5
Test Stand ———— -—- 10.0
Pre-MOL ———- 10.5
RDT&E Total 16.2 51.0 66.4
MCP 117.4
4.0
121.4
Special Activities 38.6
' Figure 6
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This approach would require less total expenditures in
FY 66 due to the delayed start of Phase II development until
late in the fiscal year, Total FY 66 funds required of all
appropriations in this case would be $160.0 million as
compared to $217.0 million under the schedule and costs
projected in Figure 4. It would, however, require increased
expenditures in subsequent fiscal years if all attempts were
to be made to protect the lead times for a manned launch in
late CY 1968. Even then, there would be considerable less
confidence associated with meeting this launch date than with
the schedule and costs associlated with a single laboratory
vehicle contractor during the definitlon phase.
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DOD AND NASA SCIENTIFIC AND TECHNCLOGICAL EXPERIMENTS

.

Sackground

In Januaery 1965, DDRXE requested the Alr Force to
consider, in addition to the primary objectives ol t@e MOL
srogram, other manned military experimentation, and in
ccoperation with NASA, basic scientific and general
Technological manned experimentation.

Yo accomplish these objectives the NASA and the Alr

eir respective agencies, exchanged them and analyzed
tegration feasibility in the Gemini B/MOL and Apollo
ceafigurations,

LCD Exceriments

As a result of earlier direction to develop an experi-

ment program for MOL, the Air Force had developed a list

of experiment objectives which were categorized in two
general groupings, primary and secondary experiments., The
primary experiments were orilented to quantitatively and
cualitvatively assess man's utility in performing military
tesks 1n the space environment. The secondary experiments
ware concelved for the purpose of advancing technology in
arsas related to military space operations. NASA proceeded
tec invegrate these experiments together with the basic
military observational and antenna mlission objectives into
tredr oroposed Apollo Extension System hardware, As a
result of this effort, NASA proposed a nine flight Apollo/
Securr program to carry out all of the DoD experiment and
cevelopment program objectives. This program provides for
two flights of an expandabie module and two flights of

cean surveillance experiments, as well as for at least
or.e flight of all other DoD experiments. NASA stated that
after a clearer understanding of the DoD experimental
requirements and further definition of the NASA continuing
program a more efficlent application of the resources
available from the ongoing Apollo effort could be permitted
by elimination of duplication and consideration of priorities.

As the primary reconnaissance mission for MOL took
shape and speclal simulation studies on man'!s capabilities
in such areas as target tracking and acquisition were
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serforrned, many of tThe DoD nrim Ty experlmen§s giﬁi izﬁoved
caom thne experiments cateRory. Tney ogcame an tgof the
sart of the pasic system and wou;d ?g Ilpwn as parThis et
Cssicn demonstration and qualification prpgr?m.. I

e Tew primary and all of tne seconcary tgcnno_oglc. tne ;
osoeriments to be accomplished af some time later in ° :
20L development £light progranm. Integration analyses O
these remaining experiments showed that they could be

accommodated on one or two Gemini B/MOL flights.

k

NASA Experiments

Tn accordance with the data exchange agreement NASA _
supplied a list of 80 experiments to the Air Force for i
integration in the Gemini B/MOL. It was stipulated by NASA %
tnat the experiment descriptions were preliminary in nature
end have not been selected through the official NASA
orocesses for approval of experiments to be flown aboard
Epollo spacecraft. 3

It 1s of interest to note that a number of NASA experi-~
ments are concerned with earth viewing while employing
verious nigh performance optics, infrared, or radar sensors, %
€.%., operavion of high resoclution infrared radiometer i
cetectors, multi-spectral target characteristics, synoptic f
earth mapping, multi-frequency radar imagery, and optical
technclogy.

Because of the tentative nature of the NASA experiment E
program, the Air PForce chose to Investigate only the ' :
accommodation problems of the NASA experiments to determine

the cagpability of the MOL system to handle the various }
experiment requirements, -0Of the 80 proposed experiments, 1
seven could not be accommodated on MOL for various physical

and periormance reasons, e.g., synchronous orblt requirements

or a liarge diameter centrifuge.

The astronomy experiments proposed by NASA were also .
eliminaced from the accommodation study since it became '
evident that the primary mission cptical sensor could be used

wlth some minor modifications as an astronomical telescope,

and In fact be a more effective instrument than those pro-
posed by NASA,

In an effort to further reduce the cost of the experiment
program, the ramalning primary and secondary DoD experiments
were compared to those of NASA and it was found that a large
amount of consolidatlon was possible. A total of 31 NASA
experiment objectives could be thus satisfied on the one or
two DoD experlment flights mentioned above. The remaining

DORIAYN

BYE 3e26-45"




NRO APPROVED FOR
RELEASE 1 JULY 2015

experiment program proposec by NASA can be accomplished
with rive additional Gemini B/MOL flights.

AfSer the primary MOL mission development objectives
eme seuisfied, the scientific and technological experiment
progren can be accommodabed in 1970, In order to meet the
flighv schedule, it is necessary to arrive at a firm
experiment program decision and hardware configuration two
years prior to launch and experiment hardware should be
available for integration nine months prior to launch, It
i3 esvimated that on a continuing basis the cost of an
experiment flight program would be approximately $80 million
exclusive of the cost of the experiment payload.
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TAB T

COMPARISON OF APOLLO/GEMINI CONFIGURATIONS

Introcuction

An evaluation has been made of a number of vehicle .
configurations proposed as candidates t©o perform the MOL
mission. The configuraticns were compared on the basls of:

1. Payload welgn®t capapllity

2. Cost

3. Hardware avaiiabilifty

L, TFunctional free volume

5. Spacecraft life extension capability

Thase comparisons were made against the following set of
criteriea:

i. R&D suitability and cost
2. Operational suitability and cost

3. Minimizing time to move from the R&D to the
operacional phase.

A NASA/DOD Study Group was Tormed to exchange data,
escablish costing ground rules and Apollo/MOL comparison
criteria. 1In accordance with the agreement between DoD and
NASA, the evaluations have been carried out by two major
efforts., The first effort was comprised of a series of
detailed Air Force—SSD/Aerospace studies supported by con-
tractors covering the use of the Titan IIIC launch vehicle
with 5 or 7 segment solid rocket motors, the Gemini reentry
venicle, and a range of sizes of laboratory and experiments
modules. The second effort was performed by NASA, with
contractor support, to determine the applicability of Apollo
nardware to support the Alr Force program. NASA investi-
gated coniigurations using the three-man Apollo Command and
Service Module (CSM), a lab module derived from the Lunar
Excursion Module (LEM), a 250 cubic foot new lab module
together with an expandable Special Purpose Module, the
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~to-LEM Adapter (SLA), the Saturn IB launch vehicle
n : esent configuration, and a varilety of uprated .
confisurations, as well as the Saturn V launch vehicle 1n
several configurations. The expandable Special Purpose
Modu_e 1s necessary to provide for the accommodation of long
focali lengti optical sensors,

)

e

DACECT
iv

) ur C
(O]
) by D

Tre essential features of the various configurations are

ki

presented in the following matrix, and shown in Figures 1, 2,

3 and &
LAUNCH VSHICLE/SPACECRAFT
CONFLGonATION MATRIX

T-III 5 SEGNINT SRM GEMINI B/LAB
=TR T-III 7 SEGMENT SRY GEMINI B/LAB -
AUNCE S-1B GEMINI B/LAB
LOW
INCLINATION
ORBITS) S-1B CSM/LEM LAB

S-IB CSM/SPECIAL PURPOSE

- MODULE

T-III 7 SEGYENT SRM GEMINI B/LAB
WIR S-IB GEMINI B/LAB
LAUNCE
\SIGE . ;
INCLINATION S-V¥ CSM/LEM LAB S-IVB
ORBITS) S-1B gUPRATE'g CSM/LEM LAB

S-IB (UPRATED CSM/S.P. MODULE

*2lanned for Eastern Test Range launch.

Payload Weight Capabllity é

The payload welght comparison study was performed on the
vasis of the use of uniform ground rules for analysis of all
configurations. These rules are: :

1. Launch vehicle capability referenced to 160 n.m.
clreular orpit altitude at 32.50 inclination for the Eastern
Test Range (ETR) program; and 80 n.m. perigee, 160 n.m. apogee
zltitude, elliptic orbit at 80° inclination for the Western
Test Range (WTR) program.
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». Spacecraft capebllity referenced tg 30 da%s
~itel duration, with orbit keeping propellant include

the Tollow-on prografi,

The weilght summaries of the various oonflgurat;ons are
ssowrn -n Flgures 1, 2, 3 and 4., Tne NASA proposed Eoncept,
utilizong the Saturn IB launcn venicle con§1§t§ oI two
cetegories. The Tirst 1s proposed for an initial develop- .
nmeat phase with low inclination flights from the Eastern Tes
Range and is based upon the use of the LEM Lab o?Jthe use of

& 250 cuble root Lab module, an expandable self-f¢g%d121ng
Soecial Purpose Module and The Seturn IR launch vehicle with
1<s present rated payload capability of 34,000 pounds in orbit.
~~e pecond category is proposed for operational polar mlssions
izunched from the Western Test Range with extended stay in
crolt for U5 days, or albernatively 90 days. This requires a
Zajor vprating of the Saturn IB launch vehicle capability.

The Las Module with the expandable Special Purpose Module is
the only NASA configuration that is applicable to the primary
misslon objectives of the MOL program, and therefore
porticular attention has been paid to this configuration in
Tne extended orbital stay candidate evaluation, The LEM Lab
configuration cannot accommodaté the required minimum length
of the payload. Since the LEM occuples a large portion of

che Spacecraft-LEM Adapter this leaves insurificient room

even for the folded stowage of The optics,

The use of the Saturn V launch vehicle, in a two-stage
configuration, has been proposed by NASA as their primary
approach to the operational phase of the MOL program. With
thils proposed system, which would be launched from the
Eastern Test Range, the duration on orbit would be one year,
wnile the crew would be replaced every 90 days by an Apollo/
Saturn IB ferry also launched from the Eastern Test Range.
Tha Saturn V spacecraft configuration is shown in Figure 3.
The Saturn IVB stage propellant tank is modified to carry
most of the one year life support and orbit sustenance pro-
vigions. The replacement ferry system only carries a new
crew and a fresh set of subsystems in the CSM.

~ .
|V O

C

%]

The costs used in this comparison were derived by NASA
for thne Saturn/Apollo configurations and by the Air Force for
tne Titan/MOL configuration on the basis of ground ruies
agreed upon by representatives of the two agencies. The NASA
cost figures were used whenever they were avallable., In
isolated instances where NASA figures were not provided, the
Alr Force attempted to generate them within the same ground

DORTAN
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e basic Apollo and anmodified S%tgrn gosg flgzrzis
rated by NASA after a cerelul and detalled analy

110 cost history. The cost es;}mates‘for tgi

=orn boosters, and indeed for tnejenﬁlre NA
cevational progren, were generated with much 1ess

r thepefore o oe viewed with 1less confi-
tne DoD elements were based on
the particular MOL problem
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ougnress and are
“he cost estimates row
over & year of extensive svuay O: e e ‘ ]
ané several competitive contractor studles. The Air Force has
2s hizn a confidence in these numbers as can pe expected

wivaout having proceeded Through o p0ject definition phase.
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Tre costs per lauach of the Titan ITIC/Gemini/MOL and
tre two NASA Saturn I3s are shown in Figure 5, Total R&D
costs of the NASA integral launch concepts are given in
Tizure 6 and a comparison of total program costs of the three
irntegral launch systems, predicated on 150 days per year |
oserav.on for a 10-year period, is shown in Figure 7. |

Tne costs of utilizing Saturn V in a rendezvous mode for i
wne operational MOL program are compared on a cost per launch ;
Lasls in Figure 8 to another candidate system which utilizes
Gerinl 3 anG the DoD MOL lab module. ;

Tne remaining possibility was to consider the use of a . i
Saturn IB instead of tne Titan IIIC for the operational :
Gemmini B/MOL from the Western Test Range. This would allow
the use of the Standard Saturn IB instead of uprating the
Titan IIZC to a 7-segment coniiguration. The cost differences
ascociated with such use of the Saturn IB instead of the Titan
II..C Lzuncn vehicle from the Western Test Range are shown in
Figure S, where the differential development cost items for
tre Titan ITIC/Gemini/MOL and Saturn IB/Gemini B/MOL are
cornaraed on an individual element basis. It can be seen that
the hizgher cost of the Saturn IB raises the cost of any
extensive operational phase considerably above that achievable
wion Titan IIIC,

Hardware Avagilability

A significant criterion for use in evaluation is that of
availability of major segments of proposed candidates. The
availability of NASA Apollo-Saturn hardware is shown in Figure
10. The present NASA position is that because of priority
commitments to the lunar landing program, Saturn IB dces not
become available to DoD until mid-1969, and Saturn V does not
become availablie until 1970; and delivery 1s predicated upon
tne specification of a priority to DoD with respect to a NASA
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corevn crpital experiment o‘ogra. It is evident upon
xaminaslon of Figure 10 that a 1/2 to 1- 1/2 year delay in
the MOL oprogram will result from the use of NASA Apollo/
Saturn elements,

fuactional Free Volume

Detailed studies made by Air Force-SSD/Aerospace, with
exvensive contractor support, have indicated that a minlimum
comfcrcable net free pressurized volume for a two-man CIrew

Cor 20 days is 400 cubic feet, exclusive of any equipment

f:d furnishings which will be necessary within the cabin. A
w_y o the various volume conbtralnus of the ppesent and
s;Q manned space systems is shown in Figure 11. An

ional 300 cubic feet of pressurized volume is mostT

o¢v to allow the crew to stay in a state of peak per-
.ce during operational missions which may later extend to
G0 days. One thousané cubic feet of gross pressurized
Lume nas been established as tae MOL program requirement

ow Tor equipment installation and the above crew comfort

9 u m 0

SO OO GO0 MmO (
[N
') S‘ll

ments. Examination of the NASA candidate confilgurations,
.xma;lzed in Figures 1, 2 and 3, which all use three man
‘ews, shows that the volume iy Less than the 200 cubic foot

© men figure 1ndlcated for minimum crew comfort, and that,
aGuition, it 1s awkwardly distributed for use.

t’*"()' O M b < OVES O
H

A most significant increase in cost effectiveness that
oopears achievable in the near future for MOL is that of
“oreasizg the operational stay time on orbit. This increased

o 1

i

stay time is primarily dependent upon reliable operation of
&il subsystems and of the ability of the crew to withstand the
zero-g environment for prolongeo perlods.

Reliable system operation for relatively short duration
missions 1s primarily providad by the use of redundancy in
deslgn. Redundancy 1s also used rfor all elements that are
critical for crew safety and for equipment located in
inaccessible places. Mission reliability for long duration
is to be achleved primarily by maintenance and repalr. A
certain measure of redundancy will still be present in the
subsystem design, but will not introduce excessive welght
renalty since the ablility of man to supply malfunction diagno-
sis, fault isolation and maintenance and repalr, will
markedly reduce the degree of redundancy otherwise needed., In
this connection, the Apollo CSM vehicles are specifilically not
designed for in-flight maintenance as reflected in the Apollo
System Soecirication. A significant change in Apollo design
philosophy such as making all subsystems accessible and

DORIAX
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sohassenolies replaceable would oe require?ﬁto'allow ipr
in-f1iznt malntenance. This, 1n Turn, wouﬁaLv1olgte he
e d wale of minimum change To Apollo and thus increase
-ront costs. Tane DoD/NMOL will be designed fPO@ the
Cor manned maintenance and repair, and thus will
s the growth capabllity to & nieve long stay time 1n

ac
he initially sostulated 3C days.
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Cemelusions on the Use of NASA Apollo Lardware for MOL

AR =

me pesults of the corparative analyses between Saturp
-3 ar.. Ti%an LIIC based systems ere shown in Figure 12, The
use of Anollo hardware in confilgurations designed for
extendad otay in polar orbits requires major uprating of
S Szturn I8 launch vehicle, development of the new Lab
t

¥

a¢ Special Purpose Module, and 1s subject to the
on on available pressurized volume discussed above,

“he costs of the Saturan IB/Apollo configurations are
e7snilicantly larger than trose of the Titan IIIC/Gemini B/
RROIR

“re use of Saturn V for thie MOL program appears quite
astraccive wnen 1t is considered for operation in a manned
orblting system whose scope is much more advanced than the
sresent plan, since 1t can only be efficiently utilized if
very large optics are usec. Therefore, Saturn V is not
compatinle with an early operational capability. If the large
system czpapility of Saturn V is to be exploited in an optimal
menner the recquirement is generated for the initiation of
develcpment of very large sensors at the maximum rate compati--
ble with acceptable technological risk.

L Purtnher undesirable feature of the use of Saturn V
Por the Znitisl development program is the regquirement o use
rendezvous system at the outset of the development program,
nus8, There would be no orderly development in the progression
rom the 1ntegral launch to the quite advanced rendezvous
system possibilities,

by

Hy e

In summary, the applicability of Saturn IB/Apollo hard-
ware to the MOL program 1s limlted by lnadequate payload
cepability and available functional free volume; undesirable
restrictions on subsystem l1ife extension; nigh program COSTS
and conflict of hardware availability and operations. The
use c¢f Saturn V is incompatinle with early operationail capa-
bility imposing a delay of severel years in the MOL prograx.
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There Le, further, an indeteralnete delay in the program
;ésoc,;céd with tae developrent of the very large payloads
recuired vo ubilize Saturn V capability within the constraint
o reascneble technical risk., The use of Saturn IB with
Gemdnl D/VOL from the Western Test Range is undesirable
Lecause of the very much higher operational costs as compared
T the use of Titan IIIC,

0n the otner hand, the Titen ITIC/Gemini B/MOL is
soatible with a program devoted to developing large optical
=30 resolution devices operated by wan, The use of T-segment
~1 d foc{eu mosors with Titan IIZT at the Western Test Range
es adequate ooeraulonal payload for high inclination

The design of the MOL baseline vehlcle, in 1¥s pro-
fo¢ manned maintenance

ce and repair, provides growth
1ivy for extended stay on orbit,

VO
I C)

0oV

O < 0'G
o

S)lx}\’l

W (,u

}’ D (n @)

1
its
sion
>abs

o is éccordingly recommended that the .Titan ILIC/Gemlnl
D/Aab De used to perform the Dol/MOL missions.
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TAB G

UNMANNED FLIGET PROGRAM (PRE-MOL)

Zeckground
emorandum from The Director, Defense Research and-
Engineering (DDR&E), dated January 4, 1965, for the Under %
Secretary of the Alr Force requested the Alr Force to
re-examine the unmanned flights previously proposed by
the Air Force. The objectives of the unmanned flight
program as stated in the DDR&E memorandum are to:

1. Make effective use of the Titan III R&D

2, Provide for steps toward qualification of
components of the MOL systemn.

3. Coantribute o the unmanned operational

objectives of the MOL program including the test of
experimental payloads toward this end. :

In early February 1965, the Air Force in response
to the DLAX%I memorandum proposed a sub-orbltal re-entry
test de:lzned principally for qualification of the transfer
hatch Zn the aeat shield of the Geminl spacecraft., DDR&E
in early iMarch 1965 approved the requirement for a Heat
Shield,Qualiiication (HSQ) flight and authorized the
release of deferred MOL funds to cover the fiscal year 1965
cnarges Tor necessary work with McDonnell and Martin in
preparation for this test. The configuration and test
cb ectives for this flight ere detailed below.

Heat Shield Qualification Flight (HS®) - Sub-Orpitac

The launch vehicle planned for this flight is Titan
IXZC, No. 9 from the Titan III R&D program. The standard
5-segment solid rocket motors configuration incorporating’

a Cifferential pressure sensor between the solids will be
used to provide flignt gqualification of the solid motor
malfunction detection system. -The laboratory is to be
simulated by use of a Titan II, Stage I, oxidizer tank. .
External structure will be modified to simulate the antici-
vated laboratory stiffness. Barrel sections will be pro-
vided at either end to extenc the tank dimenslons to the

#o6
%ﬁy& /ef 5
_BYE 3b626-b5
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The re-cnbry module will be a
- with the heat shield modified to incorporate
hatcn required of Geminl B. The NASA Gemini
rat flew on GT-2 is being rezurbished by
will be flown on tnis £light.

Laboratory lengtng
e

sult of iLir For /Y}SA rnegciiations on the

na conduct of ini U/MOL program, the

a8 assigned to \ASA ;he responsibility for
contract management, and procurement required

fo¢snmenu and modifications of Gemini Space-

4o

ation of the Titen IIL/Lab/Geminl segments will

be acc 54ed in the Vertvical Integration Building (VIB)
7 CKAFB, The flignt vehicle will be launched from the
CZasbern Test Range on a sub-orbiltal trajectory with an
ezimuth of 1069, The trajectory will be lofted but con-
s:rairad within the Gemini abort ceilings. The flight path
tagle 11 be depressed Db;uu horizontal at insertion to

meximum heat re~entry. Afver booster engine shut
cown the separation mechanism will be initiated and space-

raft turn-around will be accompiished. The spacecraft will
ve recovered after splash down for engineering analysils.

.

Snecific test cbjectives for this flight are:

1. Verify adecuacy of Gemini heat shield to
survive re- entfy neat and aerodynamic loads when modified
Wivo a crew transier natch.

2. Quailly new adzpbter and separation mechexnism.
A new 15-degree adapter bebween the Ceminl and MOL is
reguired for the MOL system., A change such as thilis requires
flight gqualification. Tranbmissibility of loads across the
adapter will be determined and allow for better design
definition of the Laboratory/Gemini interface.
3. Obtain eanvironmental test measurements on
cie structures and protuberances.

smace venol

L. Gualify pressure differentlal sensor added to

N

tre ~auncrn vehicle. The delta pressure sensor provides
gariy détecolon of a malfunctioning sollid rocket motor. A
significant improvement in crew safety is possible wita
tnis mocificatlion,

Ixercise selected portions of the MOL ground

DORIAN
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o senecule for tnis flight is shown in Flgure 1.
Gm.p Cerini spacecraft has recently been Shlp?ed to
Yelonnell Airvcraft by NASA to commence refurbishment.

ST RN

‘'

K 2 TN 0 B
Secort Unmerned Flight - Orpitad

“. adcition to the HSQ flignt, the ALy Force plans a

seeond Tlight with unmanned experimental payloads ailmed.
primarily at military applications.

e primary objective of the second unmanned Pre-MOL

© 23 %o obtaln meaningful data from optical experi-
ich will contribute vo advanced technology.

icular emphasis is to be made to launch and on-orbit
ronmentcal effects on large optvical surfaces, While
Getails are currently under exanination, areas of

rest include early flight test information on suitable
rounting provisions of large mirrors and time history data

a
i

or. zero 'g" and thermel fiux colliected on-orbilt.

Mol (@ YYD
IS - BN O RN ) !
HORES IR S B oy
e

- Y

pt

-
]
pt
(
pis
[¢

“ne Gate for this fligat, contingent upon better
rnition of experimental payloads, could be scheduled

mié to late 1967. The Alr Porce plans to submit a firm
02G and schedule proposal by 1 November 1965. A
Liminary pianning scheduie for this f£light is attached
ure 2.
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3 in the case of the ESQ flight, it is planned %o use
launch venicle from the Titan ITIC R&D program and a

¢ nas been ldentified for thils purpose. Since

¢ planning for this fiight does not require space-
re-entry from orbit, the Air Force has received from
A trneir Gemini Static Test Article No. 4 which,.with
ited refurbishment as recuired to correct materiel _
crevancies, can be used for this flight. No Gemini sub-
cems will be installed and a voilerplate Gemini B

zpter can be used, The laboratory configuration will

e provided by the laboratory contractor and will be
structurally similar to the manned flight test laboratory
structure. -
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Costs
Of the initial FY 65 rfunds released by DDR&E in early
Sebruary 1965, $7.0 million was approved as the FY 65

charge against the sub-orbital Heat Shield Qualification
(HS8G, fiight, scheduled for late 1966, Identified witnin
<~e recommended MOL Development Program is $10.5 million in
TY 66 and $6.0 million in FY &7 projected to contlnue with
the two-shot Pre-MOL test program.

DORIAN
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\CTTONS RESULTING FROY L SANURRY 1965 DDR&E GUIDANCE

AC . Ll i

e 4 Jenuary 1905 Hemorancun Lc;chg Under Secie”a v

, » Porce, entitlec "lManned Orolting Laboratory” .
curlicad specific DDREE guifance leadling to & basis for
Geoiing as to the future course oI thae MOL program. In
~isporse bo thls wuldence, specllic actlons were undertaken
in svolution of the proposed VMOL program.

"2 Consideration should also Le given, in close coopera-
ticn with NASA, To the following acaicional objectives:
a. Bagic scientific and general technological
mznned expgerimentation.

. Development and cemonstration of manned

cssersly and service of large non-military structures in
orlit sucn as astronomical telescopes and radio antennae.

¢. Biological responses of an in orpbit for 30 days

£ CILCN

Study teams were formed both oy NASA and the Air Force,
Together with contractor support, scientific and technological
exoeriment objectives were generated by each agency, and
sudsecuently exchanged. Eacn agency then performed an analysis
for integration of these experiments into thelr respective
orbital configurations, GEMINI B/MOL, and APOLLO,

tudy of the consolidation of NASA and DoD experiments
indicates that all low orbit objectives can be met in 6 MOL

~

{lights scheduled beyond the presently proposed 6-launch pro-

gram.

NASA has proposed a 9-flignht APOLLO/SATURN program to
carry out DoD experiment objectives. However, NASA considers
that & clearer understanding of DoD requirements, and further
definition of the NASA continuing program would permlt |
consolidation and elimination of duplication, and would permit |
more efficient application of APCLLO resources.

Further details are included in TAB E.
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‘3, Althoug it is recognize
2nas 1 and 2 have been studi
would like to assure tra
n paragraph 1 can e 1mpl
Draqund that the rbsu T3
with ne estimated costs.”

. that the objectives of
iad in Geveloping the MOL
t the primary objettives as
emented effectively by the
expected are commensurate

Alvlon

The approach Tto savis y ‘ng primary MOL objectives has
n carefully and continuously examined, A clear understand-
of the value of very aizh resolution photography has been
abiiszhed. A Conservativﬁ technical program approach has
2n evolved toward achieving this objective, borrowing heavily
current successful tecnnology. Alternate approaches to
zh resolution sensors were examined. In the proposed
two optical design approaches for early MOL flights
carried forth at modest cost, without jeopardy to
untlil the best aopproacn becomes clear, Meanwhlle,
»eign studies of improved sansors for later MOL flights
woul,d proceed apace, and be integrated into the schedule as
saey :auuﬂea

5 (b
]

N C R O I

!
3
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4

Close alliance with on-going programs of similar nature
was uncertaken to insure that desired results could not be
otherwise obtained at comparable cost levels. It was found
o“at mznned systems have the capability to achiéve desired

asulvs sooner and with less development risk than with
gﬂﬂaﬁféd systems.

Further detall can be founa in TABS A, C, D, E and F.

Guidan

(@]
[}

"L, Therefore, I request that the Alr Force define an
pefnmcntal military program to meet objectives {a) and
J of paragraph 1 above, and determine the essentlal vehicle
naracteristics to meet these objectives. This study should
conaucted in the same rigorous detail that characterized
¢ studies of objectives {c) of paragraph 1 above made by
the Air Force during the past year."

OO N0
(O NN eI

&l
o)

IS

Action
Supported by contractor prellmlnaﬂy design studies and

oy SSD/Aerospace Corporation studies, analyses and evaiuaulon,
an experimental military program has evolved. -A resumé of

DORIAN/GLVBIT
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=4 a brief discussion of pr1n01oa1

1 approach, wWa
osea approach, urabions 1is contained

and supporting element conrig

Tne Air Porce 1s requested TO assess carl refully the
& specifications of the GENINI B plus laboratory

08 _
~izuration, employing the launch cagamllmes of the TITAN
sinst the needs defined in accordance with paragraph

A
Acvlon

Elger CareLdl analysis ;t hes been confirmed that effective
vse cean pe made of the NASA GEMINT :;xgnt system, suitably
modified with & minimum of cnange into the GEMINI B configura- -
tion. As adapted, the GEMINI B is compatible with the
lasoratory module. :

e TITAN IZIC with 5-sogm ~t s0lid booster motors

oe oS acceotably with eastwarc launches from the Eastern
Test anze. HDowever, launches from the Western Test Range
into polar orbit require that the standard TITAN IIIC vehicle
be mocified with 7-segment sclid motors and an improved Stage
1 nozzle and injector,

hJ\ (‘j

A resumé of these considerations appears in TAB D,

)

5. In addition, the Air Force is requested to examine
oved configurations of the APCLLO system to determine the
nt to which any of these could meet the needs defined in
e

o

cordance with pafagfapn L in a more efficient, less costly

e
0
more Gimely fashion.”

X

Alternative configurations of the APOLLO, furnished by
XASA, were analyzed. It was determined that the alternatives
examined were not promising in terms of 1mproved efficiency,
less cost, or timeliness, as a means of achieving program
objectives, A brief of the details of these considerations
Iz included in TAB F.

Golclance
"7, Since the assessment of APOLLO capabilities will

reguire consideration of the interaction of the laboratvory

DORIAN/GAVMBIT
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vericLe with the proposec experiments, NASA 1s peing 1
oouested to provide to the Aip Force, as soon as PoOsSsli e,

© Fewemeion concerning tne configuratlons of the APOLLO

- stern currently being studied by WaSh 0O mee? NAS% pgogram
idgeives. Based on this information and prior Alr Force
soudles, the Alr Force 1s requested to provide tojNASALtge

S eads cefined in accordance with paragraph 4 to tgg detail
rscessary Co enable NASA €6 identifly specific‘conllggra§ions
o7 the APOLLO system applicedple to Dod objectives. NASA,

s "
193

L Dol cooveration, will vaen mexe thils ldentificatlon in
t pre.iminary form by April 30, }965° These specillc
wrations of the APOLLO system will then be further
mized by the Air Force."

I

(D
s-'l
(623

o 0 R
SO i M

k3

[ =1 o

(]
P
§D
',
:

“ASA was furnished needs, a3 defined by the experimental
military program, in sufficient detail to permit ldentifica-
tion oF specific applicaple APOLLO system configurations.
Subsequernt analysis was undertaken and integrated into the
consicerations from which the proposed MOL program evolved,
Surther detalls are contained™In TAB 7.

Fm-2 2
VLG

Force shoulild also define, in cooperation
wita NASA, significant experiments directed to the ovjectives
paragraph 2, The impact ol théese experiments on the
figuration and cost of the vehicle required to meet the
ectives of paragraph 1 above, snould be delined, and con-
ered in determining the nature of the part of the MOL
STogra;m whosSe purpose is as iisted in paragraph 2."

O by

[T

&

e Ty

O

31

000

1

Zcotlon

An experiments program, embracing basic sclentific and
tecnnologiczl manned experimentation, development and
cdemonstration of manned assembly of large non-military
structures in orbit, and bioclogical responses of man in orbit,
nhas been conducted in coordination with NASA, as explained in
foregoling paragraphs, Further detail is contained in TAB E.

"g, I would like to review Tthe results of the work
described in paragraphs 4 through 8 to assure that the results
expected from the MOL program are commensurate with the
estimated costs before release of the FY 1966 funds to the
Air Force, It is requested that this review be submitted by
May 15, 1565."

DORIAN/GAVBIT
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~colon

Ca 2 Sune 1905, the pr o;osea pf gram, hased on the
~agulecs of the work described 1n para graphs L through 8, of
wour & January 1965 memorandun :”or the Secrete:mj of the Air
Zance  enbitled, "Manned Orbiting Laboratory, Wwas orally
Mse.’-w o DDR&E Previous to this swomittal, on 17- -18
Zey 1505, Dr, A, hall participated in a detailed preliminary
review,

“0. I believe a re-examingtion is desirable of the
,agalred £lights previousiy proposed by the Air Force. In
vlar, the unmanned fliight program should:

a. Make effective use of the TITAN III R&D flights.

. Provide for sveps toward gualification of
components of the MOL systeri.

¢c. Contribute to the unmanned operational objec-
Tives o %the WOu program i“C¢ua*3g the test of experimental
peyloads toward tals endc.

Action

In March 1965, DDR&E approved a Sub-Orbital Heat Shield
Laelification test, utilizing the refurbished GIT-2 GEMINI
Soacecraft modified to the GEMINI B configuration, boosted
oy a TITAN IIIC R&D vehicle. An additional unmanned flight,
waich would be orbival, utilizing a TITAN IIIC R&D booster,
is under 00ﬁ51deratlon, and steps have been taken to secure
WOng _cad hardware to protect the option to proceed with
this 7light on a timely basis.

i88itional detail relative to this aspect of the program
is contained in TAB .
\A\/L O.”.:\:e

"_. To preserve the ontion for proceeding with the

MOL on an o”derly ba31s, the DoD will empioy the FY 1965
MOL funis for work on Pre-Phase I and Phase IA studies anc

o

fcr trne work on TITAN III and GEMINI B necessary for launches
ol unmernned payloads using the boosters in the presentl '
EpDroved T*TAV III research and development program., Funds
for proceeling with Phase IB (naPIOW1ng of PDP to two con-
tractors) and Phase II (full-scale development) for the meaned

_./\4... ._I.A\ /\A T
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“iams Geveloomernt program ere included 1n the 1966 estimates
CLight DIy T : ooded 1n L5006
-~¢ w1l not pe released until & decision is made to proceed

L3 ircicated above,

ACTLOL

:

3V 1965 MOL funds have been employed ©oO sppggrt Pre:Phase
¢ Phase IA contractor preliminary design STUALES, both
lacoratory vehicles, and for large in-orpit §tructures.
ssary work, supported by FY 1965 MOL furds, is underway

L oWeriin Mopietta and af MeDormell Alreraft 1n preparation
“sr woreaned exoerimental flights, utilizing TITAN IIIC R&D
Further detail will be found in TAB G,

~2., It is reguszsted that the Air Force fund with’
Zndustry three prelininary design studles of MOL configura-
Tions erpioying TITAN IITC pius CGEMINI B to meet the objectives
cf parszzraph 1. The laboratory configuration should include

a. Testing conrcepts of assembly of large optical
czvices in space. :

. Servicing large optical space systems.
¢c. Testing concepts of assembly and service of

Large radlo telescopes 1n space,

!

Testing high resclution surveillance radar

Oy

coneegcs.

e. Manned experimentation facilities,

Trhe purpose of these studies is To help to provide the Air
Force the cost and technical information required by para-
grapns &4 and 5 above,"

Action

Preliminary design studies were undertaken with four
‘ndustrial contractors {(per agresments reached suvsequent to
the 4 January 1965) in which aspects of laboratory design
eosprooriate to utilization of TITAN IIIC as a booster, and
CAMINT B as a reentry capsule were considered., The proposed
orogram draws heavily on these studles for preliminary defini-
cvion of the proposed laboratory vehicle and in the desermination
I program cost estimates.

DORIAN/GAMBIT
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2 Tre Air Force is requested to choose 3 contractors

fom tha shudies of paragraph 12 who are qualiried to build
the laporabory module whether the approach finally selected
is:

a., TITAN IIIC plus GEMINI B and lab module,
or
B, SATURY 7% plus ARCLLO CSM with lab module 1n
vlace of the LEY acdapter sectilon.

The choice of contractors saoulc oe vasec on:

c. Inbtegration expelrience,

. Facility avaiiabiliuvy."

The 4 contractors chosen (as per agreemsnt subsequent
to 4 Jenuary 1965) were Locknaeed, Boeing, Dc.iglas and General
Zlectric. FEach was ccnsidered Qua¢lf18d to cuild the labora-

tory module.

DORIAN/GABIT
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