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N | , b
o rincipal objective of the MOL Program is to secure,('
or-better resolution photography of significant
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targets for techn1ca1 strategic, and tactical intelligence
purposes. : : :

The objective is to be reached through the development
of the necessary high resolution optical technology and
fllg it vehicles for either manned or unmanned use, proceed-

‘ing toward a rellable Capdblllty in the latter as soon as

HANDLE VIA
BYIMAN-TALENT-KEYHOLE
CCNTROL SYST

practicable.

The manned system is being developed because this gives
a hlr. assurance of meetirg the objective at the earliest
possible time. The unmanned system is being developed to
insure a very high resolution photographic capability
should international objections or foreign threats preclude
manned operations, or should man prove unable to function
effectively for prolonged periods on ‘orbit (this latter
concern is diminishing as manned Space fllght experience’
accumulates). . _

This paper presents, in highly summarized form, quali-
tative and quantitative information on the expected contri-
butions of man during the early development flights of MOL
and toward increasing the quantity . and 1nte111gence value
of the reconnaissance product.v ‘o :

AMES T. STEWART
ajor General, USAF
-Vice Director, MOL Program
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The length MOL camera, with its six foot

diameter mein optical elements, is a huge and'complex'system.
Not cnly must this eamera be manufactured with great | |
precision, but several technicaliy difficult-to-achieve
fuactions associated}with its on-orbit operation must also:
beeperformEd with great precision. Theee functions involve
auto‘aclc devices many of whleh either have never before been
used on orbit or‘represent large extrepolations in precision,
accuracy, or other eaeabilities.  e. e_ .‘. o - (b)(1)
The proper funceioning of all of these automatic deviceev(bx3)
is essential to éhe success of the unmenned system. Hoﬁever,
“in the manned eystem, although capable of "hands-off” phOteg-_
raphy using ﬁhe same autometic deviCee, the astronauts can,
in most cases, aISO'manuallyeadjust them to peak'performance
aﬁd/or substitute.e_completely'manuaivque of operation for
failed or grossiy malfunctioning subsystems.
It is pianned,‘therefOre, to fly the manned system first

because this gives the highest assuranee of meeting the

'reeolution goal of or-better photogrephy; will
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insu:e a usefulland worthwhile teconnaissance product at
the cutset; and should contribute to the maturing of the
unmarined sYstemeat a much earlier date than probably WOUldi
othe rwise occur. |

vAdditiOnally, once the automatic.deVices work reason- -
ably‘well and do notirequirehrepeated on-orbit adjustment or
extended hanual operation, the astronauts are expected to |
provide significant increases in the quantity and intelli-~
gence value of photography acquired over that possihle with
the uamanned system, and to perforﬁ other‘operationalvtasks

not now practical in the unmanned system.

MAN IN THE DEVELOPMENT LOCP

As indieated'eatlier, aithough the mahned system ineludes
all of the eutomaticvdevices heceseary for the camera to
operete in a "hands off'" mode, the menned system also includes
the data d,i'splays :and controls nece_sslary‘ for the ast]l:o_nautsb _
to fine-tune most of them to'peekhperformance‘and/or substi-
tute a manuél'mode'of operatieh ferefeiled_equipmente, Some

exarples follow:

Pago i: o?f Z..’ﬁ_/pages
. . Copy 0f --.. coples
RO S SAFSL Control mocemccce-

40? 208-¢

| HANDLE VIA
BYEMAN-TALENT-KEYHOLE
CONTROL SYSTEMS JOlNTLY_ B

.Approved for Release: 2017/03/29 C05099141



O 1A 7 T

—m— SANU L. [

Approved for Release: 2017/03/29 C05099141  * BYEMAN-TALENT-KEYHOLE |
’ CONTROL SYSTEMS JOINTLY }
|
|
|

1. Alignment: Because of its size and the mass of the

optical elements, the camera optical assembly is not a

completely rigid structure. The optical'eléments'are clamped -

down during launch and boost to protect them; released after
orbit is achieved;‘aﬁd automatically aligned and realigned
as nécessary during the course of the.mission. Simulations
indicate that the astronauts,_by observing thé‘iight path
used to align thé.Optics, can manually set alignment td‘
within the required limits. (The'etrér budget forgggfggggi
resolution_includes approximate1y 1/4'inéh'for misélignment.
This équates_to aﬁproximately 20 Afc SecOnds §f’é11dwabl¢.

tilt. in the primary mirror).

2. Focus: To‘achieve or better resolution, the
film platen must be controlled to within T.002 inches of the

plaﬁe of perfect focus. Beyond this‘tolerance; resolution

falls off rapidly (another 1/1000 in¢h'focus error degrades

the resolution to approximately . An automatic
focus sensor is provided for this purpose. The astronauts
will verify that the best focus position has been selected

by photographing'a single targét sevéral times with the
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platen in different positions, developing'the film in the
on-board procéssor,ﬁand identifying the platen position of
best photographic résolution, - If ﬁhé automatic chus
devize is not workihg properly, the astronauts can manually
control:the positioning of the platen. |
3. Pointing: ‘Because‘of the small field 6f view of
the.£OL camera (9000 foo: diémeter circle on the ground from
80 miles altitﬁde), and the fact that resolution degrades
somewhat from the center toward tﬁe edge of the circular
format, the trécking mirzor must be pointed with cbnsideraﬁle'
accuracy. In thé'ﬁnmanned andAmanned/aufomatic'modes, the
tracking mirror is expected to be péinted with an éverage
accurécy of'about»1700-21001feet on the.ground. This much
error in a typical photogréph of 20 degfees.obliquity,.with

all other dev1ces working properly, will give a resolutlon

Hh

o

at the aiming point. If the across-format image

motion compensation device malfunctions, the resolution at

the aiming point will be aoprox1mately Simula-

tions verlfy that the astronauts can ea511y control the

pointing of the tracklng mirror to less than 300 feet aiming
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error, thus obtaining the best possible resolution of

in this example, with or without an operative

across-~-format image motion compensation device.
4, Tracking: Since the MOL is a frame camera, the

tracking mirror must track the target continuously during

film exposure. To meet the resolution goal, the

mitror must track within an aceuracy of i% thousandths of a
degree per second (about 12 féet’per'second.on the grouﬁd).

- Since ground—éalculated estimates of_Spécecraft-heightland
velocity can only providerinputs wﬁich_would give about
30/1000 degree per second tracking error rate (ﬁhich would
cause the-?esolution to degrade toiabout lglihches),
on-board image motion vélocity sensor is inCludedvto'provide._
the final vernier adjustments. Although three different
approaches are Being pufSued; this is a very high risk
development. .Simulétions have verified that the astronauté,
by bbserving the target through the main optics; cén manually
provide at least aé fine a éqntfol as the automatic image
motion Velociﬁyjsensor'andwits asspciatéd'control electronics -

when che latter}are.opefating'properly.
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5. Diagnostics: Many maifnnctions;_such as those
described above, along with the appropriate corrective action,
will be quickly apparent_to the astronaut and system engineers
on the ground (via telemetered data). Other problems may
requi re considerable diagnosis on the part of both parties
before even_the best eourse_of action for‘that particular
mission . is known. - However, the astronauts,iby virCUe of -
their on-board manual switehing and control capabilities,
are expected to aid materially in identifying the fundamental
sources and‘causes'of problemé at.avmnch earlier flight date

than normally occurs in unmanned system development programs.

INCREASING THE QUANT}TY.AND INTELLIGENCEZVALUE OF PHbTQGRAPHY
As indicated previously;.onee the_automatic.devices' -

are working_reaSOnably well and do-not.require repeated

adjustmentjor extended periods of manualnoperation, the

astronauts are expected to materially increase'the quantity

and 1ntelligence value of photography over that p0351b1e

with the unmanned system. Three means by which this w111

be acnieved are discussed in the follow1ng subsections.

¥ Page L. ¢ L% pages

U\Uu‘& : 3
HANDLE VIA Copy €o- 0f ... copies
BYEVMAN-TALENT-KEYHOLE SATSL 00Rt30) mmmmmmmmn

. CONTROL SYSTEMS J.OU\TLY_ '

7 21328 - 07

e mra

! Approved for Release: 2017/03/29 C05099141



ST s e Ty B s e

Lovw ppn oy
fyesiiad v

Approved for Rele»ase 20_17/0§[2_9_005099141 : ~ HANDLE VIA
-BYEMAN-TALENT-KEYHOLE
CONTROL SYSTEMS UJOINTLY,

L. Weather Avoidance: Targets to be photographed by

both the maaned and unmanned MOL systems will be selected by
the National Reconnaissance Office based upon the requlre-
ments of the US Intelligence Board. For manned system opera-
_ tions,'alternate targets; where available, will also be
designated for each primary objective.' The astronauts, by
ieWing ahead of the‘spacecraft'through their tracking and
‘acquisition scopes (which.can be Operated slaved-to or
indegendeﬁtbof the main optics) ~can obServe the weather . at
both primary and alterna e targets and select for photography
the highest priority target with the best weather condltlons..
Numarous analeeS and simulations have been conduCted to-
verify the potential of this mode of_operatﬂan.. The results
indicate that there‘is_ample'time_for the astronaut to
perform this function with a high degree of aecuraCy;'and‘}

that the manned system w111 average at least approx1mate1y

20 ptrcent more cloud-free targets per day on orbit than will
the unmanned system. In densely populated target areas with
wors2 than average weather, such as Moscow, the manned

system will provide as much as 45 percent more cloud-free
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aphs per average cey on orbit than will the unmanned

systen.

2. Verifioetion of Zhotography: In the manned system,
the astronaut will be able to verify to the ground mission:

director that photography has been accomplished of given

\

ct

argets. This will.perhit the NRO to theh'designate another
primery target for the next photographic access to the same.
area (in horthern 1atitodes,.the next acoess will occor only
one or two days hence). In the unmanned system, the NRO

must either accept a con’idence level, based upon weather
forecasts, of havihg photographed a giveh target; or else
wait until‘the eXpOSed film has been returned, processed, ahd
interpreted (a data reoovery Vehicle'will be returned each
week, plus 2-3 days for deverOprng and 1nterpretatlon) prlor
to designating a new primary objective for the next access

to the same area. Analyses indicate_that,the manned system,
through the immediate verbal"verifioation-technique, will be‘l

able to photograph from 10-25 percent more targets per day

on orbit than the unmanned system.' The potentlal increase
is most sensitive to a varlety of factors, however these

appear to represent the upper and lower llmltS.-
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3. Increased Intellizence Value: Post mission analyses:

o
Hh

‘KH—7 and KH~8Aphotography indicate that often the targets
of greatest intelligehce value were not those which were thei’
- primary aiming points, but rather were a "bonﬁé" by virtue
of tn extent of the camera's field of view. Such targets
frequentiy were transitory in nature (fdr'example, a missile
being icaded into a silo versus a nearhy but elosed-up ailo).
Because of the MOL camera‘s small field of view, it is moat
im@ortant that the camera be directed at-thelright target at
the right time. Analyses of the various target categorles'
ihdi cate that 70 percent of them have the potentlal of
momeatarily increased inteiligence value, but that these
situations occur,only six percent of the time. «Simulatiohs
- and analyses 1nd1cate that the manned MOL system, with the
aStronauts observing both primary and alternate targets |
throagh their acquisition and tracking scopes and seleeting,
as appropriate; those of Lighest 1nte111gence value, w11l

photograph from 2 to 2% times as many of these types of

targats per average‘daYron orbit as will the unmanned system.

In denser than average target areas, ‘the ratio should favor
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the manned system over the unmanned by as much as 3-6 times

per &verage day on orbit.

OTHER.CONTRIBUTIONS,AND,CA?ABILITIES

The manned MOL system has other capabilities which either
are tnique to man or not practical for inclusion in the

unmarned system at an early date. Three examples follow: =«

1. Visual Reconnaissance: Appropriate observations
v‘of the astronauts, voiced while viewing primary andAalternate

targe s through their tracking and acquisition scopes at
3-30 foot resolotions,‘will‘be tape-recorded fOr later
transmittal to the ground. This will suoplement the actual
photography'and.provide additional inteiligenoe information
on other targets. In the future,hwhen the;MOL training -
simulator is completed, carefully controlled tests will be
conducted to ascertain the extehtvaSSihle for visual recoh¥

naissance and the credence with which it can be accepted.

2. Special Films: The manned system has an alternate
camera back, With'its own film supply; Which was included
prlmuflly for the astronauts to make perlodlc health checks

on the system (e.g., by t klng test photographs, developing

’:t,
Lr Nl
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the film in the on-board procéssor, and analyzing the
re:é‘ults). However, as _requested by the ground, special
£ilm (cqior, iqfrared, -exper imental blé}ck and white, etc.)
can be manually loadéd in the ‘alternvat_e camera and photo-

rapqs taken of specific intelligence obJectlves. - Any

0Q

iim thus exposed by the astronauts would be returned by

rh

them in the Gemini, along with the normal mission film,

for careiu lly controlled srocessing on the ground.
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From the foregoing, it is ‘clear’ tha_t.thev manned MOL system
gives a higher assurance of mebeting.t;hé resolutidﬁ goél; should‘
f)ro_vi:ie a worthwhile intélligence product _ét the outset; wi'll‘
contribute to the earlier matujring kof the unmannec} systém
than would probably otherwi:s:éf 'occﬁr; w111 provide a signifi-

cantly greater total quantity and larger numbers of photographs

of particular. intelligence value per day on orbit than will
the unmanned system; and finally, hds certain additional
mission capabilities eit_her“uniqiie to ‘a manned system or not

practical in the unmanned system at an early date.
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" PREFACE

The Manned Orbltlng Laboratory (MOL) Program includes the
development of both manned and urmanned space vehicles, each aimed
at obtaining very high resolution photography of targets signifi-
cant, to national security.

The manned system is being developed and will be flown first
because this gives a high assurance of meeting the objective at
the earliest possible time. The unmenned system is being developed -
to insure the availability of this photographic capability should
international obJjections or foreign threats preclude manned opera-
tionhs, or should man prove unable to function effectively in space
for prolonged periods (this latter concern, which was the subject
of numerous earlier discussions, has diminished considerably as
- mahned space flight experlence accumulates)

This paper explores the utlllty of man in the MOL Reconnals-
- sance Satellite System. It presents qpalitatlve and qpantltatlve
information on the contributions he is expected”to meke during
the early development flights of MOL and toward increasing the .
quantity and intelligence value of the reconnaissance product. - - .

nfEs T, STEWART  *
ajor General, USAF _
. Vice Director, MOL Progrem .
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I. INTRODUGTION:
The primary purpose of the MOL System is to secure or : (b)(1)
bant2r resolution photography of targets significaunt to national (b)(3)

security. The MOL Program includes the daveiopment of the necessary
advanced camera/optical technology to meet the resolution gosl and
| systens for either manned or unﬁxanned operational use. (See attach-
me_r;ts 1l and 2 for schematiés“of the manned and unmanned systems.)\

The MOL Progrem presently includes seven 1gﬁnches: two unmanﬁed
launches to qualify the Tita.h IIIM booster, verify structural
integrity of the or‘_ﬁitiné vehicle, and qualify fhe Gemini B; plus |
three 30-day manned/sutomatic* missions in all all-up pﬁotograph_ic
Aco’nfigura‘cio_n ; | and .two 30-60 day unmanned missions in an all-up
'photogra.phic configuration.__ At the end of t_ﬁis,lau_nch progfam,_ it is
anticipated that both manned an_d'. unmanned systems will be reasonably |
mature. ‘

The MOL cémera/optical system is much more technically advanced
and complex than any 'othér system now in uée or planned for the
future. Not only must the 'ca:;nera./optica.i ‘system be manufact'uréd with‘
great precision, but several téchnically- difficult-.-to-.achieve
functions must also be performed bxi orbiﬁ with great pre'crision;,

These .involve automatic devices which either have never before been

*"IVLanned/'éiitbmat‘ic" means that all.‘subsystems necessary to operate the

canera/optical system in a "hands-off" mode are included.

HANDLE JOINTLY VIA THE | | ) 4 of1l
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us=d in orbital reconnaissance systems or rePreeent large extranolaa
Tiorz in precision,-accuracy, or other capanilities. All of the
autozatic systems must function within design specifications if the
urme ned system is fo meet the primary:objective; however, in the
ranr :d system, although the cemera system is capable of "hands off"
Operztion, the astronauts can also'apply “vernier"'adjustments to
those automatic systems not cperating within design specifications or

substitute a manual mode of operatipn for grossly malfunctioning

or failed automatic systems.
It is therefore planned to conduct the manned system missions first
because this gives a considerably higher assurance both of meeting

the resolution goal and .securing a worthwhile'intelligence product E

at tne outset, and also will enhance the maturing of the unmanned
system at a much earlier date than probably would otherw1se occur.

Once the automatic dev1ces are working reasonably well and do
not reguire repeated'adjustment or extended periods of menual
opasration, the astronaute.are expacted to make_significant increases
in the quantity and quality of pﬁotbgraphy accomplished over that
possible with the unmanned system and to prov1de additional capabilities
2ither not p0351ble or practical at an early date in the unmanned
systen. '

This paper deals with the quantitative and qualitative contribu-

tions of man in: meeting the resolution goal, 1nsuring a worthwhile
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intelligence product at the outset, and compressing the development '
cyclz for both the manned and unmanned'sysfems; enhancing the primary
reconnaissance mission through his presence on orbit; and providing'
cher capabilities inherent iﬁ the manhed system. |
The sections which féllow touch first upon reliabiiity and
vehicle design considerations fofké better.understanding of the
poscible areas of crew contributions; and then treat in more depth
“the astronauts' role in inSuring peak-pdésible camera performance
‘and/or identifying the sources or céuses of sub~-standard performance;
tha éontfibﬁtions of man in increa;ingfthevintelligence value and
guantity of photography accOmplished; and additional crew cdntribu;.

tions in reconnaissance and other mission areas.
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1. RELIABILITY AND DESIGN CONSIDERATIONS:

The manned and unmanned orbiting vehicles each consist ofi three
basic segments: the. Gemini B » Laboratory Moduie » and Mission Module
in the manned system;.the Support Module (in_ lieu of the Gemini B)

whici carries the data recovery vehicles and associated film trans-

port system, a Modified Laboratory Module (life support and manual

cohérol systems removed), and the same Mission Module in the uﬁmaﬂned"
system. The Titan IIIM booster is used for both systems. | o E

Zstinates of reliability for the mature nianned and unmanned MOL “
SyumeS are quite hlgh due to the basic des1gn phllosophy of incor-
poraulng proven hardware and/or redundanc1es where practlcal in all
suo—systems and components. De51rable redundan01es have been
:identified both from statistiCal estimates of hardware reliabilify
and detailed analyses of the performance of idenfical or similér
SubsystemsAand components in other'satellite systems.

With reSpect,to th Laboratory and‘Modified Labofatory Modules,
a relatively mature system (95 percent or better probability-of
success for a 30-day period) is expected virtually at the outset.
This assertioﬂ is bas¢d to é’degree on the fact that the Laboratory-
subsystems, for the most pait, aré deriVaﬁives of currentlhardware
'Additionaliy,

technology (for example, from Gemini and Apollo).

the extensive amount of ground.testing in the progfam instills

additvional confidence that the Laboratofy'segments will have an
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early high level of reliabiiity‘..:-. The fsregsing also applies to the
‘Ger.ini B and TIIIM segments, and to a lesser degree ,. the Support
Mcdale, |

Eowever, the situation with respect to the Mission Payload - o L
segment is different. The resolutlon requn'emen’c s Plus the ;problems .v
associated with the 1° field of view, necessarlly result in a very | Lﬂ
complex camera system 1ncor_porat1ng, in addltlon to large and precise ' ]
optics, ma.rwlanciﬁl_].a,,ry devices fdr 'functibns sﬁch as image motion
corpensation, precise 'point?ing, a.cross-the-forma_.t image motion » '
compensation, optics.l alignment, etc. Wl"iil_e the statist‘i‘cal estimates E
of rel-,iabiliﬁy for a mature camera/optical system are high (sée |

figure 3), due to the extensive redundancies incorporated' in the

design, many of its subsystems represent new technologles or
extensive englneerlng adaptatlons of current technology and com-~
ponents (see figure 4). It is anticipated, therefore, that there
will be numerous instances of out-sf-spécification' performance or
failures of these automatic de‘v.ices‘on early fl_ights. |

The fundamental system qesign_ is compatible with the objective

of both a mahned and unmanned cohfiguration résulting from t‘he pro-

gram. In addl‘clon, the des1gn phllosophy is compatlble W1th the
concept-of crew contrlbutlon ‘bo the reallzat.lon of early maturlty
in both conflguratlons. Smce_' the' same c_:amera/optlcal system will

fly in both manned and unmanned cbnfigtxi‘atio‘ns ,  a philosophy of
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auto:*'-c operatlon, with redundancy where practlcal has been
accyhed for the camera/optical system and all Laboratory subsystems
asscniated with both the manned ahd.unmqnned configurations. An
on-crbit maintenance concept has been permitted on the life-Support
suksysten only, which is of course peculiar to the manned configura-
tics. The manned conflguratlon-does provide for a backup m;nned
sﬁiéching capability in most instances-where subsystem.orAcomponeht
redundancies exist, and manual oberation where possible. In the
éamera/optical system, the manned configuration iﬁcorpbrates elements
necessary for unmanned missions with the exceptlon of those elements
of tre fi m—transportusystem associated with the multlple data
reéovery vehicles. That Section of the film-transport Subsjstem
is,,howevef, amenable to extensive ground testing.

¥With respect to diagnosis of failure or out-of-specification
performance situations,'the basié concept is.to acc0mplish this on
the ground during and/or after the m1ssmon, fé‘éhis end, extensive
inStrumentation and telemetry capability has been incorporated in
the basic design. However, since1the crew can contribute signifi-~
cantly; as will be illustrated 1atei- in this document, to such
diagnostic efforts,.the manned configuration therefore incorporates
certain features tQ.facilifate this function.

First, there-ié a_ﬁalfunction’aiarm»system~Which monitors
approximately'loo Laboratory plus 100 mission payload segment
paremeters and provides aural and v1sual ques to the crew of out-of-
tolerance_condltlons, In the event_of such an occurrence, the alarm
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S EE aléo immediétely ihifiates the automatic recording of
telemetry data. Several hundred instrumentation points will be
‘recorded for later transmission to the ground; the Créﬁ cah have
access -~ on a selective basis, as desired == to the recorded
‘telemetry. This feature, in addition to other capabilities pro-
vided, will permit the crew in man# instances“tolperform diagnoées
ani/or take corrective action tiuch more readily than could be
~accomplished from the g_found.
Thus, the anticipated relatively ;gy'éérly maturity of the’
Mission Payload and the relatively high initial maturity of the
. Labcratory and Gemini;'plus the ability of‘the crew to-diagnose aﬁd
correct difficultiés-on orbit, clearly indicated that it Waé both

practical and desirable to schedule the manned flights first.
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[TT. ASTRONAUT ROLE.IN SYSTEY DEVELOPMENT

The crew's Yole in system development can be considered in three

generzl areas. First, they Lave a basic capability to keep the manned

vehicle opera.tl_ng on orbit for the maximum possible duration, thus

permitting the obtaining of more operating data and more recenna.issance _ u
product. This-is facilitated by their ability to operate the system in | ;
a deéraded mode (thi;s circumventing many types of feilure. situations)
Vand/’ cr restore the system to a normal operating configu,:ration of‘ten more
rapidly than can be done from the ground. Second the crew can perform
Lealth checks on various subsystems -- primarily in the camera/opt:.cal
system area, bﬁt‘ also for the Laboratory segmerit -- and directly assess
pe:cformanee. ‘I'_hird, in situations of e-ither failures or out-of-spec
performance; the crevw' can perfombcertain diag'dosticxfuncfions to verify -
and supplement the telemetry provided to the ground. As will be -d;iscussed
later in this- sectlon, these diagnostic actlons w11_l, in many instances,

permit the 1dent1ficatlon and isolation of the source of off-nom:.na.l

performance quite rapld.'l.y as opposed to the extended analyses frequently

required for unma.nned vehicles.

Analyses have been :aerfomed on many ef the Laboratory and Mission _
Module subsystems to assess sitﬁe,tions wherein fhe crew might respond
more rapidly than the ground in restoring a gormai operating situation
after a failure. In most instar_ices ’ ﬁhe'n_ a,ﬁ'eut-of-tolera.nce condition
is sensed on the unmanned configuration, the., affected subsystem is‘put

in a quiescent state and telemetry recorded until arrival over a ground
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stﬁtion. ‘Upon receipt and analysis'Of thé telemetr&'data on_the‘ground,
apprcpriate commands‘Are sent to thé vehicle.i In the manned configuratiéﬁ,‘
while similar‘deactivations»of theﬁsame subsystem autOmaticaily take place,

' the crew is alertéd and upon analyzing the>situation may be able to take thevt‘ E
necessary corrective actiqhs prior‘to arrival bver.the ground station. :
Similarly, the crew can_aiso cofrect off-nominal situations by

opera.ting the system in degraded,modes.-- in sdme instances;.directly
inse;hing themselves into the systém operation-loop; This céﬁability.is.of
particular importancé with respect to somé of the camera/optical subsystems
in that,.as discussed previously, they represent considerable advancements
in technology and hence are rclatively high risk development items. .Fo‘r B z;
most such devices, a manugl mode of 6peration is possible. Foriexaﬁple,
if the star.trackér (which is the precise ﬁointing.refefence) malfunctions,
the crew manually perfdrms the tafgét denterihg function. The sub-"
sections which fdllow treétfin moreudetail several such functions.
A. ALIGNMENT: | |
Be;ause aof 1ts‘s1ze and the large mass of the optical elements, = . E‘
the MOL optical asSembly‘is'not a rigid structure as is the case with
present (2nd smaller) ﬁnmanhed systems.:>Both the p?imary mirror (at the

- aft end of the opticé.l' assembly) and the tfacikfipg '.:;."*m_-ir'_ror' must be pro-

tected by being clamped down during‘the launch and boostiphase; and released

and allgned after orbit 1s achleved

The zero-g allgnment of the optlcal assembly differs suff1c1ently
from the one-g'allgnment that a means to correct for alignment shifts is
necessary. For example, on the groﬁnd, gravityfinduced factors contribute
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to bending of the Ross Barrel, deflection of the mirror support structure,
stretching or deflection of the Camera Optical Assembly structural shell;
etc. Oheorbit, cjclic therinal stresses‘encountered during each revolution
also induce'structural stresses. |

Misalignment from tilt and/or decentering of.the primary mirror
~with respect to the 0pt1cal axis of the Ross corrector assembly results
in a loss of Optical ‘Quality Factor*. This is translatable into lesser
static resolution capability. For‘eXample (Fig 5), an equivalent primary
mirror tilt angle of 20 Arc Seconds edquates to a five percehtfdecrease in
Optical Quality Factor and approximately theisame-losslin resolution.
(A five percent allowable loss in OQF due to misalignment is the’maximum
permitted in the error budget) | |

To correct misaligument errors, three servo linear motors are
provided to rep031t10n the primary mirror and three more for the Ross
diagonal mirror. Misallgnment is measured by light sources which are
projected through the optical system, along_the‘oPtical ax1s,.to two

pairs of detectors. The,detectorstgenerate electronic error signals

which indirectly actuate the servo motors and properly position'the mirrors.

The astronauts can read optical misalignment directly‘and R

manually control the servo motorS'in the'event of.malfunction. 'Simulations '

and component tests verlfy that the astronauts can manually control ;;”

aligrnent well w1th1n the spec1f1ed tolerances.'-_' -

j

*Optical Quality Factor: ratio of the optical quality of the constructed

to & theoretically perfect product.
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B. FOCUS:

Resolution is affected not oniy by optical quality, misalignment,

smear, etc., but also by noncoincidence of the film emulsion plane and
the plane of best focus during exposure. The mismatch between these two
is referred to as the focus error. _‘I'he allomble tolerance in the MOL

camera system for thls mismatch is t.002 inches. Focus errors beyond

this li;pit cause a rapid drop in resolution (For example, anoth_er .00.1
inrch out of focus causes a resoiutiOn 1oss of approximately one inch.
Ses F-g6) An automatic focus sys'tem has been incorporated in the MOL
carcra system which, when operating prop‘eriy, will keep the focus error
well within allowable limits.
The astronaut cannot identify and compensate for focus errors
as d~i€cec‘.-_y as can be done for mirror m:.sallgnment. _ Perlod:.cally, however,'
. to verlfy that optimum focus ‘has been set, the astronauts w.xll take several
plctures of a s1ng1e target (preferab;Ly a resolutlon measurement target
ini the USA) at varying focus positions ; develop the film on board using
~ the ca-board proc,essor; and identify the setti.ng which provided the highest
resolation photography. Iz the automatlc focus sensor has not selected
the plane of best focus s the astronaut can manually control the positioning

of tkz platen for this purpose.

C. POINTING ERROR:

Accurate pointing is'.essential to the MOL camera system both

becatse of the small field of view (approximately a 9000 foot diameter
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ciicle at nadir and 80 mile zltitudes) and the fact that the very best
resélution occurs in the center of the picture format. o
A small portion of the degradation in resolution outward from :

the center of the frame is éaused by difffaction aﬁd the ;ower illumina-.?
sioa ét.the édges; however, this is relatively small (ébout 10 percent
worse in the outer portions of the frame)., The majority of the degrada-'
tion‘results froﬁ the.inabiiity to campensate pérfectly for image motion
across the entire format du;ing exposure. Figuré T i1lustrates thé
rasoliusvicn acrosslthe format in a typical off-axis oblique photograph
both with and ﬁithout ap‘operative image motion compensator. uItlindicates
thet resolution near the edgé of the format oﬁ‘this situation, with the
IMC operating pfoperly,_will be appfoximatelf 33 percenﬁ worse than at

the center.‘ If the cross;format'image ﬁofionlcdmpensation dévicefﬁere
not operating properly, fhevdegradation in resolution from center to edge
could. be as much as 160 peréent.

Pointing errors can result from a vériety of factors
(ﬁaifunétioning star tracker; eriors in precise location of the spacecraft;’
geodetic unéertainties with reéardvto the targets; misalignment between
+the tracking ﬁirror and the Camera thical Assembly, etc.). From all such
sources, the MOL expects an avefage pointingferror'in the automatic modé
of about 12-15 Arc Minutes (approximatelyrl706é2100 feet at 80 milés

 altitude). o R | |
~ The acquisition and tracking scopés in the MOL are expected |

to be pointed’autdmatically with average'errors of approximately 16 Arc
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Minutes (approximately 2206 feet at 80 miles altitude). The astronauts, "
using their manual centering control, will be ahle to point the tracking
and acquisition scopes to within 2 Arc Minutes (or approximately 280 feet)'_;
this capebility has heen verified in simlators. Thus by slaving the
mein optics to the tracking and acquisition scopes (or by viewing the
target directly through the main optics) ) the astronauts will easily be
ab Le to center the camera field of view on the target w1th & high degree -
of precision.
| D. TRACKING:
Since the MOL camera system is a frame rather tha.n a strip

canera, the tracking mirror‘mu_st track the target continuously during

vhotographic e:@osnre.’ To achieve or-better resolution; with all

other essential eleirie,nts of the camera System and spacecraft operating' '
proverly, the tracking rate error must be controlled to Within 1.5
thousandths of a degree per second (approxn.mately 12 feet per second

on the grou.nd) |

| }}ased on altitude and veioci-t’y data estimates provided the
on-hoerd computer, by ground sources, the -tracking' mirror rate enror '
can pe contro]_led to an averasge approximately 30 thousandths of a degree
rer second ( approx:,mately 250 feet perxr second on the ground) I.f the .
tracking rate error were tlils gross d.uring photography, and a1_1 other
essential elements of the cauera system and spacecraft were operating

properly, the resolution could be as poor as 19 inches. Thus, an

on-board automatic Image Velocity Sensor is included in the camera sjfstem
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wum, wt.en operating proi)érly, will provide the vernier adjustments
o véom’:rcnl ‘crackiné rate error to within the épecified limit.

The Automatic Image V’eloc;ity Sensor, however, is a xwelati\}ely'
high risk technology dévelopment.' Three different a.pproaches are ‘6eing
investigated -- at least two of which will be ca.i‘r'ied into prototype

hardware.

" The ga.stronauts will periodically check the proper automatic

"f“qnctioning of the Thage Velocity Sensor by observing actual tracking

of the target through the main optics. If the device is not operating
propsrly, the astfonau‘cs will irhibit the IVS automatic operation and
rmanually track the Atarget while viewing through the main optics.
Similations have vei'ifiéd that in case of Subb-specification performance
or camplete failure of the IVS, ma.n can 2;’_;_'9vide at least as fine a control.
In the preced.j.ng four mustrations .of man verification of |
nominal perfoma.nce , or ad justment or manual operation of malf‘unction'iné
cr failed éamera ‘sub-vsystems , the cause and the 'Best possible gorrectivé .
action will be obvious in many situations. In other instances, 6onsidera
able diagnosis may be réquifed on the part of the astronaut (in
conjunction wi-bhj‘vground. analysis of telemetered data) prior to idehtifi-
cation of the cause and the best possible corrective é.ctior.l'for this
particular problen. In still other Siﬁua.tions, the probiem may not
be correctible on-orbit; ho'wever; ? the abiliﬁié‘s of ‘the astronauts to

perform diagnostic functions » and supplement data telemetered to the
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ground; and assist in the isolation of sources of off-nominal performance.
is expected to.speed considerably the maturing of both the manned and
wamansed systenms,

The MOL c.amera/optica‘l system is(extremely sophisticated in

comparison to systems such as Gambit (KH-T) and Advanced Gembit (KH-8).

- Therc are a multitude of possible contributors to off-nominal performance

situations which could radically increase the complexities of and time

requirements for diagnosis and correction over those of previous uhma.nned : E
development prograums. ‘ . : » ;
Much design effort for the matned coni‘iguratibn was associated E

with pi-oviding crew capability for restoring normal operating conditions

and/ or degraded mode ‘operations, such that product:.ve reconnalssance
Operatlons could be safely ma:mtalned for as long a perlod as possible

on a particular flight. Slmultaneou_sly, "detailed ana.lyses ‘of crew
cont:ribuﬁions in the area of diagnostics were 'begun; The discussion which
follows ﬂlusti-ates the a.ppr'oach to_ dia.gnostiés. ,Althou.gh much work

renains to be done, the results to date verify that the astronauts will

fake a significant contribution to the diag.nosi's process.

By way of iilustration, Figures 8 through 12 present d.i'aénostic
fiow charts for two exa.mples of .off-nomina.l cemera Sys‘cem perfoz—maiﬁce, ' - E
narely: olurred photographs, and targets not properly conta.lned wlthin
the fiéld of view. Ana.lyses have been ma.de of the poss:.ble steps which =~ k«
crew members might take, in conJunction wrth the ground, to :Lden’clfy o

and/or isolate the sou'rce( s) of these performance degra.da.tions. While
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 the date are presented in flow chart form, this does not imply that

thesz Tests would have to be performed in the order indicated. On t_he

'contrary, the tests could in rost Instances be performed in any order,
and in whole or in part, depending 6n the totality of clues available
to tie crew and the ground as to the possible sources of trouble.

A. POOR RESOLUTTION:

Suppose, for example, that poor q_uality'pictuz;es were being

obta._f_ned._ As indicated in Figure 8 , the crew would be aware ‘of this by
virtize of having processed and inspected pho‘cographs.' (To indicate the
time saving features of this diagnostic approach, the crew would detect : L

this degraded performance on the first day of the mission, whereas in

an wmanned system, the degradation would necessarily go undetected for

egbout 10 days until the first data bucket had been recovered and its
fiim load processed.) Their v1sua.1 inspections of these pictures would

indicate whether the loss of resolution was due to smear (directional)

or was a general degradatlon of plcture qua.llty (blur) The latter
situation might be attrlbuta.ble‘ to an out-of=focus cond;ti§n.

If the problem were one of smear d,egrédation, possiblg Lc'iiagnostic
steps aré i_llus‘bl;a‘te'd in Figure 9; The asterisks: indicate where teleﬁetry A %
will be available to the g'roundba.nd the astronauts , thb.ugh -in most cases v
the crew cé,n _sign’ificantly augm_ent‘ the infomation that will be derived
tharefrom. For 'examéle ,' is the smear. a.'c‘rOS‘s thé entire frame or off-axis : ' g

only? If off-axis only, the across-the-format image~motion-compensation

devices would be suspect, and the crew coﬁld check the platen and shutter
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drives. If -'T;h‘is were, in fact, the sourcé of the .degr'ad.a.tion, tﬁe crew
would manually perform very precisé target centering for the reﬁamder
of this mission and thus retain maximum poés_ible perf{ormance.

If the smear were aéross'the entire ‘format, it could be
avtributable to an a.ttrbude control jet firing dur:.ng the photographlc
cperstion, in turn due to fallure of the inhibit signal to be properly
transmitted. The crew would readily detect this due to the sound of and
motions introduced by such jet firingS’, and if this were the cause, 'Ehey
“would mgz,nually.inhibi’c the jets during subéequent photography. |

If it were not the attitude jets ; the crew might investigaﬁe

wnether all frames of a stereo sequence were smeared or just the early
frames, If Just the early frames, there could be a situation of an

overly long settling trans:.ent at'bnbute.ble either to bas:.c veh:Lcle

dynaxics or ‘a long time constant :.n the image velocity sensor control
ioop. The crew could cbserve the nature and time duration of the settling
transient through the main Q'pticsv, eyepiece both with and without the image
velocity sensor in the loop, and if the settling time wére improved with-
out the image velocity sensor, then its time'constant- was the problem.
I nct, the problem might be a’t‘brn.butable to vehlcle dynam:Lcs. In
either event, ‘bhe crew could determine a new and more desirable settllng
time for the mission planning softwa_re.

If all of the frames of a.::stereo séquence were smeared, fhen :
the Hroblem probﬁbly 'v}ould bé : éttribufable to the image velocit'y' senéor. '

- The crew could observe, again through the main optics:’ eyepiece, the
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nature of the discrepancy (e. g., does ’che scene tend to drift in one
diresction only, or is the mot:.on of an osc:J_‘La'bory nature?) and for
the remainder of this mission would perform the track:.ng function
m&mdly, thus retaihing ma.xlmum resolutlon perfomance.
If the problem were one of a general degradation (b_lur) , similar
diagnostic steps, as illustrated in‘Figures 10 and 11 would be taken.
Has the optical alignment drifted out? Is the platen in the best focus
position? The crew actions for these situationé were described eai‘lier
in this s.ectio‘n_. |
- The éeneral deg’ra.d_a.tion'could also:'bbe attribuﬁable to an vea.,rl'y
onset of thermal defomatibn of the tracking mirror. . To. investigéte this,
a :s.e'::ies of'pic’cures would be taken .w:'.'th varying‘ door-open ‘ci;mes to verify
. the cause and establlsh 1f necessa.ry, & new meximum door-open time for
‘. use in subsequent target programmn.ng. | |
If none of the foregomg were 1dent1f1ed as the source of blur
zgradation, the cond:.‘blon could result from an :Lnduced h:.gh-frequency
oscillation. In Figure 10, the latter yossmbllrty is addressed with -
ISequential steps to investigate .'r_:.ng_lng due to attitude control ,je'b‘
‘firing, bearing stictidn. or "no.ise',' 'VIhi_Agh;freQuéncy oscillatioﬁs i_ntro-‘
duced by the ima.ge'velocity sen$or control loop, or mechanical vibrations

N

scmewhere else in the system.

B. POINTING ERROR BIAS:
In another exbhple of possible diaghostic pro:cedxi’x“es , Figure 12

_ presents .a representa.tivé flow chart for analyzing a pointing error in
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the “orm of tracking mirror biszs,., If such a bias existed, targets v}ould
elth.r 1ot be contained within the fieid of view or generally off toH
the =dge. The crew would detect fhis rea_.&ily via éither acquisitidn
scop: observations and/or from film processed on board. - This problem
could be attributable to erroneous ephemeris inputs from the ground

and the flight crew would therefore _immedia‘celsr ‘reqguest the ground to
re{'e;rify those inputs. ’Simultaneouvsly, the crew cQu.'Ld initiate the

'ste:ps indicated in Figure 12 to determine whether the errors were due

tﬁ ci-board equipment malfunctibp, and if identified, to take

appropriate corrective action. In any event if the error could not be = .
corrected, the crew would manually perforﬁ the centéring function

fqr the remaindef of the mission.

These analyses.of in—flighﬁ diagnostic procedures. are being
extédded to more definitive delineation for thése'and/othervpotentiél
.Ooperating ﬁroblems. This ﬁork will also_indlude consideration of the
possible utility of special tools or additional data displays to aid
in diagnostic procedures. |

The main‘pbint_of this section is that the crew through
diagnosis and marual cofrective actiohé'can kéep_the early manbed
systen operative and secure é worthwhile intelligence pfoduct in the
initial flights. Their in-flight diagnoses, as.supﬁlements to ground :,; 
analyses, are expécte@‘to'materially'assiSt'in the rapid isolation of |
sources of problems and thus speed the‘maturing 6f the sutomatic

devices necessary for the unmanned system. =

-
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IV. INCREASING QUANTITY AND INTELLIGENCE WORTH OF PHOTOGRAPHY

As indicated earlier, once the automatic devices are working

reasonably well and do not require repeated adjustment or extended
manual operation, the astronauts are éxpected to make significant : g f
increases over that possible in the unmanned system in both the quantity E

of photography taken and in the intelligence worth of certain types of

-targets. The quantity will be increased via weather avoidance tech?

niques (i.e., photographyxng a pre=-programmed alternate target when the

primary is cloud-covered) and also from the positive verlflcatlon of
phctography already accomplished (thus permitting the selection from
N\
~the ground of another target on the next pass over the same target area).

. The intélligence worth of certain targets will be increased via the

selection of amn alternaté target of the same type but which has a
_momentary increaéed intelltgence value (for examtle,-é missile tn‘a
1léunch pad at Tyura Tam’ﬁs a néérby‘but empty launthér in the samev
complex). The sub-sections which follow deal QualitatiVely and |

quantitatively with these techmniques.

A. WEATHER AVOIDANCE

The MOL Projett Office, in conjunction with the NRO, has 't ' _ E

conducted a rather detailed analysis of the capability of the astronauts

to perform a weather avoidance role. By ''weather avoidance" is meant

that the astronaut maj”select among pre-designated alternate targets for

photography when adverse weather is éncountéted at the pre-designated
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primary targets. This sub-section summarizes the pertinent portions

of tie report of the MOL/NRO study. - ; ‘ - | -
The capability of the astronaut to perform as a weather "scout"

. was analyzed and has been tested ih simulations. It was goncluded that
'the' astronauts would have little difficulty .visua.lly kidentifying ai:'eas_
of bast weather since significant weather differences generally do
vexi;trbetween even relativeiy ciose (30-40‘miles) primary and alternate
targets. bThe effect of obliquity of viewing angle when the astronaut
scanned weaﬁher was. not consi&ered serious, and‘the astronauts will
have sufficignt time (SeeIFig. 13) ﬁo perfo;m the task with a Bigh

.degwee of accuracy.

A representative targeg‘deck, béséd on a mid-1966 GAMBIT/ADVANCED
GAMEIT térget deck and then-cufrént iﬁtel;igence comﬁunity'thinking,i
‘was used as a basic tool for these manned and uﬁmaQned MOL system
" comparisons. The availability of»alternaﬁe targets did not pafticularly
favor the manned system (since 51% of the primary GAMBIT/ADVANCED GAMBIT
targets had no alternates available, 16% had but one élternate
available, 8% had:two alternates,-and;on1§'252 hadvthreé or m§re
alterﬁate targets -- a distribution of one alte:n#te-for each primary
targét wduld be considerably moré favorabie:to_the manned system);

however, the locations of target,fa:eas are believed to be fairly

representative of the environment:Which will exist when the MOL system -

bacomes operational.,
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To insure a realistic study and reasonably accurate projections
of targets photographed, maximum advantage was taken of NRO operating
experience with reconnaissance satellites =-- particularly GAMBIT

experience operating against forecast and observed weather, GAMBIT

software, -etc. (in view of the similar characteriétics of the‘GAMBIT
and MOL cariera sub-systems)). _ L | ‘ t
Recognizing the sensitivity of the manned/unmanned system |
comparison'to the weather informgtion.emp10yed (it was obvious, at the
outset, that the ﬁanned system ~-- given the option of photographing
alternate targets =-- would appear in a more faﬁorﬁbie light in adverée

weather situations), a wide variety of weather models and data were

utilized, with results as follows:

1. Operating on simulated, identical 30-day duration missions

against analyzed March 7-April 5, 1960 weather, the unmanned system

‘would have .successfully photographed 2019 primary targets, and the

manned system 2533 primary plus alternate targets (an increase of

approximately 25% in favor of the manned system). It should be noted

that the percentage of targets photographed by the unmanned syStem'in

-4

this analysis is*aboﬁt 7% less ch#n GAMBIT éxperieﬁce indicated should
be the proper total.  This in-effeét worse?thanéaverage clima;ology |
" would bias the>resu1ts slighﬁly in‘favdr of the manned system.
2. Operating on simul&ted, ideﬂtical 30-day duration miésions‘

against a weather model derived from the analyses of more than
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'“2.000 frames of KH-4 photog raphy (Flg 14), the unmanned system
wouid have successfully photogtaphed 2209 targets, and the manned

‘svstem 2584 primary and alternate targets (an increase of approximately

h 17 percent in favor of the mznned system). This weather model seems
fatrly representative of Sino-Soviet Bloc climatqlogy,‘altheugh it
may be biased a very‘lihited degree in favor of hetter-than—average '
weather conditions. If so, theh the manned.inerease over the unmanned
syszem is slightly less than would ensue ih average climatology
.cbnditions.

3. VOpetating on simulated, identical 30fday duration missions o f
against a weather model derived from a cleud-cover count and sorting
of 1159 frames of KH-?_photograth'(Fig. 15), the unmanhed system
would have successfully photographed 2023 primary targets, and the -

manaed system 2365 primary'and alternate targets (an increase of

approximately”i7 percent in favor of the manned system). Despite the'

similarity of the percentage increase between this comparison and that

for the preceding KH-4-derived weather'model, the absolute validity of

this answer could be questioned_since'the'tesults.diVerge somewhat
from actual GAMBIT reselts and experience. B

4, Operating Qn_simuiated, identical 30-day duration:missions
acainst‘a weather model derived frem the results of 3067 eeparate

GAMBIT operatlons agalnst prlmary targets (Flg. 16), the unmanned

- system would have successfully photographed 2153 prlmary targets, and
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the manned system 2592 primary and alternate targets (an_ increase of

goproximately 20 percent in favor of the ﬁanned system) . This weather
model ié\Believed tp be reasonably represéntafive of average Sino-Soviet
Blce climatology.

5. Operating'dnvsimplated,‘idgntiCal.lS-day duration missions
against 'verified" (i.e., observed) July and August 1966.Sino-Soviet
weétber for eéch primary and alternate target, the unmanned system L
would have'succeSSfully_photographed 1120vprimary targets,'and the

marned system 1367 primary and alterndte targets (an increase of

approximately 22 percent in favor of the manned system).

6. Operating on éimuiated, identical missions against the
average weather encountered in the Moscow area térget complex (an afea
whiqh has'éonéiderably worse-fhah-avefage climatoiogf), the'mannéd system -
would sqccessfullyvphotqgraph 45 percent more targetg than the'unm;nned
' system. Similarly, 6§erating on simuléted,'identical missions againét .
.the Sary Shagan and Tyura Tam area target'complexes (which havé better
than average climaﬁology),'the‘manﬁed system Qoﬁld Sucéessfully
photograph:approximately 15 percent more tafgetS'than the unmanned system.
The stuﬁy led to the*following gehefal céﬁclpsioné:
1. On identicél missiéns'againstlaverage SinofSoviet weather,

"the manned system (with the astronaut providing a weather avoidance

function and having the option of photographing only pre-designated
.L alternate targets)héan be expeéted to successfuiiy photograph at least

' 18-20 percent more targets per>day-on-orbit than the unmanned system. -
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2. Operating against large target complexes, with numerous K 3

primary/multi-alternate target combinations available, under average

Biasanta e s

weather conditions, the manned system successful photographic results é

‘ . L E
can be expected to exceed the unmanned system by considerably more than 3
18-20 percent, . _ ” é

3.  When overall Bloc weather is worse than average, the
manned system results can be expected to exceed the unmanned system by
‘more fhan 18-20 percent; cohve;sely, when overall Bloc weather is
better than average, the manned system results can be expgcced to

exceed the unmanned.system by less than 18-20 percent.

\

'B. VERIFICATION

A limitation to the achievement of maximum productivity with

present unmanned satellite phqugfaphig’systems is NRO verificatipn

that a tafget’has been_photographed in clearjweather prior to'examinationi
of the actual_pﬁotography itself. This, for certain targeﬁ ;regs, can
~be significant. For examble, GAMBIT—CUBED,‘ih a typical 8-10 day
mission; will have accéss'to‘most northern target éreas 4 or ﬁore_times
(devending on the inclination and orbit fidwﬁ); For those target areas
which are not covered completely with the S-mile widg swath of the:KH<8;
the NRO must determine, based;only on foreéast.and/or reported

weather, when the highéé; priofify targét has been\fcqvéredﬁ (with the -

desired level of confidence) and‘anothgr'target can'be used as the

primary aiming point on the next ‘pass over the area.
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7he Global Weather CencerAprovides the NRO daily with so-called.l'
"Verified'" weather of all tafgets.photographed at the time'of
phonag:aphy‘ This verified weather is based Qn'U$ weather satéllitg
coverage and 5150 monitored Sino~Soviet bfoédcaSt weather reports and
fcreczasts. - Unfortunately, tae US weather satelliteé genera}ly do not
cover the target areas at the precise time of photography, hor do the
Sino-Soviet local weéther.réports always coincide in location or time.
Furcther; in betwgen the eiﬁremes of completely overcast or édmﬁletely
ciear sky conditions, it is difficult to ascertain whether or not the
target was shielded by a cloud or open for photography.

This uncertainty in weather at the time of photography is borme

out by the actual results of the Ki~7 and KH-8 systems. For example,

when GAMBIT operations weré conducted against "verified'" clear skies,

some 9vpercent of the térgets were ac;ually compléteiy covered by'

clouds. Anotherzslpefcent iound the targets partially obscured by

clouds or haze. ' Conversely, when‘GAﬁBIT was operated against 'verified" -
overcast skies, some 7 percent of the targetsIWere actuﬁlly photographed

iz the clear, and.anothet 6 percent were partially seen through gaps

~in the clouds or heavy haze. SéebFigure 17 for actual KH-7 results

against various "verified" sky conditions at the time of photography.

The photography verificétidn problem will be even more acute
\ ! . ,

for the unmanned MOL than for either the KH-7 or KH-8, since a single

target for those systems uéually breaks down into several MOL targets
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because of the latter's small field of view. It is planned to return
film capsules from the unmanned MOL approximately once each week and
arget coverage confirmations therefore can be available abott -three

days later, In the meantime, however, the unmanned MOL will have had

4 or more photographic accesses to certain complexes of multiple MOL
targets. How many different targets will be attempted will depend on
NRO confidence in ''verified" weather and the relative priority of the

targets involved.

Verification of nhotography accomplished in the manned MOL
:system, however, is immediate and, for all practical purposes,‘withf
virtually a 100 percent confidence factor. ‘A normal task.for the
astronaut during each photographic Operation will he to assure that
the target is centered or contalned within the f1e1d of view. This " : g L
will be done by obserV1ng the target through the tracklng and
acquisition scopes. or through the main optics. At this point, the
astronaut can record the weather conditione'and report these to the

ground; then a new target, if approprlate, can be 1dent1f1ed for the

next photographic access to that same target area. "The only posszble
uncertainty in this astronaut verifieation'proCess involves the L g t
possibility of an undetected.monentary camera malfunction during'that>
particular photographic operation.'.

Using the same'target deck and weatlier analyses"described in

e b

the previous sub-section '"Weathetr Avoidance'", several studies have

“ -
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teen conductéd in”an attempt to determine the number of additional
targets which could be photographed by the maqned MOL system Qs
the unﬁanned as a result of crew verification of photography accbmplished;
The several calculations involved simulated 30 day simultaneous manned
2ind unmanned flights against the same gérgets, with film réturned from
the unmanned system each seven days and results repérted ﬁhree déys
théreafter. |
Aé might be,anticipated,.the results of ﬁheSe studies were very
sensitive to weathé; encountered versus.t;rget distribution; the
¢istribution of alternate vs primary targets, the relative priority qf
targets in a given complex or area accéssible on a single photographic
" pass, the requifed confidence 1eve1.for the unmanned system that -

phictography of a specific target had been Suécészully accomplished and

e O b X b b S i b S ok b b e e oy T

a rew target could be selected on a subsequent pass priof to andlyzing
the film, etc. By adjusting these factors and/or analyzing differing

situations, the results varied from ten percent to 25 percent in favor

.of the manned system (i.e., that mény more targets photographed per

day on-orbit).

Recently, a sample MOL target id!e._ck ‘of‘ some 13,000 object‘iVeS‘_
was completed‘for'use in-engineering development activities. The MOL
Project Office will aﬁa1y2e man'sIVerification potential, using this -*
deck, when adequaﬁe software'is avaiiabie:tq han&le,it. It is '

anticipated, then, that a more accurate accessment will be made of the
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: potential'increased photography possible with the‘manned sysﬁem. fﬂere
is confidence, however, that the answer lies somewhere between the - l _ ;
results of the initial analyses which now appear to represent the
upper and lower bounaarles. |

C. ACTIVE "INDICATORS" MOBILE TARGETS

A useful operationa. technique, that of ihsﬁecting targets from o p
ofBit for indicatioﬁs or activities of.avtfanscient nature.that would
yield photography.oﬁ especially ﬁigh intelligence value, can and will
be employed with the maneed MOL system.

A 1966 analysis identified the conditions or activities in | ‘ E
various target categories ofvparticularly high intelligenee value and
the frequency wiﬁb thch they occurred.: This same analysis alsd_v _ | ‘ %

. . ?

evgluated the effect of the limited field of vieﬁ df’the'MOL éaﬁefal'

system on the size, number, and characeer of such targe;s, and
determined whether the crewvmen coui& detect in&ieations of high.
intelligenCe value while yiewing the scene thfeugh thei:‘tracking andf
acquisition scopes. Receétly, simulations were begun to train and -
evaluate astronaut capabilities-ig this regard;~;This sub-section
reports on thevearlier analyses and the‘reSuICS ef simulations'iﬁ
mid-‘l967. |

Of partlcular 31gn1f1cance is the 11m1ted field of view of

the MOL camera system (approx1mately a 9 000 foot dlameter circle on

the ground from 80_mi1es altitude); This is graphically illustrated
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'ir. Figure 18 which compares the photographic coverage'ét'Tyruatam
attainable by a single strip of GAMBIT KH-7 photography (10bmile3'

wide) versus that attainable by single MOL photogréphs (represented_;

.at proper scale by the small circles).

Experiencé with both GAMBIT systems indicates'that, inbmany
ﬁinstances, little information wés derived‘ffbm the photographs of the !
pre-selected téfget or targets'which were the priﬁarf aiming pdint-'
:fbr the centef.of the frame, whereas other térgets wﬁich appearéd |
within the frémé oﬁly'by virtue of its iength and width yielded
considerably more inteiligence informatioﬁ. The limited field of view 
of the MOL cémera syétem denies such 'bonus" targets; this fact plus. S E
the transitory ﬁaﬁﬁfgiof the objects riakes it particularly critical

that the MOL camera be directed to the right target at the right time.
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Analyses of ‘actual GAMBIT ﬁhotogtaphy revealed that the
fraction of targets in the various categories which had potential for

active indicators of special intelligence value averaged 70. percent,

bﬁt that the likelihoéd of occurfence'was 6nly aéout six percent'of 

the time‘(Fig;.i9). . | | | ‘
A special anﬁlysis wés-ﬁadéﬁof'Tyu:atam which presently.cdntains 4

‘more than 66 MOL;sizé targets, oﬁly 2 or 3»of which can Be photographed E

by the MOL on a.singlg pass. 0f 159 laﬁnchApéd photographs analyzed; L

ocaly 9 percent revealedvmissiles on the,pad; 77’siio‘photographs'yielded

21 percent with doors open. These are much higher'ihcidences than
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wouid horislly occur with opéfa%isngl-systeﬁs, whichvfurther emphasizesg

the impartaﬁce of"obtaining technica.l ihte]ligence data in _the early
development phases. |

Finally,vthe early anélysis‘determined the resolution with
which the astronauts would have to view act;'.vity "indicators" to verify
thex as targets of‘momentary increased intelligence value. Tﬁg typical
resblutions needed by the crewxen for‘tﬁis Purpose rangeq from three
10 iten feet. Flgure 20 ‘con"céins some e:jca.mplés of activity indié‘a.t'ors
in 1,.}_11-@3 target categor‘ies and the resolutions needed fér their
idertification, |
The énalysis.of resolutions required to identify targets of

renentary increased infelligence value influenced the dssign of 'the
astronauts' tracking and acquisitioh‘scobes. In fheir lower magnifica-
tlon range, the tré.ckin_g and acquisition scdpes have ‘a circular field
of view on ‘the ground §f about 6% miles in dia.meter with a resolutidn
of about 30 feet. In the ﬁpée‘r range of ma.gni_ification, the tracking
scops field of view is approximately 4200 feet. (é.béut, half of the
MOL camera) and the resolution will be gbout 33 feet.

mhe'tracking‘and acquisition scopes'can be slaved to the main .

optics or programmed to aim simultanecusly at separate targets. The -

concept of operations is scheme.’cica.i.;iy depicted in Figure 21.  While

~ the main camera is photographing the' pxjé"w'riou's' targetb-(whé'n the ‘i‘ully

1]

‘sutomatic mode is operating properly), the astronauts will use the
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tracking and acquisition sc0pés to inspeéﬁ the next‘primary cameré:
targét and its associated alternates (up to 6) and make‘de;isipns on

the state of eéch target so inspected (i.e., cloud-covered, clear,

clear and "inéctive”, clear and "active", etc.);' The crew deterﬁiﬁae
tions are providéd to the on;board computer which, based on pre~
programmed logic, selects the appropriate target to be photographed.

Ié the astronauts are indecisiVe_for too long a time, the pre~programmed
primatry target will be photogfaphed autoﬁatically.

The mid-1967 simulat{qns, aimed at providing basicvenginéering
data for detailed design.of variﬁus items in the manned system, largely
vefified that the.flight crews can perform the necessary target
in§pections at the resolutions which will be provi&ed by the tracking

and acquisition scopes and in the time available. Also, refinements

to earlier estimates of the ﬁuﬁber of\addi;iqpal such targets thaé the -
manned system.Wil} photograph vs an unmanned system were calculated.
The next several paragréphs dé;l_witﬂ the_receﬁt simulations.

A relatively simple staticbsimulator was built in-house for -
this pufpose.. Using actual GAMBIT KH-=7 film, the simulétor providéd
essentially the same views and resolutidns.whiqh willvbe provided the
astronauts through the tfacking'and.écqpisition'SCOpes. Both
monocular énd biocular scene presentations were tested to estabiish
any possible difference iﬁ perfofmance d@é_;d;this factor‘(there‘was_no

significant difference). Seven MOL astronauts participated under
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conurolled test qonditiOns, and aétuél GAMBIT photography was
emp.oyed as the stimulus material (300 different GAMBIT scenes were
available, 60 of which were used only for trial rums). The simulator
izncorporated a flood;ng light mechanism to reduce the contrast of the
GAMDIT pﬁo:ography (which is specially processed to:enhance contrast
ajd maximize intelligence value) to approximate that which wouid be
seei by the astronauts from orbit.

The astronauts were givén 2-day training sessions to .
familiarize them with the types of scenes and types of indicators
associated with particulaf target categorieé (however,’they were nbt
permitted tovview'befbrehaﬁd the scenes used in the tésts). Thé 
astronauts were instrﬁcted to identify activity and minimize false
alarms (the indication'of éctivify:when in fact it is not present),
with a maximum time of 12 seconds allotted for evaluating ény one scéne.

The results of the tests clearly indicated that the astronauts

will be very accurate in’correctly identiinhg highly active targets -

{over 90 percent correct ovarall average) and also very accurate in

éorrect1y~identifying-ébsolm;e;z_énactiVe targéts_(about_Z.percent
false alarms). Acéufaciés between thesé extfemes varied depending on
the subtlety of 'the.activity- indicators (See Fig. 22). Al_éo

anaLyzed was the accuracy of_the crew membé:s“fof those casés wherein

responses (i.e., decisions) were made in 6 seconds or less. Here ..

again, very high accuracy on the extremities of the Spectrum of activity

were obtained (See Fig. 23).
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Several statistical carcuiations have been made to determine,
in a quantitative manner, tﬁe nature ef the mission enhancement of the
manned system over the unmarnined system attributable to active
indicator mode operations. These calculations‘used as a basis the
1966'study which establtshed 70 percent ef the targets as potentially

eaccive, with a frequency of occurrence of only 6 percent, plus the
results of the 1967 astronaut simulator tests. |

The»results of one such computation, is presented in Figure 2Z7‘
Figure 24 depicts mission enhancement factor, defined as the ratio of
the number of clear active photographs obtainedeith a manned system .

/

to that obtained with an unmanned system, as a function of the crew

g
ol

rfermanee parameters (Z correct detections, % false alarms). These
particular calculatioﬁs involved‘a simulated 30-day;mission, including,
within the computational aﬁpreach, statistics pertaining to numbers

of pr rammed targets per day (devised from runs us1ng GAMBIT software),
a“d to the dlstrlbutlon of alternate targets w1th respect to programmed

main camera targets (i.e., certaln primary targets have no alternates

available; others have only one, etc.). As seen, if the crewmen were

T

perfect with 100 percent correct detections (i.e., a zero false alarm

rete), an overall enhancemeat factor of 2.75 would result. Superimposeer
or. these parametric curves are:the 1967 simulation resuits presented
earlier, and enhaneeﬁent factors‘ofrz tolz.Siare ineicated;: It should.

| be noted that this performanc_e.was attained with very littlel‘ special

’

crew training for this task. .--= -
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While this overall mission enhancement factor is by itself

significant, the effects of active indicator mode operations against

representative tatrget clusters are even more dramatic, and of

considerable interest when it is recognized that operations -against

\

certain, relatively isolated, target clusters offer the potential of

significant technical intelligence yield. Enhancement ratios of

3 tc 6 are indicated for crew performance levels against such targets.

In summary, the mannad system operated in the active indicator

mode will provide several times more photographs of targets in which

indications of activity are present, and from which considerably more

incelligence information will be derived, per day on orbit than will

the unmanned system. This is particularly significant in view of the

low frequency of occu_rrence' of these transitoty"a_ctivities. :
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The crew's presence offers additional unique means of enhancing
the raconnaissance product of on-orbit MOL and also the accomplishment
of other missions by the manned system. Four of these are briefly

diszussed in the following sub-sections.

A. VISUAL RECQNNAﬁSﬁANCE:

Intelligence data‘may be degivéd for targefs not photographed
oy or included in the field of view of the main caﬁera as a result of
the Créw observingbsuch other targets through their tracking and
acguisition écopes. Their descriptions Qf;their visual Observations of
these targets will be tape-recorded for later'trgnsﬁittal to;ﬁhe groﬁnd,

thus providing an additional base of data from which intelligence data

may be extracted. ‘ - o ‘ ER . .
Crew performance to daté.in the simuiatorsvverifies that this

can bz a worthwhile adjunct to the photographic product. In the future, - o

it is planned, when the»Environmental-Deveiopﬁent Simulatof at General.

Eiectric_is further refined, to conduct a sé?ies_of'controiled tests fo

determihe the extent‘to which informétion can be Obtainea frém visual

oosarvations and the credsnce Wiﬁh'wﬁich the fepofts can'be acéepted,‘

B. SPECIAL FILMS:

The danned MOL configuratidn Incorporates a secondary'

|

|

!

|

|

i

|

]
platen in the camera back with a separate supply of film, Although .,: : ;i
the primary,reason fof including this capability is for the astronauts  ' EV

to perform camera health and performance checks on-orbit (by

photographingbtargetg_with the secqnqgry cemera ahd'develpping the film L ;E,
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in the on-board processor), the crew can, as requested from the ground,’
insers a Va.rlety of special films (e.g., color, IR, spec1a.l black and
white) icto this secondary platen. Such pictures will be returmed
&t the end of the mission, along with the primary film, for refined (b)(1)
procassing on the ground. (b)(3)
3
i
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D. ASTRONOMY:

Although not of particular interest to the Defense Department,

v
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wie MOL Project Office and NASA have investigated the possibilities

of using the MOL systen to aocomplish visiblefspectrum photography
of the planets or other’celestial objecteslof combarable brightness.
The results of these 1nvest1gaulons indicate, depending on the |
particular planet in question, MOL photographic resolutions 2 to 8

times better than achievable with ground-based telescopes.

The above values were arrived at followingdsimulations of.
"this task which employed MOL astronauts as test subJects. The
general concept of operatlons would be to roll the vehicle to the
preper attitude for_dlrect;ng the main camera system at the target
plenet, and then the astrooaut would aoduire and track the planet
using the main optics_visual displey.

Calculated.reqpired exoosure times for“MOi planetar& photo-
graphy -ranged from l/lOOO seoond for VENUS to 13 seconds for PLUTO.
Although exposure times for SATURN, -URANGS ‘NEPTUNE‘ end PIUTO all

 exceed ‘the planned maximum MOL exposure capablllty of .08 seconds,
crew tracking capabllltles were tested over the entire range as a
necessary input to any possible futu:e considerations~of increasing

., the exposure latitude of thevcamera{ Crew trackipg accuracy was |
veritied as adequate for the task;‘ |

Mtilizing'thevimage.disPlacement-data developed'from these

simiiations, moduletion transferffunction'aneiyses Were'pefformedf
to'establish surface resolutions ettaioeble'against the various

plancts. Figure 26 presents the results of these computations and
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improvements are indicated; and, for exa.mple,, in the
-to that achiev_e_d by Mariner although a smgle MOL photo-

L1000

its use to photography cf the near planet—s. '
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those attainable from the ground.

the resolution attainable by MOL is essentla.lly

would include t;.-a entire visible side of the planet.
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Toe moted, newived, ui’la,'t ‘the presenu MOL camera :
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system could only be con51dered an adJunct to a properly o £
1

Inherent characteristics of the camera
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The presence ofrthe crew in the initial flights of the Moi system
will, by virtue of their abiiities tq performjswitching;'maintenance,
memias backup, and in particuiar; diagnostic functions in situations
ot failures or off-nominal performance, significantly contribute to

n carly maturing of the wnmanned system. At the same time, the

E\\

fat)

nissi;ns will>simultane0usly be.gafhering high-resolution'photography'
. of significant intelligence value. |
The use of the crew'in the weather avoidance and active indicator

modes can in par£3circumvent operational limitations introduced by
adverse weather and/or the transitory nature of intéiligence at

- particular target siteé éoupled with the limited field of viéw‘of ‘
the optical system. By accéssing targets other than thqse programmed
for the'maip camera. aﬁd making real—timé decisions‘on the relative B
.desirability of photographing the programmed_primaryjor an alternate L
ﬁarget,'the crew caﬁ'sigﬁificantly improve both the quantity and ﬁhe;
intelligence value-of the take. Additionally,.thé.crew's~perfofménce
of such functions és target coveragé verification,jvisual. o - _ ' E‘

reconnaissance, and the use of special films in the'sécondary camera.’

when appropriate, will further enhance the overall'opefational

efTectiveness of the manned system. .
ot ' se e e - ()(3)
Finally, the presence of the crew permits- the utilization of the - .
MOI=system, without modification, 44J
‘and/of limited planetary
PG VAU B, S e N ——— -..:.._‘:f. ,‘.;..._-_I_.....v.f;.
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: ‘Si'mulations thus far have p-rovided..a hig'h bde‘g.ree‘ mof assurance
ol the crew's bas:Lc capﬁbn_lltles to perform all of these ta.sks. With
the sdditional training to be imparted between now and fllg‘ht time,
it is anticipated that the Vas.\tronau‘ts‘ effectiveness in perforﬁing

these tasks will show marked'improvemeint‘ove'r the early resﬁlts. :
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