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PFEFACE 

The r:i rincipal objective of the MOL Program is to secure Jor-better resolution photography of significant �----� 

tar�ets for technical, strategic, and tactical intelligence 
purposes. 

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

'ing toward a reliable capability in the latter as soon as 
practicable. 

· 

'I'he m.;:inned system is being developed because this gives 
a high assurance of'tneetjT g the objective at the earliest 
poss Lble time. 'the unmarn,ed system is being developed to 
ins.u:::-e a very high resolution phot�graphic capability 
should international objections or foreign threats preclude 
manned operations, or should man prove unable to fµnction 
effec:tively for prolonged periods on ·orbit (this latter 
concern is diminishing as manned space flight 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·intelligence value 
of the reconnaissance product. 
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CONTRIBUTIONS.OF MAN IN MOL PROGRAM 

The 
�������� 

length MOL camera , with its six foot 

diarnetei;" main optical elements, is a huge and comp lex system. 

Not only must this camera be manufactured with great: 

prec·:i.sion, but several technically difficult-to-achieve 

functions associated with its on-orbit operation must also 

be performed with great precis.ion. These functions involve 

auto�atic devices many of which either have never before been 

used on orbit or represent large extrapolations in precision, 

accur.1cy, or other capabilities. (b)( 1) 
The proper functioning of all of these automatic devices (b)(3) 

l 
is essential to the success of .the unmanned system. However, 

in the: manned systetn, although capable· of "hands-off" photog- . 

:caphy u$ip..g the same automatic devices, the astronauts cari, 

in most cases, also manually adjust them to peak performance 

and/or substitute a completely manual niode of operation for 

failed or grossly malfunc tioning subsystems. 

It is plru::med , therefore, to fly the manned sys.tem first 

beca�.lse this gives the highest assurance of meeting the 

resolution goal of 

!4AND(E vm 
BYEMAN-T ALENT-KEYHOLE 
CONTROL.. SYSTEMS J,OiNTl..Y 
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insure a useful and wortr.while reconnaissance product at 

the outset; and should contribute to the maturing of the 

unmani.1.ed system at a much earlier date thc:m pl:'obably would 

otherw;Lse occur. 

Additionally, once the automatic devices work reason-

ably well and do not require. repeated on-orbit adju.stment or 

exteLded manual operation, the astronc:i.uts are expected to 

provide significant increases in the quantity and intelli-· 

ger .. cE� value of photography acquired over that possible with 

the unmanned system, and to perform other operational tasks 

not now practical in the unmanned system. 

MAN IN THE DEVELOPMENT LOOP 

As indicated earlier, although the manned system includes 

all or the ·automatic devices necessary for the camera to 

operate in a "hands off" mode, the manned system also includes 

the data displays and controls necessary for the astronauts 

to fine-tune most of them to peak performance and/or substi-

tute a manual mo.de of operation for failed equipments. Some 

e:>{axr..ples follow: 
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1. Alignment: Because of its size and the mass of the 

optical elements, the can1e.ra optical assembly is not a 
completely rigid structure. The optical elements are clamped· 

down during launch and boost to protect them; released after 

orbit is achieved; and automatically aligned and realign.ed 

as necessary during the course of the mission. Simulations 
. 

indicate that the astronauts, by observing the light path 

used to align the optics, can mam.�.ally set ai:i,.gnment to 

within the required limits. (The error budget for �----

resolution includes approximately 1/4 inch for misaligtlIIlent. 

This equates to approximately 20 Arc Seconds.of allowable 

tilt in the primary mirror). 

2; Focus: To achi�ve I pr better resolution, the 

film platen must be controlled to within !.002 inches of the 
\ 

plane of perfect focus. Beyond this tolerance, resolution 

falls off rapidly (another 1/1000 inch focus error degl:"ades 

the resolµtion 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 target several times with the 

:.·:;;\1�;� .· · .. o! 
>1.:lv•'"·· ..• • 
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plat•:!n in different positions, developing ·the film in the 

on-board processor, and identifying the platen position of 

best photographic resolution. If the automatic focus 

devi;�e is not working pro-;::ierly, the astronauts can manually 

cont·col the positioning of the platen. 

3. Pointing: Because of the small field of view of 

the :1IOL camera (9000 foo :.:: diameter circle on the ground from 

80 n::i.les altitude) , and the fact that resolution degrades 

somewhat from the center toward the edge of the circular 

format, the tracking mirror must b� pointed with considerable 

accuracy. In the unmanned and manned/automatic modes, the 

tracking mirror is expected to be pointed with an avera,ge 

c:l_ccuracy of about 1700-2100 feet on the ground. This much 

error in a typical photograph of 20 degrees ob liquity, with 

all other devices working properly, will gl.ve a resolution 

of at the aiming point. If the across-format image 

motion compensation device malrunctions, the resolution at 

the aiming poin� will be approximately Simula-

tions verify that the astronauts can easily control the 

pointing of the tracking mirror to less than 300 feet aiming 
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across-format image motion compensation device. 

Li,. Tracking: Since the MOL is a frame camera, the 

tracking mirror must track the target continuously during 

:t:iim exposure. To meet the resolution goal, the 
��--

mirror must track within an accuracy of l� thousandths of a 

degree per second (about 12 feet per second.on the ground). 

Since ground ... calculated estimates of spacecraft height and 

velocity can only provide inputs which would give about 

30/1000 degl;'ee per second' tracking error rate (which would 

cause the resolution to degrade to about 19.inches), an 

on ... board image motion velocity sensor is included to provide 

the final vernier adjustments. Although three different 

approaches are being pursued, this is a very high risk 

development. Simulations have verified that the astronauts, 

by observing the target through the main optics� can manually 

(b)(3) 

provide at least a� fine a control as the automatic image 

motion velocity sensor and
' 

its associated control electronics -

when the latter are operating properly. 
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5. Diagnostics: Many malfunctions, such as those 

described above, along with the appropriate corrective action; 

will be quickly apparent to the astronaut and system engineers 

on the grow""ld (via telemetered data) . Other problems may 
require considerable diagnosis on the part of both pat"ties 

before even the best course of action for that particular 

mission is known. However, the astronauts, by virtue of 

their on-board manual switching and control capabilities, 

are expected to aid mater ially in identifying the fundamental 

sources and causes of problems at a much earlier flight date 

than normally occurs in unmanned system development programs. 

INCREASING THE QUANTITY .A.ND INTELLIGENCE \TALUE OF PHOTOGRAPHY 

As indicated previously, on�e the automatic.devices 

are working reasonably well and do not require repeated 

adjustment or extended periods of manual operation, the 

astronauts are expected to materially inct"ease the quantity 

and intelligence value of photography over that possible '. 

with the unmanned system. Three means by which this will 

be achieved are discussed in the following subsections: 
-� 
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l ... . Weather Avoidance: Targets to be photographed by 

both r:he maru:1ed and unmanned MOL s ys tems will be selected by 

the National Reconnaiss ance Office based upon the req�ire-

ments of the US Intelligence Boar d . For manned system opera-

tio:ns, alternate targets, where available, will also be 

designated for each primary objective. The astronauts, by 

viewing ahead of the spacecraft· through their tracking and 

acquisit:i.on scopes · (which can be operated slaved-to or 

ind2:;endent of the main optics) , can observe the weather. at 

both primary and alternate targets and select for photography 

the highest priority target with the best weather conditions. 

Numerous analyses and simulations have been conducted to· 

verify the potential of this mode of .
operation. The results 

indicate.that there is ample time for the astronaut to 

perform thts function with a high degree of accuracy; and 

that the manned system wil1 average at least approximately 

20 pG'.rcent more cloud-free targets per day on orbit than will 

the unmanned system. In densely populated target areas with 

wo�s.� than average weather, s uch as Moscow, the manned· 

system will provide as much as 45 percent more cloud-free 
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photcgraphs per average ce.y on orbit than will the unmanned 

systE:.::-•. 

2. Ver_ification of ?hot:ography: In the manned system, 

the .s.stronaut will be able to verify to the ground mission 

director that photography has been accomplished of given . 
: I 

targets. This will permit the NRO to then designate another 

pr�mary target for the next photographic access to the same 

area (in northe:rn latitudes, the next access will occur only 

one or two days hence). In the unmanned system, the NRO 

must either accept a con::=idence level, based upon weather 

forecasts, of having photographed a given target, or else \ 

wait until-the exposed film has been returned, processed, and 

interpreted (a data recovery vehicle will be re turned ea.c,:h 

week� plus 2-3 days for developing and interpretation) prior 

to des ignating a new primary objective for the next access 

to the sane area. Analyses indicate that the tnanned system, 

through the immediate verbal verification technique, will be 

able to photograph fro!Il 10-25 percent more targets per day 

on orbit than the unmanned $ystem. The potential increase 

is most sensitive t:o a variety of factors; however, these 

appear to represent the upper and lower limits. 
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3. Increased Intclli·�ence Va1u.e: Post mission analyses 

of KB.-7 and KH•8 photography indicate that often the targets 

of greatest intelligence vs.1ue were not those which were the 

primc.ry aiming points, but rather were a "bonus" by v:i,.rtue 

of the extent of the cai.uera' s field of view. Such targets 

frequently were transitory in nature (for example, a missile 

being loaded into a silo versus a nearby but closed-up silo). 

Becat�.SE': or the MOL camera Is small field of view' it is most 
. 

important that the camera be directed at·the·right targe� at 

the right time. Analyses of the various target categories 

indicate that 70 percent of them have the potential of ; 

momentarily increased intelligence value, but that these 

situations occur. only six percent of the time. ·Simulations 

and analyses indicate that the manned MO:f.. system, with the 

astronauts observing both primary and alternate targets 

through their acquisition and tracking scopes and selecting, 

as a�)propriate, those of highest intelligence value, will 
photograph from 2 to 23 ·�imes as many 'of these types of 

taJ:"gets per average day or� orbit as will .the unmanned system. 

In d::;nser than average t.'lrget. areas, the ratio should favor 
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the r:.anned system ove:J:' the unmanned by as much as 3-6_ times 

per c.verage day on orbit. 

OTHER CONTRIBUTIONS Al'ID. CAJ? ABILITIES 

The manned MOL system has other capabilities which either 

are tnl.iq"..J.e to man or not practical for incl.usion in the 

unmar;11.ed system at an early date. Three examples follow: 

1 ..... Visual Reconnaissance: Appropriate observations 

of the astronauts, voiced while viewing primary and alternate 

targ.ets through their tracking and acquisition scopes at 

3-30 foot resolutions, will be tape-recorded for lat�r 

transmittal to the grounc L This will supplement the actual 

photography and provide additional intelligence information 

on other targets. In the future, when the MOL training · 

simulator is completed , carefully controlled tests will be 

conducted to ascertain the extent possible for visual recon,.; 

naissance and the credence with which it can be accepted. 

2. Spe'c ial Films: The manned system has an alternate 

camera back, with its own film supply, which was included 

primarily for the astronauts to make periodic health cb.ecks 

on the system (e.g., by taking test photographs, developing 
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the film in the on-board processor, and analyzing the 

re-sults) . However, as requested by the ground, special 

t"ilJn (color, infrared, experimental black and white, etc. ) 

can oe manually loaded in the alternate camera and photo-

graphs taken of specific intelligence objectives. An.y 

film thus exposed by the astronauts would be returned by 

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

for carefa1lly controlled processing on the ground. 
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. (b)( 1) 

:?rotn the foregoing, it is clear that the manned MOL system 

gives o. higher assurance of meeting the resolution goal; should 

prov:: de a worthwhile int,2lligence product at the outset; will 

cont�ibute to the earlier maturing of the unmanned system 

than would probably otherwise occur; will provide a signifi -

cantly greater total quantity and larg�r.numbers of photographs 

of particular. intell�gence value per day on orbit than will 

the unmanned system; and finally, has certain additional 

miss:Lon capabilities either :unique to ·a manned system or not 

pract:f.cal in the un:manned system at an early date. 
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The Manned Orbiting Laboratocy (MOL) Program includes the 
development of both manned and ilr..manned 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 immanned system is be:i_ng developed 
to insure the availability of this photographic capability sholild · 
inte rnational objections or foreign threats preclude manned opera­
tions, or should man prove unable to fuilction effect:i_vely in space 
for prolonged periods ( thil? latter ·concern, whieh was the subject 
of n:u.merous earlier discussions, has dimin�shed considerably as 

·manned space flight experience accumtilates). 
This paper explores the utility of man in the MOL Reconnais­

sance Satellite System. It presents qualitative �d quantitative 
information on the contri"butions he is expected to make dµri::r;ig 
the early development flights of MOL and toward increasing the 
quantity and intelligence �ue of the reconna.issEl.Ilce product • 
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I. TNTRODUCTIQl\I: 

The primary purpose of the MOL System is to secure or 

b-==·t�t·:r resolution photograp3y of targets significant to national 

security. The MOL Program includes the development of the necessary 

El.<l.vari.ced camera/optical technology to meet the resolution go�l and 

sys-cems for either manned or unmanned operational use. (See attac}}.­

ments 1 a:q.d 2 for schematics of the manned and unmanned systems.)'\ 

The MOL Program presently includes seven launches: two unmanned 

launches to qualify the Titan IIIM booster, verify structural 

integrity of the orbiting vehicle, �nd qualify the Gemini B; plus 

three 30•day ��ed/automatic* missions in all ill-up photographic 

configuration; a!ld two 30-60 day unmanned missions in an all-up 

p�otographic configuration. At the end of th:i..s :Launch program, it is 

anticipated that both manned and unma.np,ed systems will be reasonably 

l!!9.ture. 
The MOL camera/optical system is much more technically advanced 

and complex than any other system now in use or planned for the 

future. Not only must the ca.mera./optical"system be manufactured with 

great pre cision, but several technically difficult�to�achieve 

functions must also be performed op. orbit with great precision • .  

These involve �utomatic devices which either have never before been 

*O:V":anned78.ti.tom8.tic" means that all subsystems necessacy to operate the 

ca1t•=Jra/ optical system in a ''hand s-off" mode are included. 

(b )( 1) 
(b)(3) 
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us::·d in orbital reconnaissance systems o:r represent large extrapola• 

�ior.� in precision, accuracy, or other capabilities. All of the 

auto-7'atic systems must function within design specifications if the 

un.-nc. :ned system is to meet the pri:ina.ry objective; however, in the 

rr..anr. �d system, although the caoe:ra system is capable of ''hands off" 

op.=:-::.tion, the astronauts can also apply ·�vernier" adjustI)lents to 

those automatic systems not operating withip. design specifications or 

subs-Citute a manual mode of operation for grossly malfunctioning 
I 

or failed automatic systems. 

It is therefore planned to conduct the manned system missions first 

becHuse this gives a considerably higher assl1:i·a.nce both of meeting 

the resolution goal and.securing a worthwhile intelligence prod:uct 

at the out set, and also will enhance t!;te maturing of the Utuila.J:liled 

system at a much earlier date than probably would otherwise occur. 

Once the automatic devices are working reasonably well and do 

not req_uire repeated adjust:m.:mt or extended periods of manual 

operation, the astronauts are efyecteQ. to make significant increases 

ilJ. the quantity and quality of photography accomplished over that 

possible with the unmanned system and to provide additional capabilities 

either :n,ot possible or practical a.t an early date in the \UllIIB.nned 

system. 

This paper deals with the quantitative and qualitative contribu-

tions of man in: meeting the resolution goal, insuring a worthwhile 
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in:LE:lligence product at the outset,, and compressing the development 

cycl:: for both the manned and unmanned systems; enhancing the primary 

reco::maissance mission through his presence on orbit; and providing 

otner capabilities inherent in the manned system. 

The section·s which foJ.low touch first upon reliability and 

vehicle design consider'ations for a better understanding of the 

poasible areas of crew contributions; and then treat in more depth 

th>:= astronauts' role in insuring peak-possible camera performance 

an·i/or identifying the sources or causes of sub-standard performance; 

th� cor�tributions of man in increasing. the intelligence value and 

q_uantity of photography accomplished; and additional crew contribu-

tions in reconnaissance and other mission �reas. 
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The manned and Uilmanned orbiti.I;lg vehicles each consist of three 

basic segtnel).ts: the. Gemini B, Laboratory Module, and Mission Module 

in t:1e mar..ned system; the Support Module (in lieu of the Gemini B) 

whic:1 ca:cr:Les the data recovery vehicles and associated film trans-

po.r·t system, a Modified Laboratory Module (life support and manual 

cor.t:t'.'ol systems removed) , and the same Mission Module in the unmanned 

system. The Tita,n IIIM booster is used for both systems. 

·;;::stiraates of reliability for the mature manned and. unmanned MOL 

syJt,::ms are quite high due to the basic design philosophy of incor-

:porating :proven hardware and/or redund,a,p.cies where practical in a.lJ.. 

sub-systems and components. Desirable redundancies have been 

identified both from statistical estimates of hardware reliability 

and detailed analyses of the performance of identical or similar 

subsystems and components in other satellite systems. 

With respect to the Laboratory a,nd Modified Laboratory Modules, 
\ 

a relatively mature system (95 percent or better probability of 

success for a 30-dl:3.Y period) is expected virtually at the outset. 

This assertion is based to a degree on the :fact that the Laboratory · 

subsystems, for the most part, are derivatives of current hardware 

tecr..nology (for example, froni Gemin.i and Apollo) . Additionally, 

the extensive amount of ground testing in the program instills 

additional confidence that the La:t>or1?-tory segments will have an 
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early high level of reliability. Tlie foregoing also applies to the 

Gerr.ihi B and TIIIM segments, and to a lesser degree, the Support 

Module. 

Eowever, the situatio11 with respect to t:Q.e Mission Payload 

SE,g:ncnt is different. The resolution requirement, plus the .problems 

associated with the 1° field of v:i.ew, necessarily result in a very 

complex camera system incorporating, in addition to large 0.J)d precise 

optics, many anciUary devices for fu:nctions such as image motion 

cor.:pensat�on, precise pointing, across-the-forma..t image motion 

compensation, optical ali.gnm.ent, etc. While the statistical estimates 

of reliability for a m.�t-qre camera/optical system are hi.gh (see 

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

design, many of its subsystems represent new technologies or 

extensive engineering adaptations of current technology and com-

pon.ents (see figure 4). It is anticipated, therefore, tl:lat there 

will be numerous ip.stances of out-of-specification performance or 

failures of these automatic devices.on early flignts. 

The fundamental system design is compatible with the objective 
, 

of both a manned and unmanned configuration resulting from the pro -

grc..m. In addition, the design philosophy is compatible with the 

concept of crew contribution to the realization of early· maturity 

in both configurations. Since the same camera/optical system will 

fly in both manned and i;uunanned configurations, a philosophy of 
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uu.-to:�at i c  operation ,  witl:l. redu."ldancy where practical has been 

aric:pted. for the camera/optical system and. all Laboratory subsystems 

a:; s c , � ::.ated with both the mailn.ed and urun�ed conf:i.gurat ions . Ail 

on-o:cb it rnaintenance .concept has been permitted on the life- support 

su.t system only , which i s  of course peculiar to the manned configµra-

t ier: . The mapned configuration does provide for a backup manned 

swit ching c apability in most instance s  where sub system or component 

reC.ur .. dancies exist ,  and manual operation where pos s ible . In the 

c a.r;ie r a/optical system, the manned configurat ion incorporates elements 

nece s sary for urun.anned missions with the exception of those elements 

of t .-:e. f'il::n•transport . system associated with the multiple data 

reco·;ery vehicles .  That section of the film-transport subsystem 

i s ,  ":Lowever , amenable to extensive ground testing . 

With respect to diagnosis of failure or out-of•spec ification 

per:f'orma.J.ce situations ,  the bas ic concept is to accomplish this on 
· .. ·· -·�-

the grom1d during and/or after the .mission ; to this end, extepsive 

inst.1·uri1entation and telemetry capability has been incorpo�ated in . 

the basic design .  _ However , since the crew can contribute sign:l..fb 

cantly ; as will be illustrated later in this (j.ocument , to such 

d:L ag:no stic effort s ,  the manned configuration therefore incorporates 

certain feature s to facilitate this function . 

First , there is a . malfunct ion alarm system which monitors 

approximately 100 Laboratory plus 100 mission payload segment 

pa:ta.."::.eters and provides aural and vi sual que s to the crew of out-of-

tol.era.J.ce conditions . !n the event of such an occurrence ,  the alarr_n 
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s�r :;:t •�:a also immediately initiates the automatic recording of 
telemetry data . Several hundred instrumentation points will be 

· rr::co:�·deci for later transmission to the ground; the crew can have 

ac r:;e .:; s - - on a selective basis , as desired -- to the recorded 

te:Le (il.etry . This feature , in addition �o other capabilities :pro-

vi.de d ,  will permit the crew in many instances · to perform diagnoses 

a:i.d/,Jr take corrective action much more readily tha.n could be 

ac c ompli shed from the ground . 

':;:'hus :. the anticipated relatively low · early maturity of the · 

Mi s c i on Payload and the relatively high initial matu:r:i,ty of the 

· Laboratory and Gemini, :plus the ability of the crew to diagnose a.ild 

correct difficuJ,.ties on orbit , clearly indicated that it was both 

practical and desirable to .schedule the manned flights first . 
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The crew' s role in syste� development can be considered in three 

gene :�·tl ai·eas . First, they have a basic capability to keep the :i:il.@lled 

vehicle operating on orbit for the max_tmum :possible duration, thus 

:permitting the obtaining of more operating data and more reconnaissance 

:product .  This - is facilitated by their ability to  operate the system in 

a de graded inOde (thus circumventing many ty:pes Of failure situations ) 

ar..d/or re store the system to a normal operating configuration often more 

rapidly t1J,an can be done from t}:ie ground. Second, the crew can perform 

health checks on various subsystems -- primarily in the ca:m.era/optical 

system area, but also for the Laboratory segment -- and directly assess 

performance . Third, i;n situations of either failures or out-of-spec 

�rformance, the crew can perform certain diagnostic functions to verify 

and supplement the telemetry provided to tlie groµnd. As Will be discussed 

la..,cer :i.n this section, these diagnostic actions will, in many instances, 

:permit the identification and isolation of the · source of off-nominal 

performance quite rapidly as opposed to the extended a.na.J:.yses frequently 

req_u:Lred for unmanned vehicles • 

.Analyses have been :performed o:io. many of the Laboratory and Mission 

Module suosystems to assess situations wherei,n the crew might respond 

mo1Ae rapidly than the ground- ·in restoring a normal operating situation 

after a :failure . In most instances,  when an out-of-tolerance condition_ 

is senseQ on the ·UI:lIJlB,nned con:figuration, the affected subsystem is put 

in a quiescent st1;1.te and telemetry recorded until arrival over a gro-qnd 

li1\ :\ DLE JOlXTLY VIA THE 
HY DlAN/T A LENT-KEYHOLE 
CONTROL SYSTEMS ONLY TOP SECRET 

Page t i  of 7/ pages 
Copy 2-of · copies 
SAFSL 

D OR I A N · G A M BIT - �/€· �1 1 .J .:  = "6/ 'f!t1'.'Fl:. �·!!I::;;;.�*�·"· .. m .. _e ;.as .n;+. _.i!f.t�!!';"="�:t?:t11i1,., =Tl"'!!"'.....,'l'!!!'O! _____ !'!'!I __ �- - "1".'!!',_ -� ........ !"!!.�..,,:;...."l'!"'I'�""""'- !!!'!,... ��- ��-""- .\r.'l.,.1!11!1, '!'\I_ ���-�l!!'ll\lll��---i!iii. !llll!l ... _.1111'1,.l\oii.,; 11'!1_,., !!!!!, ....., 

Approved for Release: 2017 /03/29 C05099141 



� ' ,-. '."": .� � '"' 

Approved for Release: 2017 /03/29 C05099141. u , ��h� l�  

station . Upon receipt and analysis of the telemetry data on the ·ground, 

appropriate commands are sent to the vehicle . In the manned configuration, 

while s imilar deactivations of the same subsystem automatica.J.,ly take place, 

the crew is alerted and upon analyzing the situation may be able to take the 

neces sary corrective actions prior to arrival over the ground station.  

Similarly, the crew cal). also correct off'-nominaJ. situations by 

oper�,ting the system in de graded modes . -- in some instances, directly 

inserting themselves into the system operation loop. This capability is of 

part:i.1!ular importance with re:1pect to some of the ca.Iil.era/optical subsystems 

in that , as discussed previously, they represent considerable advancements 

in te .�b.nology and hence are relatively high risk development items . For 

most sucn devices, a manual mode of operation is possible . For example,  

· if the star tracker (which is the precise pointing reference ) malfunctions, 

the crew manually performs the target centering function. The sub- · 

sect ions which follow treat. in more detail se'Veral such functions . 

A. ALIGNMENT: 
--· ----

Because of its size and the large mass of the optical elements, 

the MOL opticC!l a.ssembly is not a rigid structure as i!3 the case with 

present ( and smaller) unm.a.nii.ef, systems . Both the primary mirror (at the 

af't end of' the optica1 assembly) arid . the tracki_ng . - ; 1Il_irror must be pro-
tected by being clamped down during the launch and boost phase,  and released 

and aligned after orbit is achieved. 

The zero-g alignment of the optical assembly diffe.rs sufficiently 

from the one-g alignment that a means to c orrect for. alignment shifts is 

necessary. For example, on the ground, gravity-induced factors contribute 

. � . 
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to bending of the Ross Barrel, deflection of· the mirror support structure, 

stret<�hing or deflecti on of the Camera Opt ical As sembly structural shell, 

etc . On ... orbit, cyclic thermal stresses encountered during each revolution 

also induce structural stresses . 

Misalignment from t ilt and/or decentering of the primary mirror 

with respect to the optical 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 P.xc Seconds equat�s to a f ive percent _ decrease in 

Optical Quality Factor and approximately the same loss in resolution. 

(A five percent allowable loss in � due to iilisalignment is tl::Le ma.x_imum. 

permitted in the error budget) . 

To correct misalignment errors, three servo linear motors are 

provided to reposition the primary mirror and three more fol" the Ross 

diagonal mirror. Misalignment is I)leasured by light sources which are 

proje cted through the optical system, along the optical ax-is, to two 

pairs of detectors . The detectors generate electronic error signals 

which indirectly actuate the servo motots and properly position the mirrors . 

The astronauts can read optical misalignment directly and 

manually control the servo motors in the eVent of �function� S::i.tiitilations 

and component tests verify that the astronauts - can manually control · , 
-

align,�ent well within the spec ified toleranc e s . 

_, -

*Opti-�a_l Quality Factor: ratio of the optical quality of the constructed 

to a theoretically perfect product . 
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Resolution is affected not only by optical quality, misalignment, 

sr::ear, etc . ,  but al.so 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. The allowabJ..e tolerance in the MOL 

came ra system for th.is mismatch is :!: . 002 inches .  Focus errors beyond 

tr.;is l:j.Init cause a. rapid drop in resolution (For example, another . 001 
ir"ch out of focus cause s  a re solution loss of approximately one inch . 

See F i.g 6 ) . An automatic focus system has been incorporated in the MOL 

ca.."r.e ra system which, whel). operating properly, wilJ.. keep the focus error 

well 'ii thin allowable limits . 

The astronaut cannot identify and cai;l;lpel).sate for focus errors 

as d:ire ctly as can be done for mirror misaJ.ie9JIIlent . Periodically, however, 

to verify that optimum focus hae; been set, the astronauts Will take. several
_ 

:picture s of a single target (preferably a resolution measurement target 

in th� USA) at varying focus pos itions ; de'Velop tl:ie film on board using 

the o n- board processor; and identify the setting which prov=ided the :Q.ighe st 

resoL1tion photography. If the automatic focus sensor has not seJ..ected 

1::he :plane of best focus, the astronaut can ma.p.uaJ.ly control the positioning ; 

of -tt-:: :platen for this :purpose . 

C .  POINTJNG ERROR: 

Accurate pointing is essential to the MOL camera system both 

be ca.i.:.se of the small field of view (approx�tely a 9000 foot diameter 
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circle at nadir and 80 mile a.ltitudes)  and the fact that the very best 
res olution occurs in the center of the pict�.re format . 

A small :portion of .the degradation in resolution oµ.tward from 

the cer ... ter of the frame is caused by diffraction aiJ.d the lower illumina-

"don at the edges ;  however, this is relatively sma.U (about 10 percent 

wo::-se, in the outer portions of the frame ) .  The majority of tile degrada­

tion results from the . inability to compensate perfectly fo:r: :image motion 

a.cross the entire fem.at du,rj_ng exposure . Figure 7 iJJ_ustrates the 

re sol-c.t ion across the format iri a typical off-�is oblique photograph 

both with and without an operative image motion compensator. . It indicates 

that re solution near the edge of the format on this situation, with the 

IMC opera.ting properly, will be approx:imately 33 percent worse than at 

the center. If the cross-format image motion coinpensat:i.on device were 

:::i.ot operating prope:rly, the degradation in resolution from center to edge 

coulci_ be as much as 160 percent . 
Pointing errors can result :f'rom a variety of factors 

(malfunctioning star tracker; er:rors in precise location of the spacecraft; 

geodetic uncertainties with regard to the targets ; misalignment between 

the tracking mirror and the Camera Optical Assembly, etc . ) .  From all such 

sot.trees, the MOL expecti:; an average pointing er:ror in the automatic mode 

of about 12�15 .Arc Minutes (approximately 1700-2100 feet at 80 mil�s 

altitude ) . 

The acquisition and tracking scopes in the MOL are expected 

to be pointed aut�tically with average errors of approximately 16 Arc 
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Min1;:te s ( approxi.ma.tely 2200 feet at 80 miles aJ.titude ) .  The astronauts, 

u s ing the ir manual centering control, will be able to point the tracking 

and a.cqui.sition scopes to within 2 Arc Minutes ( or approximately 280 feet) ;  

this capability has been verified in simulators . Thus by slaving the 

m.a:Ln optics to the tracking and acquisition scopes ( or by viewing the 

ta:.�get d::.rectly through the main optics ) , the astronauts Will easily be 

able to center the camera field of view on the target with a high degree 

of pre cis ion. 

D. TRACKING: 

Since the MOL camera system is a frame rather than a strip 

(b )( 1) 
(b)(3) 

camera7 the tracking mirror must track the target contiIJ,uously during 

::Photographic exposure . To achieve Dor-better resolution, with au 

other es sential elements of the camera systell). and spacecraft operat:µig 
properly, the trac�ing rate error must be controlled to within 1 . 5  
thousar.dths of a degree per second . (approxilllately 12 feet pe r  second 

on tne ground) . 

�ased on altitude and velocity data esti.m.at�s provided the 

on-b oc.rd computer, by ground. sou.rces, the tracking mirror rate error · 

can be controlled to an average approximately 30 thousandths of a degree 

per second ( approx:imately 250 feet per second on the ground) . If' the 

tracking r�te error were this gross during photography, and all other 

essential �lements of the camera ·system and spacecraft were operating 

:properly, the resolution cc:>-uld ·be as poor as 19 inche s . Thus, an 

on-board automatic Image Velocity Sensor is included in the camera system 
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Wt..ic:"'l, wt�en operating prope.rly, w:L:ll provide . the Vernier adjustments 

to c ont1·c.l tracking rate error to within the specified J.imit . 

11.""ne Automatic Image Velocity Sensor, however, is a relatively 

high risk technology development . Three dj,fferent approaches are being 

inve stigated .. ..  a.t lea.st two of which will. be carried 1.nto prototype 

hardware . 

The astronauts w.iJ..l periodically check the prC>l?er automatic 

fu.nc-:ioning of the Image Velocity Sensor by observing actual trackin,g 

of the target . th:;rough the main optics .  If the device is not operating 

pYo:ri.:; :dy,, the astronauts will irJiibit the IVS automatic operation and 

r.sa::rntlly track the target while viewing through the maip. optic s .  

Simulations have VE;lri;f'ied that in case of sub-specif:t.cation performance 

or c omplete failure of the IVS, � C§,11. ;gr()vide at le
.
a.st as fine a control . 

In tJJ.e preceding four illustrations of man verification of 

nominal performance, or adjustment or manua'.l o:pera.tion of mal:f'unctioning 

or failed camera sub- systems , the cause and the best possible corrective 

action will be obvious in many situations . � other instance s, consider• 

able diagnosis may ;be required on the part of the astronaut ( in  
conjunction with ground analysis of telemetered aata) prior to identifi-

cation of t:IJ,e cause and the be st possible corrective action for this 

p�rticular problem. In still other situations, the problem may not 

be c orrectible on-orbit; however, · the abilitie,s of the astronauts to 

pe rform diagnostic tu.notions, and supplement· data telemetered to the 
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grour .. d, a:'1d as s ist in the . isolation of sources of off-nominal petf'ormance 

is ex�:;;e: cted to speed considerably the maturing of both the manned and 

The MOL camera/optical system is
.
extremely sophisticated in 

(! Or:�p1;..:cison to systems such as Gambit (KR-7) ci.nd Advanced Gambit (KH-8 ) .  
T'.at::re are a multitude of possible contributors to of'f'-nominal perf'orma,IJ,ce 

s itur::.tions which could radically increase the complexities of �4 time 

requirements for diagnosis and cor:rection over those of previous unmanned 

development programs .  

Much des ign effort for the manned configuration was associated 

with providing crew capability fo:r restoring normal operating conditions 

and/or degraded mode operations, such that productive reconnaissance 

operat ions could be safely mai.."1.tained :for as long a period as possible 

o:n a particular f'light . Simultaneously, detailed analyses of crew 

cont:ributions in the area o:f diagnostics were begWl.. �e discuss ion which 

follows illustrates the approach to diagnostics . Although much work 

remains to be done, the results to date verify that the astronaut$ will 

bake a significant contribution to the diagnosis proce s s .  

By way of illustration, Figll.res 8 through 12 pre sent diagnostic 

flow ch�rts for two examples of off-nominal camera system performance, 

namely: blurred photographs; and targets not properly contained within 

the field of view. .Analyses have peen made of the possible steps which 

cr8W mempars might take, in. conjunction With the ground, to :j,dentify 

and/or isolate the source ( s ) of these perfo:rma.nce degra.dations . While 
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t!le elate. are :presented in f'low chart form, this does not imply that 

the se tests would have to be perfo::r:med in the order indicated. On the 

cont::.'ary, the tests could in r;�ost :instance s be performed in any order, 

and :i.:r. whole or in part, depend�g on the totality of clues available 

to L.<:J crew and the ground as to the pos sible sources of trouble . 

A. POOB RESOLUTION: 
Suppose, for example , that poor quality pictures were being 

obta. �ne d .  As indicated in F:Ls,ure 8, the crew would be aware of this by 

virt ie of having proce s$ed and. inspected photographs . (To indicate the 

t L�e saving features of this diagnostic approach, the crew would detect 

thiE. d.egraded performance on the first da.y of the mission, whereas in 

an u:.rraarmed _  system, the degradation would necessarily go undetected for 

about 10 days until the first data bucket had been recovered and its 

film load processed. ) Their vi_sual inspections of these pictures would 

indicate whether the loss of re solution wa.s due to smear ( directiona;L ) 
or was a general degradation of picture quality (blur) . The latter 

s ituation might be attributable to an out-of-focus condition • 

. 

If the problem were one of smear Q.egradation, possible diagnostic 

ste:ps ate illustrated in Figure 9 .  The asterisks i.Il.dicate where telemetry 

"vrii] be available to the ground and the astronauts ,  though in most case s 

the crew can significantly a·igment the information that will be derived 

tho;r.=:from. For example, is the smear across the entire frame or off-axis 

or .. ly·? If off-axis only, the across-the-format image-motion-compensation 

devices would be suspect, and the crew could c�eck the platen and shutter 
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d.riv•:: s .  If this were, in fact, t!le source of the de gradation, the crew 

woulC.. manually perfor.lll very pre c ise target centering for the remainder 

of tt is mis s ion and thus .retain :maximum possible performance . 

If the smear ' were across the entire ·.format, it could be 

attr:.butable to Cl.Il attitude control jet firing during the photographic 

o:perc.,tion, in turn due to failure of' the inhibit signal. to be properly 

tram:r:-1itted. The crew would readily detect this due to the sound of' and 

motions introduced by such jet firings, and if this were the cause, they 

would :ril.fu"11la1ly inhibit the jets during subsequent :photography . 

:f it were not the attitude jets, the crew might investigate 

whether all frames of a stereo sequence were smeared or just the early 

frame s .  If just the early frame s, there could be a situation of an 

overly long settling transient attribl.,ltable either to basic vehicle 

dyna.�ic s  or a long ti)ne constant in the image veloc ity sensor control 

loop . The crew could observe the nature and t:i:me durati<;>n of the settling 

transient through the main optics eyepiece both with and without the image 

veloc ity sensor in the loop, and if the settling t ime . were improved with-

out the mage velocity sensor, theri its time constant was the problem. 

Ii' r�ct, the problem ]'.!light be att�ibutable to vehicle dynamics . In 

e ither event, the crew: could determ:t.ne a. new Eµld more desi.-rable settli11g 

ti.rr:.e for the mission planning software . · 

If' alJ. of' the frames of a stereo sequ.ence were smeared, then 

the ?roblem probably would. be attributable to the image veloc ity sensor. 

The crew could observe, again th�ough. the main optics eyepiece,, the 
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natu:.�<� of the discrepancy ( e . g. ,. doe s the scene tend to drift ill one 

di:ce c:t ion only, or is the motion of an oscillatory nature? ) and for 
the :.'.'eit.ainder of this mission wo'Ulcl perform the tracking functi,on 

manually, thus retaining m.ax:imunl resolution performance .  

If the pro'Ql1:m were one of i:i. generaJ. degradation (blur) ,  similar 
diagnostic steps, as illustrated in Figures 10 .and ll woUlQ. be taken •. · 

Has the optical al.ignmeht drifted out'l Is the platen :in the best focus 

position? The crew act�ons for these situations were de scribed earlier 

in this section. 

The general degra.d,a.tion could also be attributable to an early 

onset of t:t.erma.l deformation of the· tracking mirror. To inve stigate this, 

a :;:;e zie s of picture s would be taken with varying door-open times to verify 

the cause and e stablish, if ne cessary, a. new ma.ximµm door;.. open time for 

use in subsequent target program:r:n,_ing. 

If none of the foregoing were identified as the source of blur 

de gradation, the condition could re sult from a.n induced high•frequency · 
oscillation. In Figure 10, the latter possibility is addressed with 

sequential steps to inve stigate ringing due to attitude control jet . 
firing, bearing stictioli or noise, · hi@l-frequency oscillations :i,.ntro-

duced by the image velocity sensor control loop, or mechanical vibrations 

s omewhere else in the System. 

B. POINTING ERROR BIAS: 

In another examJ;>le of possible diagnostic procedures ,  Figure 12 
pre sents a representative flow cha1'1i for analyz ing a pointing error in 
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the .·o::.."":r.J. of tracking mirror :.:i ia.s . · ;J:f such a bias existed, targets would 

e l  tr. : r  l10t be contained with :�n the field of view or generally off to 

the i :dge . The crew would detect this readily via either acquisition 

sco:p .� observations and/or fro;::-, film processed on board . 'l'his problem 

could be attributable to err.:meous ephemeris inputs from the ground 

ax1d. t:'.le flight crew w9uld therefore immediately request the ground to 

reve rify those inputs .  Simultaneously, the crew .::oUld initiate the 

stt:::p3 indicated in Figure 12 to determine whether the errors were due 

t :::> o�:-bos.rd equipment ma.lfunction, and if identified, to take 

ap:.;.)r0p:date corrective action . In any event if' the error could .not be 

c orrected, the crew would manually per:f'orm the centering function 

for �he remainder of the mis s ion . 
I 

T!J,ese analyses of in-flight diagnostic procedures . are being 

exte:::-1ded to more definitive deJ_ineation for these and other potential 

opera.ting problems . This work will also include consideration of the 

poss.ible utility of special tools or additional data disp;Lays to aid 

in diagt1ostic procedures . 

The main point of this section is that the crew through 

diag;:ios is and manual corrective actions can lteep the early matlr_l.ed 

syateru operat ive and secure a worthwhile intelligence :product in the 

in:Lt ial flights . �-ie ir in-flight diagnoses, as supplements to ground --· . 

analyses, are expected to materially assist in the ra:pid isolation of 
sources of problems and thus speed the maturing of the automatic 

device s necessary for t.he u.mtanned system. 
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IV . INCREASIN.G QUANTITY AND INTELLIGENCE WORTH OF PHQTOGRAPHY 

As indicated ear l ier , once the automatic devices are working 

reasonab ly well  and do not require repeated adjus tment or extended 

manual operat ion , toe astronauts are expected to make s ignificant 

increas es over that pos s ible in the unmanned system in both the quant ity 

of phot ography taken and in the intelligence worth of certain types of 

. targets . The quant ity will be increased vici weather avoidance tech• 

n iques ( i . e . ,  photographying a pre-programmed alternate target when the 

pr iUJ.ary is cloud-covered) and also from the pos it ive verificat ion of 

phc.togro.phy already accomplished ( thus permitt ing the select ion froIJ,l 
\ 

the ground of another target on the next pas s over the same target area) • 

. The inte l ligence worth of certain targets will be increased via the 

select ion of a:Q. alternate t arget of the same type but which has a 

mor.:.e;ntary increas ed intelligence value ( for example , ·  a mis s ile on a 

launch pad at Tyura Tam vs a neatby but empty launcher in the s ame 

complex) . The sub-sect ions which follow deal qualitative ly and 

quant itat ively with thes e  techniques . 

A .  WEATHER AVOIDANCE 

The MOL Project Office , in conjunction with the �O , has 

conducted a rather detailed analys is of the capab ility of the as tronauts 

to per form a weather avoidance role . By "weather avoida:Q.ce" is meant 

that the as tronaut may select among ·p;;e-des ignated alternate targets for 

pho t ography when adverse weather is encountered at tbe pre-des ignated 
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pr imary t arget s . Th:t,s sub - s ect ion summarizes the pert inent portions 

of t ',-.e n p ort of the MOL /NRO s tudy . 

The capab il ity o f  the as tronaut t o  per form as a weather "s cout" 

was analyzed and has been tes ted in s imulat ions . It was c oncluded that 

the as tr onaut s would have little d ifficu l ty visually ident ify ing area� 

cf  b 2 s t  weather s ince significant weather d.ifferences generally do 

exis t between even relat ively c l ose ( 30-40 miles) pr imary and alternate 

t argets . The effect o f  obliquity of viewing angle when the as troriaut 

s c ar.ned weather was not cons idered s er i ous , and. the as tronau t s  will 

have sufficient t ime ( S ee Fig . 13) to perform the task with a high 

degr ee o f  accuracy . 

A representat ive t arget deck , b�sed on a mid- 1966 GAMBIT/ADVANCED 

G:AJ:.'IB IT t arge t  deck and then-current intell igence coIJ:_IIllUnity thinking , 

was used as a bas ic tool for these manned and utu:ilanned MOL sys tem 

c ompar is ons . The availab i l ity of alternate targets did not part icular ly 

favor the manned sys tem ( s ince 51% of the primary GAMBIT/ADVANCED GAMBIT 

targets had no alternates avaib.ble , 16% had but one alternate 

availab le ,  8% had two al.ternates , and only 25% had .three or more 

alternate targets -- a d istr ibut ion of one alternate for each primary 

target would be cons iderab ly more favorab le to the manned sys tem) ; 

h owever , the locat ions of target a-;-eas are b e lieved t o  b e  fairly 

represent at ive of the envitoni:nent which will exis t when the MOL sys t em 

bcco;nes operational. 
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To insure a rea l i s t i c  s tudy and reas onab ly accurate projections 

of t arge t s  photographed , ma:i-: �mum advantage was taken of NRO operat ing 

exper ience wit.h reconnaiss ance sate l l it es - - part icularly GAMBIT 

exper ience operat ing agains t forecci.s t a11d observed weather , GAMBIT 

s oftware , etc . ( in view of the s imilar characterist ics of the GAMBIT 

and :MOL ca.niera sub -syst ems ) . 

Re cogniz ing the s ens it ivity of the manned/unmanned sys tem 

compar is on t o  the weather informat ion empl oyed ( it was obvi ous , at the 
! 

out s e t , that .the manned sys tem - - given the option of phot ographing 

alt ernate t argets -- would appear in a more favorab le l ight in adverse 

weather s it�ations ) , a wide var ie ty of weather mode ls and data were 

u t i l ized , with results as f o l l ows : 

1 .  Operat in,g . on s imulat ed , ident ical 30-day duration mis s ions 

against analyzed klarch 7 -April 5 ,  1960 weather ,  the unmanned sys tem 

would have succes s fu l ly photographed 2019 primary targets , and the 

manned sys tem 2533 pr imary p lus alternate targets ( an increase of 

f!pproximately Z5% in favor of the manned system) . It should be noted 

that the percentage o f  targets photographed by the unmanned system in 

this analys is is· about 7% less than GAMBIT exper ience ind icated should 

be the proper total . · Th is in- effect worse-than•average c l i.J:natology 

would bias the results s lightly in favor of the ma:i_l.ned system. 

2 .  Operat ing on s imu lated , ident ical 3 0 -day durat ion miss ions
' 

against a weather mode l der ived from the analyses o f  more than 
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132 , GOO frames of KH-4 phot ogr aphy ( F ig .  14) , the unmanned system 

wou :Cd have succes s fu l ly phot ographed 2209 target s ,  and the manned 

sys tem 2584 primary and alternate targets ( an increas e  of approximate�y 
J7 J)ercent in favor o f  the mc,nned system) . This weather model seems 

fair ly repres entat ive of Sino -S oviet B loc c l imatology , although it 

may be b iased a very l imited degree in favor of better-than-average 

weather cond it ions . I f  s o ,  then the manned increase over the unmanned 

s ys � em is s l ightly less than would ensue in average cl imatology 

cond it ions . 

3 .  Operat ing on s imulated , ident ical 30-day durat ion mis s ions 

aga ins t a weather model der ived from a c loud-cover couri.t and s or t ing 

of 1159 frames of KH-7 phot ography ( Fig . 15) , the unmanned system 

wo� ld have success fully photographed 2023 primary t argets , and the 

m.:ir, .l.ed system 2365 pr imary and alternate targets ( an ip.crease. of 

ap-p:; oxirnate1y ·  17 pe'r c_en:t in favor of the manned system) . Despite th� 

s imilar ity of the percentage increas e between this compar is on and that 

for the preceding KH-4-der ived weather model ,  the abs olute val idity o f  

th is answer could be ques t ioned s ince the results d iverge s omewhat 

from actual GAMBIT results and exper ience .  

4 . Operc;.ting on s imulatecl. , ident ical 30-da:y durat ion mis s ions 

against a weather model der:i,ved from the results of 3007 s eparate 

GAfIBIT operat ions agains t primary. targets (Fig . 16) , the unmanned 

system would have succe s s fu l ly photographed 2153 primary targets , and 
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t he manned system 2592 primary and alternate targets ( an increase of 

£2.t'rox imat e ly 20 per cent in favor of the manned sys t em) . This weather 

l.lod e l  is believed to be reas onab ly representat ive of average S ino•S oV'iet 

F.i l c c  c l imatology . 

5 .  Operat ing on s imulated , ident ical . 15-day durat ion miss ions 

agains t "ver ified" ( i . e . , ob served) JuJy and August 1966 S ino-Soviet 

weather for each pr imary aµd alternate target ,  the unmanned system 

wou l d  have succes s fu l ly photographed 1120 pr imary targets ,  and the 

mar,ned syst em 1367 pr imary and alternate targets ( an increas e of 

ci.pproxirnat: e ly zi pergent in faVQX of the manned sys tem) . 

6 .  Operat ing on s imu lated , ident ical miss ions agains t the 

average weather encountered , in the Moscow are.a target complex ( an area 

which has c ons iderab ly wors e - than-average climatology) , the manned s ys tem 

wo�ld success fu l ly photograph 45 percent more targets than the urunanned 

sys t em .  S imilar ly ,  operat ing on s imulated , identical miss ions against 

the S ary Shagan and Tyura Tam area target complexes (which have better 

than average c l imatology) ,  the manned system woµld succes s fu lly 

pho tograph approximate ly 15 percent more targets than the unmanned sys te�.  

The s tudy led t o  the following gener al conc lus ions : 

1 .  On ident ical mis s ions agains t average S ino-S oviet weatJ:ier , 

the manned sys tem (w:i.th the as tronaut providing a weather avoidance 

fonct ion and having the option of photographing only pre -des ignated 

alternate targets) can be expected to success fully photograph at leas t 

1 8 - 20 percent more ta�get$ per day- on- orbit than the unmanned system . 
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. 2 .  Operat ing agains t large target comp le:Xe$ , with numer ous 

pr imary/mu l t i-alternate t arget comb inat dons available , under average 

w.ea ther condit ions , the manned system succe·s s ful photographic resu lts 

car:. be expected t o  exceed the unmanned system by cons iderab ly more than 

18 - 20 percent . 

3 .  When overall B loc weather is worse than average , the 

manne d system results can be expected t o  exceed the unmanned sys tem by 

more than 18-20 percent ; conve�sely ,  when overall B loc weather is 

bet ter than average , the manned system results can be expected t o  

exceed the unmanned sys tem b y  l e s s  than 18-20 p ercent . 

B .  VERIFICATION 

A l imitat ion t o  the achievement of 11}.aximum product ivity with 

present unmanned sate l l ite photographic sys tems is NRO ver i f  icat iot1. 

tna� a target has been photographed in c lear weather prior to examinat ion 

of the actual photography its e l f .  This , for certain target areas , can 

. be s ignificant . For exampl e ,  GAi."1B IT -CUB�D , in a typical 8•10 day 

mi.s s ion , will have access to mos t  northern t arget areas 4 or xqore t imes 

(depend ing on the inclinat ion and orbit fl6wn) . Fo� those t arget areas 

which are not covered comp lete ly with. the 5 -mile wide swath o f  the KH-8 ,  

the NRO mus t  determine , bas ed, only on forecast and/or reported 

weather , when · the highes t  pr iority target has been "covered" (with the · 

des ired leve l o f  confidence) and another ta.rget can be used as the 

pr imary aiming p o int on the next ·pass over the area. 
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. Th i:: Global Weather Center provides the NRO daily with so-called 

"ver if ied" weather of all t argets phot ographed at the t ime of 

pr�otography . This ver ified weather is b ased qn US weather s atell ite 

ccve -:age and al s o  mon itored S ino-Soviet broadcas t weather repor ts and 

fc.re.;:as ts . Unfortunately , t'.1e US weather s ate l l ites generally do not 

c ove r the t arget areas at the pr ec ise t ime of photography , nor do the 

S ino -Soviet local weather reports always c o incide in locat ion or t ime . 

Furrher , in between the extr emes of coIDp letely overcas t or comp letely 

c l e ar sky cond it ions , it is d i fficul t  t o  ascertain whether or not the 

targe t was shie lded by a cloud or open for photography. 

Th i s  uncertainty in weather at the t ime of photography is b orne 

o·L�t by the actual results of the KH-7 a.nd KH-8 sys tems . For example , 

when · GA..'l\fBIT operat ions were conducted against ' 'veri fied" clear skies , 

s ome 9 percent o f  the target s were actually comp letely covered by 

c : ouds . Another 5 percent found the tat-�ets par t ial ly obscured by 

c l ou<i.s or haze . Convers ely , when GAi.'1BIT was operated against "ver ified" 

overcas t·  skies , s ome 7 percent of the t argets were actual ly photographed 

i� che c lear , and another 6 percent were part ially s een through gaps 

in the c l ouds or heavy haze . See Figure 17 for actual KH-7 results 

agains t var ious ' 'verified" sky conditions at the t ime o f  photography .  

The photogra�hy ver if icat ion prob lem will be even more acute 

for the unmanned MOL than for e ither the KH-7 or KH-8 ,  s ince a s ingle 

t arget �or those sys tems usually breaks down int o s everal MOL targets 
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o c: cc.us e of the latter ' s  small field of view .  I t  i s  planned t o  return 

f i lm capsules from the unmanned MOL appro:icimately once each week and 

t arget coverage confirmat ions therefore can be avai lab le about three 

days later . In the meant ime , howeve:r , the unmanned MOL will have had 

4 or more photograph ic accesses to certain complexes of multiple MOL 

targets . How many d ifferent t argets will be attempted will depend on 

NRO confidence in "ver ified11 weather and the relat ive pr ior ity of the 

ta:rgets involved . 

Ver if icat ion of photography accomp l ished in the manned MOL 

sys t em ,  however , is immediate and , for all pract ical purposes , with 

vii;-.::ua.lly a 100 percent confidence factor . A normal task for the 

as tronaut during each photograph ic operation will be to as sure that 

the target is centered or contained within the fie ld of view .  This · 

w i l l  be done by observing the target through the tracking and 

acqu i s i t ion s copes or through the main optics . At this point , the 

as tt oriaut can record the weather condit ions and report these t o  the 

gr ound ; then , a new target , i f  appropriate , can be ident ified for the 

r..ex:: photographic access to that sa,Iil.e t arget are a .  The only poss ib le 

uncertainty in this as tronaut verificat ion process involves the 

pos s ib i l i ty of an undetected momentary camera malfunct ion during that 

par t i cu l ar photograp?ic operat ion . 

Us ing the s ani.e targe t deck and weat.her analyses . described in 

the prev ious sub-sect ion "Weather Avo idance" , s everal s tudies have 
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b e .o: n  conducted in an attempt t o  determine the n'Umb er of add it ional 

t argets which could be photog�aphed by the manned MOL system vs 

th2 unmanned as a r.esu l t  of crew veri ficat ion of photography accomp1 is}J.ed . 

T he: s everal calculat ions involved s imulated 30 day s imu ltaneous manned 

""'''" un:1lanned fl ights agains t the same targe t s , with f ilm returned from 

t ne: ;in..'1lanned system each seven days and results reported tlrree days 

t here after . 

As might be . ant icipated , the resul t s  o f  the se stud ies were very 

s er. s i t ive to weather encountered versus target distribution ,  the 

d is tr ibut ion of alternate vs pr imary target s ,  the re lat ive prior i ty of 

t ar ge t s  in a g iven comp lex or area acces s ib le on a s ingle phot ographic 

pas s , the reC1uired confidence leve l for the unmanned system that 

pho t ography of a s pecific target had been succes s ful ly accomp l ished and 

a r:ew target could be s e lected on a subsequent pass prior to analyz i,ng 

the film, etc . By adjust ing these factors and/or analyz ing differing 

s i tuat i ons , the results var ied from ten percent to 25· percent in_fgivo
_
r 

. o f  the IDaQned sys tem ( i . e . , that many more targets photographed pe� 

d ay on-orb it ) . 

Recent ly , a s ample MOL t arget deck o f  s.ome 13 , 000 obj ect ives 

was completed for use in engineering devel opment activit ies . The MOL 

Pro j ect Office wili analyze man ' s  ver ificat ion potent ial , us ing this . '": 

dec k ,  when adequate s oftware is availab l e  t o  handle it . It is 

ant icipated , then , that · a more accurate acces sment will be made of the 
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p otent ial increased photography pos s ible with the manned sys tem. There 

is c onfidence , however , that the answer - l ies somewhere between the 

rcs·d t s  of the init ial analyses wh ich now appear to represent the 

upper ar,d lower bound_ar ies . 

C .  ACTIVE 1 1 INDICATORS 1 1 /:MOB ILE TARGETS 

A us e ful operat iona ::. technique , that of inspect ing targe ts from 

orb it for indicat ions or act ivities of a transcient nature that would 

yielc_l phot ography of especial ly higl:l intelligence valUe , can and w i l l  

b e  emp loyed with the manned MOL system .  

A 1966 analys is ide�t ified the condit ions or act ivit ies in 

var ious target categor ies of part icularly high inte l l igence value and 

the fr equency wit}:). which they occurred . - This same analysis a lso 

evaluated the e ffect o f  the l imited fie ld of view of the MOL camera 

sys t em on the s ize , number , and character of such targets , and 

d e t e rmined whether the crewmen could detect ind icat ions of high 

int e l l igence value while viewing the s cene through the ir tracking and 

acqu i_s it ion s copes . Recent ly , s imulat ions were begun t o  train and 

evaluate as tronaut capab i l i t ies in this regard . - This sub ;.. s ect ion 

repor t s  on the earlier analyses and the results of s imulations in 

mid- 1967 . 

Of particu lar s ignificance is the limited field of view o f  

the MOL camera system (approximcitely a 9 , 000 foot d iameter c ircle on 

the ground from 80 tniles alt itude) � This is graphically illustrated 
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in f igure 18 which compares the photograph ic coverage at Tyruatam 

at c a inab le by a s ingle strip o f  GAi."ffiIT KH-7 photography ( 10 tll.iles · 

wid2 ) versus that attainab le by s ingle MOL photographs (represented 

at p r oper s cale by the small c ircles ) . 

Experience with b oth GAMBIT systems indicates that , in many 

: instances , littie informat ion was der ived .f.rom the photograpl)s of the 

pre -selected target or targets which were the pr imary aiming p o int 

for the center of the frame , wherec::lS other target s  which appeared 

within the frame only by virtue of its length and width yie lded 

c ons iderab ly more intelligence informat ion . The l imited field of view 

o f  ·::he MOL camera system denies such "bom:1s " targe ts ; this fact p lus 

the trans itory nature of the ob j ects mat<es it p art icularly crit ical 

th.s. t  the MO],. camera be d irect?d �o E.1:-� 
.
'1'.!ght t_arget at the r ight time . 

Analys es of actual GAMBIT photography revealed that the 

fract ion of targets in the various categories which had p otent ial for 

act ive ind icators of spec ial intell igence value averaged 7 0  percent , 

but that the l ikel ihood of occurrence was �nly about s ix percent o f  

the time ( Fig . 19) . 

A spec ial analys is was made of Tyuratam which pres ently contains 

more than 60 MOL-s ize targets , oniy 2 or 3 of which can be photographed 

by the MOL on a s ingle pass . O f  159 launch p ad photographs analyzed , 

only 9 percent revealed miss iles on the pad ; 77 s Uo photographs 
_
yie lded 

2 1  percent with doors open . Thes e are tnuch higher incidences than 

" .. ------6--- · . · ·· · - -······ 
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w�·-.G.d. no::'¢a1ly occur with operational §ystems, which further emphasizes 

th:: ir:lp::irtance of obtaining technical intelligence data in the early 

dev0lopment phases .  

Finally, the early analysis dete rmip.ed the re solution with 

wh ich tn<� astronauts would have to view activity '' indicators" to ver'ify 

the:'.: as targets of momentary increased intelligence value . T"ne typical 

re s cluti ons needed by the crewmen for this purpose ranged frOili. three 

to ten feet . Figure 20 contains some examples of activity indicators 

in th:c<:::e target categories and the resolutions needed for the ir 

ide:r.tification . 

The analys is of re s olutions rt:: quired to identify targets of 

mern<2ntary increased intelligence value influenced ' the de s ign of 'the 

astronauts ' tracking and acquisition scopes .  In their lower magll-ifica.-

t ion range, the tracking and. acquis ition sc:opes have ·a circular field 

of view on the ground of about 6i- Ili.ilee in diameter with a resolution 

of about 30 feet . In the upper ran(Se of magnification, the tracking 

scope field Of view is a:ppro:id.'--nately 4200 feet (about half of the 

MOL camera) and the resolution wil;l.. be about 3� feet . 

The trackiri.g &,nd acquisition sco:pe s can be slaved t o  the main 

optics or p:rogra.nn:n.ed to aim simultaneously a.t separate target13 . The 

co:we:pt of o:perations is s chema.tica.J,.l.y depicted in Figure 21. While 

tee main ca.mera is :photographing the ' previous target (when the fully 

aut OrJ.atic mode is operating proj?e·rly) , the astrona'.llts will use the 
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t r�cking and acquis ition s c opes to inspect the next pr imary camera 

ta:cget and its associated al ternates (up to 6) and make decis ions on 

the s t ate of each target s o  inspected ( i . e . , cloud-coveted , clear , 

c l ear and " inact ive" , c l e ar and 1 1active1 1 , etc . ) .  The crew determina .. 

t io�s are provided t o  the on-board computer which , based on pre-

programmed logic , selects the appropriate target to be photographed . 

I f  the as tronauts are indec is ive for too long a t ime , the pre-programmed 

pr i�a.ry target will be photographed automatically . 

The mid-1967 s imulat ions , aimed at providing basic engineering 

dat a for detailed des ign of various items in the manned sys tem, largely 

veri fied that the flight crews can pe_r_:f;grm the necess ary target 

it.spections at the resolut ions which will be provided by the 'tracking 

c:i.nd acquis it ion s copes and in the time available . Als o ,  refinements 

to earlier estimates of the number of addit ional such targets that the 

manned system will photograph vs an unmanned system were calculated . 

The l'.lext several paragraphs deal with the recent s imulatiox:is . 

A relatively s imple static s imulator was built in-house for · 

th is purpose .  Us ing actual GAMBIT KH•7 film, the s imulator provided 

e s s ent ial ly the s�e views and res olut ions which will be provided the 

as tronauts through the tracking and acquis ition scopes . Both 

�o�ocular and b iocular scene presentations were tes ted to es tablish 

any p oss ib le difference iµ performance due �o this factor (the�e was no 

s igni ficant difference) . Seven MOL astronauts participated under 
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c o:LJ. ;: :r o lled test conditions , and actual GA...'IBIT photography was 

emp � oyed as the s t imu lus mater ial ( 3 00 different · GAMBIT s cenes were. 

av? :i. 1- ab le , 60 of which were us ed only for tr ial runs ) . The s imulator 

L:·1 c,; r?orated a fl ooding l ight mechan ism t o  reduce the contras t of the 

G.A.:'1:::>1T photography (which i�• specially processed t o  enhance contras t 

ap.d :naximiz e  inte ll igence vaiue ) t o  fipproximate that wh ich would be 

see· . .  ;. by the astronauts from orb it . 

The astronaut s were g iven 2-day train ing s e s s ions t o  

farr.::.l iar ize them wit1:1 the types of scenes and types of indicators 

as s oc iated with part icular target categor ies (however , they were not 

pet"1it ted to view b eforehand the s cenes used in the tests ) . The 

astr onauts we.re instructed to identify activity ap.d minimize false 

alarms ( the ip.d icat ion of ac t ivity when in fact it is not pre s ent) , 

with a maximum t ime o f  12 secor.es allotted for evaluating any one s cene . 

The results o f  the t e s ts clear ly ind icated tl:lat the as tronauts 

wiL. be very accurate in corre ctly ident i fying h ighly .act ive targ�5s 

( over 90 p ercent c orrect overall average) and also very accurate in 

cor;.: ec t iy ident ifying ab s oL; t e iy inact ive targets . (ab out 2 percent 

f al s e  al arms ) . Accurac ies between these extremes varied depending on 

the subtlety of the activity indicators ( See Fig. 22) .  Also 

anai.yzed was the accuracy of the crew members for those cases where in 

responses ( i . e . , decis ions ) were macle i11 6. · Se conds or les s . Here 

aga:.n , very h igh accuracy on the extremit ies o f  the spectrum of act ivity 

were obtained ( S ee F ig .  23) . 
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Several stat is t ical calculations have been made t o  determine , 

in a quant itat ive manner , the r.ature of the mis s ion enhancement o f  the 

mannec sys t em over the unmau.ned system attribut ab le t o  act ive 

ind icat or mode operat ions . These calcu lat ions used as a bas is the 

1 9 6 6  s tudy which es tab l ished 7 0  percent o f  the t argets as potentially 

z.ct iv<: , w ith a frequency of occurrence o f  only 6 percent , p lus the 

results of the 1967 astronaut s imulat or t e s t s . 

The results ef one such computat ion , is presented in Figure 24 . · 

F i gure 24 dep icts mis s ion enhancemer.t factor , de fined as the rat io of 

the nur..b er of clear act ive photographs obtained with a manned sys t em 
I 

to that obtained with a11 unmanned system ,  as a funct ion of the crew 

performance parameters (% corr ect detect ions ; % false alarms ) . Thes e  

par t icular calculat ions involved a s imulated 30-day mis s ion , inc luding , 

within the computat ional approach , s t at ist ics pertaining t o  numbers 

of progr ammed t argets per day (dev:Lsed f�om runs us ing GAMBIT s oftware ) ,  

a;::-,d to the d is tr ibut ion of alternate t argets with respect to programmed 

ma in camera t argets ( i . e . , certain primary targets_ have no alternates 

avai l able ; others have only one , etc . ) .  As s een , if the crewmen were 

perfect with 100 percent correct detect ions ( i . e . , a z ero fal s e  alarm 

r a te) , an overall enhanceme:i.t facter o f  2 . 75 would result .  Super impos ed 

or� these par�etric curves are the 1967 s imulat ion results presented 

eariier , and enhancement factors of 2 to 2 . 5  are ind icated , It shou ld 

b e  noted that this pe� formance was attained with very litt le spec ial 

c r ew train ing for this t ask . 
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vrnile this overal l  mis s ion enhancement factor is by itself 

s ign ificant , the effects of act ive indicator mode operat ions agains t 

r epres entat ive target clusters ar e even. more dramat ic , and of  

c o1:is �derab le interest when it  is recognized that operat ions ·against 

certo.in, relat ively is olated , t arget clus ters offer the potential of  

s i;;n i f icant technical intelligence yield . Enhancement rat ios of 

3 to  6 are indic ated for crew performance levels against . such targets . 

In summary , the manned system oper�ted · in the active i_ndicat or 

modE: wi l l  provide s everal t i:ne s more photographs 9f targets in which 

ind i cat ions of act ivity are present , and from which cons iderably more 

inr: e l lig�nce information wil i  be der ive d ,  per day on orbit than will 

the unma:}ned system.  This is particularly s ignificant in v iew of the 

low frequency of  occurrence of these transitory activities . 
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T:1e crew ' s pre sence offers additional u:niqµe means of enhancing 

the r::: c onnaissance product of on-orbit MOL and also the accomplishment 

of other mis sions by the mann�a: system. Four of these are briefly 

dis .:rn::>sed in the following sub- sections . 

A .  VISUAL RECQI'ffi.A,J::SpANCE: 

Intelligence data may be derived. for targets not photographed 

by ;)r incl\.l.CJ.ed in the f ield of view of the main camera as a result Of 

the c rew observing such other targets through tb.eir tracking i:¢d 

ac q_ui. s it ion scopes . Their de scriptions Of tbeir visual observations of 

the se targets wi:J..l be tape- re corded for later transmittal to the grou�d, 

thus providing an additional ba.se of data. from which intelligence data 

may be extracted .  

Crew performance t o  date in the s imulators verifie s that this 

can be a worthwhile adjunct to the photographic product .  In the future , 

it is planned, when the E:nviro:mnental Development Simulator at Gene:ral 

Ele ct:tic is further refined, to ·conduct a series of controlled tests to 

determine the extent to which infor.tila.tion can be obtained from visual 

o'.:> seTvations a.nd the credence wit)l which the reports can be accepted .  

B .  SPECIAL f:O:,�: 
The ma.nned MOL configurat ion incorporates a secondary 

platen in the camera bac� with a separate supply of film. Although 

the :primary reason for including this capability is for the astronauts 

to per.form came ra  health and performance checks Ol:l•Orbit (by 

photographing targetf; _ With the secon�ry camera a.nd developing the t'Um 
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in tLe on-board proces sor ) , the crew can, a s  requested :from the ground , 

ins.e::.'t a variety of special films ( e . g . , color , IR , special black and 

white) ir�to thi s s econdary plat en . Such pictures will be returned 

a.""C the end of the mi ssion, along with the primary fil.In, for refined 

;;;:::-oc; ,� s s ir:g on the ground . 
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-c.:-�::: : .:,:;:., ?:c·oj ect Office a:r.d NASA have investigated the possibilities 

of us ing the MOL systern to ci.ccom.plish visible-suectrWll photograpl:ly 

of tt.2  pJ,a.YJ.ets or other celestial object es of comparable brightnes s .  

The r·2 sult s of these investigations indicate ,  depenc'l.ing on the 

parti cular planet in question, MOL photographic resolutions 2 to 8 
time.s better than acl:lievable with ground-based telescopes .  

The above values were arrived at following s:l.m:ulations of 

this task which employed MOL astronauts as test subj ects . The 

ge:::;.eral concept of operations would be to roll the vehicle to the 

proper attitude for directing the main camera system at the target 

:pla.r.1.et , and then the astronaut would acquire and . track the planet 

us ing the main optics visual displ�y. 

Calculated required exposure times for MOL planetary photo­

graphy ranged from 1/1000 second for VENUS to 13 i:;econds for PLUT O .  

Although exposure times for SATURN , URANtrs , NEPI'UNE , and PLU',['0 all 

exceed the planned maJCimUlll MOL e�posure capability of . 08 seconds , 

crew tracking capabilities were tested over the entire range as a 

necessary input to any possible future considerations ·of increasing 

the exposure latitude of the camera. Crew tracking accuracy was 

veri:'..'ied as adequate for the task. 

:_Jtilizing the image displacement data developed from these 

s im'1J. ations , modulation transfer function ana.lyses were performed ' 

to 2['--'cabli sh surface resolutions attainable against the various 

pla''li'.t s .  Figure 26 presents the results of these computations and 
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compares the s e  resolutions with tho s e  attainable from the ground. 

S ignifi cant improvements are indicated; and, for example , in the 

case of Ma.rs , the resolution attainable by MOL is ess entially 

eq_ui vc::.lent to that achi eved by �<ariner although a single MOL photo-

g:r-aph :yf Mars would i:hclude the entire visible side of the planet . 

and o:;tical system could only b e  consider eCl. � adjunct to a properly 

6.es:ig;· .. ed o::.·bi tal obs ervatory. Inherent characteri stics of the camera 

li;:nit its us e to photography cf the near planets .  
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TLe presence of the crew in the initial flight s of the MOL system 

will , by virtue of their abilit ies to per,form. switching , maint enance ,  

rr..a.rn.�a. � ba.c�up , and in parti cular , diagnostic functions in situations 

oi' fa.i lures or off-nominal perfo1•ma.nc e ,  significantly contribute to 

an <::a.:cly r:.aturing of the ur..rn.ru::'.ned system. At the same time , the 

trd. s �>:i,.o::i.s will simultaneously be .gathering hign-resolution photography 

of significant intelligence value . 

The us e of the crew in the weather avoidance and active indicator 

n:.o des can in part circumvent operational liniitations introduced by 

adver s e  weather and/or the t1·a.nsitory nature ·of intelligence at 

parti cular t arget sit e s  coupled with the limited field of view of 

the optical system. By accessing targets other than those progra.milled 

for the m.ain cam.era and making real-time decisions on the relative 

de sirabi lity of photographing the programmed primary or ah a.lternat e 

target , the crew can · significantly :improve both the quantity and the 

intelligence value of the take . Additionally, the crew ' s· perfoiina.nce 

of suc"h functions as target coverage verification , visual -

reconnai ssanc e ,  and the use of specia.l films in the secondary cam.era 

when appropriat e ,  will f'Urther enhance the overall operationa.J,. 

effectivene s s  of the manned system. 

Finally, the pre s ence of the crew pettnits the utilization of the 

MOI: sys t em, without modification, 

���������������������� 
and/or limited :planetary 
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Sit:lUlations thus far have provided a high degree of as surance 

o�� the crew' s basic capab ilities to per.form all of' the s e  tasks . With 

tte additional training to be imp�rted betwe en now and flight time, 

it i s  anticipated that the astronaut s '  effectivenes s  in performing 

the ::;e tas1ts will show marked improvement . over t}le early results . 
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