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DERPARTM .ENT CF

WAS FINGTON

SECRETARY

MEMORANDUM FOR THE VICE DIRECTOR, MOL PROGRAM
SUBJECY: The Role of Men in the MOL
During the period which has elansed since the aporoval of

the MOL Program, significant progress has been maede in refining
he conceptual design of the baseline MOL, and in MOL mission

- planning., In this same interval, the National feronautics and

Space Administration has conducted several highly successful
rmanned space flights of significant duration in orbit, during

which important and sophisticated maneuvers were conductbd
inv“1v1qw extensive participation by man-in-ordit. It appears.
timely to take adv&atage of the present situation to bring into

sharper focus man'‘s role in MOL. A fresh look at this problem
may; and I believe will, suggesu some actions that we should take
6 exploit more completely man's comtributions in the conduct of
MOL fissions; and in particular the high resolutlon optical
reconnaissance m1551on.

Accordingly, I desire that you undertake a study encompas-
sing those considerations. You should insure that -all possible
United States experience in manned space flight is brought to

" bear. Our extensive Air Torce experience in the effective
‘utilization of man in the performance of uhigue and highly complex

functions under conditions of extrenrie stress, typified by our
aircraft flight test programs, e.g., F-12, X-15, X3-70, should
also be examined for relevance as a possible source of. hard,
practical data.

The study group should be chaired by the MOL Program Oifice,
and consist of a limited number of highly competent people who
can apvroach this task effectively and knowledgeably from the
viewpoint of crew function and performence. Tne MOL Systems Office
should participate, particularly with respect to providing MOL
Aerospace Research Pilovus To serve on the study group. I consider
that Major Crews and ILieutenant Truly would most appropriately

_serve-in thls capacity. In addition, you should make such arrange=

ments with NASA as may be necessary to obtain access to data wnich
NASA may have relevant to this study. You should also take t

‘necessary steps to-obtain, if possible, the a531stance, on. a
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THE ROLE. OF MAN IN THE MOL

FOREWARD

On.lT January 1966 the Director, MOL directed the Vice‘Direcfor,
. MOL. to undéftake a study to bring into sharper focus man's‘role in |
MOL, particularly innlight sf.experiense gaihed in thé national
manned spaceflight progfaﬁ, and in consideration of MOL progréss __“
since program approval in August 1965 (TAB A). The expressed |
purpose was to formulate recommendations leading to actions that
might be taken tovexfloit more completely man's coﬁtributions in fhe 
conduct of MOL missions, and in particular, the high resolution

optical reconnaissance mission.

In response,.the.Vice Difector,rMOL cdﬁvened a study‘group
unaer the chairmanship of Colonel ILewis S..Norman, Jr., with Lt.
Colonels Stsnley C. White, Benjamin J. Loret, and Arthur D. Haas of .
the MOL Program Office, and Mzjor Kenneth W. Weir of the MOL Systems
Office, sitting as members. The study group commenced its activities

in February. This report is the culmination of that effort.
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THE ROLE OF MAN IN THE MOL

SECTION I - INTRODUCTION

The scope of this study - the Role of Mén'in the MOL -

was broad, and the quantity of relevant‘data)-large. .Time was

an important factor, as study results needed to be avgilable

~to the Director prior to his review of the MOL Phase i submiésions
“and Phase.II proposalsf These circumstances precluded the study
group from qonductiﬁg'detailed analyses of specific problems, -

A hence the group was COnsfrained to c§ncentrate_on a general survey

..of man's role in the MOL., The principle objectivelbf'thé group

was to define in specific terms“thosevareas, probiemE; or activities
arising in the course of the study which appeared to fequire furﬁher~»‘
detailed study, additionai emphasis (or de-emphasis) ér a change in
perspective, with respect to their influence on mén;s genuine
c§ntributions to MOL mission success.

The group also selectively reviewed elements of the MOL program
w1th a view toward identifying possible situations in the system
des1gn which mlght 1mpede the reallzatlon of man's full_capablllty,
and value invthe coﬁduct of the high resolution optical recohﬁaissance_‘

- mission. In %his respect, coﬁstraints:imposed by the'inclﬁsioh of

provisions for the unmanned rode were given particular'attention. 
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At the outset it was clear that there has been, is, and

Cowill continue to be, a need for a continuously updated rationale

supporting'the essentiality of man to MOL mission success. This

'ratlonale should be well understood by all program part1c1pants,‘

and should be formulated and ma1nta1ned in readlly acce551ble s

form, e.g;, a basic wrltten document supported by a comprehensaue“
graphic presentation. Many of the findings of'this'report;ait is"
fhoped;-will be of value in structuringvand maintaining this rationale:_‘}

The group is convinced that it must be.anticipated,that”ﬁ

consideratione of economy and the’shifting internationaifpolitica;
Eituation,‘when viewed at the highest policyllevels-ofvgovernment,'

'will generate‘pressures dictating a periodic requirement'to'reaeseas

the‘approach to the MOL program, even though the program_currently

provides'for both manned and unmanned capabilities. As a consequence, ;,pf'
tne group directed c0nsiderable.attent10n to this more limited, but a
extremely important, sphere of activity. In the light of events |

which have transpired_since the original program submission, it wasi
considered.both prudent andpessential that positive efforts be

expended to determine Where we stand today in the'evolution of a

rationale for man, and then to deflne specific act1v1tles whlch

/

should be taken to relnforce, and, to the extent p0551b1e, quantlfy

the argument for man.

The group s efforts were d1rected toward accumulatlng 1nformat10n

from many agen01es, offlces, and 1nd1v1duals who ‘were con51dered to
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be key sources of pertinent information (TAB B). Conferences
with these sources were patterned to de?elop free and candid
discussion.

It is 1mportant to note that the bulk of data rev1ewed

: con31sted predomlnantly of expert and experlenced oplnlons,
value Judgements, and considerations, voiced from many points
of view, Thése data were Subjected'to the collective evaluation

and judgement of the study group, hence, the findings, conclusions;

and recommendations presented in this report do not neceésarily
represent a consensus of the éoﬁrqes héard..

" The group was gratified by_fhe cooperativé.participaiidn which
prevailed fhrOughout the course;of the study.'-In every caée, the

group found that discussioﬁ was_open and candid. As was_anticipated,

many differenées in viewpoint were heard. But it was the clear _ | L S
jﬁdgement of the study group that these differences were based on '
honést,.open-minded evaluafion of the particular issue.as each |
individual saw it, influenced by his own background in his specialized v_. i

area of respon31b111ty. In no case was there evidence of withholding

of 1nformat10n or reversion to biased "posltlons In formulating
its own considerations, the group benefitted greatly from its

exposure to the differing'views. The vantage point affqrded by

exbosure_"acrpss-the-board" from both inside and dutside;the program - i
has been invaluable to the group in fécilitating an overall

assessment of man's role in MOL, : o o ,
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 SECTION II - DISCUSSION

THE BASIS FOR MAN
Prlor to 1n1t1at10n of this study, the consensus of the study
: group was that the ratlonale for 1nc1ud1ng man in the MOL seemed

to have deterlorated 31nce program approval in August 1965

lPromlslng developments 1n automatic equipment appeared to threaten' |

"the prlmary argument orlglnally put forth to Justlfy man, 1.e.,

,'that a manned system appeared capable of achieving ground :
resolutlon whereas an unmanned system probably could not or at |
1east not as soon., Contrary to or1g1na1 expectatlons, the group

- has becomeﬂmore conv1nced as a result of its study that the argument ajiﬁyh

’ for man 1s as strong now ordeven stronger than 1t was when the program ‘

-~ was flrst approved.

The current rationale for a manned/unmanned MOL has not changed
in essence from that contained in the letter of 24 August 1965 from |
the Secretary of Defense to the President recommendlng program
'.approval_(TAB_C). In a finer and subordlnate sense, what_has changed _? 1;,;
is the relative value of the various'unique contrihutionsﬁit was
vpostulated man would make in conduct of the MOL mission. |
In hlS letter to the Pre31dent the Secretary stated the photo-

‘ graphlc reconnaissance objectives of the MOL program to be the early
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achievement of photographs of significant targets of{:::::j

réSélution, in_the’hanned mode and evehtuaiiy in the

' uﬁmanned modé, and the establishment of technology aimed at

ultimately even better resolution ' He further stated

with regard to the manned/unmanned éapability,

", ..man's ability to select targets, to over—

‘ride the automatic controls when they function

less well than expected, to choose data for
prompt transmission, will improve the overall
utility of the data. Furthermore, the presenc
of man in the development phase can be expecte
to shorten the development and improve the
unmanned version of the system.

" the initial objective of producing
[Bennfjgrbund.resolution photography, suc-

cessful automation will be increasingly

difficult.  Conducting the development pro-

gram with a manned spacecraft will improve
the prospect of achieving resolutions in the

The study group subscribes to this rationale as being
today, almost nine months later in the program as when the

was approved. Notw1thstand1ng the fact that technologlcal

e
d

as valid

program

progress -

in development of automatic devices now provides some greater

assurance that the unmanned Dorian configuration will be capable, o

from a technological feasibility viewpoint, of perfbrmance

in

resolutlon equlvalent to the manned Dorian conflguratlon === and

perhaps under certaln c1rcumstances better resolutlon when

flown

at 70 miles (if this is indeed feasible), as opposed to 80_mile$
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_ for the manned version --- it does not invalidate the basis for
the rationale quoted above. Even if it'is'pOStulated"that.a
completely unmanned system would be more cost-effectlve in the

long run than the current MOL manned/unmanned conflguratlon in

achlev1ng resolutlon objectives, the need for early

: achlevement of thls capablllty and for ultlmate growth to. hlgher f];f

o resolutlons, established as MOL prograim objectives by the '

| Secretary of Defense, make it mandatory'that the program proceed S
.:iﬁ accordance with the current plan, i.e., to retain man in the

system.
We believe the essence ef todéy's argﬁment ishthét;‘ffom a

current program V19WP01nt, inclusion of man will virtually guarantee I

"an earlier resolutlon capablllty -— and earlier useful .

"take" --- even for the unmanned MOL conflguratlon than would be f?x

possible in a wholly unmanned system. _Further, we believe that

‘“t‘a system capable of resolution will be more cost-

effeetive in a manned configuration if, in fact,

t;j‘resolution'is possible at all with an unmanned system.
* RELIABILITY AND MISSION SUCCESS
The underlying'reasoning for this conviction is based on the -~ o

inherent capability of_mah'to more nearly guaréntee a high

probability‘of mission success --- man's inherent "reliability"----

as opposed to that provided by automatic equipment. o Zf':tij:E
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Ae'we'nave'not qnantified this value. But we do'belieVehthat
there'is aflarge store of raw data:available,:which:if collected B
vanalyzed and evaluated, would permit better quantlflcatlon ‘than .s;ddbi i
has been done to date._ However, the point of issue can be'
'7‘dlsp1ayed in qnalltatlve terms, and is perhaps best 111ustrated ‘?“f
jln graphical form, plotting probablllty of mlssion success (PMS)

' nversus number of launches, as_shown 1n_F1gure 1.

- Probability
of
Mission T
Success
(Pus)

NUMBER OF -LAUNCHES (time)

S  Figire 1 |
N:‘Two curves are shown, manned and unmanned. There isvgeneral consensns
’:thhat, qualltatlvely, experlence warrants draw1ng curves of the general
;shape shown for spaca vehicles w1th the SOphlstlcated des1gns typlcal 5'7
. +of today's practlce. However, nelther we nor apparently anyone else
: T- can presently put figures on either'axis, nor‘specify relative valnes'4'}¥~’
for the 1ntervals separating the curves. f- o |
The manned curve is typlcal of Mercury and Gem1n1 experlence;

or of any manned aerospace vehlcle for that matter (X-15, B-?O, etc)
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It shows a very high initial probability of mission success, with

a relatively Smallibut gradual improvement touerd an ultimate
vélue. _The unmanned curve is typical of unmauned systems, and
probablj for any ccmplicated device,. It shewe a very low initiel'
probabiliuy of mission success with a‘relatively slow initial
improvement rate. This improvement increasesjeomeWhat with ' ‘.} _ ' %
experience,ibut then levels off to ; mature velue with time.' |
"We believe.it significant to point out tuat in the casevof_ o ’._  ‘ ‘ L
uhe manned curve, the probability of mission euccess reflects | o
man®s performance in combination with machine; ,Deepite the -

' man-rating care which goes into design and mauufacture of equipment .

used in:manned Systems; frequent failures of equipment have been -
and are'being.experienced, some of them in areas}critical to.missiQn\; 3:£
accompllshment. Relative values of mission succees en the manned
' curve are hlgh not for reasons of hlgh rellablllty of man-rated

equipment (although thls does help) but rather because man has succeeded

‘1n mission accompllshment despite equlpment failure. We belleve_a_ f“
H:f;_ curve showing man's performance in itself, independent of the mAchine;
would be significantly higher even than the one depicted fcr mahnedc;e
systems. | |

As pertains to thelMOL mission, the shaded area between the '

curves would represent useful "take" achieved with the manned'systemi-;

- in excess of that to be expected in a completeiy unmanned system.
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: ~ The plot:slsobshows‘the advantage of achieving‘essentially full.d?‘ah

': operational capability at a significantly earlier date. |

From the point of viewvof'fotal useful "take",dwe believe

'1_<1t 1ndlsputab1e that the completely manned program ds superior.

' However, all factors con51dered (cost 1nternat10nal situation, etc);ﬁ,

"? we antic1pate that the program might Well follow the course 1nd1cated?v

. by the arrows, i.e., use of man to provide early capability and to,ﬁd?d?:

_greatly facilitate early achievement of high reliability in an

unmanned cenfiguration; At some point during'or after the develop-.'T S
ment program, it would sppear that the unmanned confignration could S

- be used for performing routine reconnaissance. The optien to proeeedrv

" either 'manned' or unmanned, or with a mi_x_of the two would p‘rovd.de :

»_:‘: desired flexlblllty.

Although the contentlon that man provides hlgh probablllty of

},;m1331on success early and thereafter in the program appears to_be
.»5 accepted by all, there is considerable disagreement as toithe degreeﬁ
;lbof'Success:no be'anticipsted in tne eariier stages of a eompletelyfh
'f:;junmanned program. |
Unmanned proponents argue that unmanned nfogram experience andl“i:

o application of effort and quality control methods approaching thoseded‘

" used in man-rating manned systems would insure early achlevement of a
' rellable unmanned system, and that an unmanned program is more - ‘¢ . .

cost-effective over the life of an operatlonal program.
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- Manned proponents counter that early unmanned system reliability i}5"

-will be low, based on past eiperience involving systems of

~ﬂ?f?'c6neiderab1y less complexity, and that the automatic devices |
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required as a consequence of the absence of man probably will

;‘notkperform as well as anticipated and certainly with relatively diiﬁf'

; low reliability, hence from a total "aseful take" viewpoint, a
_‘manned system will be'more.cost-effective than an‘unmanned
e system, etc. The study group is not in a position to resolve
;¥3 these arguments. With regard to the differing views, the group
{:f? noted with interest that designers or "inventors" were largely Iy

- optimistic about both performance and reliability of machines,

i performance (as distinguished from his "reliability") and to

but that the engineers who must produce workable machines were - o

" considerably more conservative.

from its reliability) In addition, probability of miseion

Also found was a consistent tendency to under-rate man's

overrate a machine's projected perfermanee (again, distinguished f;f;

' success was frequently found to be based on a machine s progected .‘:ﬁ

-expected_in early flights.' These factors make_the machine look

CONTROL SYSTEM

ANDLE V!ABVEMAH - S | | 4. .. Page ——- Of ——x _pa;ses'

mature reliability, rather than on that which might be reasonably |

better than it is. There is also a tendency‘to assess man's

performance on a statistical probability baSlS, much like a machine, |

However, man is "self-healing", i.e., the probability is very -
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.‘.high'that he will not repeat a particular "mode of failure."

He is also "adaptable", and can find ways to work aroundla'
problem for which no apecific alternate mode has been devieed.
Machines can also be made "self-healing" and "adaptable", but
only in the sense that they can "heal" and "adapt" to conditions

~ and failure.modes which are predicted in advanceﬁto be likely

occurrences. Hence, there is much evidence that man's,ﬁerformance" |
does not degrade in a simple statistical manner, but rather that - -lf.ﬁ:'~ftr _ F
his performance remains high under deterioraﬂing'conditions. It o
~is very dlfflcult to arrive at hard flgures descrlblng man's
. "performance" and reliability. But, as indicated earller, we

. believe much can be done to improve our understanding of these

"f\factors.
More important, we believe that statlstlcally calculated
“re11ab111ty is not the proper variable to use in cost-effectlveness .
fﬁ ;comparlsons in any case, but rather, probablllty of overall m1551on B

' success, to which re11ab111ty is but one contrlbutlng factor. ‘Inv x

";our opinion the prlmary yardstlck in calculatlng MOL cost-effectlveneSS'fffef
'is the quantlty and quallty of photo "take". Thus, we subscribe ]57;5
' to'probabilify of mission success as a mandatory ingredient in
:._mahned versus unmanned system comparisons.
| We believe that more can be done to puﬁhtofuse available data
which would permit more aCcurafe assessment and projection of both

manned and unmanned performance and reliabiiity. Mercury and Gemini
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data should be exploited.'bThe data being used by NASA and McDommell i
to establish incentive fee performance would appear to be a promising
startlng p01nt for such an analysis for the manned case. ' There is
a mass of data on unmanned programs which could be examdned £o
proVide a'reasonably realistio extrapolationvof probability ofd
mission'snocess versus time (number of launches) for a commletely_
unmanned system_"Establishment of this projeotion_must'takevinto_
account the.degree’of complenity of an unmanned'DOrian system above
~ that of present unmanned‘systems, or of any oﬁher unmanned system
that has been launched into space. We also believe an experience
factor should be'included in which actual total mission performance
‘of past unmanned systems should be compared w1th the system rellabillty ;;~;dﬁaf

which was or1g1na11y predlcted in des1gn of those systems. The

decrement:(or increment) actnally'experienced,should provide SOmev

sort of‘an:eiperience,correction coefficient whioh'could be‘appiied |

to any statistioally derived estimate of reliability in computing

“predicted overall mission-performance of an nnmanned Dorian system. -
”‘ We believeisuch an approach mouldlpermit'a_more_valid comparison of

the‘manned'versus,oompletely unmanned modes. It would also certainij 1E£;

be of comparable value early in any space program as a means for
estimating flight performance with more confidence than we have in

the past.

DORTAN

Page —__ of pages . - .
Copy ~-- of __. coples
’ SlAuF'SII 00111’.1‘01 --—--‘-.-"--- "

- BANDLE VI B} g AH

- CONTROL SYSIEM

Approved for Release: 2017/03/29 C05099142



Approved for Release _2017/03/29 C05099142 H[\HBLE VI"X B‘ﬂ: AN
=t | CONTROL SYSTEH

Summarizing the discussien thus far, we believe man's most
important contribution to the current program is his ebility te
provide a Dorian capability at the earliést(pbssibie date and to
eﬁpedite‘deyelopment of an unﬁanned-s&stem to performiinAan
overall iesser, but reasonably equivalent manner. This approach
we believe to be in complete consonance with MOL program objectives.

GROWTH IN PERFORMANCE AND CAPABTTITY

We believe that any Dorian system groﬁth to proﬁide ; capability
.for resolution approaching the atmospheric iimit-will require man's
preeence. This belief is based primarily on such factors as tech-
nological feasibility and operational program cost.

Althbugh technology in.automatic devices is improving at a rapid

rate, we:have heard no clear expressions of opinion that ground o«

resolutions in the order 04 are achievable with an

unmanned system. Although progress may ehange this view, we are
not eonvinced at the present time that development of an unmanned ‘:1', . (b)(3)
sYstemicapable offgg;ggi]resolution, or beﬁter, is feasible. On the |
other hand, deveI;;;e;;iOf>such capability'with a'manned system
appears no less feasible today“then it did when it was projected
last August; If this premise is accepted, the argument for man's'v

preéence in the current program is enhanced, in that development -

of the current system can lead directly'to an advanced manned

system. Incorporation of man today will provide invaluable
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- experience and data applicable to optimizing deslgn and operation'f;si
of futurefvery high resolﬁbion optical reoonnaissance systems. :
Even if we postulate'that;tbe same capability can be achieved
. unmanned, we believe'tbat a cost-effectiveness comparison of
manned versus‘uhmanned modes would still favor a manned system.
‘:E*i'The°nnderlying rationale for this viewpoint involves consideration: f‘\'
¢ of system costs ahd;;again, reliability."
The cost'of providing for man in the'current system is relatirelyvf?ﬁi
| large when compared to the mission sensor. This proportion will |
v_d'probably decrease significantly in comparison with the mission sensor
1 in advanced opﬁical systems. High.sensor costAWOuld make extended_'ﬁr“xz'
. operation in orbit‘economically attractive. The manned version

~could provide for continued use of the large optics through rendezmogs;;d:fhdiﬁ i

. and resupply of creWs,vexpendables,vspare parts,‘and provision for
' ~;; some level of in-orbit repair and maintenance. Thus, cost of the

~ mission module could be amortized over'10nger duration operations.‘,_ﬁg. s

This advantage does not appear- achlevable in the unmanned mode,‘;f‘
ifdue primarily to'reliablllty problems. These problems appear at :
present to be of sufflclent magnltude as to preclude long life of
’any orbital system of the complexity we envision for an advanced

Dor1an system.p we have heard general estlmates that beyond thlrty -

to Sixfy days, such problems render complex unmanned systems

,eoonomically unattractive.
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To the extent that the need for an eventual capability for

Eround resolufion photography is still valid -— and '

we have no evidence that it is not --- we believe that a study of

feasibility and cost-effectiveness_gf an advanced system would be
helpful in any re-evaluation of Whether or not the current program
should continue with man in the system. We belieﬁe that such a
study wouldbfavor inclusion of man for reasons of feasibility'and
cost-effectiveness. - : ' o | ﬁe
An additional aspect of growth which ﬁerits nmore attehtion
is operatiohal growth. Once the initigl configuration of MOL has
been developed, stabilized, and brought to peak performance with -‘F o
the heip.of‘man; its basic operational potenéial can be exploited
by adding.incremental Operational capabilities. In‘this case,
the basic Dorian optical s&stem remains unchanged, and rendezvous
and resuﬁply is.used'to provide and Eupport multiple payioads;
For example, an optical search system could be added to the MOL, _".:\:1; ‘f  i
and pefhaps as‘well, an ELINT system. Maﬁ's funetions.become‘ - i |
supervising the operation and maintenance of the refined Dorian
‘sensor; Supporting‘the development of the newer sensors, and at
the same time insuring that the entire family of sensors fuﬁctions
"with peak operetional effectiveness. Man's capability to condﬁct

complex and SOphisticated"ta_sks would be extensively utilized under

these circumstances. Certainly, the cost effectiveness of this
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approach would be most attractive, pérticularly if the multi-
functional MOL could displace the need for flyihg some unmanned
missions.

We belleve, as in the case of technologlcal growth to

r better resolutlon, that operational growth should be studied
for fea51b111ty and cost effectiveness. Agaln, we are persuaded
'vthat these factors will faﬁor the inclusion of man, particularly‘f

with respect to providing a large ihcrease'in operational

capability at modest cost by exploiting the initial investment

:in the current MOL configuration.
| In terms of overall MOL program ébjecﬁives we are cbnvinced
. that today's rationale fbr the inclusion of man in the current MOL.
system must, in the ﬁational interest; include COnsideration of‘the ;f'r’f
benefits to be derived from follow;on, advanced MOL configurations,"K‘;Jf_r;:ﬁ7%?
in both operational and techhological areas of growﬁh. o . .

. MAN'S SPECIFIC PERFORMANCE FACTORS

Eight specific fuhctions and capabilities ﬁéreboriginaily
, c0nsidered to represent man's most.importént cOnfributions_in the
conduct of the Dorian mission; We have found no new ones to addiv
to the originals, i.e., target acquisition, visual reconnaissance;;.klzvf
sénsor pointihg, target tracking, equipment adjuStment, vehiCIQ.

3

control, information management, and assembly and maintenance. S
DORIAN
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The nature of these contributions are Summafizéd below in terms . SR
of rélative émphasis, new factors which have come to light, and
‘earlier points considered worthy of highlighting.

Target Acquisition. ‘Man's real time capabilitiés to make judgé—

ments, and to rénder specific decisions continue to be powerful
coﬁtribﬁtions. These cépabilities are of particuiar value in
. assessing a téfgét area and selecting fhe target of highest intélli-;:fT
K gehce value in a cluster of accessiblévaiﬁérnateé, by searching and

" locating within the optical,field of view targets whose exact

- locations are not known, and by evaluating cloud, haze, lighting
and shadow conditions in the primary target‘afea, and selecting
: suitable'altérnates when the primary is obséufed. New and

unexpected targets can be acquired'in this manner, such as a new .

model aircraft which may be in the vicinity of a target airfield, -
and a missile or a booster being transported on an access road “‘
to a target launch complex. These functions contribute signifi-

cantly to efficient utilization of tire available during operationa1"g ?{

. passes over target areas, fesulting in a total "take" of greater

| image quality and quantity, and of considerably enhanced
intelligence value.
The target acquisition taSk is a‘very effectivve use of man's

~ capability to examine a complex scene, integrate in a fraction of
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a second the details of the‘scene with background'information

' stored in»his'bnain; and arrive at a conclusion --- something
we cannot do so easily with a machine. Man's ability to
distinguish color adds importantly to this process for it
enables him to reach his conclusions more'rapidly and-more
credibiy; For example, smoke 1nd1cat1ng the location of a
.target industrial complex may be obscure in the grey scale of
a black and white scene, yet stand out,clearly in a color scene,

- We believe a quantitative‘measure'of these values could |

and should be made through simulations of 30 day”missions using
a Dorian target list under conditions representative of those -
'which would actually ex1st

-

Visual Reconnaissance. The value of this function has been under-

eStimated"in our opinion.. Although we found that no additional

study work has been done in this area, we believe that there is

a very real value in acquiring 1nte111gence 1nformation through

man's ability to view the target at high resolution, in real time,

and from changing aspect.. It is highly likely, in ouf ‘opinion,

that by use of the magnification afforded through the primary optics,, ;'
direct observation might allow recognition of high'intelligence

'value objects not identifiable on the photographiC'image. Certainly

' man could satisfy some intelligence requirements, such as 51mp1e

counting, discrimination of color, classification of act1v1ty, and _ ' S ﬂfé

detection of movement. _ ’ I o
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Some simulation_work.has been done, sﬁéh as the recent
.investigations'conducted'by SAC using aircraft platforms and
bombsights, in attempfs to assess man;s visualucapabilities.
‘But in generai, much of this work consists of isolated,
iﬁdividuai efforts whigh have hot been oriented to cofert '
reconnaisSance. Howéver, thié ﬁork does indicate that trained
apersonnel Becoﬁe highly ﬁréfigient in recégnizing objects ﬁhich
ithe Orainary-individual cannot see. The éroub is strongly of

the opinion that more simulation should be done in this field.

.Pointing and Tracking. Both these functions were originally

: considered beyénd'the capability of automatic‘eqﬁipmeht to perform
with the necessary degreé of precision for tﬁe Dorian sensor;_
Development of an automatic cross-format IMC device now appears
to promise that satisfactory resolution can be achieved, reducing
the necessity of‘qentering'the desired‘targeﬁvwith precisioﬂ,
thoiigh there‘will still be some degfadation'qf resolution on '
targets which fall at the peripher& of the format even with the
déviée; Ihvaddition, image tracking sensérs have beenfdemonstrated
which promise .01% image motion compensation (IMC); If these devices
successfully survﬁve the tfansition from breadboard demonstration
to actual engineering practice --- thére is now considerabl& more
confidencé in some‘quaftefs that they will --- mah'sbsuéeriority

in performing these functions will be lessened.
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The quallty of the p01nt1ng function in the automatlc mode

' is dependent not only cross-format IMC but also on the degree

of prec151on 'to which the locatlon of the target and MOL vehlcle

. are’knoWn. Although there is con51derable confldence that the

.nav1gat10n problem will be solved, the unmanned conflguratlon,L

o partlcularly if flown at 70,NM altitude to obtain 1mprOVed resolu-

. -

. tion,fifﬁflight at 70 NM‘is'indeed practical,-willvprobably require

use Of“drag measuring devices'on‘the laboratory vehicle to permit
ephemerls determlnatlon of suff1c1ent accuracy.. There is

con51derable concern in the mlnds of some as to how well the drag

‘measuring'devices will operate.

The best manual tracklng performance demonstrated in the LMSC

b,;,and IBM 51mulat10ns was.OS% TMC as opposed to .01% in demonstratlons p'ﬁ

 ADLE Vi ﬂ

u»f’RﬁmnM T A &

:of a breadboard model of an automatic tracklng device. Although

" man's ultlmate capability to track has not yet been establlshed

due to 1nherent llmltatlons of the 51mulat10n equlpment 1t may be -

presumed that he probably will not surpass the .01% IMC flgure.

"Hence, we can conclude that the argument prev1ously made that man

-
Hh "ﬂ%g
PP

is superlor to machlne in the routlne conduct of the two essentlally

mechanlcal tasks, p01nt1ng and tracking, will d1m1n1sh if not

‘dlsappear, if and when these devices becorie perfected and apart

tfrom consideration of rellablllty.
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| However, even if man need not routlnely polnt and track
each target, hls value in establlshlng initial condltlons -——
that is, calibrating <-- routine sensor functions as the vehicle
begins its flight overvthe area of interest must not be overlooked o
Typlcally, targets occur in clusters, and their locatlon, one w1th
'respect to others is more accurately known than are thelr actual
locatlons on the earth w1th respect to the vehicle's orblt. Thus
the presnmed location'of targets may be offset from their actual
locations, and as a result, offset in the field of view of the
optical sensor. Man can observe this offset; or bias, as the

target area is entered, and correct it to center the desired target.”

' At‘thelsame'time, he may manually null any residual image motion.

These correction factors‘ﬁill typically remain nearly the same ‘f
throughout a target pass. _The on-board computer can store the
initialvcorrections andtapply.them to each‘target in the pass, as

it proceeds in its pre-programmed automatic target photography -
sequence. These corrections will still hold 1f the man 1nterrupts fﬂ
the automatlc sequence and selects an alternate target.

In retrospect, it appears that perhaps too strong a stand was .
'originally taken on routine pointing and tracking as being man's
exclusive province. ‘The'fact'that perhaps excessive emphasis was
placed on man's contrlbutlons in these areas can best be explalned

in terms of the struggle the Alr Force has had over the years in

DORIAN
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Jjustifying military'man in space. The tracking and pointing

simulations for the first time provided quantitative data to

7;sﬁpport conduct of avmanned'program. It wasfnatufel'fo seize’the‘-.;.t¥i£¥:f

databand to use hard_numbere to prove man's cepability te perfofm:f.eff‘-f

a manned military mission. In turn, this'also perhaps explains

“the pessimistic view taken by many involved in the program as

11the_accelerated‘unmanhed device development ef£ort”over_the'past :

year has appeared to threaten to overturn these-criticei elements

finAthe argument for man in the MOL.

As the'study group sees it'teday,'the unmahned'developments ——

~ the c1a551c threat of automation replac1ng man --- are not to be
”vdreaded but rather welcomed. They'W1ll 1argely free man from what

are essentially routine and tedlous‘mechanlcalbgobs and permit him

to make his contributions in areas which do not lie in the provihce

" of machines. When they do not work, he can take . over thelr functlon; i

At the same tlme, he can contrlbute to thelr early perfectlon. More C

‘-;1mportantly, in our v1ew, is that as long as man is aboard and untll
~ perfection of the automatic devices is achieved,“we can be assured
‘that the poihting and tracking tasks essentialvto mission success

will be performed.

Equipment Adjustiment. In addition to important'contributions man
can make to the alignment and focusing of the optical system, he

will be able to compensate manually-for‘any residual'biaslremaining

DORIAN
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in the system whiéh nay hot be 6therwise completely corrected,
; such as optical system misalignment causéd'by vehicle diétortion,
' and pointing érrqrs uhcorrectible in the automatic mode cau;éd

. by out-of-tolerance performance of tracking drive components.

.He will be able to make a unique cdntribution_in the qualiﬁy of‘
the phqtographic product through'his ability, on call, to pléce
aerial color film, infrared aerographic film, or other spécial
emulsions in the secondary camera, 49pending'upon the kind of

- target information desired. It appears that if one of a stereo
ﬁhoto pair isAhiéh resolution black and white primary record -
film, and the‘qther is of lesser resolution but in color (or other
emulsion) the adhantages of bpth.high resolﬁtion.énd improvéd.or
special discrimination chéfécteristics_of the color (or other

"emulsion) will be obtained. This ﬁill increase the photo-

' intérpreter's ability tq extract intelligence information not
apparent in a black and white stereo pair. Man may also be able
to COntribute to the quality of photographs by selecting the proper
fllm exposure settlngs based on hlS evaluatlon of 1nstantaneous
cloud, haze, 11ght1ng and shadow condltlons in the v1c1n1ty of
the target both for the prlmary record black and white camera,
and for the various types of film selected for use in the secondary.

Vehicle Control. In case of a loss of vehicle stabilization control,

and'depénding‘on the degree of severity, we believe man in certain
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casee'will Be éble tc continue tvobtain useful take with 1itt1e
if eny degradgtion of resolﬁtion. This capability, eesentially
independent of much of the equipment’asscciated with normal mode
attitude‘control, is being provided. Minual attitude control
using'eithef attitude refefence'instrumentsfor'visual reference
to the horizon can then'be_maintained. ‘The ability of NASA
astronauts to manually controlhboth spacecreft attitude and
'direction, and to control both attitude and transiationai ratee :
with a:high degree of precision in tne rendezvous and station

keeping phase of the Gemini 7 and 6 flights, attests to achieva-

_bility‘ofethis capability. In contrast, any degradation of‘nehicle
-‘attitude control under unmanned operation will probably result in
mission failure.

| Information Management. Man's unique capability in this area is

one of utmost importance from the point of view of increasing the
total effectiveness'of MOL. In addition to the functions previouély

discussed (such as target selection and film exposure time

' determination), which are in a sense information mahagement, the

presence of man in ‘the MOL results in a nearly real time capability .

to process selected frames of critically important intelligence déta,

_ed1t them, and then transmit them by telemetry to the ground where
* they can be reconstructed w1th a resolutlon loss of less than

20 percent. As the man can view the target images during target
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fasses;.he‘ceh assees the overall situation.and the instantaneous'
_conditions as they_unfold.and'transmit.his evValuation to the

- ground both by voice; and'by telemetry in computer language, and

thus considerably enhance the_iﬁtelligence value of the images

Ahe‘ trensmits. More important his ability to provide nearly

‘real time ‘feedback concerning mission progress and success W111

permit extremely flexible real time-mission reprogramming, superior

to any that could be provided_in an unmanned modef Man's considerable -
_ coptribution here toward a very high probabiiity of mission success, p 7
" based on the ultimate criteria of quality‘and quantity of "take", is -
,inescepeole. An automatic ‘capability to conduct information manage- -

_r_nent".c,o' the degree, and with the scope, to which the maLnned

configuration is capable, appears to be too complex.to be seriouslyr\:_f

copsidered. t | | | N

'ASSemblv‘andrMaintenance. Man's ability to supervise or to assist

_ ihrassemblp, erection, and alignment'of large structures in:orbit_*
is preseﬁtiy not applicable to the current'program, although this
ability may”be necessery insofar as futorelapplications of MOL may

. be concerned. However, it does appear that despite weight and
epece limitationé,;mah's capability to perform some degree of

in=orbit repair and replacement will be exploited in the current f

program, as it has both in Gemini and Apollo. At present,

maintenance will probably be limited to troublevshooting‘and o 2,%?&
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Ldiagnosis,.minor equipment repair and'replacement to equipment
to which he has access, and vital switching functions.in“case a

'fofrfailure_of systems'for which redundancy‘islprovided;‘ Very’
timportantﬁwill.be man's capability to inhibit automatic equipment
which maifunctions, resorting to manual Operation.v‘The inherent
-flex1b111ty of man to work his way around unpredlcted fallures of
"highly rellable" equlpment w111 enhance probablllty of mission
accompllshment. As an example, we envision his ability to go EVA:

_ and manually force open a stuck door coVering the primary optics,i
which might p0551b1y make the difference between complete, or at
least part1a1 mission success, and complete mission failure. This

vtls;perhaps an‘extreme case. The door mechanlsm w111 undoubtedl&
'bevhighiy reliable, But S0 was the OAMS thruster sub system on

‘GT-S To summarize in terms of the current program, ‘we ant1c1pate that

, man s contrlbutlon in the area of malntenance may be relatlvely

vfmlnor,t_It w;ll.be a maJor»contrlbutlon ---'1n1fact‘essent1a1 -—- ih

| any.adranced'system capable of higher orders of‘resolution.

OTHER MTLITARY MISSTON POTENTALS o e (b))
In addltlon to the factors Just dlscussed there are others |

' '<whlch may be of lesser 1mportance from the standp01nt of the

pr1mary obJectlve to prov1de ground resolutlon, but whlch o

. are nevertheless of 1mportance from the p01nt of view of overall

m;lltary manned space program obJectlves. As such, any_lnvestlgatlon .
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of the value of military man in space'would be incomplete |
without taking them intc coﬁsideration, if oniy briefly.

As a generalvview, History has shown that past applica-
ticns of technological development fo military missions have
taken place ih an evolutionafy manner. AppliCation.of the
airplane to Warfare‘iskperhaps the most' obvious example.
There'is little reason to believe that developmentsjin space
will stray from this path. Hence, extensive application of

man in space to military requlrements probably will not begin

to evolve until the first step is taken, i. e., 51mp1y puttlng

\m Wi %év ,
CONTROL SISTER

m111tary man in space in 4 m111tary space vehicle. Certalnly

a value cannot be attached to this argument nor can quantltatlve o

data be gathered to substantiate it. Neveptheless, it is a

situation similar tc ancient man standing on the ocean's edge,

reasoning that he needs a boat to find out what is on the other E

side. 'The’MOL, in a sense, reppesents that boat.
Turning.to‘specific application of MOL to anveﬁoiving manned:”f;

military capability>in space, we note that Eastman Kodak has

performed a preiiminary in~house study of the feasibility'of using»"'

the current Dorian configuration

Taking into account the

constraints of the current MOL baseline system, achievement of

some‘early, dlthough limited, capability to perform this operatidnal':
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mission appears promising. That this 1s so has been borne out
still further in studies now in progress in the MOL Systems
Office (and Aerospace Corporation).

of other missions postulated for MOL, the SIGINT m1551on

appears most promising so far as man's utility is concerned in .

vinsuring mission accomplishment. In fact, many believe that man's

contrihution‘in conduct of the SIGINT mission will be even greater

.than it is in the HRO reconnaissance mission. | (b))
In the 24'August 1965 submission of the proposed MOL program :

by the'Secretary of Defense to the President, four important national’

requirenents were established for which resolution

photography is conSIdered extremely valuable or mandatory. They K
.are technical 1nte111gence, tactical photography during crises,
policing_armsvcontrol agreements, and credible and detailed ‘
'photography of suspectmactivity without provocation of overflight.

: ‘ Although technical intelligence is the_primary beneficiary of the -
ourrent programgxwe believe that insufficient emphasis'has been -
placed on the.capability which the current system will provide in ER

' crisis‘situations. :The'inherently superior real time adaptable
“reprogramming capability of the MOL with man included appears to ."“A

us to be of-inestimable value. In our opinion this capability may

" well become of vital, but of presently unforeseen, importance to

the nation during the years of the currently scheduled flight program. "‘“g yﬁ?
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" We are intuitively certain that man's ability to acquire targets,_'

' using-low’magnification with a wide field of view'followed by

success1ve increases in magnlflcatlon as the target is selected,

~and followed by p01nt1ng of the main optics, can prov1de a source

of 1nte111genCe 1nformatlon vital and unlque in times of inter-
‘national crisis. Some have expressed‘the opinion that the Dorian :
sensor could be used very beneficially in tactical and strategic

assessment in the eurrentvSoutheast Asia situation. Certainly

- Such-possible application should not be overlooked in assessing
f{jﬁiiﬁ ~ the value of man in the current program.

We ‘cannot, quantlfy thls value nor do we know whether it can

- be quantlfled A study of how the MOL mlght have been used in the,

-Cubanxcrisis'or 1n'Southeast A31a today mlght'shed some'l;ght on

the subject. Nevertheless, we'are convinced that'once a manned

,Dorian.capability is achieved, it will'be used for these vital

" missions. - y

THE QUESTION OF COST-EFFECTIVENESS

One flnal qualltatlve argument may be made 1n Justlfylng man in
the MOL. It hinges on cost—effectlveness cons1derat10ns when the cost
to place military man in orbit is amortized'over'several programs. It

assumes that several other missions will eventually be conducted in

space, from among such p0331b111t1es as Advanced MOL Dorlan, SIGINT

Ocean Survelllance, Fnd Command and Control. A

’ DORIAN
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further assumptionv--a we believe it to be a heroic assumption -
is that_automatic equipment could be developed to'permit unmanned
conduct of any missions so selected.

When one takes this larger view, and though for ahy'one
mission (inC1uding the currenﬁ MOL mission) it might successfully -
be argued qUantitatively that an unmanned mode is more cost-effective
than the manned, it does not necessarily follow that total'ﬁilitary
manned space program costs over the long run would result in apcost-
effectiveness balance unfavorable to man. We are convinced that the
'opposlte sltuatlon will preva11. Once the price for man is paid, his
flexibility, his.adaptibility, and his immediate and highly responsive

) "reprogramability", comprise unique contributions which can be exploited -

for some or all of other ﬁissions, withvcost‘outlays being principally

confined to ah increment associated with the particular miesion.

- - This situafion, of course, also holds true for the operational growth
.vereions'of the MOL vehicle, as discussed earlier, where several
missions would'be_conducted conCurrently with the same vehicle,

. further reducing costs. In contrast -unmanned approaches to performance |

of new missions are usually approached on a one mission type per
vehicle configuration. New missions,‘unmanned; usually involve new
development, major new costs, and usually are faced with a low initial
reliability. |

An analogy can be drawn here to the situation confronting the - |

businessman who has’the_option-of buying a lower cost singie purpose
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computer to meet today's requirement, or huyingsa more expensive
general purpose computer whlch not only performs today's Job as
~well or better, but also will reduce the cost of doing future
bu31ness in new areas of enterprlse. The decision must be based
on the degree of confidence he has that opportunities for new

enterprise will materialize,and if there is any reasonable

expectancy that they will, the‘latter course of action is clearlp'
better. In any event, the»former precludes the possibility of
growthvexcept at excessive cost. It also involves the perhaps
unacceptable:risk that he may one'day he run out of business by
his competitor. -

From the:long range view of an evolving manned military space

tprogram,‘it'becomes clear that the high initiallcost to place
m111tary man in space is being charged entirely to the MOL program.lﬁ

A realistic manned/unmanned cost-effectlveness comparlson in the

~ current MOL program, from a total m111tary manned space program
v1ewpolnt would either have to include acknowledgement that the =
incremental cost for man in subsequent programs would make those
programs cohsiderably more cost-effective matined, or alternately;t'h
that the true cost for man in the current program should be only

) a fraction‘of apparent cost, the remainder to be amortized over
future programs. _ |

“We fully recoghize that the argument above probabiy'wouid have

relatively little weight in high-level considerations of whether or
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not,nan.should be a nart of MOL. The futnre is as yet 1‘r1ebu_'1.o1‘.’1s,'”j
whereas imminent decisions may have to be based on current and
near term military requirements and all-important economic
oonsiderations.” NevertHeless, if the short-term view is to be

taken, it should be fully acknowledged that the decision is based

. on a narrow view, and with full acknowledgement that long range

+ considerations and implications are being ignored.

MAN'S PERFORMANCE IN THE SPACE ENVIRONMENT

- In light of concern which has been expressed by the President's

. "T)"" C t‘\
amte vr BV ERAAN
CONTROL SYSTEH

Soience Advisory Committee and other authorities involved in reviews .

- of the program,'we believe the current rationale for man in the MOL

.:effectlvely during the 30 days in orbit. Just as in the case of?n'rtn

would be incomplete without treating the subject of man's ability to’ N

withstand the environment of space and perform the MOL mission

. unmanned program technologlcal developments, con51derable progress

",has-been made in this area 'since last August, as a result of both

Gemini experience and the continuing MOL program bioastronautic

 effort. Our'confidence'in man's ability to withstand the rigors

- of space, to perform effectively, and to withstand the stresses or

re-entr& and recovery isevery high. We are virtually certain that

~ there are no bioastronautic barriers to successful conduct of the

NASA astronauts supports the belief that anything man has been able .

DORIAN
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- to do in aircraft from a military mission standpoint he can do -
4in orbit. Althoﬁgh the astronauts have been overworked from the

- point of view of the quantity of tasks (many of them routine)

| with which they have been-burdened in space; they do not feel
.thet their ability to perform sophisticated, unique, complex

“tasks has- yet been taxed. On the strength of Gemini experience, i'
i.e., succeséful_demdnstration of long duratidn.flightsg perfor—.

~marice of complex tasks in orbit, and reaction to adverse sitﬁetione,e ‘
we‘believe that concern over man's ability to perform'the MOL
mission is notvjustified. In particular; astronaut ability to
react quickly and effectively in an emergency was clearly demon-

. strated in the Gemini 8 flight, which experienced an unanticipated o

- malfunction of a thruster subsystem, which was designed for high 1{;‘f21-f

reliability and to fail safe. Again, the outstanding performance
of Astronaut Stafford.in simultaneously performing complicated and:-
execting calculations which would have permitted successfui
rendezvoue of Gemini 6 and 7 in any of several alternate modes
even if critical systems had failed (radar, computer, inertial

' plaﬁform) represent, in our opinion, incontroverfible'evidence that
flan can ahd will perform the MOL mission suecessfully.

A‘review of developrients and the current status on man's

- performance in the space environment is treated in detail in TAB D.
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THE PENALTIES IN A DUAL APPROACH | - ' '

We believe there are several areas of program activity
which requirevvefy’close Surveillancg to insure thaﬁsman is
provided:the”maximum possible opportunity to apply his uﬁique
talents in accomplishing the MOL mission. These, -in turn,
point to the.genefalbﬁeed for a better manned orientation in all .'. : ;
pfogram:activity, and on. the part of all participants. We believe |
such réﬁgwed eméhasis on man would result in a high payoff in the
bachievement of overﬁll program objectives.

Of primary concern from a manned viewpoint is the fact that
the prograh must pfovide for an automatic capability completely

' independent éf mah.. We do not quarrel wiﬁh this“requirement.
'But.ﬁe'aISo beliévé full recbgnition must'be?téken of the fac§
.that the bimodal manneﬁ/uhmanned configuration of MOL is not an o ‘,'fznb

g optimized”manned;configuration. Other than the fact that the .

‘optical configuration is, for all practicai'burposes,»neérly
optlmum for appllcatlon to elther manned or unmanned conflgurat;ons,_
there are definite penaltles involved from the v1ewp01nt of
~ optimizing for man. »H

f ASide'ffom a élear compromise in system”design which precludes _
the reélization of an.optimized manned'configuration, the redundancy- ". : ;.ifﬁ
and added complexify assoéiated With providihg aufomatic operation | |
doe$ ha&e'ah'impact‘oﬁ thebreliabiiity'of the overall system and does ‘ 3

entail additional weight. ~Although the weight penalty may be

) DORIAN ., ‘ Page —— 0f ——o pages . ‘ | {:.;
ikl "~ COPY ——— 0f ——_ coples '
LEVik ?.3 S..El‘h kE‘fi

SAFSL Control P B

'} CEHTRDL SYSTEM

Approved for Release: 2017/03/29 005099142



Approved for Release 2017/03/29 CO5099142 ' .
S P In: it va BYERAAN

GONTROL SYSTEM

relatively smally, perhaps in the order of a few hundred pounds,
it is signific,ant in the light of. the a;lready—threate_ning MOL
| . weight problem. We believe it ifnportanﬁ to point out that this
- additional weight could be used for expehciables, which coﬁld |
lehgthen the mission duration of an optimized manned system.
This is the other side of the coin, which tends to be overleok ad
when the argument is made for the significantly greater weight

savings that could be achieved by eliminating man. Even though

RN

‘small, the weight‘saving in an optimized manned design would
affect any costaeffectivenéss analy#is between optimized manned
'versus optimized-unmanned systems. .

(Thi#'pointvmay_be briefly related to current activity’
relative to a "thlly unmaﬁned system" in response to Bureau of
the Budget querieé. It is important’to'ﬂote that any compari#on
of such a system with the manned version of the MOL as.it is—
presently configured Will not represenﬁ a comparison of an optimiZed
manned with an optimized unmannéd'systém.)

‘The significant danger with the current MOL design is the
possibility that if‘one‘of the critical automatic devices in series
in the dptical train fails, e.g., the automatic tracker, the ehtire
system could be ihcapacitated.. It is obvious thatisuch automatic
devices must be designed to permit,mén to bypass them completely and
pérform:their function without residual intérference in aqcomplishing

the mis‘sion. We have been assured that the automatic devices will

DORIAN
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be so designed. But at present, there is no means to guarantee

‘that they will. The important point to be made here is that -
vthere is a need'for continueus'surveillance in this and other
criticai design.areas to insure that man's values are exploited..
" rather than handicapped in accorpllshment of the mission. S
There appears to us to be some schedule 1ncompat1b111ty
: detrlmental to manned system design. In the ideal case, the
final design freeze and the firin program schedule aﬁd cost preposale:
should precede initiation of Phase II effort. It appears, however;;;;ef o
that coneiderable analyeis and eimulation remains to be performed
before the MOL Systems OfficeAcen aevelep a final design which

will permit an optimu.m' interface of man at the operational consoles

 with the mission sensor. Studies and simulations presently underﬁay,ﬂffefff'

primerily at General Electric, are designed specifically to answer

~many questions as how best to use man in performance of the opere;

: tlonal task, so as to permit better design deflnltlon of the equlpment ffl}'

and displays to-be used. We are concerned that Phase I schedule

irequirements may result in a less-than-optimum system design for
“lack of timely ihput of study and simulation results. We see a
need to maintain flexibility in system design until this critically . - ”*ir'g

needed information becomes available. We do not have a feel for the f’ 

magnitude of this problem, but we do feel it is an area which should

be looked into, with the intent of possibly expediting current‘
DORIAN
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simulation:studies, initiating new short term.studies if_indicated,

and, in any event, of insuring provision for sufficient flexibility |
.in the program to permlt incorporation of the results, as they .3.-‘_52,55
_ become avallable, 1nto final design of the system. In the,coursez

of des1gn ‘of manned systems, NASA has in many cases performed 51mp1e, : :

"short term" 51mulatlons with rudlmentary devices and mockups to

help narrow down design problems in critical'areas. This kind of

an approach may be worth explorlng in expedltlng final design of

man's operatlonal equipment in MOL. As an example, an accelerated
study of the value of color in aiding man to.perform the acquisition B
task, using the IMSC or IBM simulation equipment; would perhaps prove
valuable in eValuat:Lng the des:.rablllty of providing man w:.th a

color v1ew1ng capablllty. | |

' THE MISUSE OF MAN

There is another aspect of man's role 1n the program which bears

| matchlng. We refer here to possible trivial tasks that may be given

vhim merely because he is there, which in,turn may result in lesseniné’?:t'
his capablllty for optlmum performance of crltlcally important mlss1on

tasks, Slmply because he is overburdened. We subscribe strongly toL
’a'phllosophy whereln primary focus is placed on man performing
_.essentlal and unique tasks, ‘without sacrlflclng the quallty of his
' performance by requlrlng him to perform tasks whlch are routlne,

repetitive and ea51ly mechanized without compromise to mission success. =
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A.hierarchy of_priorities.must be‘used in establishing man's
work schedule. _From a time-line analysis viewpoint, this should
generally involve the following steps: (1) establishing a'list_
of key manned tasks which are’essential'to missioniaccomplishment,
and allocating'sufficient time for him to perform‘these at peak |
efficiency, (2) establishing the amount of time he requires to
maintain himself.in‘peak physiological and pyschological condition,
" i.e., sleep, eat, exercise, rest, etc., (3) utilizing any time
remaining after these priority activities'have'beeniaccommodated '
for tasks of lesser importance. Remaining tasks should be
mechanized or.eliminated lt was the impression‘of the group'that
tasks of this latter category would be generally, though not always,
amenable to being automated
| i If anything has been learned from NASA manned space flight
experience, it is that man has been ovenburdened with non-essential
tasks,:simply because he is there. Because of man's Vensatiiity,
the‘engineer tends to take‘the easy way out, calling on the man to‘
perform some monitoring or routine mechanical function which, if | e o t
ingennity‘were applied, could be performed‘automaticall? oripossibly, |
designed.outiof the_system. | o
-However;'it is.very‘important to take adﬁantage of man's
_preSence to perform‘some functions, even if they appear trivial,
'if'they'will reduce'system complexity, insure reliability, effect
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- a sighificant'weight saving or enhance mission success. This
must.be done'under the provieo that in their totality they do
not”dietract nim from, or sacrifice his effectiveness in, -
performing the tasks:essential to mission success he alone can
do. We must resist the tendency to encroach on man, to use
him.in marginal faehion to compensate for design deficiency. _
The problems"and_considerations disoussed above are |
‘eympﬁonatic of a general need in the MOL progrem‘effort for

increased emphasis on man. Greater and broader man-=oriented

emphasis must be‘pleced by all involved in the program on design -

' of the system. Without sacrifice of provision for an unmanned -

program. We believe considerable improvement can be made in this _;]i}_fﬁ'f
[._ area. It is the area of our greatest concern.
CONSTRAINTS ON MAN'S UTILIZATION

N .
- There are several maJor constraints which tend to restrict us.

from maklng the best use of man in conduct of the MOL mission. S

_Flrs there is the requlrement that the m1531on payload system

':__be developed so that 1t is capable of fully automatlc unmanned
operatlon. Second, the A1r Force is pursuing a virgin effort in

- 4ts first manned m;lltary space program. Some groping is to be o

- expected, particularly in view of the relative inexperience of

~ the Air Foroe,'Aerospace Corporation, and many contnactor_personnel

DORTAN

' Page ——— Of .- pages .

r ’”aﬁsap - | CODY --- 0f —-= copies

| SWFSL COBtTol mmmmmmmmme

Approved for Release: 2017/03/29 C05099142



Approved for Release: 2017/03/29 C05099142
. s BARDLE V1A ﬂf{ i’ﬁﬁ

CONTREL SYSTEN)

at Douglas, General Electric, and Eastman Kodak in designing an’
- operational manned military space system. Finally, the already
 threatening MOL Weight problem contributes to the tendency'toi

divert attention from making efficient utilization of man,

particularly where a weight penalty would be involved in pro-
" viding man a particular control or capability which Woulo be
.desirable but not essehtial under'normal operational circuﬁStances.g';p::
The need for greeterborientation toward exploiting man in |
‘ the.system appears less among the military people and other
1nd1v1duals who are in relatlvely senior management levels in the o
program structure. However, these individuals are, per force,
_.preoccupied with actiyity at the higher_leVels; busy with'major
program problems which arise in the course of normal bu31ness.
‘They are v1rtually precluded by the press of time and the urgency.
': :of business at their level from being able to continually appraise'ic
in defail lower level activity from the viewpolnt of'the most
‘effectivekﬁse'of man. This circumstance is of major concern, for

it is primarily at the detailed design level that, for want of an

":V'inquisitife'"how’can this subsystem best.be optimized to Capitalize/v.'.'
on man" attitude, opportunities to do so may be overlooked.
Conslderable discussion on the subJect of optimizing the des1gn

'for man was held w1th the MOL crewmember group, with NASA astronauts,

7ve:~e . with Air Force and Aerospace personnel, and with contractor personnel. -
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ItAWes the opinion'ef the study group, at ‘the conclusion of
these.discuseions, that the participation of MCL creWmen in
| the englneerlng de51gn of MOL to date had been very beneficial.
" We do not refer here to crew viewp01nts whlch stem from penchant,
such as might be_thought to_be thevcase, but rather of honest
'expressiens‘ef genuine men-mechine integration engineering, %ith
miesioﬁ success as the prinCipai motivating'factor.
The crewmembers' genefal eomment is that engineefs at lower
levels:ih £he_design effqrt in contractor plants, due primerily
to lack‘of anj eencept'Ofia pIIOt‘s (or crewman's) viewpoint, tend"
to qverlbok integratidn.of human factors. In some few ease$ they -
f are'even antagonistic toward insertion of man-in-the-loop. Some
: brief examples quoted by the erewmembersvillustrate the nature of
fﬁis broblem. o N
Appafently the inertial platform in the Gemiﬁi requires 10 - 12 }-

. minutes to erect in an automatic mode. Crewmembers suggested that

in Gem1n1 B, three toggle sw1tches be prov1ded to permit fast-slav1ng

of the three gyros manually, thus reducing erectlon time to 2 - 3

mlnutes.' Considerable reluctance was exhibited by the McDonnell

deeign engineer, as this capability had not been provided in Gemini.A,e
" hence tﬁere'eeemed to be no reason to provide it in Geﬁihi B.
>Apparent1yvthe reluctance_was overcome and it is our understanding
 that'such'a eapebiiitijiil be included, thus providing a valuable, and

perhaps eesential operationalvmode, e.g., during an emergency -re-entry.
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The MOL baseline did not originally :V'an‘l'ude provision for
arwindow in thé‘iabdfatory, for reasons variously described as
lack of a requiremehﬁ and weight and‘engiheerihg penalties
involved. A somewhat éi@ilar situation arose in design of the
original Mergury spacecraft. A window in the MOL Laborétory
_ fehicle hés now beenvpfovided; primarily through the efforts of
the creﬁ.  Hence the cépability will exist for the crewnen to
ﬁfly“ the MOL by visual reference to the earth.
Some design engineers take the position that they do not
want man—in-tﬁe-loop in particular equipment and components for‘
- fear either that manbwill damage their "highly reliable",.high-
.precision device, or tha£ he may inhibit its functiOﬁ at the wrong
time. . |
Crewmen are concerned that»weighﬁ cénstrg?nts and overly -
oPtimistic estimates of religbility will result.in decisions which
may restrict their ébility to work around c0mp1ete1y unexpeéted
failufes and still geﬁ tﬁe mission accomplished. For eiampie, theyi]f
nafe not convinced thatrthe present design Qf thevEVA umbilical will o
: permit-external access to the entire orbital vehicle to brovide for

unforeseen contingenéies where EVA may be essential to mission success.

Regardless of measufes taken to design and manufacture components and

equipmght'with the ultimate possible in reliability, unexpected
failures do occur, a good proportion of which are in modes not

foreseen in original design.
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It is in the area of overcoming or working around unforeseen
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fallures that we believe man's capablllty may have been overlooked.

It is concelvable that for want of a screwdriver, or an ax, or 5
addltlonal feet of umbilical, an entire mission mightvhave to be

aborted.

‘To minimize such possibilities, an imaginative approach

'must be ‘taken in making'full utilization of man's inate abilities.

In short, we subscrlbe to the phllosophy that, in the general

sense, every pound prov1ded to enhance man' s general purpose

capability to bypass unforeseen difficulties is worth a consider-

able number of poﬁnds devoted to the usual approaches to reliability

aﬁd'redundahcj of equipment in insuringvmission success. We cannot :
.quantlfy this value.
.1t is an 1mportant value that man contrlbutes
'the most of it through anvlmaglnatlve approach to systems'design.-7

’: The abeve‘represents an operstional viewpoint in large measure.

_ wé cenhet argue the merits of each‘case, beeause.We recognize that ef1"_,_:‘

engineefing preblems, weight and space'coﬁstraints, and similar
~factors, must be includedvin complei tradeoff studies in arriving

at system desién solutions. |

symptomatlc of the overall problem of optlmlzlng man in the system.

INTEGRATION OF MAN AND MOL

manned viewpoint from the drawing board up, that decisions must

be made based on tradeoffs which fully consider this viewpoint.

We are convinced that the MOL design effort must include the
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We do not subscrlbe to giving the crewmembers carte blanche

in 1nfluen01ng design, nor do we espouse that exploitation of
" man's capablllty is the single overrldlng consideration. What‘:'l:
.we do emphatlcally maintain is that there is a requirement for
- sone internal program procedure,_formal as well as informal,

to insure that every system design decision is given close

- scrutiny from a nanned-mission-oriented perspective.
To illustrate the point, we may refer once again to the
"eiample of the benefits‘to overall MOL system effectiveness
. that might be achieved by providing man With a direct optical
acquisitionsseope display,. so that he may take'advantage.of»‘»

.1 color in rapid and accurate target identification and_acqﬁisition.”

" Engineering problems involved in relaying the optical image;fo the oL
acquisition display location on the qperetor's console, however, "
 tend to favor the use instead of a black and white televisioh
7.5 display. A tradeoff comparison is obviously required which includes
proper considefafien of the value to system effectiveness by
_ proﬁiding man color viewing.of the aééuisition scene, as well as '
‘i cost in complexity, weight, and‘;gligbilizz of providing a visualf
) ?ersus TV image for the acquisition display.
We are not in a position, as a group, to make this tredeeff, 'f':f
But we do beiieve that the'program must provide‘a_gua;antee'thaf o

the manned factor is surfaced in design decisions such as the one
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.above. We can easily v1sualize that the de31gn engineer would
tend to take the easy way out from an engineerlng v1ewp01nt
since, to him," engineering constraints are real whereas the o :;'i;;&
human:faetor.eiement is nebulous. The greatest danger lies in -
his perhaps_being totally ignorant of the fact that color»cdntent
of thetdisplay may have value at'allt Thus, in this case and
probably in'many other similar cases, the opportunity to‘exploit-
man's capabilities may be lost.

We do notibelieve'that indoctrination to_the manned viewpoint
of the thousands of individuals who work on tne.program would be
a‘practiCal means to a solutiOn; although any'effort exerted in
‘this direction would certainly be beneficial, We‘doABelieveithat

V‘"»a practieal solution would involve considerably more participation
on the part of MCL crewmember personnel in a real all-Systems‘_
engineering sense, as would establishment of periodic design

"ireviews; looking at detailed design and configuration decisions

fspeCifically from the point of view Qf capitalizing to the-maximum
-the unique aBilities of man to enhance system effectiveness.

: What,is needed is an active andICOmpetent systemrengineering
and integration fnnction with decision'pewer'te bring about the _
real engineering 1ntegration of man. . ’

- "One p0551b1e approach to insuring better manned 1nput would

bevto establish a reqpirement at MOL Systems Office level for the
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cohduet.of‘a periodic formal review of the program from a
bmehned viewpoint. Under chairmanship of the Deputy Director
or his essistant, membership would include the crewmembers and
key personnel from the Syetems Offiee, the Special Projects
Dorian Sensor Office, and‘Aerospace. Such meetings would be
devoted epecifically‘and_exelueively to review of critical design
problems, with respect to fﬁlly surfacipg and considering all
manned'aspects in arriving at decisions in key design and,
operational preblem areas. Perhaps similar internal reviews
could be provided for under management procedures of each of
the MOL associate contractors. | |

A second, end'possibly better_approach, would‘be to place
coneiderably'incfeased emphasis on the overall system iﬁtegretionf :
effort: This could be deneiby raising this function from its
present ergaﬁizatione1 level to Directorate level and vesting‘
in the new office greater euthority and responsibility. We
envision the new office as fuﬁctioning in an.across—the—pregram""
capacity, with a well developed ofientation toward utilizetion'
of ﬁan, and not in a limited functional engineering capacity,
as may presently be theicaSe. To be effective the office should }:'H

be charged with validating all operational and engineering

| decisions from a total system integration viewpoint, and should

be.emp0wered to render authoritative decisions, subject only to
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review by the Deputy Dirécfor, MOL. We anticipateAthat the
- MOL crewmembers_could play key roles in making the efforts
of this office effective.
The study group has not had time to explore the extent
tq which the current prééram managément structure provides
forvspécific review of program activities from a manned mission
‘viewpoint. We are ngt aware of the exﬁsiance of any formal
- arrangements to,pérfofm thiS‘very criticai funetion. In any
e&ént, ﬁe believe it would be beneficial'to evaluate present.
methods being used to review design decisions and overall
program progreés from the point of view of maximizihg man's
abilify'to'contribute to mission sﬁccgss. The objéctiverf.
Suéh a s;udy woﬁld be to prescribe specific improVementé to
any'procédures currentlyvin uSe, with consideration given to
the pbssible‘adoption of the recommended improvements suggested
abové. ' |
 The.prob1em is not a new one. NASA has ‘had yeafs of experiénce
iﬁ designing manned space systems. We believe MOL could'capitalize
on this experience._ More specifically, we should investigaté
brbcedures used byvNASA to insure astronaut input into systems
design.’ Procedﬁres used by NASA should then be‘tailored to fit

into any procedural or organlzatlonal arrangement which mlght be"-

r—— B adopted for MOL.
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UTILIZATION OF AEROSPACE RESEARCH _PILOTS

We believe that a priméry source of input of manned
consideraﬁions is the MOL crewmember group. Accordingly,
their partiéipatioh-in’systems design should be eipanded in-
sofar as is possible. |
The eight crewmembers durrently assigned are‘too few to
cover in depth all areas in.which thej should be actively
engaged; Further,‘théir attendance at the Aerospace Research
- Pilot School three days out of the week limits the time they"
can actively participate in the current critical phase of pre-
‘liminary engineering design. With all due respect to the require- -
~ment forhadvanced_MOLItrainihg;.we support the MOL Systems Office
view that the schedule at the school must be'sufficienﬁly fquible' \5
to permit their participation in critical design activities, as
| may be determined by the MOL Systems Office.
| This situation'cduid be relieved somewhat by early assignment e
‘:of the\secdn& increment of MOL Aerospace Research Pild£3‘to the
pfogfam. .At préséﬁt, the next increment of five Aerospace Reéearch'3 - ? :

' Piiots is scheduled to enter the program in Nbvembef'l966.' The

program would benefit by accelerating the date of their'assignment:fv

to the MOL'SystemS‘Office. Although their contributions in the_,, "
firét'few months would be.minimal, the earlier they begin, the -
" earlier théy'can‘become proficient, hence the earlier they will

be able to participate effectively in systeris design.
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'We'belieuefsome participation by NASA astronauts in
engineering design would also be beneficial, particularly if
they uerehgranted clearances, so they nould be able to'view the
progran from an overall standpointb Part1c1patlon of one or
two cleared NASA astronauts, if this could be arranged as
adv1sors at the above-proposed manned MOL systems design review
meetings wouldlprovlde anvexcellent opportunity to capitalize
on NASA_experience.. We believe reluctance todgrant clearances

to'NASA astronauts might be'overcome by proposing to select

~only those who are no longer considered by NASA tO'be active

candldates for orbltal fllghts, e.g., Astronauts Slayton and’

Sheppard. Although we mlght prefer the partlclpatlon of others,

the compromlse would at least permit some valuable benef;t to-

" MOL from NASA astronaut experience. Even though perhaps difficult

to arrange, we consider it essential that NASA astronauts have

‘somefdegree of participation in MOL even if they cannot be cleared.

It is inconceivable that we should OVerlook this unique source
of'experience.

There is a hazard involved should crewmembers be given too
free a role in:making decisions concerning system design and flight
operatlons, as has been the case, to some extent, within the NASA
programs. However, weé do believe that under the MOL mllltary

environment the probability that this problem will arise is minimal.
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So far as the role of the crewmembers in the prégram is concerned,}
wé subscribeiﬁo providing them with very wide létitudevin making
known their viéws ahd‘théir concerns pertaining to design problems
and opefational utiliﬁation of maﬂ in the system; At the same
time we consider it mandatory that their input be absorbed into
the‘prégram decision—makiﬁg machinery in an orderly, non-disruptive
manﬁef . » ' |

» The present program arrangements for crewmember input do
provide for orderly assimilation 1nto the decision-making framework.-
Wé'belleve that the overall study of methods for enhancing a manned_ -

program orientation should seek means for expanding crewmember

" activity in the R&D area and for 1ntegrat1ng current procedures'

into a newly defined formal structure to insure a hlgh-empha51s,
more p051t1ve approach to maximize man's contribution to the MOL

mission.
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SECTION IIT

‘CONCLUSIONS AND RECOMMENDATIONS

CONCLUSIONS
A. In the light of the objectives for the MOL program establlshed

: by the Secretary of Defense in August 1965, and all related events

since that time, the current MOL program, Aprov:.dlng for both manned
and unmanned capabilities, is a sound and well conceived program -

which should be continued in its prese_nt form.

B, In the light of these s'a.iﬁe consid,erat:ion‘s., the rationale for»mavn' L o
'in the MOL, today, is at least as strong and probably stronger than

it was when the program ivvajs'b'riginally approved.

C. From a technelegica_l feasieility viewp.oi'.nt; 't'nere are no barriers

te 'ac.h‘i‘evement‘ of a{ | | operational capability with a ‘manned ‘system. B
Despite technological pro_g"ress in the last eight months, the ques-t-ien |
of technological feesibility in the unmanned system is sf;ill‘present.
T'hu.s,‘ the‘ confidence that the ‘manned system will achieve the desired '
capablllty remains very hlgh whereas confidence in the unmanned system, , :
although 1ncreased is not sufficiently high to warrant any consideration

of removing man from the system.

D.- Manned systems inherently exhibit a nj.gh probé.bility of ﬁiission_
success early in their flight program.. Unmanned systems exhibit a

much lower probabilify of mission success in early flights, primarily |

~
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because of inherent reliability problems associated with complex
‘automatic equipment. Thus, man will virtually guarantee éarly
échievement of an operational capability. Further, he will
contribute to early achievement of the unmanned capability, by his

presence in the manned/unmanned MOL system.

E. An&.cost-effectiveheSS gombarison'between manned and completely
unmanned systems ﬁhich includes consideration of the value of‘early
capablllty, and quantlty and quality of useful take, i.e., overall
mission effectlveness would favor the manned system. There is
~historical data‘available from manned and unmanned programs which

would permit'such a compériédn to be drawn in more realistic.§nd more  '

quantitative terms than in the_past. ) : ' | " :  ‘ '2a.- (bﬂ1)

F. Achievement of ad#anced'Doriah objectives, i.e., ultimate

fesolutiqhs of can'probably'only be achieved with a

manned'system; Even if this‘ultiﬁate capability is postulated as

beiné achievable withlan advanced unmanned system, cost-effectiveness
EOnsiderationgrwoﬁld stiil'favor deveibpment'of an advanced_system
which inclﬁdes man.f With Carefui extrapolation and projection of .

.past maﬁned And uhmanned proérams and current»program data, this :;,-_»

comparison can also be quantified.

G. The specific functions and capabilities originally considered -

to represent man's most important contributions to Dorian system
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effectiveness remein unchanged, although'there has beeﬁ a shift

of relative value among them. Man's real tiMeicépabilities to

make judgements,’and to renderAspecificldecieions confinue to be
powerful éontribﬁtioﬁs. Man's "adaptability"; and his "self-healing"
nature permit him to work arouﬁd'prqblems for which no epecific_'
alternate‘mode has been devised. These factors unqerlie the high
pfebability of mission success, and ehhanced value of intelligence '

"take" expected of the manned system.

H. Technological progress in development.of'devices to eolve £he_
pointing and precisien traeking tasks for the.unmanned mode tend J

to reduce the emphasisvpreviously plaeed on man's demoristrated
_superiority to machine in precision pointing and tracking. These
bdeveldpmehts lessen the need for man's abilities to perform these:
functiohs as a routine task, but they do not obviate them. Nor~

de unmanned developments to any significant degree threaten to
-reduce the‘total value of man's unique contributions in proviaing

an overall Dorian manned mission capability considerably euperior t§“~

that possible with a completely unmanned system.

I. A manned MOL program, as the first step in an evolving military
space program, will provide flexibility and capability amenable to . .
rapid exploitation in conduct of other military missions from space

T ‘ which may be required for national defense. Insufficient emphasis.
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has been plaéed on this aspect of the Program particularly with
rés‘pecf "tov‘the general goals set forth for MOL by the Secretary
of Defense on 24 August 1965. From a long range, total military
space program viewpoint, a conduct of a Dorian program without

'

man is dead-ended and not cost-effective.

J. It appears that the manned Dorian system may be capable of

providing. at an early date

With mln:l.mum modification of the baseline system.

K. Man's contributions in conduct of the SIGINT mission from ‘ ' (b)(1)
orbit appear to be even more valuable than they are in.conduct of
the current .Dorian mission. His presence for the SIGINT mission

.may prove mén_datory. '

L. From aﬁ over‘ail cost viewéoint; considering a military space
program ‘whiéh will grow to include conduct of other prdmising military
~missions in space, the ap};érent cost of prox}iding for man :m the |
current MOL program is misleaAcblingJ‘.y high. The cost of ma_ﬁ can be
amortized by ufilizing' him in the condﬁct of other missions, perilaps
ut-ilizing the same laboratory vehicle with different ’missibn modules
or pos'svib].}.r‘.evenv" by conducting several different missions at the |
same time with essentially the saine basic ;Laboratofy module. Thus,

-~ his cost per mis.sio'n program would be signif,icantly‘lower. In

contrast, separate uritanned programs typically involve u