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Indications /Warning Coverage: The COMIREX requirement

in this area reads, ''The capability to accomplish daily sampling of

target categories.

Satisfaction of the daily sampling requirements
in the COMIREX Study requires photographic access to the entire
list daily. Even then, because of the high latitudes of some of the

targets and the weather situation, the studies to date indicate that

the requirement cannot always be fully met, particularly in the

winter, The studies do show that a photographic

satellites operating at about 169 NM comes quite close to satisfying
the requirements as stated. With this concept, if other gpecifications
of the requirement remain fixed, the system design is not particularly
sensitive to the size of the target deck provided changes are not in

a direction that increases the target density in current high density
areas. The design is sensitive to the sampling interval and the

» sample size required. For example, relaxation of the sampling

interval to every three days could allow reduction in the number of

photo-satellites required at 169 NM to one.
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The costs involved in continuous operation of az
S imagery system inevitably lead to the serious question
of the economic feasibility of a system dedicated solely to the
Warning/Indicator mission. Fortunately, if adequate data return
capacity is provided, some of the system concepts considered will
have collection capacity and access such that a great deal of other
imagery can be acquired without interfering with the imaging
of the Warning/Indicator targets.

Table 3 describes the Warning/Indicator Deck of 505
targets.

Some of the Warning/Indications targets are located so far

north that they are not illuminated by the sun during some portions
of the winter. Table 5 identifies these targets by category and
indicates the duration of the blackout.

Weather data representing conditions in January and June
were used to compute the éxpected number of cloud free images.

The weather data are believed to be pessimistic.
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Table 6 summarizes the capability of the System I configuration
to perform the Warning/Indications mission. Column 3 shows the
average programmed take prior to the application of weather statistics.
As can be seen, in the absence of sun angle (illumination) limitations
all category requirements are satisfied. Column 4 shows similar
information after the effects of cloud data and sun angle for the months
of January and June have been included. For System I only about 71%
of the category requirements are satisfied., However, since the
problem is sun angle and weather rather than target access, adding
additional imaging satellites would be a very impractical and expensive

way of approaching 100% coverage.
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: Each of these fundamen%al requirement parameters
‘will be discussed below in‘Some detail with emphasis: . 7.0
,belng given to their effect on . system deS1gn.. R T
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LTl au“,Resolut&en{. The COMIREX Report contalns
==—m====="=HE Tollowing statement, '"Consistent production of e
- oS- about 2%—foot re501Ua10n." This ,&tatement could be - |
*";rg3'-1nterpreted in anyfof several ways.. 1t couldbe taken |
- to mean a missiongfaverage resolution of 2,5-ft at
~nadir, a missionfaverage resolutlon of 2.5 ft over the
aCCess swath, of that no imagery would b€ worse than.
2.5 ft resolu on, Theseiare ordered: 1n 1ncreas:ng
© severity. T erefore, future requxrement statements
should specdfy the resolutlon parameter as explicitly '
. as possib ' Based dn electro- Opﬁlcal sensor work to-
‘date and rellmlnary system studfes, the achievement
-of 2.5 £t mission average resokﬁtlon over the access @
v swath ppears quate fea51ble.‘ It should be noted that.
) _ m1551on;average resolﬁtlon over the access -
oswWa means 2.5 ft averawe;resolutlon at 22.5 degrees .
nadir (agsuming a swafh of 45 degrees either side
nadir) and correspond?igly better resolution for
- . targets nearer nadir.and poorer resolution for targeis ::
L at locations farther than 22.5 degrees from nadir.. [
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Satisfaction of the daily sampling requirements 1n e
the COMIREX Study requires photographic access

‘to the entire list daily.  Even then, because of the.
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. situation, the studies to date indicate that the re-
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e winter. The studies.do show’that,aw
L photographic satellites operating at about
169 NM comes quite close to .satisfying the require~
-ments as stated.  With this concept, if. other'”_‘;”
» specifications of the requirement remain fixed, ‘the
“system desilgn is not particularly sensitive to the: :
> size of the target deck provided changes are not in a
J“direction that.increases. the target density in current:
‘high density areas. The design is sensitive to. the .
sampling interval and the samnple size required,:  Tor
rexample, relaxation of. the sampling interval to every
. three. days could allow reduction in the numbex of - -
“photo-satellites required at 169‘NM to one
[ RaragraphII-of-theCOMIREX -docunent~Is also-sigudlfk
’@znx—iﬂ~wemandm¢0m®h*s~question The costs dnvolved
Cdn’ continuous operatlon of a\ \imagery
system inevitably-lead to the serious question of ‘the
’-Aeconomlc feasibility of a system dedicated solely to"
~the Warning/Indicator mission, - ~Fortunately, if ade=.
-quate data return capacity-is provided, some of .the .
“system concepts’ considered will have collection ‘capace"
ity and access such that a great deal of other imagery“
tcan be acquired without interfering. with the imagxng k
02 the Warning/Indlca cor t“rgeus.a- S

- c.*'xmage D}livery Time - In thlg, cSpoct the
fCOVIREX Report readd as follows, "Fhe capability to
deliver results to fhe ground [
-i.e., in near real ftime." . As was/ mentioned previously,
- this parameter has a profound effect on sygiem design,

Image Delivery Time can be varlqd from a minimum of -
' | (epsemtially the ground film processing

,c1me) for a sysie employing s cral relay satellltes»
%m in which

Image Dellvery B%catlon.,
‘uhis 3&ramete; andjthe prev1o_s'one are’deeply
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ing satellites would be Yaunched from the «  ©
'lest Range, utilizing Titgn 11T B/Agena boosters.’
v satellxte would be'laudched from the Eastern:’
nge utilizing a Tltan C boosber..@,v==“t'“

SR | The“p?ﬁbr“m“af”targeﬁ*coverage waS”dlscussed
- brivfiy-uader-bT T Target-Sample-Frequency-above, ‘The

. discussien—herc- Wil DE More-Specitsc. Table 3. descrlbe-

. the Warning/Indicator Deck of 505 targets. -Fable—4-.
"desgx;beﬂwa«m@;ged—Warn1ng%fnd&ea%or/$urve1Laancewdeck
o 6078--fargetsym—in- performxna;ihe»s$uagwo£wtargef" '
“werawgivenupvionitymsowthatuin»the«event”ef conflj'“ ”
rfthe~Warnrﬁg/Indications“iarget Would be imaﬂed

coverage using.System I;. the VWarning/ indications” targetsf

Some of’ the Warnind/Indlcatlons targets are. locahed
_so far north that they are not illuminated by the sun
“during some portions ¢f-the winter. - Table 5 1denti&ies
thege targets by. category and 1ndicates bhe duraulon of
;the blaCROut._.  _T, = R Do DU

L Weauher data represen inv conditions in January
rand June were used to compute the expected number of -
~cloud free 1mages,ﬁﬂ”he weather data are’ believed to be
p6551mlstlc.,ji vrF R T T

. Table 6 summarlzes the capability of the System I
‘r‘configuratxon to perform.the’ Warning/Indications mission
_Column 3»shows*the averagefprogrammed take. prior to the
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*application of weather mtatisties,. Ag aan be geen,,i'
. in the absence of sun angle (illumination) limitations
all . category requirements are satisfied. Column 4 "”“
shows similar information after the effects of cloud -
data and sun angle for the months of January and June '
have been included For . System I only about 71% of -
‘the category: requixements are satisfied. However, _
since the problem is sun angle and weather rather than
target access, adding additional. imaging satellites'
would be a very impractical and. expensive way of
approachxng 100% coverage‘-= oy .

down into several’ parts, sensor technology,
critical subsystems and. reliability. = The:
technology. area is the most critical of these. tech
nology ar eas._;i P R R T A R

Due to the reouirement for raplgfdellvery of
xlmagery to the ground, the basic: sengor satellite musc
- employ an electronic image readout c¢oOncept.. A sysﬁem
“which uses photographic film, proceSses the film on., |
.~ board, and then uses a laser'scanger to develop an - .
“.electrically transmittible analgé'of.the_image,has'been§
.+ developed and could be integripéd into a satellite in.a.

" relatively shori time.- Alﬁhquh.the film readout -

" approach is not discussed fgxuher here, it is possible
..to show that such a system must achieve a lifetime capa~ -
.bility on the order of| |in order.to be competi-
- tive with systems based ¢fi sensors which are not life -
“limited due to. the- usel? consumables, - The following

. discussion of sensors ¥s limlted to those devices which
image onto a re usablqjétorage medium ‘and those which @ -
converﬁ the image di ectly into an electrical analog.:,

'* The Nno 1s oF esently eﬁvaged in develonmental work*
ion three-uypes of/sensors. ‘Two image onto' a reusable
_storage medium, gnd one converts the scene directly into ..
.an electrical andlog. None of these efforts has proceeded
‘to the point’ Eﬁe;e a laboratory prototype-of the sensor:

'?L:and the assocgdated readout:equipment have.been demonstrated;
- The earllestfaate for such a demonstraﬁion is estlmated t "

-A"v"f.be mid CY 1969,
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Costs: Warning/Indications system performance can vary
over a large range, depending on the system configuration which
is chosen. At the one extreme is a system which meets or nearly

meets all the requirements stated in the COMIREX Report. Such

a system might consist 04 ‘satellites using one of the

three sensors presently under development, one relay satellite,

and a ground station in the vicinity of Such a

system is estimated to cost Siﬂ non-recurring costs and

per year in recurring costs for establishing and maintaining

satellites and one relay satellite,

At the other extreme in cost are several minimum capability

systems., The one satellite, laser scan system reading out to a

would cost approximately E

in non-recurring costs and per year in recurring

costs depending on whether the achievable lifetime for such a system

eleas
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would be 45 or 90 days. This system could be operational in two
to three years and would cover approximately 50 per cent of the
Warning/Indications targets every three days. The data return
time would be as high as 10 hours.

It is obvious that any cost figures quoted at this time must
be taken in the context of the rest of this paper, i.e., they are very
preliininary estimates based on the results of in-house systems
studies and are undoubtedly too low. The cost figures were basically
derived by analogy to the development costs and unit costs for
existing satellite reconnaissance systems with appropriate adjustments
for differing complexities, differences in the state of applicable
existing technology and the increased reliability requirement (1 year
life) necessary to make a Warning/Indications System economically
feasible.

The basic cost elements for System I are estimated to be

as follows:

a. Readout Satellite Development S

b. Readout Satellite Unit Costs (in orbit)

c. Data Link Satellite Development E
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d. Data Link Satellite Unit Costs
{in orbit)

e. Ground Station Acquisition
1. MCP
2. Installed Equipment

f. Ground Station Operation and
Maintenance

An estimate of the non~recurring and recurring costs for
establishing and maintaining an operational version of System I

will be calculated using these costs. Assuming that a flight test

program of

and that two relay satellite

launches are required during the test and system establishment

phases, the non-recurring costs would be Following these

initial costs, which would be expended over a five-year period, the

recurring yearly average costs to maintain the system, based on

sensor satellite launches per year, a relay satellite launch

every three years and the annual ground station O&M would be
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simplify the tracking prob#€m. The fingl area is 1mag/fiecon- j

. struction. It appears tigat the ground/station equlgﬁent S
~developed for the lasep”scan readout/System and cur¥rently - . .. & i%
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with moderate modifjitations,  perfo the reconstfuction task-
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. for all of the senfors under cons'deratlon. f/f e ce
‘ aLs 04 e . :

n existing Yaser scan tech-"-
g 7t sensor deyelopments undew= 0 |
"way. None haye progressed to Lhe point of/breadboard or e

" laboratory mgdel demonstratiof. The earliest that such a R
. demonstratign is likely to tgke place is/mid-1969. While = 7 - 7|
o some non~s¢nsor development 4 required in support. . .
;&RKEW& 0f a readolit system,. no for%idable proflems are seen in this . -

:%rea.

. In summaryy in addltlon to
" nology, there gre three differc

Warnlng/Indlcatlons system performance can vary over a’ '  - ok
large range, depending on the system configuration which is ‘ : :
chosen. At the one_ exfireme is a system which meets or nearly :

. .. meets all the requirements sta i IREX Report. 5 i
o Such a system might consist of satellites using .. ’

.7 one of the three sensors presently under development, one - - " 7 !;

v _rela , it and a ground station in the vicinity of 'fff E

- Such a system is estimated to cost[:ﬂ;;;;:jf;" L

in non-recurring costs and|  |per vear in recurring costs .-’
for establishing and maintaining the R

.- ' . ) . ‘
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At the other extreme in cost are several minimum -capa- - - °
bility systems. The one satellite, laser scan system reading . - |
“out to a lwould cost APProx=" 4 i
imately in non-recurring costs and| | per St
" year in recurring costs depending on whether the achievable
lifetime for such a system would be 45 or .90 days. This
‘system could be operational in two to three years and would
" cover approximately 50 per cent of the Warning/Indications . . .
" . targets every three’ days.A The data return tlme would be .as
hlgh as 10 hours.-,zw._ L . e
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‘ In summazy, the taahniaal*fea ibility of o, ¢
: Warnlng/Indicatlono System .which meets the COMEREX
w'reculrements depends heaviﬁy on efforts currently -

. under way in the area of sensor technology.”’ lhere
-.are no-known fundameptal rc“son why these devices
.. cannot be developedfand we’ are attacking the problem
" i on a rather broadfbase, i.e., three parallel’ develop-
-g'ment e;forts.”‘?ven though we are confident of the.

" ultimate success of these deve;onment efforts it

" will be at Yeast a _year and perhaps two years before”
e will have conc1u81ve ‘proof’ that an electro-optical
sensor wyith the required refolution, frame size, - :
‘sensitivity and dynamic w@nge can be built for appli~
‘cation to. the Warningv ndlcations m;ssion.wf’v o

B ¢ .

Jbﬂkmﬁxnalwelement torbe provxded~inuthls pwpermm
ia_anvasxama se—ef-the-costassoctated with a w~rﬂ&agl
R tem, - It -is obvious#fthat any cost =
s.figures quoted at this time must be taken in the.
- context of the rest of this paper, i.e., they are .
very preliminary estimates based on the results: of in
" house systems studies and are undoubtedly too low. .
. The cost figures wer basically, derived by analogy to
f;the development costh and unit ‘costs for existing = )
satellite reconnaissance systemsvw1th approoriatc e
.. adjustments for differing complexities, differences. in
“the state of applicable existing technolcwy and.the v
‘increased reliability requirement (1 -year 1life) necessar
C.to 'make a Warning/Indica%ions System economically feasi-
ble. IRETRES : s ET _ i i

4

:?JfThe basic cost elements forASystem I are est;mated
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: An estlmate of the non*recurrlng and recurrlng
3coot° for egtablishing and maintaining an operational
‘version 6f System I will be calculated using these.

‘costs.  Assuming that a flicht test prosram of

1. and that two relay satellite launches are required -
. jduring the test and system estaolishment phages, - the'
' “non-recurring costs would be Following thes
w o dnitial costs, . which would be expended over a flven;'
. year period, the” recurring yearly average costs to 7
'f mai1tain the system, based on| sateilite

.» launches per yeoar, a relay satellite launch every three
*years and the annual ground statlon O&M would be

‘¢ aonual ground station oWl ] poutd el ]
, As can be iﬁferred ;rom tho foregoxégégghef
_ﬁpro«ress that Js oeing made in the area ensor ..
technology is encouraging. - Tt is f@l hat we are .
-presently-fiaintaining o rcaswlaaly optimun- pace in:

.the Applled Research/Advanced Technoiowy ‘areas 1uh ;
asubnort electro-optxcalfréféouu technolov,,w*Tn addltlon
pflt,appears that oun tinate. atbalnm f the Operatlonal
¢ _and economic adva tagos of & 1onifl fe electro-optical-
'readout systel will be best obkained if we continue to '~
fconduct ~broad attack'on the sensor technology without
- gettin¥ prematurely.. cauvh¢ un'in a full: system develop

ment program.d . . P
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Save for future placement:

Because there would be more Eurasian attack warning
targets (241) when az satellite became operational and
because few (17) of theée are located in the winter dark zone,
many more photographs of these targets could be obtained dur_ing

the year. Taking account of weather, light conditions, and the

S METPS
associated with the-real-tirmre-photographiic

satettite systems under consideration, an average of about 33
photographs of such targets a day could be acquired during a typical
December and about 50 a day during a typical June. This would

5&%.&#«&&5&;" =
permit a fairly high sample rate of these targetzamf%mm:

pproved for Release: 2021/04/08C051 04933



Approved for Release: 2021/04/08 C05104933

10. When these factors are mer‘_gec'iwith the daily average
number of photographs likely to be fgﬁ%ained during a given time
of the year (described above), we ‘:.‘cfzan agsess the confidence in the
‘system acquifing sufficient phdfography to detect significant changes

in the alert status of the various target categories. In the case of

the the daiiy average during December would be

between 6 and 9vph‘0,t’(’)graphs within the 7 to 10 day period. This
would mean that We -should expect to obtain one- to one-and-a-half
times the num‘%er of photographs necessary to have a 90 percent
as suranc%,fc‘)/i“ detecting a significant change in the alert status of

/
these ba/ées.
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