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?" LR This document u ong d a sequel of doeumcm.l to AP-1011, System
O _Operational Capability, which was issued March 1964. This preceding .
% ‘document AP-1011 provisied a summary of (1) the applicable physics of
%,rf:;{_ . the sun/earth/satellite/ camera system and, (2) the performance and

_ prognmming capabilities for up to 30 day missicas.

. lt is the intent of this document to describe the various ways that
e the J system can be used in achieving quantity and value of data, and to -
quantithtively compare the yield of the area search and reconnaissaace

"~ jnformation for each of these ways.

AN It is to be ncognucd.'that the J system can be utilized for purposes
e ofther than emphasized in this document, (e.g. storage in orbit until target

ii" requirements are assigned, a single quick-reaction response, etc.). There

. are also ways of planning missions in order 9 obtain data of maximum

N quality which are still to be described. Subsequent addenda are to be issued

Ll in the aear future covering these information areas.

The quantitative evaluation preseated hereia makes use of a weather/

3. - target/operations model which produces an Index of Yield. This Index is

1\ a comparative measure of the efficiency of film usage. The higher the

o Index value, the higher is the yleld of ln!ormulon per square foot of m-n

i "' operationally uvuhble oo orbit.

g T, :

PR A Phage 1 ltndy that has precodcd this documentation delved into the

oo mission concept, the system problems, and the constraints in relatioa to

Tl maximizing the misgion information yleld potential. As a result of this
Phase [ study, means were determined for minimizing such problems and
coastraints. A general summary of these results are given herein, in
Section 6.0, as the changes that would be required in the current system-
and procedures in order to use these various methods of system application.

In addition, this document presents, in Section 5.4.7, an example of

‘how equivalent or greater information yield can be attained by trading off
mission configuration for system procedures.

3..

.
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2.0 CAPABILITIES SOUGHT

Operational flexibility is the capability that is sought in order that the
information yield of the J mission can be increased to the m:tmum pracucal
value.

Yield of information is ,meuurc’abh by an hdu sumber that represents
the.: total film square-footage which is cloud-free and is over ground areas
of greatest information density and interest. Thus the system must be able
to select only those operations which have acceptable predicted clond cover -
. over spcem.c areu of maximum value. .

The operational flexibility sought must therefore be sble to provm

-:' 1. Launch in coincidence with predicted wasther spans.

2. Rudton on orblt to quickly and efficiently select payload
operations in coincidence with favorable predicted local
weather condltlonl

3. Required orbit parameters at injection aad maintainance of
... . such parameters during the useful life on orbit so as to produce
operations of the highest quality (See AP-1011).

4. A psttcrn‘ of ground tracks, and maintain guch a pattern during
the useful life on orbit so that the greatest percentage of area of
maximum vajue !s repetitively covered during a mission.

5. Power couemuon aud lynchrodam of the stored prognm
" with instautaneous spucqpumon 80 as to allow extended
_useful orbit life for achieving coincidence of overfly over
-valuable area with an optimal weather condition.
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'_3'._0 CURRENT QPERATION CONCEPTS AVAILABLE

In the logical development of the area gearch and reconnaissance concept
from the previous single capsule M system 10 the two capsule, single D/R
cycle J system, the finul development steps to realize full system potential
are still to be accomplished. However, the currcnt system conﬂgurdion
dlow- the following operation compu

3. 1 The vehicle is active and stabilized from injection until first -
recovery initiation. Thcmrmﬂspndumcuidaystor
approxhutcly 40 payload mhslon-cpenum

?‘Wa}pgy s Ay T

"./3.2 The vehicle can be maintained active and stabilized for a
"7 subgequant 4 days and 40 more payload missioa-operations.
- The J mission is therefore accomplished in a cootinuous
" 8 day, 80 operation run ending with initistion of the second
: recovery.

2

A

0 - .. 3.3 The vehicle éan bc placed ia § pitch-tumbliog mode and
~ deactivated immediately after initiation of the first recovery.
- Power consumption during the deactive phase is in the order
- ‘'of 130 watt hours per day. The number of deactivated days
will depend on the next predicted favorable 4 day weather span.
The maximum number of deactivated days possible is a '
: performance function, see AP-1011, and the adequacy of the
- orbis pnnmmrs uadthcground cover putteru.

. 3.4 Reacttvatlon must be accomplished at the same station at which
deactivation was pnprogrgmmd and mcutod. (See Figures 1 & 2)
3.5 Payload op.rlthn pro‘unmm is Opumlud to permit de-
activation after comphthn of day 3. s e v
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4
¥

A
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3.6 For successive orbits not eonucted by a ground station unique
© - control {s limited to 4 or less. These successive ua cted
orbits range from one tor orbn phne inclination of 90 to five
for 85°% or 1157, y
3.7 Prestored paylud operations can not be changed, added to, or
_ deleted except for system “'off’ or "intermix."” Intermix is the
.- ' . “unique control referred to in itcm 3.8 and is the current method
el noee e for selecting which orbits ‘will bave payload operating, which
e . - : one program will be executed, and whether the {nterval to the
T . next command contact shall be stereo or mono. (See Figure 3).
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- FIED- COMIAIIS PROGRAMS , SUCH AS STRTIoW (OUTRCTS
DO NOT HIWE THIS FLEYBIITY. :

\,
)

"
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. 3.8 The programming of the first three days of operations is

based on possible + 30’ period dispersions at injectioa. Ten
stored programs are arrayed, iacluding special programming
for Vulnerability and Indicator targets (See Figure 4). ‘

= """ 3.9 The 8ﬁhoequent progra'mmhg uses 10 programs arrayed within

+ 15" in longitude about the preprogrammed reactivation
longitude. Program array is therefore used to provide longitu-

- dinal synchronization. (See Figure 4).
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._4.0 Mnmsmmm
4.1 nm.nmmm
Lo .: 4-1 1 .er o

- ) \'ro bc useful, a wcmtc must pass over an area of
St value. Orbital parameters must thersfore be initially
Dy achieved, and subsequently coutrolled, to allow one
S SR - ‘or more pasges over the maximum percentage of area

o 'ot value wtthin a minimum number of days.
"1.,4 L2 _gs__&_io_n.

Commnd and conh-ol aptbmty mut e{ucieutly match

the longitude and latitude spans of area-of-value on any

orbit to the complste exclusion of any undesired operation.

L Each operation and the mode (stered or mono) must there-
e wiviae - lfore be individually selectable. - -

.  4.1.8 thmm
Pl o - o

. : ~ The vchlclc must have puylo.d opcmloml capability with
gw T - .. . cover colncident with the most favorable local weather
7 o0 .. & . conditions over areas of value. Observation therefore .
;H?, e mﬂrcsnwudulmmorutmm necessary
g .o O mdtontimetoopenu. -

N

X . %
4.2 st_“_m_s.t_r_%m.-.‘

PR .. . .There are four basic strategies that can be applied singly or ia
L. « . . any combination and permutation, ‘and the system must be capable
' o!accompluhlng any of the four in accord with what is the most
-~ practical for the condtttou encountered. These are mustrated
" in Figure §..

Th«e four hulc stutcgu- nn, ot whk:h the arst two are within
the capablilities of the system as currently conﬂgnrcd)

ven q_\.l‘:ﬁ:‘nbf. .o,

b

LT Euht thya continms Oporation (h-ck t.o h-clt)
2 Single C,ych Ductivatelnuctlvm &5,._ L ,- :

Fwe
&
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f
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The conditions which govern the choice of strategy are time of
year and weather conditions. Wiater time eliminutes the '

"' " possibility of photographing the northern latitudes due to the

lack of sun {llumination. This reduces the number of payload

. .operations available from which sehdlom can be made to

,.._xnuimlu information yield for a given square footage of fiim

.. : can be made. Surnmer time has neither nmlh_uu providlng that
orbits are properly taflored and coatrolled.

. Weath-r condmm govern the ltmcg at any um between pre-
lauach to on-orbit. As will be shown, timely reaction can
optimize the total yield of information, if the launch and a
favorable weather span are coincident.

If a highly favorable span of 4 days is matched by the launch, a
high yield will result for the first 40 operations. If the concition
persiats, a contimious 8 day operation would be carried owt rather
than gambling on a future condition that may not afford a much

.~ greater yleld. If the condition does not persist, deactivation would

follow first recmry with subsequent 40 operations in a continuous
reactivated period or by multiple D/R. This subsequent mode would
be détermined by whether future predictions show & reasonable
nxed pattorn ora nuctuattng pattern,

lf hunch can not be coincldent with a favorable span of 4 days then
;. - the vehicle could be put into a-deactivated mode with a 4 day
_- operation for the first 40 operations at a fOvorable tinie, or all
subseguent 80 operauou can be accomplished by multiple D/R
.whea pcrsmence d a tavorablc pnuem does not occur.

As wkll be sho\m by thc wuthcr “model, the avergo percent clear
- sky over the entire gross area of iterest does not vary much (7%)
between all four seasons, but some climatic regioas show con-
siderable seasonal difference. Climatic regions whose areas are
very dense with valuable inforafution will therefore yield radically
different quantities ‘of lntormtlon if the cloud cover varies con-

siderably smonany Ve e
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5.0 GAINS FROM SYSTEM APPIICATIONS

5.1 IndexofXisld . : B

. An index of the yield of information was created in order to A
.+ 3+ - quaatitatively establish the comparsative gains from the methods
5 . . .. ofJsystem application. In principle it is s summation of numbers
cenin T e that are the product of the percent clear sky at the time of a payload
. »  operation:and the information value of the arsa. These values of
.. interest range from oue to 22 and are primarily represeutative d
. the douuy of tn!ormatlou within a given aru.

Itts recogaized that a true um-en vthu would fluctuate with
turrent events, and a value of "one” on ons mission can risetoa
value of "'1,000" on the next mhuon. However, the evaluation of
‘system use is aimed at area search‘and reconnaissance. rather
. than tactical use. It is therefore rcpnuutntvc of information
. dculty L .
- Thlllndcx of Yield rcnccu the fact thlt umny greater
yhlddidormﬁmh obtainable from a high density area with a
small percentage of clear sky than from a low density area with -
. alarge percentage clear sky. Repetitivi'photography over these -
" . high density areas is considered as desirable as long as the time
" interval between sequential covers is loag ‘enough to assure
,Mmtulhdomahmd the local weather cooditions across
the awath: wtdth :_J . )

PO Thehdcxdmldhthiaumtqddmevﬂuu!orwoporatlonl
3r %1 ¢ . ‘selected during any 4 day period, 80 operations during an 8 day
@ ¥..- . period, or 80 operations nccompluhod by‘muluplo D/R during x
h ) uufuld;ylonorbit .

...
L AR

5.2 Wuthcrl'ra ot ntlau g

Amnhnrmodollnn boendertvcdatmbuedonuwdata

. supplied by the USAF Climatic Center of daily observations at

& - voon for the period 1957 through 1960. As shewn in Figure 6,

A the area of interest is devided into 12 climatic regions. These
areas differ iad the climatic conditions thréughout the 4 seasons

e . and in total area contained. However, the entire area in each

| . ngiouhnddhterentoncvcry% To reflect a weighting

o .. | [’shto containéd inte¥ést, “specific 5 x S “areds were given com-’
N - parative faformation values rcnncung dmlty of information. As
"* 77, .+ shown inthe table of Figure B, the result is that from 21% to 94%
: of the region areas are valued at "om or more.
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An overlay of the orbit traces for a 75° inclination for 4 days at

For each operaun‘ orgn thers is a total of the informatioca values
.(numbers inthe § x 5 blocks that the orbn crocuﬂ !or each of
the climatic rcglonl

* For each season ol the year there is a mthtiul problbnny of
percent clear sky. As shown in Figure 7, three values of clear
sky are given: ’

A = 0-30% clear sky .(1.51:“'.)

- B =.30-60% clear sky (45% avg.)

C= 60-1001- clear sky (80% avg.)

Figure 7 tabuhteu the average munber o! days pcr month as thc
frequency of occurance. Making a random selection based on

these statistics, a model was chosen for a 30 day period for summer,
Figure 8, and winter, Figure 9. This model gave a percent clear
sky value for sach of 30 days for each climatic region. Thia percent
clear sky value multiplied by the summation intormauon value for
eachpua pveanindexdyield ¢

represented the index of yield. For an 8 day period the highest

values for 80 operauon- were selected. For muitiple D/R, the
. highest 80 operationn were ulectod out ot the total tor Irom 8 to
30 days. . o . =

53 'l'utdllgc_lg; ;
Thevnndnydthemodelmmudbyeompﬂngtheumnhted

operations againlt 182 and 241 Program Mhttcs.

5.3.1 ggeatlonlErOrbu

Stathtica show that the dhtrw ot opcuuou
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Simulated operations, uslng' the model, show:

- Spring ' Summer
one operation 81% 52%

. two operations 3% - 36%
t.hree operations 3% .  12%
s.x 2 Operations per Day T

Choosing the highest Mudwwmmumra '
30 day span resulted in 8 to lamnumpor day with
an average of 10 per day. .

5.3.3 Average Cloud Clear Percentage b

The randomly chosen 30 day model {Figure 8) shows an
average of 30% cloud clear over ths entire 12 climatic
regions as agaiast the statistical average of 34.3% for
summer, over a 30 day period. -

5.4 Comparison of Information Yield , '.;_' ¢

Using the Index of Yield, a comparison has been made of the
information yield for the various strategies, between summer
and winter operations, and between a descending node only

' operation and an ascending and descending one.

Fundamental to the comparison is the determiaation of the day-
to-day varlnnee.. Thh u mnmmd by thurc 10 for summer.

day cycle over a 30 day perlod N

The difference ln the daily yield between summer and winter

is {llustrated by Figure 11. Of particular interest, beside the
greater yleld in summer, is the random variance of the yields
of each of the 4 days of the 4 day cycle over a 30 day period in .
winter reflecting to some extent the decrease in valuable areas
available for obsemtlon due to hck of mummtlon

. The 4 day actlve pcriod is th. bulc. or sundnrd strategy and

itsyieldhthcsumd“openm‘mhmorwthan 10
performed each day selected as to the highest predicted yield.
This 4 day, 40 operations represents the first capsule capacity,
and two such periods make up the 8 day back-to-ba.ck or the
single cycle DIR .
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5.4.3 Strategy - 4 Day Continuous

The significance hers is that of colacidence of 4 days operations

‘wlthanmablenuhc’r phase. The comparison here is one

of comparing Indices for differsat days of launch during a 30

- day period. Proper colacidence te mstch prediction can provide
. a high gain, Coaincidence is attainable with a timely launch, or
,byduaiuuum.rhmhudﬁhrtbcluﬂdmlday

interval.

"lu'wtnter tho l;nsmvhy to hunéh timing is not as great as
.I.nnnmmrtor nomh-lnuh-reondmm ..

s. 4 48trmjL ODq Conunuo\u

Pershunce of a nvonhh weather phase would demand the
coutinuance of active operatiens. The prediction would be

for better than nominal conditions persisting over areas of .
high value g0 that the deferrment of the second 4 day operation

. wonldnuyuldemghmorepmwnrrmthcrhk.

-~y ‘v \_,; a‘ -~ ,"

 Since selections of the a0 opentionn are mde over twice the
. the time fnterval that 40 operations are sslacted,. weather -

eomtmwmuanrqwmaﬂnmmhmmud ' :

the Index wi
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5.4.5 Strategy - Single Cycle D/R

The fundamental here {s the attainment of a high value for
the first 40 operationa by launch timing (favorable weather
forecast) otherwise the total Index for 80 operations is

initially and irretrieveably blased downward. As plotted

total, starting with an 8 day back-to-hack was added as a
function of time of deactivation (zero to 22 days). Winter
again shows considerably less sensitivity to day of launch
than summer since there is 3o little selectivity for the
80 operations.

Two significant things can be seen. First, a winter operation
yields, on the average, the same for an § day coutinuous as

it does for a single cycle D/R. In summer, the siagle cycle
D/R can yield significantly more as a strategy used when the
favorable first 4 day phase does not persist to allow a
continuous 8 day operation. This yield increases when

Ieye-bau" evaluatlon ! values attainable over a 30 day span

indicates that, on the average, satisfactory yields are attain-
able for the 80 operations within about 2 15 day span of useful
life on orbit for nominal conditions for this one strategy.

5.4.6 Strategy - Multiple D/R

The ultimate gains achieveable are through the strategy of
multiple deactivation and reactivation and target selectivity
(Section 6.0). In this strategy the vehicle, to conserve -
power and extend its useful time on orbit, {s activated only for
intervals when cover of a valuable area and a favorable local
weather condition coincide. This inteml would be for not
less than 4 total orbits.

-30-



In Figures 12, 13, 17 and 18, the step function for the
multiple D/R Index is the calculated numerical maximum
possible by selecting the highest 80 values out of the total
available in x days. Near-linearity of increase is the
characteristic of this maximum possible. However. the
practical achieveable, or most probable, is non-linear
and is estimated to be as shown. Human decision and
forecasting confidence limits the probability of correct
decision for maximizing the yield of information to the 50
to 60% point in 30 days. However, good decision-making
is possible for the first 12 to 15 days. Inapection of the -
numerical values and their selective rejection led to this
evaluation and the construction of the ''most prob;ble"
value curve.

- On the average it appears that significant yleld are _
attainable up to about 20 useful days on o-bit beyond which
additional significant gains represent a lower coafidence
and a greater risk. This, at best, £s an estimate.

5.4.7 Trade Off - Example Of

It is obvious that the yield of information is optimized by
both selection of the best strategy and by tailoring the orbit
during the seasons when such tafloriug is possible. However,
all the characteristics of such an optimization may not be
attractive. Of interest, therefore, is the possibility of
achieving a lower than maximum value of yield in trade for

a specific consideration. :

The greatest interest is in reliability. The intent here¢ would
therefore be to trade some of the yield for a greater confidence
in mission success. The desire would be to dut the number of

. days on orbit to & minimum and to apply the least complex
operational procedures.




2. An §day back-to-back operation i3 made,
. coinciding lauach with a favorable 8-day
weather phase.

3. An efficient operations select system is used.

4. A single cycle D/R capability. a programmer
slew controller. and 2 retro rockets for orbit
control are available, to be used if required.

This 8 day bac‘ -to-bace opcrauou described has the
followiang potentiala:

The simpler 8 day back-to-back strategy gives up ia trade the
following yields:

The trade values determined herein are based on a system
vapable of efficient operatlons selection.
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6.0 MEANS FOR REALIZING MISSION XIELD POTENTIAL, .

The means under discussion in this document relite to minin:al chonges
to curreat hardwares and procedures oaly. The determinution of these meuns
was arrived at through detailed studies now documented ia an 8-1/2 x 11 -
briefing aid "'Current Command System Improvement”. June 19684 (Special
Handling). This briefing aid was derived after a thorough Phasze I operations
research and system analysis aimed at establishing the mission concepts.
the current system capabilities. problems and constraiats, the defiaition of
system and mission potentials. and the approaches to problem solutions.

6.1

6.2

Operations Selectivity System
- This is, in prﬁcfpl‘e. a means to in-flight store, by RTC, the

selection of payload operations by deleting prestored operations

for which undesirable weather predictions are made or. to eliminute
redundant operations for a verified good weather condition on a
previous operation over the same area.

The sélection storage capacity should be for 6 operations for 5
consecutive orbits (bundle of consecutive uncontacted orbits ut

{ = 60%). The selection system should be flexible to allow &
greater number of operations for a smaller number of consecutive
orbits (up to the 30 total for one orbit) so that, for tuctical use,
a single stored program can be run in long coatinuity or in amall
select segments; or. current long continuous payload operations
can be segmented i{f desired. The system is to be fuil-3ufe in that
failure or shut off of the select system results tn execution of all
the siored operations.

This system, changing the current payloud logic, can first of all
gain 6 to 13% in efficiency of film use by preventing unnecessary
operations. Additional information ylelds have already been
presented. This select system is fundamental to attaining such
ylelds. :

Payload Ojerations Prggrammgg

A single and considerably universal payload program can be pre-
stored on the programmer tape from which the recommended select
system can maxe its in-flight selections. Three more progra:ns
would be added to take care, individually, of Iadicator, Vulaerability,
and Tactical area targets. The four programs would replace the
cureent ten programs.- This philosophy of programming and selection
should reduce the programming sensitivity to launch delays.
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: ."‘-_.8. 3 Prmummt Slew Control

To achieve the information yields which the system is capable
of providing, it is necessary to add a contrel to use the curzent
© programmer capability to slew the programmer tape at 20 times

' normal speed. This slew will allow the synchronizstica of the

stored payload programs (and station contact operations and other
payloads) with the longitude. and latitude, where large deviations

‘ result from injection deviations, orbit decay, mumph station
D/R command and. multiple D/R operations. . .

. Adding this control eumlnntu the need for building the means of
longitudinal synchronization into the payload program urayc .

(See Figure 4).
6.4 Orhit Cogtral -

For extended periods on orbit (up to 30 days). a means of orbit
cootrol is needed to maiutain the ground tracks within a reasonable

" pattern envelope 80 that cover occurs over the greatest percentage
of the areas of greatest value. Considering that the Sth day
synchronous pattern is the most applicable, means such as simple
rocket firings by RTC command, based on operational ephemeris
determinations, will maintain synchronism within a desired eavelope.

6 5 Launch Reaction -

The analyses have indicated that considerable change in yield can
occur during a 24 -hour interval. The ability to launch and deactivate
uatil an oncoming’ acceptable weather phage occurs is a gain, but it
cannotrotrhvcagoodphucthatoccurndlntbemt.

8.6 Mu sauonnnc and )

- This upabﬂtty requtru the use of the control for the slew of the
programmer tape. Multiple station D/R takes constraints off of
D/R operations md the reaction time from a deactivated to an
activated mode (3 hours) except through the bnndh of uncontacted
orbits due to the station locations. .

‘:;,: 6.7 NM D‘R -'"i" ) ' . -' _: oL '?';

. The first duclnpment o, mull.lpln bl,iig-mu be  two-cycle D/R ..
capability ia order to allow the start of any operations to be deferred
until any number of days after iajection into orbit ~CThetcsw.of 5o of
the control of programmer tape slew is very desirable. :
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The second development would be for an ability to call up the
vehicle to an active status for periods as short as 4 orbits.
Since the current deactivated mode is oae of pitch-tumbling, .

a means of maintaining attitude congreol eontlmmly for \lplto
30 days is needed.

One of the principal uses of attitude control during the entire
useful time on orbit weuld be for minimising the drag decay of -

the orbit. In a pitch-tumbling mode the orbit deteriorates at a
rate three times that of a stable vehicle. The resulting changes
in synchroanism dstrimental to information yleld would occur in
fewer days resulting in shorter useful times on orbit and would
require orbit control. For the long useful times on orbit, greater
. expenditures of energy would be required for orbit control.

.Opcraum are considerably simplified if attitude control is
maintained when several D/R cycles are used.
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