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1. 0 INTRODUCTION 

This document isoie of a sequel of documents to AP-1011, System
Operational Capability, which was issued March 1964. This preceding
'document AP-1011 provi tsred a summary of (I) the applicable physics of
the sun/earth/satellite/ camera system and, (2) the performance and
programming capabilities for up to 30 day missions.

•

It is the intent of this document to describe the various ways that
the .1 system can be used in achieving quantity and value of data. and to
quantitktively compare the yield of the area search and reconnaissance

r• •• ;:a ; • information for each of these ways.
•••:4A••

It is to be recognized.that the J system can be utilised for purposes
other than emphasized in this document. (e.g. storage in orbit until target

fit requirements are assigned, a single quick-reaction response, etc.). There
e.	 are also ways of planning missions in order to obtain data of maximum

quality which are still to be described. Subsequent addenda are to be issued
em • .	 in the near future covering these information areas.

. ••

•, • •

The quantitative evaluation presented herein makes use of a weather/

target/operations model which produces an Index of Yield. This Index is
a comparative measure of the efficiency of film usage. The higher the

Index value, the higher is the yield of information per square foot of film
operationally available on orbit.

A Phasel study that lias preceded this documentation delved into the 	 r
mission concept, the system problems, and the constraints in relation to
maximizing the mission information yield potential. As a result of this
Phase I study, means were determined for minimizing such problems and
Constraints. A general luminary 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.

••

•

•
•



2.0 CAPABILITIES SOUGHT
• Operational flexibility is the capability that is sought in order that the

information yield of the .1 mission can be increased to the maximum practical
_••• • value.

. • Yield of information is measureable by an index number that represents
the: . total film square-footage which is cloudfree 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 cloud cover

	

"1--	 over specific areas of miudmum value.

-v.	 • ••
.	 •

	.	 •.•

Required orbit parameters at injection and maintainance of _
such parameters during the useful life on orbit so as to produce

	

,••••	 . •	 operations of the highest quality (See AP-1011).. :n....4-:?f
• " 4. A pattern of ground tracks, and maintain inch a pattern during

the useful life on orbit so that the greatest percentage of area of
•	 12111.1±1211211 value is repetitively covered during a mission.

	

.•	 5. Power conservation and synchronism-ie the stored programs
..Arith instantaneous spai4position so as to allow extended
useful orbit life for achieving coincidence of overfly over
valuable area with an optimal weather condition.

.1. •	 •	 7.1
I •

•
•

:*

The operational flexibility sought must therefore be able to provide:.•
Liuinch in coincidence with predicted weather spans.

Reaction on orbit to quickly and efficiently select payload
operations in coincidence with favorable predicted local
vteather conditions.



3.0 CURRENT 0_72:RATION CONCEPTS AVAILABLS 

In the logical development of the area search and reconnaissance concept
from the previous single capsule id system to the two capsule, single D/R
cycle J system, the final development steps to realise full system potential
are still to be accomplished. However, the current system configuration
allows the following operation concepts::•

3.1 The vehicle is active and stabilized from injection until first
recovery initiation. The normal span of time is 4 days for
approximately 40 payload mission-operations.	 •

•
• • 3.2 The vehicle can be maintained active and s

•

 tabilised for a
•	 lubsequent 4 days and 40 more payload mission-operations.. 	. 	 .	 .

•	

-	

The J mission is therefore accomplished in a continuous
8 day, 80 operation run ending with initiation of the second

IT.	 - recovery.
•

7 • • • 3.3 The vehicle Can be placed in q pitch-tumbling mode and
deactivated immediately after initiation of the first recovery.,z. • •	 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..

	

. •	 4	 The maximum number of deactivated days possible is a
performance funCtion, see AP-1011. and the adequacy of the

*••• orbit parameters and the ground cover pattern.

3.4 Reactivation must be accomplished at the same station at which
deactivation was preprogrammed and executed. (See Figures 1 & 2)

3.5 Payload • operation programing is optimised to permit de-
sctivation after completion at day 3.

3.6 For successive orbits not contacted by a ground station unique
. •	 control is limited to 4 or less. These successive =contacted

orbits range-from one for orbit plane inclination of 90 to five
for 65o or 1150.	 •

:

3.7 Prestored payload operations can not be changed. added to, or
deleted except for system ! loft' or "intermix." Intermix is the

•• unique control referred to in item 3.8 and is the current method
:•-•• • for selecting which orbits 'will have piyload operating, which

one program will be executed, and whether the interval to the
. next command contact shall be stereo or mono. Wee Figure 3).

•	 •	 •

.	 •	 . •

: 1 . ;:.' 	 ." 	 -74.;	 •
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9.8 The programming of the first three days of operations is
based on possible 30' period dispersions at injection. Ten
stored programs are arrayed. including special programming
for Vulnerability and Indicator targets Wee Figure 4).

.••
- 3.9 The lubsequent programming 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).

•• • • •

.•

•

S .rT
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TO be useful, a satellite must pass over an area of
value. Orbital parameters must therefore be initially
achieved, , and subsequently controlled, to allow one
or more passes over the madmen percentage of area
'of value within' a minimum number of days.

4.1: 2 Acquisition	 . • .; •

4.14 Clasentation.
••.	 . .

The vehicle must have payload operational capability with
cover coincident with the most favorable local weather
conditions over areas of value. Observation therefore	 .
requires an extended useful tints on orbit and the necessary
reaction time to Operate. - •

4.2 Operations Strategies '

There are four basic strategies that can be applied singly or in
any combination and permutation. and the system must be capable
of accomplishing any of the four in accord with what is the most

7n-•
	 practical for the conditions encountered. These are illustrated

•
	 in Figure 5..

•

•

, -N•15 .	 •
Command -and control capability must efficiently match
the longitude and latitude spans of area-of-value on any
orbit to the complete euclusion of any undesired operation.
Each operation and the mode (stereo or mono) must there-
:fore be individually selectable. • •

.	 .

• I

These four baiic.strategies are; (of which the first two are within
the capabilities of the system as currently configured):

1. Isight'dairconiitiCuiuloPeration (bads to back) •
. 	.	 •	 •	 •

..Deactivitte/Rtactivate:•...g
.	 • -• •.

Deactivate/Reactivate (Deactivate after. 	.	 .

•

,P •

: '" •	 •

4... Multiple..Cycle..Deactivate/Reactivate
:•••......,. • i....:,.....:. .-:.,,dr 4, ..:4,-,...-...:. g — tri •	 .. ••• .	 -	 •. .    	 .   .	 . .

•
- -9-. •	 l.'s' • :. ;	 ....

..	 • •,.:S. kri:	 ‘,.-.. .	 •
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The conditions which govern the choice of strategy are time of
year and weather conditions. Winter time eliminates the

Nrli • possibility of photographing the northern latitudes due to the
lack of sun illumination. This reduces the number .of payload

. operations available from which selections. can be made to
information yield for a yen square footage of film

. carried.

...

ri......,.............::•.....t.„.......	 •	 .:	 ....•.....•

u mg the
number of payload opera 3e fromw^ch such selection

: can be made. Suminer time has neither limitation providing that
orbits are properly tailored and controlled.

. •	 ....•	 ••	 • •	 .	 . •
. 'Weather "conditions' govern the strategy at any time between pre-

launch 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 condition•
pandits; a continuous 8 day operation would be carried out rather
than gambling on a future condition that may not afford a much
greater. yield. If the condition does not persist, deactivation would
follow first recovery with subsequent 40 operations in a continuous
reactivated period or by multiple D/R. This subsequent mode would
be deterizdned by whether future predictioiss show a reasonable
fixed pattern or a fluctuating pattern.

.•

If Lunch can not be coincident with a favorable span of 4 days then
the vehicle could be put into &deactivated mode with a 4 day

. • operation for the first 40 operations at a tworable tithe, or all
subsequent 80 operations can be accomplished by multiple D/R

. when persistence of a favorable pattern does not occur.
t•	•	 •

.	 •	 .

As wbll be shown by the weather model, the average percent clear
sky over the-entire gross, area of interest does not vary much (7%)
between all four seasons, but some climatic regions show con-
siderable seasonal difference. Climatic regions whose areas are
very dense with valuable Wort:dation will therefore yield radically
different quantities of information U the cloud cover varies con-
siderably seasonally.. • 	 •

.

'..."`*!-: v.': • •	 . •
.	 •

• •

A r
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5.0 GAINS FROM SYSTEM APPLICATIONS 

.4. 5 - 1 InCisx Rf /Ada	 •
-	 •

An index of the yield of information was created in order to
,	 quantitatively establish the comparative gains from the methods

•of J system application: In principle'it Is a summation of numbers
that are the predict of the percent clear 'sky at the time of a payload
operation.tand the information value of the area. These values of
interest range from one to 22 and are prinaarily represeNatitive of
the densitY of information within a given ate*.

It is recognized that a true interest value would fluctuate with
torrent events, and a value of "one" on one mission can rise to a
value of "Logo" on the next mission. However. the evaluation of
system use is 'abited at area searehcand ieconnaissance. rather
than tactical use. It ii therefore representative of information
density.	 .

. This Index of 'yield reflects the fact that a_substantially greater
yield of informatidi is obtainable 'from a high density area with a
small percentage of clear sky than from a low density area with
a large percentage clear sky. Repetitivirphotogralphy over these -
high density areas. is considered as desirable as long as the time
interval betiveen• sequential covers, is lonienough to assure•

:	 statistical independence of the local weather conditions across
the swath .width.	 • '.	 •	 •

•
The index of yield is th" sum total of the values for 40 operations
'selected daring any .4' day period. $0 operations during an 8 day
period, or SO operation' accomplished by lMultiple D/R during z
useful days on orbit. 	 '	 • • •

:	 •	 .1	 ••..'	 •	 .
5.2 *gather/Tarsi et /6*erat ions *.	

•

•
A' weather' 	 has been derived at Lust based on raw data
supplied by the USAF Climatic Center of daily observations at
noon for the period-1957 through 1960: As shown in Figure 6,
the area of interest is deidded into 12 cliniatic regions. These
areas differ iii the:clintatieeenditions thrisughout the 4 seasons

. and in total area contained. however, the entire area in each
region is oat of 41141reidco every ngsgue1.719 reflect a weighting

 •a-a to contained inteleSt..lipecific.5	 :	 Oren corn- ' • •
piritive infOrri

.
uttioi mama retied- int density of informatioi. As .

shown blahs table of Figur" 8; • thei-eSith is that from 21% to 94%
of the region areas are valued at "one" or =ire.

.	 • r

•

•

.	 • •
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An overlay of the orbit traces for a 75° inclination for 4 da s at
7

For each operettas orkit there is a total •of the information values
(numbers in the A"x 5 blocks that the orbit crosses) for. each of crosses)
the climatic regions.

For each season a the year there is a. statistical probability of
percent clear sky. As shown in Figuie 7, three values of clear
sky are given:	 .

A = 0-30% clear sky (15% avg.)
B =. 30-60% clear sky (45% avg.)
C z 60-100% clear sky (801..avg.)

Figure 7 tabulates the average number of days per month as the
frequency of occurance. Making a randoin selection based on
these statistics, a model was chosen for • 30 day period for summer,
Figure 8. and winter. Figure 9. This model gave a percent clear
sky value for each of 30 days for each climatic region. This percent
clear sky value multiplied by the summation information value for
each Pala . gave an index of yield.	 I

represented the index of yield. For an 8 day period the highest
values far 80 opetatiens were selected. For multiple DM. the

. highest 80 operations were selected out of the total for from 8 to
30 days.	 -	 -

•

•

•
5.3 Test of Model •• • :' •

.

The validity of the model was tested•by comparing the simulated
operations against 162 and 241 Program statistics:

were as follows:	 •
•:1:t*,. • ••:..:*

. •	 ks •	 • ••n 	 •

	

• •	 •• •.•

50-66% ;We 're one opeiation' per obit " .1•	 • •
39-40% were two operitions per orbit	 •
10-20% were three operations per orbit • • •

.•

3 . ...0

5. 3 . 1 Opesatiana. per Orbit	 •

Statistics :how that the distribution of PPeilitions -•

•

•
•
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Simulated operations. using the model, show:

Spring Summer
one operation 81% 52%
two operations 36% 36%
three operations 3% i•%

5.5.2 Operations per Day 	 . 	. •

Choosing the highest index of information yield over a
30 day span resulted in 8 to 13 operations per day with
an average of 10 per day.

5.3.3 Average Cloud Clear Pereentaite 

The randomly chosen 30 day model (Figure 8) shows an
average of 30% cloud clear over tibe entire 12 climatic
regions as against 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 determination of the day-
to-day variance.. 'This is illustrated by Figure 10 for summer.
The des	 shows a . silt

day cycle over a 30 darperiod. . L. • ..-

	

.	 .
.	 .

The difference in the daily yield between summer and winter
is illustrated by Figure 11. Of particular interest, beside the
greater yield 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 observation due to lack of illumination.

The 4 day active period is the basic, 	 strategy and
its yield is the sum of 40 operations with mare or less than 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-back, or the
single cycle DIR.

•• •	 . •

Y.
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5.4.3 Strategy - 4 Day COOtilMOUS •

. •

9.•	 V

. The significance here is that of coincidence of 4 days operations
with a favorable weather phase. ' The comparison here is one
of comparing Indices for different days of launch during a 30
day period: Proper coincidence to match prediction can provide

. a high gain. Coincidence is attainable with a timely launch, or
by deactivating after launch to deter the start of the 4 day
interval.

In winter the sensitivity to launch timing is not as great as
. in summer far nominal weather conditions. ... • .•

5. 4. 4 Strately - 8 Day Continuous
.• ••	 •	 •	 .

Persistence of a favorable weather phase would demand the
continuance of active operations. The prediction would be
for better than nominal conditions persisting over areas of
high value so that the deferrment of the second 4 day operation
would out yield enough more gain to warrant the risk.

..	 •	 ,.	 .•
Since selections of the 80 operations 'are blade over twice the
the lima Isiterval.•.tbat 40,0peratioacarejoalactld,- weather 	 •• .:.•
conditions Will be averaging out and variations in the value of •
the Index •will, mt as vest ria e-wise. Figure 12
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5.4.5 Strategy - Single Cycle D/R 

The fundamental here is the attainment of a high value for
the first 40 operations by launch timingAfavorable weather
forecast) otherwise the total Index for 80 operations is
initially and irretrieveabl biased downward. As plotted

a was	 y us•. ac
total, starting with an 8 day back-to-back, 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 so little -selectivity for the
80 operations.

Two significant things can be seen. First, a winter operation
yields, on the average, the same for an 8 day coutinuous as
it does for a single cycle D/R. In summer, the single 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

evaluationattainablenable over a 30 day span
indicates that. on the average, satisfactory yields are attain-
able for the 80 operations within about a 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 r.
power and extend its useful time on orbit. is activated only for
intervals when cover of a valuable area and a favorable local
weather condition coincide. This interval 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 isdormation to the 50
to GO% point in 30 days. However, good decision-making
is possible for the first 12 to 15 days. Inspection of the
numerical values and their selective rejection led to this
evaluation and the construction of the "most probable"
value curve.

On the average it appears that significant yield are
attainable up to about 20 useful days on orbit beyond which
additional significant gains represent a lower confidence
and a greater risk. This, at best, Is 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 tailoring 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 ;elide some of the yield for a greater confidence
in mission success. The desire would be to at the number of

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

-31-



An 8 day back-to-back operation is made.
coinciding launch with a favorable 8-day
weather phase.

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 back-to-back operation described has the
following potentials:	 '

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

The trade values determined herein are based on a system
‘apable of efficient operation.; selection.



6.0 MEANS FOR REALIZING MISSION YIELD POTENTIAL-
.

The means under discussion in this document relate to minimal changes
to current hardwares and procedures only. The determination of th 	means
was arrived at through detailed studies now documented in an 8-1/2 x It
briefing aid "Current Command System Improvement". June 1964 (Special
Handling). This briefing aid was derived after a thorough Phase I operations
research and system analysis aimed at establishing the mission concepts.
the current system capabilities. problems and constraints. the definition of
system and mission potentials. and the approaches to problem solutions.

6. 1 Operations Selectivity System 
This is. in principle. a means to in-flight store, by RTC. the
selection of payload operations by deleting prestorecl operations
for which undesirable weather predictions are made or. to eliminate
redundant operations for a verified good weather condition on a
previous operation over the same area.

The selection storage capacity should be for 6 operations for 5
consecutive orbits (bundle of consecutive uncontacted orbits at
i a 600). The selection system should be flexible to allow a
greater number of operations for a smaller number of consecutive
orbits (up to the 30 total for one orbit) so that, for tactical use.
a single stored program can be run in long continuity or in small
select segments; or, current long continuous payload operations
can be segmented if desired. The system is to be fail-sate in that
failure or shut off of the select system results in execution of all
the stored operations.

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

6.2 Payload °vocations Programming

A single and considerably universal payload program can be pre-
stored on the programmer tape from which the recommended select
system can mace its in-flight selections. Three more programs
would be added to take care, individually, of Indicator. Vulnerability,
and Tactical area targets. The four programs would replace the
current ten programs.- This philosophy of programming and selection
should reduce the programming sensitivity to launch delays.

-33-
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Programmer Slew Control ...

.	 .	 • .	 •

...• .

•

•
6.5 LIVriBRACAUSI. •

The analyses have indicated that considerable change in yield can
occur during a 24 hour interval. The ability to launch and deactivate
until an oncoming:acceptable weather .phase occurs is a gain. but it
can not retrieve a good phase that occurred in the past. .

.	 •

6.6 Multiple Station D/R Command

This capability requires the use of the control for the slew of the
programmer tape. . Multiple station D/R takes constraints off of
D/R operetta= and the reaction time from a deactivated to an
activated mode (a hours) except through the bundle of =contacted
orbits due to the station locations. . .

6.7 llultio3a DjR	 . - • ' •-

The first deiteloimenlof.multiple-DilieOnld be a two-cycle D/R
capability in order to allow the start of any , operations to be deferred
until any number of days after injection into orbit.funhetass.of %so. cf
the control ofprogrammer tape slew is very desirable..

. . To achieve the information yields which the system is capable
of providing, it is necessary to add a =atrial to use the current

; • programmer capability to slew the programmer tape at 20 times
normal speed. This slew will allow the synchronisation 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. multiple station .
, :• D/R command and. multiple DM operations.	 .

• 
• Adding this control eliminates the need for building the means of

longitudinal synchronisation into the payload program arrays .
.	 (See Figure 4). '

..•
6.4 Orbit Control

For extended periods on orbit (up to 30 days). a means of orbit
control is needed to maintain the ground tracks within a reaLsonable
pattern envelope so that cover occurs over the greatest percentage
of the areas of greatest value. Considering that the 5th day
synchronous pattern is the most applicable, means such as simple
rocket firings by RTC command, based on operational ephemerio
determinations, will maintain synchronism within a desired envelope.

•
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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 one of pitch-tumbling,
a means of maintaining attitude control continuously for uptto

	

i.	 30 days is needed.
A.	 • •

jusandisgstaira .

One of the principal uses of attitude control during the entire
useful time on orbit would 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 synchronism detrimental to information yieldvould occur in

	

tz; •	 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.
jec--

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

••...

	

.	 .

•••	 •


	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7
	Page 8
	Page 9
	Page 10
	Page 11
	Page 12
	Page 13
	Page 14
	Page 15
	Page 16
	Page 17
	Page 18
	Page 19
	Page 20
	Page 21
	Page 22
	Page 23
	Page 24
	Page 25
	Page 26
	Page 27
	Page 28
	Page 29
	Page 30
	Page 31

