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1k November 1960

MEMORANDUK FOR : Deputy Directcr (Plans)
THROUGH : Acting Chief, m-m/r-
SUBJECT 1 LMSD Stereo Proposal

1. Ve have ressived & purely valimteer proposal from LMSD to provide
100 per cent stereo in the CORONA program. PIC, if farced to chooee De-
tween & significsut improvemsnt in resclution vs full sterec, would prefer
the latter, so I am teld. I suspect LIED may have comcocted this a sids
door entry to B-6.

2. The stereo Jrovision eould be cbtained Ly either C, C', er C'*'
cameres; hovever, unless & pare cus & two shot progran is planned the
present camers ordsrs vould have t0 be inareased. Unless the C''' design
fails it would be the obvious choice to give both sterec and

orbit. This is 250 pounds above the aivertised IWO of Thor DN-21/Agema B.
I have not yet received dsata fram Colonel Muphy to allow evaluation of this
factor. The capsuls film losd is yresumed to double to 80 pounds. If the
present retro rockst cannot ascommodats this increase, £ilm loed must be
reduceld or & nev retro rocket developed. Ve Inow from past experience that
s propellant change cos's over (il The recovery vehicle would require
change in design unless the film load is limited to 60 pounds, or cne amd
one-half (14) dxys instesd of two days supply. Camera operstion is not
proposed as synchronous; the nscessity for synclronism must be evaluated.

‘h. O own cost malysis is as follows, based on past experience with
the sevezal contractors:

ITRK C''' cameras modified per pair | -

GE recovery capsules nodified each

LMED rewark, new parts, tests
Total per lmunch (Y operstionmal shots)
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Pags 2
These cost estimates presume no major redesign in recovery ospsuls and

ae. JIf thess becoms necessary, the unit acost could in~

retro
cresse

5. PIC now have this moposal for evalustion. I shall obtain from
PIC/DPD-OPS, with advice from Reber, & value Judgment.an a full stereo
systex vith its attendant cperetional limitstions vs & mono system of the
present C''' variety. If the limited system is unacceptable, then s
stereo version of CORONA becomss more costly and prebably later in time
than indicated herein by LMSD.

Attachment:

Proposal: A Convergent Btereoscopic Camera Systea —
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1. SCOPE AND OBJECTIVES -

It is proposed that stereoscopic coverage be incorporated into the
Corona reconnaissance subsystesm as an ald to photo interpretation. This
may be accomplished by mounting two pmorbnio cameras on converging
planes within a lengthened fairing, each camera feeding its film onto a
separate spool in a modified omssette. Continuous coverage will be ob-
uined over target. | : ‘

Since it is the purpose of this proposal to aid photo interpretation,
design parameters should be chosen to pruiide additional coverage where
it is needed most. These areas of emphasis are detemined by the special

tasks of interpretation and by the specific weakmesses of monocular

photography.

The targets of most interest to the intelligence commmity are man-
made structures and objects and their immediate topographical mviroment; SRR
Often, and especially in military areas, the shape of such structures and

their detectability is subjeot to rapid ch@n,ge with time as may be
exemplified by missile lamnching sites being oonstrucféd and then
camouflaged, and the movement of military aircraft and ships from base
to base, or dispersion among civilian facilities.._‘- Previous exporimﬁ
has shown that detectability and interpretation ‘are aided by the ability
to view such objects in stereoscopic photography vhere their third dinen- ©
sion of h&ght is spparent. e ' S

The greatest weakness of single picture infarmation is found where =~ '

the objests in question appear so small on the phqwémph that their
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significant distinguishing features are near the lémit of resolution. .
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Another weakness is the loss of information wbu;'ﬁa;u\reo dimensional = -

structure is shown in flat projection. In this 6m, confusion of actual
structural details and t.h.ir“dmdovu often lut'k to misinterpretation,
It 1s also known from previous exporionbo that the smallest sterso-

scopically recognisable ground parallax is a factor of about 1/2 to 3/h

smaller thgn the smallest monocularly resolved distance. Hathciatically,

this may be stated: _ - _

APmin‘-"—('i’"'l‘{) —"i.g ' '
vhere A P = difference in paraliax '
and Rg = ground resolution in fest.

Applying this to the existing Corona system, which has a monocular Hv :
ground resolution capability of spproximately 25 feet, resolution could

be improved to the range of 6.25 to 12,5 fest. This should permit idemti-
fication of ground objects 15 to 30 feet on a side as compared to |
approximately 60 feet for monocular photography. {
In order to obtain stereoscopic photography, it is proposed to use
two C Prime or C Triple Prime cameras mounted as convergent obliques. ,m' .
technique to be employed should mset the following requirementss
(1) Time lapse between two pictures of a stereo pair should be
minimized; i.e., stereo coverage should be obtained by a
fore and aft look as the wehicle passes over the target ,(I;‘._;_
Figure 1). -

(2) Thesereo effect which depends upon the base/height ratio 1
should be meximized as far as compatible with good viewing
conditions. Base/height ratios of well over 1lil have actually
been used with several fypea of wide angle photography and




have proved satisfactory, It should be noted, however, that
large stereo angles in excess of 30° - LO° increase the photo- :
graphic scale at the expense of ground resolution, while
yielding very little additional height discrimination.
Base/height ratio, H, can be expresiﬁd in terms of angle of

convergencs ast

H=2TAN %
since A h = AP m;ﬁ_ ‘; '
then W1 s

'%;‘z KT Z

Where k is a subjective constant betwsen 2 and b, B, is the
value of a ground resolution element, ‘a is the angle of con-
vergence, and Ah is the datootlhl;a dif ference in height of
obJect. |
Figure 2, attached, denotes ths stereo angle relationship. .

An optimum region of 279 to 52° indicated. Vehicle altitude
and velocity plus present instrument capability and exposure
requirements suggest about 30° as a suitable angle of conver-
gence falling within the optimum region. This angle of con-
vergence can bs obtained with minimum modification to our
fairing design and camera supporting structures,

If requirement (1) above is met, the usual conditions of sterooaoox'iy

will always be closely approximated for a small area to be viewed, Con-

sequently, in any stereo pair, corresponding domains will have very ieu'ly )

the same scale, This means that satisfactory sereoscopic fusion can be

slet
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obtained with any conventional lﬁrcdscope without rectifying the photo-
graphs, For the stereoscopic examination of extended areas and particularly
for the correct interpretation éf topo;raphy, ‘rectification is recommended
in order to avoid gross deformation of the stmoséopic terrain modsel.




II. DESIGN

A.

B.

Englneering Prototzps : |
Two (2) Corona cameras are presently svailsble at our facility.

An cngineeriﬁg prototype can be established in the earliest possible
time by mounting these ins?mem.s on the proper planes in a modified
fairing. |

The cassette for this unit can be built in Boston, The reocovery
vehicle can be modified from the present Mk 5 vehicle if one of these

units can be made available to us.

With much of the hardware usable, “as 1is" or with little -od.iﬁ.
cation, it is conservatively estimated that the engineering protohpc 7
can be assembled and in readiness for a systems functional and en- ,g;;.? T

S e

virommental test program within 2 weeks from design start.

Operational Units | ' S

There is nothing radical or new in this proposal outside of the
basic concepts much of the hardware has been proven in mcccssm
operation. The C Triple Prime instrument and the recovery system
closely follow and continue the line of dsvelopment established in "
the Corona progrars. Because of this, concept-to-operation time can o
be drastically reduced. We estimate that a first launch could bo
accomplished within nine (9) months from design start. ~-

The oomplete operational unit would consist of two (2) cee 1n- B
struments, a modified fairing, a modified recovery capsule and cas- -
sette for the Mark V recovery vehicle, ;nd the Agena/Thor combination.

The Agena vehicle 1s designed for second stage orbital 'boout with
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with any of several first stage booaiers. The Agena-Thor combination

is recomsended since 1% is operational and has proved its dependability
in the Discoverer project.” It is readily adaptable to the sterecscopis
subsystem. The ability of At.ho‘ ~combina tion to carry weights imposed by

the stereoscopic subsystem and recovery wvehicle are discussed below.

Agena-Thor Propulsion Capability

The Agena~Thor propulsion system capability for placing the
estimated operational satellite system weight on orbit is indicated
in Figure 3. The circled point represents nominal L-day mission
op erational paramsters for an orbit having a 93.8 minute period,
approximately 0.033 eccentricity, and a perigee altitude of 130 statute
miles, assuming the present VAFB lannch configuratian, with 172 dograo
launch azimuth. As shown, the 1960 cumnt propulsion systems
(3-sigma minimum) capsbility can provide the emergy necessary to
boost the estimated 2450 pounds of satellite stage hardware into the
design orbit, including an allowable total payload system weight of
670 1bs. This "empty" weight is different from total "burn-out®
weight by the amount of residual propellants, control fluids, etec.

The performance is derived from currant IMSD propulsion systems
"planning® capability for Thor DM-21 (165,000 1b. thrust) booster and
Agena 8096 engine (specific impulse, 289.5 aeconds) with the mtogratod
subsystems n:l.ghts for the proposed operation. :

As suggested above, this performance should be somevhat con= -
servative sinoe it is based on (minus) three times the standard b
deviations expected in system parameters. Such conservatism 1s

deemed necessary at this point in the proposed system developmsnt




E.

to allow for usual final “empty"™ vo'ight.growth and a practical
degradation in estimated propulsion portdmnee derived fyom ex-

perience.

Weigl_lta

Weight estimates for .f.hc camera system are given in fig. 4.
It will be observed that with sixty pounds of payload and using
the C instruments, total weight will be 661 1bs., or 9 lbs. below
the conservative limit noted above. Since it is expected that
C Triple Prime instruments will be § to 10 lbs. lighter than C
instruments, 80 1lbs, of payload appears to be feasible,

With this weighé carrying capability, the real constraints on

£ilm footage are the present configurations of the Mark IV or Mark V . ...

recovery vehicles. Primarily this is a space and balance problem.
Sixty pounds, spooled on two 16" diamster spools, can be handled _
with relatively minor changes to existing designs. For 80 pound
payloads, redesign of the recovery vehicle 'and analysis of the re-
entry mechanics and heat shield requirements for the increased
weight will be necessary. It is interesting Ato note that 30 pounds
of payload of the J=16 type currently used is approximately 5500 |
feet in length as compared to 7200 feet for the LO pound weight.

In-Flight Operation of Instrument Subsystem

It is proposed that the two cameras be turned on simultaneously .. s b

and operated continuously as the vehicle passes over the target area,
with no attempt to cbtain precise synchronism. This means that a

II-3
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portion of the target may not be coveru& bi stereoscopic photography
or that soms payload must be expended over non-target areas. From
predicted orbit parameters and instrument cycling time, it is
estimated that approximately 10 frames (25 feet) of non-stereoscopic
coverage would be obtained each pass. It is considered that this is
an acceptable trade-off compared to resulting weight, complexity, and
reliability problems of synchronizing devices to result in timed
photography by one camera or other, It should also be pointed out
that the non-stereoscopic coverage should not be considered a total
loss as it may still be exploited for intelligence purposes, assuming

it is obtained over land areas adjoining the target area.

Ok




III. COVERAQE
Considering L-day operstions projected toward the nominal orbit, having a

93.85 minute period and a perigee altitude of about 130 statute miles,
it might be noted that a single mission could obtain complete coverage
at latitudes above 63-degrees north latitude over an area of interest
limited by the amount of film available. The control of orbit parameters
anticlipated fdr the proposed operational period -- dependsnt upon the
satellite guidance and control systems as well as on propulsion impulse
control limitations == would indicate that actual operational periods
would fall within ¥ 0.5 minutes of prescribed conditions. Considering
coverage then, for a normal variation of operational parameters, it ni@zt
be noted that complete coverage of desived areas below the aforeuntiomd “_Lm,»
63-degrees north latitude would require combination of the results of at
least two properly related missions. That is, complete coversge of l_reu ,
north of 60° N. latitude could be obtained from the complementary roml'oa :
from & 93.8 minute orbit operation and that from @ 94.05 minute orbit, =
above 50 degrees north covered by the results from 93.7 and 94.35 m;_rmto
period operations and so on.* Capability for cpnplate coverage of all. {
areas above 30-degrees north latitude could be obtained from two nis—vlibinvaj,V’
one on an orbit period between 94.6 and 95.0 minutes coupled with a properly S
chosen period near 90,2 minutes. | | e

# NOTEs These combinations ax"e not preclisely preecribed since exact
complements require consideration of shﬂts in coubination pat.tem ?f

around the globe for multiple operationa.

III -1




Similarly; looking at the general oﬁorat.ional coverags capability, still
assuming (conservatively) that all operations be continued on orbits
having relatively low perigee altitudes of the order of 130 statute miles,
it could be assumed that excollﬁt coverage of the entire area of interest
could be obtained from 3 to 5 missions having periods with nbrmal distribu-
8ion .abodt the nominal 93.85 minutes, coupled with the results from 3 or
more missions having periods distzx'ibntod about a properly chosen (lower)
second period.

This estimated coverage assumes a total camera view angle of 70-degrees,
orbits having an initial perigee near 22-degrees north latitudes, shifting
northward 3 to 4 degrees per day and an earth-shape approximated by the
Hough ellipsoid.

IIT - 2




IV. GROUND SUPPORT BQUIPMENT
| Costs of ground support equipment can be held at surprisingly low
figures. The reason for this is the f;ct that most of the equipment has
already been designed and has been put into use in connection with the
existing programs. With some modification this equipment can not only
be adapted to the stereoscopic camsra system but in some cases can be
used for the simultaneous checkout of two different systems.

’ I

A large proportion of the costs shown, therefore, reflect the need
for the new handling fixtures that will be required.




v.

AREAS OF RESPONSIBILITY

It is proposed that the existing relationship between IMSD and |
Ttek far the C Triple Prime be retained for this project. IMSD will
be the systems manager and will be responsible for production of the
Agena B, integration of the instrument system and REC system with
the vehicle, and launch operations at Vandenberg Air Force Base,
IMSD will also be responsible for procuring the Mark V reeover}
vehicle from General Electric MSVD, It is planned that IMSD will
be totally responsible for preparing the recovery vehicle for flight.
Itek Corporation will be responsible for the design and fabrisation
of the camera and cassette, which constitute the instrument subsystem.
Itek will be expected to provide technical support for the checkout

and flight preparation of the instrument subsystem.




CONVERGENT STEREO
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FIG. i WEIGHT ESTIMATE

The estimated weights of the compete payload system is outlined

belows

I.

III.

FAIRING ASSEMBLY With C wWith C»!
A, Instrument (2),
including the clock = = « = = = « = « 220 lbs. 200 lbs,
B. Forward Fairing,
including electriscal harness,
‘mounting rings, and accessoriss - - - 55 lbs, 55 lbs,
C. Aft Fairing (added)
including electrical, special
mounting structure, etc, = = « = = = = 65 lbs. _65 lbs,
Subtotal 340 lbs. 320 1bs.
NOSE CONE ASSEMBLY
A, Nose Cone with Recovery Items, :
less GFE = = - =« = o= = = « = = « = = 240 1bs. 240 lbs.
B, QOFE - Cassette® =« = - - w o=« 18 1bs. _18 lbs.
Subtotal 258 1bs. 258 1bs,
PAYLOAD
AO P.yload - e s e es .S c- - e e - 60 lb" 60 ].bs.
Be leader =« « « =« - o ca o a0 = = -e o o- ___3. lbs. __2 1bs.
Subtotal 63 1bs. 63 1bs,
TOTAL WEIGHT 661 1bs. 6Ll 1bs,
k] E )

(fig. L)



Fig. 5 CONVERGENT STEREOSCOPIC PROPOSAL

Preliminary Qost Review

Two~Flight Program

Cameras -

2 C's, modified
2 B's, modified

Fairings -

2 Prototypes (1 Qual.)
1 Flight Model

Cassettes -

2 Prototypes (1 Qual.)
1 Flight

Recovery Capsules -

3 Mk V (modified)
GSE
Engineering and Labor
Testing
Material

Fee at 74

Sub-total

Seven Additional Flight Units

Fee
Sub-total

Total for Nine Flights

e

Howr
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