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3 July 1963

MEMORANDUM FOR: The Director of Central Intelligence

SUBJECT : Panel for Future Satellite Reconnaissance
Operations

1. The Panel which you appointed to consider questions related
to the future satellite reconnaissance program has concluded its study,
.and I am transmitting herewith our Report. May I say at the outset that
the group of Panel members and consultants over which you asked me
to preside was an extremely well-informed, thoughtful, and conscien-
tious group. I want to express my personal gratitude to the Panel i
members and consultants, and also my appreciation for the excellent’ "i-‘?
staff support with which we were provided.

factor. Because our study had to be compressed into so short a period, ';

2. I know that you appreciate that time was a severely limiting %

we had to limit the number of questions we could come to grips with. =~ ¢
Within these limitations, however, I think the Panel has examined care-
fully and objectively the major questions you set before us.

T P e O

3. The Panel had two full day meetings on 4 and 5 June which "

werc preceded by special briefings of some of the members. Our Report"f.;,
has _one through several stages of drafting in the course of which the Panel:

3

members were consulted, individually or in small groups. Except for 3

very minor editorial changes our Report, as submitted herewith, has e
ween reviewed by all Panel members, who concur substantially in its -
-indings except where specifically noted to the contrary in the Report 3
itself. R

o ¢

4. In behalf of the Panel members and consultants, I wish to f“_:é

express our appreciation c: the privilege and responsibility you have

in Accordance with E. O. 12958 & »
Nov 261997 TOPSEERFF conticl Sistem 5
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assigned to us in calling on us to serve in this way. It is our sincere

hope that our counsel, in some way, will benefit the work of the
Intelligence Community. U

STENED

EDWARD M. PURCELL
Chairman
Reconnaissance Panel
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INTRCDUCTION

In response to a request from the Director of Central Intelligence,

the Panel was assembled to examine some broad problems in satellite
reconnaissance. The Panel addressed itself to the following questions:

a. What is the capability of existing and programmed
systems to provide photographic coverage of the quantity and
quality required to meet future intelligence requirements?

b. What are the technical possibilities for the future
development of satellite photography, and how should these
affect systems planning and research?

c. What should be the technical goals in the next phase
of development?

d. What is the vulnerability of our systems to counter-
measures; how serious is the threat, and what steps should be
planned to meet it? '

In addition to these central questions, the Panel considered a

number of proposals and ideas for special systems. Finally, although
the Panel did not undertake a study of the A-12 airborne system as such,
its importance in the whole picture was very much in our minds. . The «. M#
czpabilitics and the complementary roles of airborne and satellite
systems werc compared at relevant points,

To statc our problem cven more briefly, we tried to look into the

Iuturc to see how far satellite reconnaissance may reasonably be expected
to devciop in the scrvice of our intelligence needs, and what work needs
to be cone to insure that’it develops as rapidly as possible in the right
Cirections. It is obvious that so short a study had to leave many n'npo:r-
tont problems untouched.
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2. GENERAL OBSERVATIONS ON COVERAGZEf AND RESOLUTION

The remarkably successiul development of photographic recon-
naissance from satellites, representec by our currently operating systems,
has brought the technology to a point where future progress can be made
in two rather different directions. Naturally, high resolution and full
coverage are both desirable. In any single program, however, some
choice will have to be made. The excellence of resolution now foreseeable,
if we strive for resolution alone, is so high that full search coverage at
that same resolution would produce a volume of information substantially
excecding the capacity of our present resources for interpretation and
exploitation. This argument is hardly a decisive one. Ways could be
found to cope with such an embarassment of riches. What is more
imporiant is that the development of systems required to provide full
sea*ch coverage is not the spcediest way to attain the resolution capa-

1lity which the state of thc art permits. In other words, the natural
incompatibility of wide coverage and high resolution, within a given pa.y-
load, is becoming more acute, rather than less, as.the art advances,™™
The attcomapt to obizin both s;n*pl;aneox.:.ly is likely to prevent the
achievement of cither on ‘ )

On the othc. hand, the ground resolution achieved under the

-

best conditions Lty the M system now operating appears to be adequate ~ ™
to mect 2 large iraction of thosc intelligence requirements which depend
on general coverage. We belicve, thercfore, that an attempt to make a
completely new system which would provide equally wide coverage with.
only a modest improvement in resolution (5 foot, say, instead of 10 foot
grousd resolution) would not be & wise investment of resources. Instead,
as we proccecd ceyond the current system, we ought to aim primarily at

G

high resolution Lceo .iing the coverage limitation that will be entailed, at

. Covczu; capability can evolve after the resolution
been obiuinca. We belicve that very substantial improvements in
grecund resoiulion arc obtainable and that in the forescecable future there
will 2iwes be very important uses for spot coverage at the very highest
Dozaillc resclution.
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5. CUDREYT PROGLAMS
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Tle 1 system operates at its ultimate photographic capability
Scme cf tae dcgradation is due to

only about i0% of the time or less.
age motion compensation,

causcs which are understood - inaccurate im

yaw, exposurc inappropriate for the light conditions at a particular time, _

otc. It scoms cntircly feasible to bring most of these factors under

control so that onc could count on peak resolution periormance from

the M systen: on 90% of the exposed film. This would reoresent an
acquisition, and the information would

enormous gain in information
still be in the form which oux interpretation and handling facilities are
designed to maich. On the operational side, it has the merit of keeping
things moving in the pattern .lrcady cstablished with obvious advantages
in reliability. Itmay be JoLd o political security too; what could be
less srovocaiive than to Kecn Cuing, without visible change, what one

has been inconspicuously doiag wiresdy?
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We believe that improvement in the operation of the M system’is "%
ihe most promising Wiy 10 ino.ac an immediate and substantial gain in
photograpnic reconnaissencc. Our first recommendation is simply:

Make the M system work well 2ll the time. Some of the important steps

in effecting the desired product improvement will be:: Che O e

'

2 Better V/H determination and IMC.

-~ b. Yaw detection and controli--s . oo bu,,w

. f.uzomniic focus.
Some carelfuily designed cuperimnents shoulc be carried out with the
ing sysient Lo separatc and assess the factors contributing to

o
joss of rasolution, and to evaiuate the remedies.

o}
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L
e

We necd, ¢ven now, a councardized objective test of resolution
- ialiia im the iinsl N onegative; ior the programs -ccommended above,
such « test is wdsolutely inuispenswdle. The test need not be applicable
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to all films and cameras; nor need it measure any precisely defined
theoretical parameters. It nced not even relate closely to the military
specification involving bar targets, but it must be applicable routinely
and simply to any segment of useful M negative. Possibly a simple
measurement of something related only to the cut-off of the spatial-
frequency power spectrum in the final negative can be devised. If it
can be diagnostic, so much the better, but the overriding need is for
an unambiguous quality control test.

This 'product improvement' program for M presents a really
golden opportunity, not a thankless chore. If carried through in that
spirit, with determination, its quantitative yield in intelligence informa-
tion may surpass that of any single more advanced system we could
now cdesign.

The@and L programs are moving in the_right direction_a.xlzdﬂif.‘i._.:_&,‘ Sy
successful will be very significant steps toward higher resolution. In = =~
addition to the actual intelligence we can expect from . system recon-
naissance, the performance of this system will teach us a great deal
about the opportunities of higher resolution photography - that is, its
performance should and will have a decisive influence on our choice and. T.I
design of future systems. For this reason, we recommend that special ==~
attention be given early in the .operations to acquiring some photography
with the. camera under ideal photographic conditions. In other words,
the urgency of collecting intelligence should not prevent us entirely from “5%¥
ascertaining exactly what this kind of system can do under ideal conditions.
The L system is a valuable backup for. and, at the same time, its
parameters are diiferent enough so that any additional expericnce with
L will significantly advance our understanding of the problem of higher
resolution photography.

«
N
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5. TECHNOLOGICAL ADVANCES

a. Emulsion Properties

Current camera designs, when optimized, turn out to be
an expression of the properties of the SO-132 emulsion. Within limits
at a given state of the emulsion art, there is a trade off between sensi-
tivity and resolution which can be manipulated to get better results in a
particular context. On the other hand, it appears not unreasonable to
hope for some absolute improvement in emulsion properties which would
yield a faster film at the same resolution or its equivalent. Probably
a factor of 4 in speed for a given resolution is too much to hope for,
but we have some confidence that a factor of 2 may be obtainable. This
would be an extremely significant gain, which would of course be welcome
in our current systems. It could be immediately exploited in the design
of new systems to alter materially the weight-size-stabilization require-
ments in the next generation of instruments. Within a few months one _

may know whether such an improvement in emulsions can indeed be * 7T T
anticipated. We think it extremely important that this question be
pursued. ;

b. Image Intensifiers 4 ST R -‘a

The electronic image intensifier is a device which is now
being developed vigorously in a number of forms. It may possibly Present
an opportunity for a major breakthrough in satellite photographyf*_~ln,;.he;‘\»,‘??
image intensifier, light from the original scene falls on a photo-cathode -
rather than on the film directly. The electrons ejected from .the photo-
cathode are accelerated to bombard the phosphor, where they make more
light. This light can then eéxpose a photographic film or the Process can
be cascaded to make more electrons, more light, etc., until at some
stage photographic recording occurs. It remains to be seen whether the
required resolution in lines per millimeter can be maintained, There
is no fundamental reason why it cannot be. Some preliminary calcula-
tions suggest that several hundred lines/mm is not out of the question.
Indeed, in the application to satellite cameras, we-appear to have a
situation pPeculiarly favorable to the application of the image-intensifier
technique. In most of the current and future designs the light is
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recorded at any given instant élong a narrow strip or slit, a geometry
highly advantageous for control of the electron trajectories. This
c::inique may permit the further flexibility of recording photographic-
ally at a scale different from that of the primary image. We recommend
that the possibilities of image-intensifier techniques be immediately
investigated. If closer investigation corroborates our present optimism,
a vigorous program of development should be started. Here, too, we
expect that a few months' study could give us a very much clearer
picture of the implications for planning of our future systems.

c. Very Large Optics

Advances in the design of very large optical systems are
continuing to be made. These include not only new geometrical arrange-
ments of reflecting surfaces, correcting plates and lenses, but also
new techniques for constructing large mirrors that are accurate but
not enormously heavy. It is reasonable to contemplate apertures at
least as large as 60" diameter operating, so far as their.intrinsic = .. -wi
optical performance is concerned, close to the ''diffraction limit" set
by the wave length of light. To be more specific, it appears that a 60"
diameter /2 system forming a good image on a 10" slit is entirely
feasible, as is a 40" diameter, /1.5 with a 6" slit. If and when we move , _
into larger vehicles, it is these larger systems we should be thinking - £
about. It is not too early to support research and development on compo- ‘
nents, in view of the fact that the lead time on the very large optical
elements involved may be as much as two or three years. (Of course
we must not forget that the lead time on launching facilities may be  * R
another critical element in the utilization of larger vehicles.) -

The impression gained from our discussions of these large
optical systems is that bulk is likely to be a more stringent limitation
than weight, especially if the development of large beryllium mirrors
continues to proceed as successfully as it has to date.

d. Stabilization -
R X

The problem of vehicle stabilization is likely to remain with
us in s3zite of a.ll optical inventions and will grow more acute rather than
—re e S
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less. Hence, there will be a continuing need for innovation and ingenuity
in the development of vehicle stabilization techniques appropriate to

the camera platiorm. Some degree of image stabilization (as contrasted
with vehic¢le stabilizatic:.! may be possible in some of the new optical
systems, including the hypothetical image-intensifier system just
mentioned.
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6. EVENTUAL LIM.I'I:S OF RESOLUTION

There is no evidence that our present systems are running into
any fundamental limitations on ground resolution. Of course, the
inexorable relation between angular resolution and lens diameter does |
impose an ultimate lower limit on the size of our instrument. It takes
a 10 inch aperture to resolve a foot at 100 miles if everything else is
perfect. Probably one can push as far as one foot ground resolution
without severe trouble from the atmospheric medium. The question
remains as to where the inhomogeneity of the atmosphere will make
itself evident, preventing any further useful advances. On this question
we have no conclusive experimental evidence. The astronomers are
familiar with the inverse problem of seeing up through the atmosphere,
but their experience does not necessarily provide the answer. We are
also unable to predict at present whether this eventual limitation will
be relatively more or less serious for the satellite borne camera than
for an airborne camera. As we advance into a new domain of perfor-~-- :»
mance this fundamental question will deserve serious research attention.
In advance of empirical tests, we may well be able to draw useful con-
clusions from calculations for various models of a turbulent atmosphere.

Satellite systems are completely free from one problem which -
may eventually limit the resolution of airborne cameras, the optical
irregularities in the airstream adjacent to the vehicle. Where this limit
will set in, for airborne systems, is an open question at the moment, )
but tests in the actual environment whi¢h ar® now scheduled should "= - "%
provide a reliable answer, at least for ground resolution of the order
of one or two foot. This problem, if it ever becomes serious, is perhaps
not entirely beyond remedy.
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The Panel considered rather briefly the current status of
developments in read-out systems. This technique has, of course, had
a long history of development. The original technical objectives were
met; we know that rcad-out can work, but there has been no practical
apphcatxon to reconnaissance. The basic limitation of present read-
out systems is still imposed by the radio frequency channel capacity
and the read-out time availzble, and this handicap has grown, if
anything, relatively more discouraging in comparison with photographic
recording and recovery. A constant which pretty well characterized
read-out systems was stated in the following form: one or two square
inches of picture per megacycle band, per minute, for a picture with
100 lines per millimeter resolution. One can perhaps invent missions
aimed at quick recovery of 1 or 2 pictures of a few small targets which
would make a read-out system attractive, but these would have to be
compared with what we might do by a quick-reaction satellite with
recovery, or by other means, such as a reconnaissance satellite stored
in orbit for use when needed. On the whole, we can generate very
little enthusiasm for the read-out technique. Some research in this® |
area might reasonably be kept going. In particular, new means should be
sought to expand the capacity of the over-all film-to-ground channels by
ultra-fast scanning techniques and very wide band communications. But
we concludc that there are no evident opportunities in read-out systems ..
which ought to affect our major plans for further development and use
of photographic systems with recovery. .
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9. SOME SPECIAL SYSTEMS AND MISSIONS
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d. Nicht Photocrachv. There may be some attractive possi-
bilities in night chotograzhy Zrom a satellite. In its least ambitious

form the objcctive would e o recerd simply artificial iights on the
ground. There arc scme known intelligence targets for which this kind

of infornm tion might be extremely interesting and significant. It may
even lie within the capabilities of the present M system to do this; the
@:and L systems would be even better. Accepting a sacrifice in ground
resolution, wiich would not be serious in this application, onc would
switch to the [zstest emulsion avzilable and lengthen the exposure time.
The latier change could be tcicrated because at lower resolution the
image motion preblem is somewhat cased. In any case, there is enougn
information available to decide whether the M camera could meet this
cbjective ..chnically. Looking zhead to 2 more ambitious goal it is
»ossible one can imagzine oo extremely Inst optical systenm which couid
producce ground piciurcs ln moonlizlit. In northern latitudes in the winter,
snow cover, mocnlizng, and the curorz provides a gocd photographic
combinaiion. We sujgest that iv would at least be worthwhile to encourage

a theoretical study of the technical requirements and possibilities.

¢. Dalloons. Thc cucstion of the possible utility of balloons

was raiscd curing cur discessions, but for lack of time and background
material, the Pancl was unable to examine this problem.
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10. A-12 DRONE

The possible role of the A-12 drone was discussed by the Panel
from various points of view. It is not our place to assess the political
advantage of an unmanned as opposed to 2 manned reconnaissance
vehicle. To the extent that we had intuitive opinions on this, they were
probably not unanimous. Some members of the Pancl cxpressed 2
coancern that the TAGDOARD project, whatever its intrinsic merits
might be, is diveriing some of the effort which is necessary to make
the A-12 itsclf 2 complete success. (Perhaps an even more serious
threat to progress with the A-12 is the simultaneous emergency R-12
and AF-12 programs). This question, too, involves other than purely
technical comsideraiions. As for the tecchnical capability of the drone to
coileet intelligence in the special situations for which it might be deemed
e :.u;:*opr'..: ¢ imstrument, we would point cut that the photographic
veriormance of the TAGBCARD camera, as .aow planned, will be inferior
to the capability of the A-12 system itseli. Therefore in c.va.luatmg the
utility of the TAGBOARD, it may be as important to compare it with’
the performance of ;‘:u.u\,,wn as with the performance of the A-12
Indceq, tlzc.:systc'r- witicl will be operating soon shouid achicve a
ground resolution not much infcrior to what the TAGBOARD camera may
do, and this without any of the pohtlcal risks which still surround the: .
drone opcrition even with the pilot absent. The drone, of course, does
iZve Tiie adventege in cerinin g,_.,u‘_-‘onal situations o: being able to
got quickly to a particular wur_ .t or aven. It involves, however, a
rathcr complicated and inflexible overall operation; certainly less. .. vy-wog
flexibic then the usc ol the sL-i2 itsell. It will take a carciul analy51s o

Ty

ol an cniire oneraiuion to caiuioch its unl usefulness.,

CooomiembDoer ol the PO, Dol Tubini, feels that the TAGEOARD
meloos wls ot denlt with oo culllelent depth and he does not wish to be

records LoLs concurring wiw: scotlon ten (10).
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11, SUMINAZY T ZUR MAIN CONCLUSIONS

4

Returnin: oo the centrzl questions from which we began, we

find emerging T2 Sur discussions a few important conclusions. Firsg,
the M system itself, successful as it has been, still holds great potential
for better work and more return. We cannot emphasize too strongly

the importance of this onportunity. Second, the technological possi-
bilizies for growth in the direction of higher resolution systems arc
cxtremely promising. The eventuzl goal of oround resolution approachin
on¢ oot is not too high for optical photography to aim at. Third, thcre
is a good chance that a new technique developed around the electromc
image intensifier can greatly W1den the tcchnical possibilities for
paodtograzhy rom sateilites. V/ith thesc prospccts belore us, we may
clearly ook fozward to arn ex cremely aciive enterprise in this area.

The compict and compcient maragement or ganization, under
which the present operational Systems were developed, we belleve_ ha_.s,s
contributed lzrgely to the past success of the program. The Panel
did not considcr 2t this time the cffcet .. recent changcs in the manage-
ment st z

T

Blture. Lt recommends, howoewver, that this sub_]ect be contmuel
reviewcd to cnsure that the clea.rness oI focus and purpose, ongmally -
M

achieved, ha s not been diffused.” ' . o
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