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FOREWORD

This report constitutes the final summary report of the CORONA Photographic
Experiments Committee, established by the Director, National Reconnaissance Office.
This report has been kept as concise as possible; however, the essential information
on the various tests and analyses conducted has been included. Considerable additional
detail can be found in the in-depth reports on each test, referenced in the body of this
report. In addition, an appendix containing references to these and other pertinent
reports has been included. The committee wishes to express its appreciation to

hho served as recording secretary of the group. This report is respect-
fully submitted.
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1. INTRODUCTION

The CORONA J-3 Ad Hoc Committee* was informally convened by the Director.
National Reconnaissance Office, on 4 December 1967 and formally constituted on
16 February 1868, The committee was established tot:

"f1) Analvze and evaluate the effectivity of photographic flight and
processing experiments performed within the CORONA program
{CR-] and CR-5 inclusive)

(2} Recommend standard future CORONA photographic configurations
resultant from the above experimental program. and,

{3} Recommend additional CORONA photographic flight and processing
expenimenrs. "

The desire for a photographic test program was directly related to the additional
photographic flexibility of the CORONA J-3 camera. This flexibility is provided by
two changeable filters and four changeable exposure slits on each camera, and allows
the use of mixed film loads and/or different filters.

The need for the Ad Hoc Committee resulted from a desire to coordinate the test
program and subsequent analysis with the community, and thereby ensure the widest
possible participation.

The test program was originally proposedi to the D/NRO by the CIA Director of
Special Projects on 11 April 1967, and was subsequently approved by the D/NRO on
15 May 1967.§

The fundamental purpose of the test series was to demonstrate the capability of
the CORONA J-3 camera to handle several new photographic techniques, and, in
general, that purpose was accomplished.

*CORONA Photographic Experiments Evaluation Committee.
TNRO Action Memorandum No. 16, (Feb. 16, 1967).

Memo for: Dr. Flax, subject: CORONA J-3 Payload Engineering Evaluations,
*(Nw. 4, 1967).
§NRO message no.aMay 15, 1967.
‘]:BP‘SECRH' ME 1-1
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These tests fell into three general categories:

1. Those concerned with increasing the kinds of information contained in the
photographic image .

2. Those concerned with overcoming operational, environmental, and mechanical
constraints

3. Those concerned with improving the quality of the aerial image at the film
plane.

The tests that were conducted are summarized below.

Mission 1101 — Exposure Analysis. The objective of this test was to examine
densitometric data acquired from CORONA Photography and thereby assess the current
€xposure criteria, the exposure prediction techniques, and a new criterion for setting
system exposure.

Mission 1102 — Bj-Color Test. The objective of this test was to determine the
feasibility of obtaining color photography from the spectrally filtered black and white
records.

Mission 1102 — Polarizer Test. The objective of this test was to examine the
merits of photography using a polarizing filter in place of the normal red or orange
filters on J-3.

Mission 1102 — S0-230 Test. The objective of this tag-on film load test was to
see if the higher speed film would provide a net system performance improvement
through reduced smear.

Mission 1103 — S0-380 Test. The objective of this tag-on film load test was to
determine how CORONA J-3 would handle an ultrathin-base film.

Mission 1104 — SO-180 Test. The objective of this tag-on film load test was to
evaluate a near infrared sensitive color film.

Mission 1105 — SO-121 Test. The objective of this tag-on film load test was to
evaluate a conventional aerial color film in the CORONA J-3 system.

It should be noted that several tests involved color films and/or color techniques.
The use of color films in the satellite systems has been, and continues to be. the source
of much discussijon. study. and controversy. In this regard, an attempt was made to
coordinate these tests more directly with the intelligence community, i.e., every attempt
was made to direct the color acquisitions toward color -oriented intelligence problems. it
was hoped that in this manner we could better demonstrate the capability of the CORONA
J-3 camera to handle color and also demonstrate (or deny) in some way, the intelligence
utility of satellite color photography. Generally. this latter goal was not achieved, due
to the manner in which the tests had to be run. This is brought out here because it was
a significant problem and must be considered in any future color tests.

1-2 FOR-SECRET- -;.."""..“;“.'.m
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The Ad Hoc Committee believes that it has served its major purpose; it is the
intent of this report to summarize the tests, discuss the results, and present the
committee’s conclusions and recommendations. Because of the summary nature of
this report, the reader may find insufficient detail on many of the tests. An attempt
has been made to present only the major aspects and findings of these tests. In all
cases, detailed technical reports have been issued {or will be issued shortly). and, for
further informationthese are referenced in the body of this report. A final note of
importance—although numerous tests were conducted on several missions. not one of
the tests caused any failures which resulted in harm to the main intelligence purpose
of these missions.

CORONA FALBNTHEFHORE-NOFORN
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2. CONCLUSIONS AND RECOMMENDATIONS

This section presents the major conclusions and recommendations of the Ad Hoe
Committee. ALl the specific conclusions and recommendations found in each individual
section will not be repeated here.

2.1 CONCLUSIONS

As indicated in the introduction, the major purpose of this test series was to
evaluate the performance and capability of the CORONA J-3 system with several new
photographic techniques/films., Hence, the first set of conclusions relates to that
major purpose.

1. Bi-color is an acceptable technique for use with the J-3 camera. This con-
clusion relates primarily to the acquisition phase and not necessarily to its exploitation.
It is clear that the use of the green filter in the AFT -looking camera does not signifi-
cantly affect the normal intelligence exploitation Process. While the green record does
possess lower image quality and contrast, its use with the normal high resolution red
(FWD-looking) record compensates for this resolution loss.

The intelligence utility of the bi-color product has yet to be clearly demonstrated,
and will have to wait for the final report of the Bi-Color Committee.* However, the
fact that one positive intelligence report has been issued indicates that bi-color has,
at least, some value for intelligence purposes.

It must be remembered that the major drawback to bi-color is the very real
difficulty associated with its exploitation process, particularly with 2 panoramic type
camera system. There is no equipment available that is specifically built for bi-color
exploitation. So long as this is the case, bi-color exploitation will be time-consuming
and the results will be of significantly lower quality than desired.

*A separate committee was established to assess the intelligence utility of bi-color.
This committee. knownas the Bj ~Color Committee, was constituted by agreement between
the CIA member of the Committee on Image Requirements and Exploitation {COMIREX)
and the executive officer of the National Photographic Interpretation Center (NPIC). The
committee is chaired by a representative of the CIA’s Office of Strategic Research
and consists of two other members from NPIC.

CORONA TALENT-KEXHOLENOEORN - Ammntettopas borrerhy
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One of the original conceptual advantages of the bi-color process was to produce
“high resolution” color through use of the high resolution black and white records.
While this goal is still fundamentally possible, it has not been demonstrated due to the
lack of proper exploitation equipment and the inability to produce bi-color prints in near *
perfect register. :

Taking cogrizance of the above reservations, we still conclude that bi-color is an
acceptable acquisition technique for use with the J-3 camera, as long as one is aware
of its current limiting problems. The use of this technique should be limited to special
problems.

2. Aerial Ektachrome. SO-121, is an acceptable fiim for use with the J-3 camera. '
We believe that the test series has demonstrated the ability of the J-3 camera to employ
50-121. Ground resolutions equivalent to the best that could be expected (approximately ‘
15 feet) have been obtained, and acceptable exposure and color balance have been

demonstrated.

3. Infrared Ektachrome, SO-180. has not yet been demonstrated to be an acceptable
film for use with the J-3 camera. We come to this conclusion out of necessity. The

mission 1104 test demonstrated two undesirable effects:

a. Sever: fogging due to electrostatic discharge
b. Loss of IR layer speed with exposure to vacuum.

The severe static marking was a direct result of 3 PMU* failure on the system.
Ground tests indicate, however, that the static marking can be eliminated if the proper
internal camera pressures are maintained. The loss of IR speed with exposure to hard
vacuum was unexpected and unknown prior to flight. For these reasons, the mission 1104
50-180 test cannot be considered to have demonstrated the ability of the J-3 system to
handle SO-180. More will be said about this in the recommendations section.

4. 50-230/50-205 films are not recommended for use in the J-3 camera. SO-230/
80-205 produces 30 percent lower 2:1 contrast resolving power than 3404/50-380, and
this is unacceptable considering the J-3 resolution/scale characteristics. Current J-3
systems have been producing 170 to 180 cycles per millimeter average low contrast
resolving power in dynamic test. Certain systems, in fact, have averaged nearly 200
cycles per millimeter (lens plus film) low contrast dynamic performance. S0-230/
50-205 produces at best 180 cycles per millimeter (film alone) low contrast resolving
power (as compared with 265 cycles per millimeter for 3404/50-380) which will cer-
tainly reduce this performance level even when considering the smear reduction due
to a higher emulsion speed.

—_—
“Pressure makeup unit.
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5. S0-380 (UTB) has not yet been demonstrated to be compatible for use with the
J-3 system. Mission 1105 demonstrated that the combination of UTB with the J-3 camera

1s not clearly understood. The CORONA UTB task team* has recommended that UTB

not be used again until at least September 1969, after the completion of a recommended
test program. This committee agrees with that recommendation.

6. Polarizing filters are not recommended for further use in the J-3 camera with
black and white films. The original intent of the polarizing filter test was to evaluate
haze attenuation and reduction of Specular reflections. From a practical point of view, ;
however, the test demonstrated that the majority of haze light with respect to the spectral |
response of this system is not appreciably plane polarized, and that as haze gets worse. ‘
the relative amount of polarized haze light decreases. The majority of plane-polarized
haze light is from the Rayleigh scatter which the normally employed spectral filters
reduce anyway. Polarizing filters do not significantly reduce the effects of specular
reflections from aircraft since metallic objects do not polarize light to a significant
degree.

7. The testing of color films and/or techniques must be done against specific
intelligence problems. There is one further conclusion that does not relate to the

specific tests themselves, but to the totality of experience gained from this test program.

As pointed out in the introduction, it was not within our charter to consider the
intelligence value of any of the tests. By necessity, however. we felt that it was oppor -
tune to address intelligence utility as part of the test plans.

is not the case with color films, since it is necessary to weigh spatial resolution
{i.e., cycles per millimeter) versus “spectral resolution” (i.e., color).

The discussions we have held with a limited number of intelligence analysts clearly

*See Section 9 for a discussion of the UTB task team and its purpose.

CORONA TALENTRETHOrE-NOPORN Contrat-Systomamdutnrty
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2.2 RECOMMENDA TIONS

As in the preceding section, all the specific recommendations are not reported here
since they are included in the body of the report. Only our major recommendations are
presented here.

1. Further testing of color films and techniques is strongly recommended. This
general recommendation leads to two specific further recommendations:

a. That further color testing should be done against specific intelligence
requirements

b. That further engineering tests with SO-180 are indicated.

Color in General. It is the feeling of this committee that the most important aspect
of our work was that associated with the implementation of color tests on the satellite
systems. However, color tests are difficult to conduct. Generally (particularly with
the color films), we have conducted “end of mission” tests, i.e., the color film was
placed on the end of the mission film roll. While this is a convenient and conservative
way in which to run the tests, it is usually not the optimum way. This report points out
that when specifically queried. intelligence analysts have identified problems for which
color is uniquely suited. One cannot, however, truly evaluate the utility of color unless
coverage against analysts’ specific problems (targets) is acquired. For example, while
the SO-180 test plan called for Photographing specific areas of China, for economic
intelligence purposes, these areas were not covered because the color film was not
available at that time in the orbit when coverage of these areas could be obtained. This
has been a continuing problem. However, as more color film is added at the end of the
mission, the higher the probability becomes that analysis’ targets will be covered. The
point is that the question of the utility of color film in the National Reconnaissance
Program (NRP) will never be answered unless a well coordinated, concerted effort is
made to acquire color photography against targets for which analysts judge it to be of
benefit.

50-180. While we concluded that SO-180 is not yet a recommended film for use
with the J-3 cameras, this does not mean that further work is not indicated. We believe
that the system problems with SO-180 are solvable, and at least one more engineering
test is warranted to evaluate this film. The severe static marking reported was due to
a PMU failure, and with proper PMU functioning, we believe that SO-180 will prove
compatible with the J-3 system. More important, however, we believe that this film
warrants further evaluation for its intelligence potential. SO-180, because of jts
peculiar spectral response, may play a unique role in the NRP. We are encouraged
in this feeling by the NPIC analysis, part of which is quoted on the following page.
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" Regardless of these factors(ie., the problems experienced). portions
of the $0-180 imagery obrained on this mission closely approximate the
expeciations of this lens/film combination. Some of the existing imagery
contains significant added information from an in telligence standpoint
(underlining ours), provided the analyst is allowed sufficient time 1o
interpret it. has a working knowledge of the film characteristics. and is
Jfamiliar with the infrared reflectivity of the various objects photographed. " *

2. A special subcommittee of COMIREX should be constituted to evaluate the
utility of satellite color photography. The use of color for intelligence purposes is
considerably more complicated, at this point in time, than black and white. The utility
of color requires close cooperation between the System Program Offices, the Satellite ‘
Operations Center (SOC), the intelligence analysts, the photointerpreters, and COMIREX. 3
Such close cooperation is not easily established. Analysts do not always know the cap-
abilities of the systems and films, nor do the System Program Offices always understand
the intelligence community’s problems.

This committee is now convinced that color will, in the long run, provide significant
added information for the intelligence production process. However, it is not a question
of color in place of black and white, but rather a question of when color should be used,
and for what kind of targets it provides additional information. The most significant
fact is that this question will not be answered with a haphazard test program, run
essentially at the discretion of the System Program Offices. While the System Program
Offices have been most instrumental and cooperative in the planning and conducting of
the color tests, they are not in 2 position to undertake an intensive investigation of the
intelligence utility of color photography.

Further, the problem of the Proper exploitation of color acquisitions is a difficult
one, since the use of color is more analytical than the use of black and white. For
example, one of the most readily apparent uses of color reconnaissance is for the Atomic
Energy Intelligence Program, where knowledge of the colors of ores, settling ponds, out-
put products, and stains on roofs is important information. However, the identification
of colorsalone does not provide all the desired information, but rather provides added
information that allows the analyst to identify (1) the amount of uranium produced,

(2) the process used (to identify the type of uranium), (3) the functions of buildings, and
{4) the source of the ores employed. In this case (as with many others) the cooperation
between the photointerpreter and the analyst is crucial, since the meanings of colors, in
an intelligence sense, are often beyond the scope of both the photointerpreter's normal
job and his experience.

The point is that the color iesting accomplished to date (regardiess of system) has
been done in a purely informal manner, with informal lines of communication established

*Mission 1104 Photographic Evaluation Report,-Dec. 1968).
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between the program offices, photointerpreters, and analysts. While this approach

has been most effective in the past tests, further informal testing will probably be
generally nonproductive in terms of answering the fundamental question concerning the
determination of the targets and problems for which color provides increased informa-
tion for the intelligence production process.

We strongly believe that what is now indicated is a well thought out color collection
program consisting of several partial color missions on all NRP reconnaissance systems.
The impetus of such a program should be to:

a. Work closely with intelligence analysts within the community to identify
specific targets and problems for which they believe color would be of
value

b. Work out a long range collection program to acquire color (on whatever
system seems appropriate) against those targets and problems suggested

¢. Ensure that photointerpreter readout is coordinated with the anzlysts to
determine if the answers the analysts were looking for are in fact
provided.

We believe that only COMIREX can provide the impetus and coordination needed
for such a program, but that because of its complexity, the program should be handled
by a specially and specifically constituted subcommittee. We further recommend that
this subcommittee be constituted of both intelligence community personnel and technical
representatives of the collection community, so that maximum understanding of the
problems of each group can be achieved.

3. Consideration should be given to developing specific bi-color exploitation
equipment. As repeatedly stated in this report, the bi-color exploitation process is
not optimum due to the lack of equipment specifically suited for this technique. It is
possibie that from this test of the bi-color technique, the conclusion relative to the
value of bi-color in the CORONA camera system with present day reproduction equip-
ment may be distinctly different than the assessment of the potential of bi-color per se.
It is important that one does not reach the wrong conclusion for the wrong reason, i.e.,
one may conclude that bi-color is of little or no value, when in fact its full potential has
not even been approached. Bi-color still has the fundamental advantage of ease of
acquisition. which cannot be overcome with tag-on film loads of conventional color film.
However, this is an advantage only if exploitation of the product could be made routinely
practical.

4. Consideration should be given to the development of higher resolution color films.
The only consistent objection to the use of color films is their lower spatial resolution.
We believe that there would be no arguments against the use of color if it produced the
same spatial resolution as black and white. This is not now technically possible, but

2.6 TOP-SECRET Faewreremow
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the fact remains that currently available satellite color -ﬁlms do not represent the
current state of the art of color films and considerable improvement can be made.

As with the analysis of bi-color, it is important to guard against arriving at the
wrong conclusion for the wrong reasonm, i.e., it might well be true (although we do not
so believe) that current color films are of limited intelligence value, but that higher
resolution color films would be of significant value.

The fact that our major recommendations in this section relate only to color. and ‘

Program Offices should be encouraged to look continually at new photographic techniques
and/or films. since only in this way will we enhance our intelligence-gathering ability.
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3. COLOR PHOTOGRAPHY

The world as viewed from a very high altitude cannot be considered a ‘rict” of
color. Indeed, it appears rather monolithic. What is of interest to strategic recon-
naissance, in terms of color, are the ways in which man disturbs this color monolith.
He does this in a mumber of ways: by what he grows, mines, manufactures. processes:;
by what he produces in terms of waste from his mamufacturing and processing; the color
signatures he produces when he is in the process of building; and the manner in which
he uses color to identify objects. For each of these cases, it has been demonstrated
that a color record contains additional information not available in a single black and
white record.

The principal objections to the use of color materials in high resolution satellite
acquisition systems has been the low spatial resolution exhibited by these materials.
In general. this problem is not connected with the kinds of color information sought.
but with the information normally sought with high resolution black and white materials.
For the time being, the use of color is necessarily aimed at solving color-oriented
problems and not general reconnaissance problems. This is somewhat unfortunate
since there are indications that color can also provide more rapid location of targets

" in the search mode due to the added dimension of color differences.

There are basically three techniques for obtaining color photography in satellite
systems:

1. Conventional color films
2. False color films
3. Multispectral techniques.

Conventional color films su¢h as SO-121 provide a color image that is very similar
to the original ground scene. These materials attempt to reproduce colors as we see
them through the use of three separate emulsions coated on one base. For high altitude
photography, where there is prevailing blue haze light, these films must be used with 2
light yellow filter in order to reduce the effect of haze and provide a reasonable approxi-
mation of the ground scene. S0-121 is a medium speed color reversal film coated on an
Estar standard thin base. It has been used i{n recent ve:

SYElEmS as ¥ as in four
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resolution color films available today, it is decidedly poorer than 3404. The best ground
resolution that could be expected from S0-121 in the CORONA system is approximately
15 feet, while an average of 20 to 25 feet would be normal.

The second technigue for obtaining color photography —false color films—also
involves a multilayer coated film on a single base. Infrared Aero Ektachrome, 50-180,

The third category—multispectral {or bi-color in the case of two records)-—does
not employ a single film. With reversal color film, the fina] image is obtained on the
Same material as used in the camera, and the reverssl is accomplished in the processing

photography, the reconstitution of the image is accomplished in the laboratory where
the three black and white records are superimposed and exposed through the appropriate
filters. This process is called tri-color additive photography.

red. green, and blue—to Produce a print with a fyll range of colors. It is possible, how-
ever, to obtain a pseudo color print using only two records—green and red. This type

of photography is called bi-color (or bi-spectral), since the color record is formed by
Superimposing only two records. Although it is impossible to obtain a full range of

colors with the bi-color technique, theoretical tone reproduction studies have shown that
the range of colors that can be achieved is large enough to produce a reasonable approxi-
mation of normal color photography, considering the degrading effects that the atmosphere
has on conventiona] reversal color films. The CORONA J-3 camera System has the
capability to acquire bj-color photography by using the normal red filter in the FWD-
looking camera and an alternate green filter in the AFT-looking camera.

This is particularly true for convergent stereoc panoramic systems. Moreover. it now
appears, from the color tests that have been run in satellite Systems, that three spectral
bands are required for general reconnaissance color photography. However, some
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applications require only information on the degree of color shading, for which the bj-
color approach is acceptable. Concerning conventional tri-pack emulsions now available
(e.g., Ektachrome), the color “resolution” limits their utility in very small scale photog -
raphy. For example, while a very large field or settling pond may be represented
properly in terms of its color, it is not possible to distinguish color bands on aircraft

or the color of a missile warhead at CORONA J-3 scales.

Perhaps the most valuable color material in connection with small scale photography
such as the CORONA system is the SO-180 IR sensitive color material. The kinds of
problems which are solvable with this material do not necessarily require high resolutijon
either in the sense of cycles per millimeter or color “resolution.”

It is the committee’s opinion that color reconnaissance is a valuable tool as an
adjunct to the black and white high resolution photography. However, there are certain
requirements for which color provides the only answer. The importance of color and
the degree to which it can be practically implemented in real systems are questions yet
to be answered. and, for this reason, this committee strongly recommended the establish-
ment of a color committee under COMIREX.

Mandie—tio—
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4. BI-COLOR TEST — MISSION 1102+

The bi-color approach, as described in the introduction to the color Section, obtains
color photography from two Separate {iltered images.

The CORONA J-3 camera system has the capability to acquire bi-color photograph:
by using the primary red filter in the FWD-looking camera and an alternate green filter
in the AFT-looking camera. ‘

There are several advantages afforded to the CORONA J-3 system with the bi-colo;
approach to color photography, the greatest advantage being the capability to acquire
color pictures with a minimum of operational diffienlty, It is pot hecessary to attempt

A second advantage to the bi-color approach is that a color print can be made from
a chip of photography at the interpreter’s option. Once the target of interest has been
covered in bi~color, this option of having a color Print is available at any time in the
future. Inthe meantime, these targets are recorded on black and white 3404 film and
can be used in the routine analysis stage with the normal stereo viewing techniques.

lowering of contrast can be expected with this camera system.

Another advantage of the bi-color process is that in retaining the normal Wratten
no. 25 imagery, the inherent high resohition is still Present in one of the records. The
passes that do not use the bi-color mode also retain the Wratten no. 21 or 23A high
resolution imagery. For the particular pass that does use bi-color, there is a slight
loss in resclution on the green record.

—_—
*A full evaluation of this bi-color mission can be found in KK
Capability Report No. 3, CR-2 Bi-Color Experim

TOP-SECRET
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Although the minor image degradation associated with atmospheric attenuation is
unavoidable, it is possible to design a lens specifically for the wavelength region of the
required green {ilter, thereby eliminating the lens-associated component of degradation
to spatial resciution.

There are several disadvantages of bi-color that must be considered. First, one
should be aware of the fact that the color obtained is not accurate; however, neither is
it absolutely accurate with conventional color films. This drawback is not serious as
long as one keeps in mind the concept of bi-color photography giving color “clues” and
not necessarily accurate color information. For example, reddish-yellow objects would
be clearly distinguishable from blue-cyan objects. However, it may not always be
possible to clearly distinguish a red from an orange, a green from a green-blue, or
even white from yellow. In short, bi-color does ot have as wide 2 chromatic dynamic
range as tri-color photography.

Another current disadvantage of bi-color is that although the prints are obtainable
at the interpreter’s option, it does take considerable time and effort to produce them.

In addition to this problem, several days are needed for transportation of the materials
involved. However, with the current equipment colocated, it seems reasonable to expect
that a 1-day service could be established.

4.1 PURPOQOSE
It was the purpose of the mission 1102 bi-color test to:

1. Obtain, for the first time, satellite color photography in the CORONA system
through the bi-color mode

2. Test the compatibility of the bi-color technique with the entire collection and
exploitation process

3. Deal with any problems and recommend the best method for obtaining useful
bi-color photography with the CORONA reconnaissance system.

4.2 TEST CONSIDERATIONS

In view of the committee’s philosophy, as stated in the introduction to the report, of
attempting to run the color tests against color-oriented intelligence problems, several
briefings on the test program were givento CIA intelligence analysts. The purpose of
these briefings was to solicit, in an informal way, their suggestions for targets against
which the bi-color test could be flown. The one potential use that contimied to present
itself was the atomic energy requirement. A suggestion® was made, therefore, to run

*Possible Use of Modified Bi-Color Subject in Satellite Sensor for Atomic Energy
Purposes,-0ct. 30, 1967).
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the bi~color test against selected domestic facilities in an attempt to demonstrate the

ability of bi-color to answer certain cific AE intelligence requirements. For
completeness, pertinent portions of h&re quoted below.

-revealed that the roof of :hel main building of

the Dneprodzerzhinsk uranium ore concentration plant had a veliowish cast
grading away from the vent pipe, and that a vellowish cast was visiblc along
exis flumes from the trailing ponds o the Dnepr R iver.

11 is suggested that the bi-color system might provide useful inteiligence
identification of specific uranium operations in foreign atomic facilities . . .

Ultimate intelligence objectives could be, if the method (i.e,. bi-colot)
should prove successful. the idenrification of those buildings and vent struc-
tures at atomic energy facilities which handle uranium chemistry in contrg-
distincrion to other associated processes. Major intelligence 1argets could
tnclude the identification of the uranium handling facilities (if anv/ at
FPaot ou and area 1 and 2 at Chik Chin Asia { Yumen) in China. Of lesser
mmportance would be the identification of buildings engaged in uranium
chemistrv at the Pierrelatie gaseous diffusion plant in France: the uranium
metal facilities in Elektrostal, Glazov and Novosibirsk in the USSR at the
gaseous diffusion plants near Verkhnervinsk, Tomsk, Zaozerniy, and A ngarsk
in the USSR. and ar the plutonium production centers near Marcoule in
France and Kyshtvm in the USSR.

Any research ( engineering pass) program should include foreign ore
plants such as the one a1 Dneprodzerzhinsk in the USSR and the one at
Hengyand 1n China.

AE plants in the U. S. suitable for research into this possibility either
through aircraft overflight or engineering passes would include: the several
uranium ore concentration facilities five miles NW of Grants. New Mexico.
or the rarher ancient. converted sugar beet refinery used by the Climax-
Molybdenum Company at Grand Junction, Colorado: or the several small
wranium mills thirty-five miles east southeast of Riverton, Wyoming. the
uranium meta! manufacturing plant near Fernald, Ohio. and the uranium
recovery facilities ar Hanford. Washingion. "

The suggested domestic targets were selected for engineering bi-color acquisition
in the attempt to more directly evaluate the utility of the bi-color techniques.

4.3 ENGINEERING TESTS ‘

An effort was undertaken by Itek to fabricate glass filters to be used in both the
primary and alternate positions in the CORONA J-3 system. This task started with
the goal of possibly improving system performance by replacing Wratten gelatin filters

*One of the first satellite color tests, employing SO-121 Aerial Ektachrome.
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with high quality glass filters. Problems encountered in the production of these very
thin glass filters have to date precluded their qualification for use in the primary
position. The glass, 0.005-inch fused quartz, is so thin that polishing has not been
sufficient to produce results any better than normal Wratten filters.

However, this glass is satisfactory as a substrate for the green filter that is
required i-- bi-color acquisitions. The only other {but less satisfactory} method
would be to use a gelatin filter. However, green transmitting dye filters character-
istically have high filter factors which preclude their use in the CORONA system.
The green filter (designated SF-05) used for bi-color was a dichroic coating on this
thin glass and was used in the alternate filter position on the AFT-looking camera of
mission 1102. This glass dichroic filter had a filter factor of 2.8 which is compatible
with the GORONA camera using 3404 film.

The question of resolution performance was answered in two ways--theoretically
and by laboratory experiment. The laboratory experiment indicated that resolution
values for the Wratten no. 21 and SF-05 filters were very close when using a second
generation lens at optimum focus for €ach filter. The 2:1 contrast resolution for the
Wratten no. 21 was 135 cycles per millimeter, while for the SF-05 it was 120 cycles per
millimeter. However, the contrast reduction due to the effective increase in atmospheric
haze light with the green filter further lowers the system resolution when the SF-05 s
employed. In addition, although the filter factor for the SF-05 filter is much lower than
for normal green dye filters, it is still somewhat higher than that of the Wratten no. 21
conventionally used on the AFT -looking camera. This necessitates longer exposure
times, thus decreasing the system dynamic performance due to image blur. Finally,
the SF-05 filtered imagery is acquired cperationally in the foeal position for the
Wratten no. 21 filter, which is not quite optimum for the SF-05, and this lowers the
resolution performance to some degree.

Following acquisition, the bi-color Process must work properly in the synthesis
stages, i.e., it must be possible to correct distortion between the stereo pairs in order
that suitable bi-color prints can be reproduced. The initial testing to correct these
distortions took place at Air Force Aeronautical Chart and Information Center (ACIC)

the Gamma | Rectifier, the AS-11C and the UNIMACE orthoprinters. Sample photog-
raphy was taken from the 1102 bi-color and printed on these instruments. The AS-11C
and UNIMACE are electro-optical devices which are capable of removing the relief type
distortions introduced by local ground elevation changes as wel] as correcting the dis-
tortions introduced by the camera geometry. The Gamma I has the capability of remov-
ing only the camera-induced distortions and was found to be unsuitable for bi-color
application. After the orthoprinting techniques were worked out at ACIC, the images
were returned to Itek for color printing. This was accomplished with somewhat con-
ventional color printing materials using bi-color Printing techniques previously
developed at Itek. Coordination was established between Itek and NPIC during this

TOP-SECRET- M
4-4 \ TXCERT-REYROTE
CORONA FALENFHELHOTE-NOPORN !"‘P"w-lm



COROP&;% ‘ -

operation, which subsequently lead to the establishment of a bi-color printing capability
at NPIC.

4.4 FLIGHT TEST DETAILS

The bi-color experiment on mission 1102 was performed on seven passes, six over
domestic areas, and one over the Soviet Union. During each bi-color operation, the
FWD-looking camera employed the Wratten no. 25 red filter, and the AFT-looking
camera employed the SF-05 green filter. Poor weather conditions prohibited our
photographing several domestic miclear production facilities; however, several other
target areas in the United States Proved to be very useful, a most dramatic exampie
being the copper mine slurry located near Bisbee-Douglas, Arizona. The ground
tracks for the domestic bi-color passes are shown in Fig. 4-1; the single over flight
pass is shown in Fig. 4-2. During each of these passes, the alternate filter (SF-05) of
the AFT-looking camera was commanded into position. The photography was, there-
fore, covered with both green {AFT ~locking) and red (FWD-looking) filters. At the
end of these passes, this alternate filter was replaced by the primary filter. and the
mission continued normally.

4.5 FLIGHT RESULTS

Since the suggested domestic AE targets were not acquired due to unfavorable
weather conditions, this aspect of the analysis was not possible. However, there was
sufficient bi-color obtained to enable NPIC to evaluate the records from a photointer -
preter’s point cf view. Excerpts from NPIC’s message to the community are as follows.*

... NPIC has completed the first phase of its bi-color evaluation. This
constitutes a determinarion of degradation to the photography exposed
in the bi-color mode compared to that of the normal mode of operation

... PIReport: The Photo-interpreters preferred the Wratten no. 25 record
over the SF-05. Higher contrast and overall sharper imagery were the two
major reasons for this preference. 7 hey aiso expressed the opinion that
when shadow detail is needed. a lighter print from the Wratten no. 35
record would be more desirable than the lower contrast of the SF-05
material. which seems to provide more shadow detail on a normal prin:.
Small objects present in the Wratten no. 25 record can be detected in the
SF-05 record: however. identification of these objects is much more dif-
ficult. The general conclusion of the photo-interpreters is: the majority
of the requirements levied for the J-3 system could be answered with
photography generated in the bi-color mode because when used in sterec,
the twa records complement each other. in addition, the overai] informa-
fion content of the photography exposed through the green filter 1s com-
parable 1o an average J-} mission

*NPIC message no.-Feb. 28,-1968.
Howdleis
TOP-SEGREF - TACETrETHOTE 4-5
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... Resolution Targets: Four resolution fargets were photographed during
the non bi-spectral portion of the mission. Seven fargets were photographed
during the bi-spectral portion. however. due 1o weather conditions and/or
format location. onlv one of the targets imaged in the bi-color mode is
suitable for this evaluation. The average ground resolution of these targets
as determined from the original negative is presented below:

Camera Pass MC Secan Filter
FwD 16-D 57 6.3 25
AFT 16-D 5.7 8.0 21
FwD 16-D 8.0 80 25
AFT 16-D 9.0 00 21
FwD 32-D 120 12.0 25
AFT 32D 12.0 10.0 21
Fwb 129-D 76 87 25
AFT 129-D 76 87 21
FWD 45-D 6.3 5.7 25
AFT 48D 9.0 80 SF-05

. .. {t should be noted that the 9.0 feet and 8.0 feer readings (i.e., of the
bi-color) are comparable to a normat J-1 mission.

Summarv and Conclusions-

. The contrast range is significantly reduced when the SF-05 is used in
place of the Wratten no. 21 or the Wratten no. 25,

2. Apparenr image sharpness is reduced by a noticeable degree on the
SF-05 photography compared to the Wratten no. 2] and Wratten no. 25.

3. The only suitable resolution target display imaged during the bi-color
acquisition indicates a significant difference in ground resolution between
the SF-05 photography compared to that of the Wraiten no. 235,

4. The effect of image quality degradation caused by the use of the
SF-03 filrer is minimized when the photography is viewed in stereo with
the higher qualiry. higher resolution photography exposed through the
Wratien no. 25

3. The resolunon of the green filtered record is generaily comparable
to that of a normal J-1 mission. "

A bi-color photograph of a copper mine slurry and the black and white print of
the red and green orthophoto negatives used to make that bi-color print are illustrated
in Figs. 4-3 and 4-4. This orthophotographic technique is electro-optical in nature as
evidenced by the scan lines. The colors appear tc be somewhat exaggerated although
it does resemble a copper deposit and the copper sulfate residues in the surrounding
areas. The next set of illustrations shows the more realistic color that can be attained
with bi-color (Figs. 4-5 and 4-6). Note that small aircraft, although not in perfect
register, are recognizable. Since the original techniques were established by ACIC

CORONA TS HOLE-NORORM,. Co-o-i-spm-;....a,_
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and Itek, newer and more refined orthoprinting methods have been found. Figs. 4-7
and 4-8 are the black and white and bi-color prints made by NPIC and ACIC using
the Gigas-Zeiss optical orthoprinter to correct distortions. This technique eliminates
the distracting scan lines and substantially improves the image quality. The techniques
employed to make this print were developed after Itek completed its task using the best
available equipment at that time. After the successful test on mission 1102, bi-color
photography was acquired in a search for color-oriented information'in denied territories
from missions 1103 and 1104 (see Section 4.8). However, neither mission provided
images as sharp as those of the bi-color photography from 1102. The green filter used
on 1103 was virtually identical to that used on 1102, but the general mission performance.
even with the standard Wratten filter, was lower than that of 1102. The green filter used
on 1104, however, was of lower quality than that of 1102, while the general mission
performance was better. These two factors contributed to the poorer general quality
from the two subsequent bi-color flights. It is believed, however, that the capability
exists to come very close to equaling the results of mission 1102 on any one of the five
missions using CORONA cameras CR-7, CR-8, CR-9, CR-11, and CR-12. However,
other units may provide photography substantially poorer in bi-color due to a new lens
design. that has improved performance in the red region of the spectrum at a cost of
quality in the green spectral region.

4.6 ADDITIONAL BI-COLOR ACQUISITIONS — MISSIONS 1103 AND 1104

As has been stated, operational bi-color photography was acquired on missions
1103 and 1104. The majority of this photography (30 passes) was acquired on mission
1103. This bi-color was flown for two reasons: (1) because of the success demonstrated
‘in the 1102 test, and (2) because a requirement for its acquisition was submitted to and
approved by COMIREX. For completeness of understanding, it is perhaps useful to
summarize the requirement approved, and indicate the status of bi-color exploitation
against this requirement.

The referenced requirement,* part of which is quoted on the following pages, was
submitted to the chairman of COMIREX on 28 March 1968.

“A number of atomic energy targets appear suitable for bi-color
exploitation and analvsis. Targets have been selected 5o as fo use bi-color
both as an identification of bulk uranium operations and ¢s a means of
providing additional information through its pseudo-coior capability-

The real usefulness of bi-color in the identification of bulk uramium
aperarinns is not at known uranium ore concentration faciliries. bur a:
mare complex atomic energy production sites where specific identification
of those buiidings engaged in bulk uranium operations should lead to
addintonal importan: informanon. "

"Use of Bi-Color (Bi-Spectral) Ej jnst Certain Soviet Atomic Energy
Facilities on KH-4B Mission 1103 Apr. 24, 1968).

Homdte—digu
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The requirement then, in part, stated specifically:

2. Uranjum Concentration Plants, USSR and China
_'—'__-—_——l__,__-_

A. Regquirement:

Determine if uranyl yellow is apparent on building or around edges of
tailing ponds. The purpose here is to prove that KH-4B bi-color is useful
Jor identifving bulk uranium operations. Note that Dneprodzerzhinsk (an
old plant) is the 1vpe example. Hang Yang is included as 2 recen Hy con-
structed plant.

3. Plants With Bulk Uranium Handling

A. Reguirement

{ 1) Determine if bi-color is useful in finding and identifving difficult
10 see objects such as traces of underground pipelines, manholes, and vaive
houses connected with underground pipelines, the color of smoke from
stacks, stains on roof tops, vehicle tracks on roads or bare ground. e:c.

{2} Lacate the structures involved in bulk handling of uranium, though
identificarion of urany! vellow.

4. Priority AE Targets, Identifications of Major Importance (as many

as possible should be covered)

A. Requirement:

To determine if instrumentation vans, underground test cables. areas
of disturbed rock. erc.. are more discernible in bi-color than in normal

Ki4B stereo. (e.g.. at Semipalatinsk Nuclear Weapons Proving Grounds,
USSR)

B. Requiremenr.

Artempt identification of the functions of areas | and 2 (e.g.. at Yuen
Nuclear Energy Compiex in China)

C. Requirement:

Attempt identification of the functions of the compliex or any portion
thereof. te.p.. at Paot’ou Atomic Energy Complex in China)

D. Regquirement

Astempt identification of the purpose of the new waste disposal basin
(e.g.. at Inmona Nuclear Research Center, lsrael)

CORONA FALENT-REYHORE-NOPORR _ G Sy rremredeimsiye
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Subsequent to mission 1103, COMIREX established a Bi-Color Committee to evajyate
the bi-color acquisitions and to determine if the technique had intelligence value. The
Bi-Color Committeewas initially plagued with hardware problems (i.e., timely use of
the Gigas-Zeiss Orthophotoprinter) which slowed its task. Bowever, to date, one posi-
tive intelligence report has been produced on the 1108 bi-color. The abstract follows* :

“ Bi-color photography of poor-to-fair Interpretability permits the
recognition of one positive key to the identification of the well managed
Ispisar uranium ore concentration plant. This is the high tailings dump
stained red by the presence of an appreciable amoun: of vanadium pentoxide
and iron oxide and a lower, interior and narrower persistent yvellowish-white
annulus or girding belt of uranium oxide. Wind biowing on the tailings dump
has created a pink dust mask down wind from the dump. A more debarabie
diagnostic indicaror is a faint yellowish stain or dust seen on the roof of an
ore-drying bav of an ore-acid mixing ( lixiviation) building. The bi-color
photography throws doubt on the close association of an ore yard north
of the plant with the uranium plant and confirms the tentarive conclusion
that the water purification ponds, further north, are not low-grade ore-
leveling basins. Several factors induce the possibility of recognizing other
color features that should appear. They are the practice of moving ore piles
frequently 5o that stains do not build up on the ground, the maintenance of
right connections in pipelines, and the absence of spillage. Also a centralized
chemical laboratory is an indication of an ore concentration plant, has not
yel been identified

4.7 CONCLUSIONS

1. Bi-color photography can be Buccessfully acquired with the CORONA J-3 Bystem.
Photography of this type should be restricted to special problems.

2. Satisfactory green filters can be produced for the operational acquisition of
bi-color photography. These filters are dichroic coatings on thin quartz that have
substantially lower filter factors than normal green dye filters.

3. The laboratory resolution with the special bi-color filters and a second genera-
tion lens using 3404 film at the Wratten no. 21 focus position is slghtly lower than that
of this lens/film combination with a Wratten no. 21 filter. The operational resolution
of the special green filter (SF-05) is lower than that of the Wratten no. 21 filter due to
the slightly longer exposure time required, the lowering of aerial contrast due to the
increased haze light effects in the green portion of the spectrum, and the nonoptimum
focal position.

4. The resultant green filtered negative can be used for normal photointerpreter
tasks. The image quality degradation with the SF-05 filter in the CORONA system is

*Bi-Col of the Leninabad (Ispisar) Uranium Ore Concentration
Plant (USSR (Jan. 1969).
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not as pronounced when the photography is viewed in stereo with the normal higher
quality red record. Stereo and bi-color cannot be seen at the same time. The acquisi-
tion of bi-color does not preclude the availability for stereo viewing; however, the two
techniques must be used separately.

5. One of the major problems with the use of bi-color, at the moment, is the
difficulty of exploiting it, i.e., techniques currently available for making bi-color prints
are very time-consuming and laborious. This results primarily from the fact that
there is no currently available equipment specifically designed for bi-color exploitation.

6. The difference in apparent radiances of the same object when viewed from two
stereo stations can cause erroneous color to result in the final bi-color print. Thus.
the use of bi~color in an analytical sense is limited.

4.8 RECOMMENDATIONS

1. The bi~-color technique should be used over selected operational targets when
operational constraints preclude the use of conventional color film. and where color
could increase knowledge of activities associated with those targets.

2. The ARES* with a bi-color viewer can be used as an immediate readout device
for newly acquired bi-color targets.

3. Special printing operations are required to remove the distortion introduced by
the panoramic geometry and stereo convergence angle as well as the terrain elevation
changes in the scene. While rectification alone will not correct for the elevation changes,
orthoprinting removes the major distortions due to the ground terrain elevation changes.
Very small objects (such as aircraft), however, still present problems for full correction.
If bi-color is judged to be useful for intelligence purposes, the need for new exploitation
equipment is indicated.

*ARES or automatic registration electronic stereoscope—is a device that corrects
the panoramic and look angle distortions introduced by CORONA. One of these instru-
ments has been modified to provide bi-color imagery. This modified instrument pro-
vides bj-color on a near real time basis, although 2 “hard” copy print is not available.

CORONA FALENTENHOLE-NOEORN _ Gorrer-Sysrenre-tormiy
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Copper Mine Slurry, Arizona

Figure mumber 4-3(a) 4-3(b) 4-4
Mission 1102-1 1102-1 1102-1
Camera FWD no. 305 ~ AFT no. 304 Integration
Rev D-048 D-048 D-048
Frame 050 056 050, 058
Date 12 Dec 1967 12 Dec 1967 12 Dec 1967
Film 3404 3404 -
Filter Wratten no. 25 8F-05 -
Exposure time 1/250 sec 1/300 gec -
Altitude 519,000 ft 519,000 £t -
Scale 1:259,500 1:259,500 -

Solar altitude 27° 18° 27° 186* -
Latitude (CF) 31°25.1'N 31°28.6'N -
Longitude (CF) 109° 47.8'W 109° 50.6'w -
Universal grid coordinates 35.1, 2.5 35.1, 1.2 -
Magnification 20x 20x 20x
Note Red bi-color Green bi-color Integrated

record record bi-color print
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(b} 20x orthoprint from green filtered negative

Fig. 4-3 — Copper mine slurry, Arizona
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Fig. 4-4 — 20x bi-color integration made from green and red orthoprints




Bisbee-Douglas International Airport, Arizona

Figure number 4-5(a) 4-5(b)
Mission 1102-1 1102-1
Camera FWD no. 305 AFT no. 304
Rev D-048 D-048
Frame 050 056
Date 12 Dec 1967 12 Dec 1967
Film 3404 3404
Filter Wratten no. 25 SF-05
Exposure time 1/250 sec 1/300 sec
Altitude 519,000 ft 519,000 ft
Scale 1:259,500 1:259,500
Solar altitude 27°18' 27° 16"
Latitude (CF) 31°25.1'N 31° 26.6'N
Longitude (CF) 109° 47.8'W 109° 50.6'W
Universal grid coordinates 45.8, 4.4 29.7, 2.4
Magnification 20x 20x
Note Red bi-color Green bi-color
record record
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Bisbee-Douglas International Airport, Arizona

Figure mumber 4-6

Mission 1102-1

Camera Integration

Rev D-048

Frames 050, 056

Date 12 Dec 1967

Film -_

Filter -

Exposure time -

Altitude -

Scale -

Solar altitude -

Latitude (CF) -

Longitude (CF) -

Universal grid coordinates -

Magnification 20x

Note Integrated
bi-color print
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(b) 20x orthoprint from green filtered negative

Fig. 4-5 — Bisbee/Douglas International Airport, Arizona
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Fig. 4-8 — 20x bi

-color integration made from green and red orthoprints
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Ispisar Uranium Ore Concentration Plant, Leninabad, USSR

Figure mumber 4.7
Mission 1103-2
Camerz FWD no. 307
Rev D-153
Frame 047
Date 11 May 1968
Film 3404
Filter Wratten no. 25
Exposure time ' 1/450 sec
Altitude 516,000 £t
Scale 1:258,000
Solar altitude 87° 29'
Latitude (CF) 40°12.5'N
Longitude (CF) 88°59.6'E
Universal grid coordinates 59.4, 1.7
Magnification 20x
Note Red bi-color
record
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Ispisar Uranium Ore Concentration Plant, Leninabad, USSR
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Figure mumber : 4-8
Mission 1103-2
Camera Integration
Rev D-153
Frames 0417, 053
Date 11 May 1968
Film -
Filter -
Exposure time -
: Alttude -
; Scale ' -
, ! Solar altitude -~
- Latitude (CF) -
L Longitude (CF) -
‘; = Universal grid coordinates -
s Magnification | -
- Note , Integrated
. bi-color print
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Fig. 4-7 — 20x enlargement of Is
U.S.5.R., from mission 1103

(1

f\‘.“ "

Y P |
- »r g

1
* e
\

pisar uranium ore concentration plant,

TOPSECRET g

CORONA SarGT= i ETHOT T ROPORN

Contrrb-bysiomslaintly.




Fig. 4-8 — 20x enlargement bi-color reproduction of Ispisar aranium ore
concentration plant, U.S.5.R., made with optical orthoprinting from

mission 1103
- .
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5. 50-121 TESTS — MISSIONS 1105 AND 1106*

50-121 Aeroc Ektachrome is a medium speed color reversal film coated on an Estar
standard-thin base. The EKITt test series of 1966-67 indicated that SO-121 was useful
in the 112B camera configuration which is virtually identical to the CORONA system.
From this test series, it was shown that SO-121 could be used at rather low solar altitudes.
which by the very nature of satellite photography is a necessity. This test also showed
that the resclution obtained from a mobile CORN target was 48 lines per millimeter and
that with proper focusing 60 lines per millimeter could have been achieved. Therefore.
without refocusing the CORONA camera, it was anticipated that a ground resolution of
15 feet could be obtained.

Mission 1105 used 500 feet of SO-121 at the end of the film roll. Subsequently,
mission 1106 was flown with 2,000 feet of SO-121. The best photography of these two
missions is estimated to have achieved the 15-foot resolution level.

5.1 PURPOSE
The mission 1105 S0O-121 test was intepded to:

1. Obtain for the first time conventional color photography from the CORONA
J-3 system.

2. Demonstrate the capability of the J-3 camera to handle SO-121.

5.2 TEST CONSIDERATIONS

In conjunction with the major purpose, actual targets supplied by CIA intelligence
analysts were furnished to the Satellite Operations Center in an effort to realistically

*Detailed report on these analyses will be issued shortly.

TEKIT was a test program undertaken by Itek in 1966-67; it was designed to evaluate
potential engineering tests to be performed on J-3. This test series employed the 112B
camera: system (which is virtually identical to CORONA J-1) at an altitude of 65,000 feet.
A total of 16 reports were issued, each evaluating the possible use of a new photographic
technique to be used on J-3. The techniques that appeared most promising were then
recommended for a flight test on J-3.

I Nondietig
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CORONA "TREENT-KEXHOLE-MOFORN )
evaluate the film. These targets included the J-Complex at Tyura Tam, SA-2 and
SA -5 sites in the USSR, Launch Complex A at Sary Shagan, and certain areas in

Vietnam and China.

Finally, and of particular interest was Site A-1 at Kartaly, USSR, where the
Soviets are suspected to be using camouflage. Unfortunately, these targets were not
covered on the color portion of the mission.

5.3 ENGINEERING TESTS

In order to maintain maximum quality with the CORONA systems, the filtration
must be accomplished with a single filter. However, in order to obtain the most suitable
color balance and exposure, a combination of several different types of filters is re-
quired. Therefore, Eastman Kodak fabricated a special filter for this flight. It consisied
of the proper haze filtration (Wratten no. 2E), the proper color-balancing filters (20CC
cyan), and the proper amount of neutral density (0.40 density Inconel coating). Although
$0-121 is faster than 3404, this speed differential cannot be used practically when the
mission contains a split load of 3404/8S0-121 films because the slit width range on
CORONA J-3 is only 1Y stops, and cannot, therefore, encompass satisfactory exposures
for two films of such speed differential. Therefore, the philosophy adopted was to employ
filters with neutral density coatings for the color film to make the speed effectively the
same as the 3404 /Wratten filter combinations for that particular camera. This afforded
maximum operational convenience and minimized the changes for an exposure error.

The laboratory SO-121 resolution valies for the particular filters used on mission
1105 (slightly above $0 lines per millimeter low contrast) indicated that the best image
quality that could be expected was a ground resolution of approximately 15 feet.

5.4 MISSION TEST DETAILS

Mission 1105 contatned 500 feet of SO-121 spliced to the end of the primary mission
film load of SO-380 of the AFT-looking camera. A material change detector onboard the
vehicle automatically brought the alternate filter into position when the color film was
in use. Color coverage was obtained on five photographic passes as indicated in Figs.
5-1 and 5-2. The film change occurred on revolution no. 273 as the vehicle passed over
the ceniral USA. The color imagery from this pass provided the best resclution from
the color film of this mission. The next revolution, no. 274, covered the coast of
California on almost the same ground track as the SO-180 fiight of mission 1104. Thus,
comparable coverage of the same area {however, at different seasons) was obtained on
the two basic types of color films available—conventional color (S0-121) and false color
(80-180). Clear weather photography was obtained over Korea. Of the two remaining
passes over the Soviet Union, one was cloud covered and the other was partially cloud/
snow covered.

ety ‘
5-2 m -m
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5.5 TEST RESULTS

The following is a quote from a portion of the mission 1105 PEIR* message relative
to the S0-121 product. t

*. .. The mission contained 500 feet of aerial color film Type 50-12}
at the end of the aft camera supply. The expasure and color balance of
the SO-121 were good. The image quality of the 50-121 record was ex-
tremely variable, and ranged from good to very poor. The amount of
good quality imagery is limited and is generally restricted to the edges
and ends of the format. The center portion of the format is generally
poor. This condition would appear to have been caused by the film
being curled away from the focal plane during exposure. The best
imagery appears to be comparable 1o the best thar could be achieved
with the CORONA camera and SO-121 film. The best ground resolved
distance is estimated to be about 15 to 20 feet. Prelaunch system testing
indicated thar a potential 15 feet GRD (low contrast) could have been
achieved. While both glow and dendritic type static marking patterns
were evident on the SO-121, they are extremely minor in nature. "

The main problem encountered on this flight was the apparent film curl during
exposure. One of the contributing reasons for this film curl was the fact that the system
tensions were reduced by appraximately 20 percent for this mission.} However, as
pointed out in the PEIR message, the edge of format contained photography (see
Figs. 5-3 and 5-4) equal to the maximum that could be expected from preflight tests.
Fig. 5-4 represents the best “spatial” resolution imagery located on the SO-121 of
mission 1105,

5.6 MISSION 1106 $0-121 FLIGHT

In January 1969, a requirement was levied upon the CORONA system to obtain
color-oriented information in central China. The quality of color photography obtained
from mission 1105 was judged to be adequate to satisfy this requirement. In order to
have a high probability of acquiring this target in color, 2,000 feet of SO-121 was
authorized as a tag-on film load. The filter was again obtained from Eastman Kodak.
Since it was a different time of year, the neutral density had to be different from that
of the previous color mission.

*NPIC message no. Dec. 10, 1968.

t The Performance Evaluation Team (PET) is a group specifically chartered to
evaluate the engineering performance of each CORONA camera system post-flight.
This group publishes a report [known as the Photographic Evaluation Interim Report
(PEIR)] as a message. This report is distributed to the community appraximately
2 weeks after the recovery of the second bucket. Several members of the Ad Hoc
Committee are also members of the PET, and portions of PET analysis are included
in this report, as appropriate.

1This was done in an attempt to reduce the strain sensitivity marks on S0-380
which was the prime flight material for this mission.

Horrrchheeitgy
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The color photography from this mission was obtained in three passes (also
indicated in Fig. 5-2) in the Sino-Soviet area. The tensicns were set back to the normal
level for this mission. The color balance and exposure were good. In addition, the film
remained flat in the exposing plane, providing a uniform quality across the format.
Representative black and white and color samples from cloud/snow-free areas of this
mission are shown in Figs. 5-5 and 5-6. The mission 1106 PEIR* stated that:

... This is the first CORONA system in which color material was used
operationglly to sarisfy a specific inrelligence requirement.? However, due
to the film separarion on pass D105 this requirement was not fulfilled. The
911 feer of SO-121 recovered (see remarks) was exposed on revs D103,
D104, and D105, Although there were some areas of the 50-121 from
mission 1105 that were betrer than this mission, the overall image quality
of this flight was better than the 1105 color. The improved overail image
quality of mission 1106 is credited to ( 1) increased system tensions pulling
the film flat and/or(2) the short time period between launch and exposure
limiting potential drying-out of the color film in vacuum. The PET estimates
that the ground resolurion is 20 - 25 feet. Minor CORONA and dendritic
static markings were recorded. These markings are characteristically green
and occasionally recorded as red when exposure is made through the base
of the material. The color balance and exposure are considered 1o be good
excep!t for photography over snow covered terrain at higher solar elevations.
The photography in this region is considered by both the photointerpreters
and the PET 1o have been overexposed. ”

5.7 CONCLUSIONS
The following conclusions have been drawn:
1. The CORONA J-3 camera is capable of handling SO-121.

2. The ground resolution achievable with SO-121 in the CORONA J-3 camera is,
at best, appraximately 15 feet. Average ground resolutions of 20 to 25 feet
are to be expected.

3. Electrostatic marking with S0-121 is not a problem.

4. The Ad Hoc Committee has no réservations relative to the compatibility of
50-121 with the CORONA camera.

*NPIC message no- Feb. 2, 1969,
tIn order to be sure of fulfilling this requirement, a two-part effort was undertaken.

While the primary source of information was to be the color film from this mission, a
secondary approach using the bi-color technique was also initiated. Mission 1103 had
covered the target area in bi-color, and the requirement was satisfied by CORONA
using that approach to color photography.

5-4 TOP-SECREF .
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5.8 RECOMMENDATIONS

Further flight testing with SO-121 is recommended. However, future tests should
be aimed primarily at assessing the intelligence use of color film in the CORONA J-3
system. As such, this material should be flown against targets for which there are
specific color-oriented intelligence problems that can be answered within the scale
and resolution constraints of the J-3 gystem.
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Clinton Sherman AFB, Oklahoma

Figure number 5-3 5-4

Mission 1105-2 1105-2
Camera FWD no. 311 AFT no. 310
Rev D-273 D-273
Frame 056 063

Date 20 Nov 1968 20 Nov 1968
Film 3404 50-121
Filter Wratten no. 25 2E +20C + .5ND
Exposure time 1/270 sec 1/450 gec
Altitude 513,000 ft 513,000 ft
Scale 1:256,500 - 1:256,500
Solar attitude 33° 51" 33° 57"
Latitude (CF) 35°29.1'N 35°23.7'N
Longitude (CF) 98°16.1'W 98°17.5'W
Universal grid coordinates 9.2,1.8 67.8, 0.6
Magnification Bx 5x
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Fig. 5-3 — 5x enlargement of Clinton Sherman AFB, Oklahoma from the
FWD-looking camera of mission 1105 using 3404 film
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Fig. 5-4 — 5x enlargement of Clinton Sherman AFB, Oklahoma from the
AFT-looking camera of mission 1105 using S0-121 film (edge of frame)
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Kun Yang Hai Lake Area, Southeast China

Figure number 5-5
Mission 1106-2
Camera FWD no. 313
Rev D-103
. Frame 175
Date 12 Feb 1969
Film 3404
Filter Wratten no. 23A
Exposure time 1/3863 sec
Altitude 468,000 ft
Scale 1:234,000
Solar altitude 51° 30"
Latitude 24°42'N
Longitude 102° 31'E
Universal grid coordinates 53.0, 3.6
Magnification 5x
TOP-SECRET- W e
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Kun Yang Hai Lake Area, Southeast China

Figure number 5-6

Mission 1106-2
Camera AFT no. 312
Rev D-103
Frame 181

Date 12 Feb 1969
Film 80-121
Filter 2E +20C +.5ND
Exposure time 1/484 sec
Altitude 468,000 ft
Scale 1:234,000
Solar altitude 51° 30*
Latitude 24°42'N
Longitude 102° 31'E
Universal grid coordinates 22.6, 4.0
Magnification 5x
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Kun Yang Hai Lake Area (Southeast China)

from the FWD-looking camera of mission 1106 using 3404 film

Fig. 5-5 — 5x enlargement of
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(Southeast Chima)

using SO-121 film

$5-8 — 5x enlargement of Kun Yang Hai Lake Area
from the AFT-looking camera of mission 11086

{center of frame)
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6. S0-180 TEST — MISSION 1104*

Infrared Aero Ektachrome, SO-180, is a color reversal tri -pack emulsion coated on
polyester standard thin base with a clear gelatin anticurl backing. The total thickness
of the material is 3.0 mils. Unlike SO-121, it has a unique spectral sensitivity that
enables the material to record the near infrared characteristics of ground targets. The
film has a green sensitive layer, a red sensitive layer, and a near infrared sensitive
layer. The sensitivity of the film has been designed so that the infrared laver records
as red. the red records as green, and the green records as blue.

This technology took the form of World War II camouflage-detection (CD) film that
evolved in 1962 into the acetate base 8443, Kodak Ektachrome Infrared Aerial. This
same emulsion on a 2.5-mil Estar base is the SO-180 material.

Each of the three photographic layers has sensitivity to blue light in varying degrees:
the near infrared sensitive layer actually has a greater blue sensitivity than the other
two layers. Therefore. SO-180 must be supplemented with a minus-blue (Wratten no. 12
or 15) filter, with cutoff in the 500-millimicron region.

The cyan layer is designed to be slower than the other two layers because targets
of interest for this material reflect comparatively more energy in the near infrared than
in the red and green. Therefore. its prime value is in the detection of changes or dif-
ferences in the 700-to 900-millimicron region which are not visually discernible. In
addition. the unusual color contrasts produced by the spectral shift yield a high potential
for rapid scanning exploitation. :

Three EKITt aircraft flights (Jamuary and May 1967) with SO-180 produced imagery
suitable for interpretation and analysis to demonstrate a significant potential application
in satellite reconnaissance. The film was especially effective with farm crops, water
courses, and foliage. The effects of scale, altitude, and Space environment, however,
were not known such that an orbital mission was required to define its ultimate potentia].
The SO-180 tag-on experi ment on mission 1104 in August 1968 provided the first satellite
reconnaissance imagery on color film with the CORONA system.

*A detailed report on this analysis will be issued shortly.
TEKIT Report No‘ Evaluation of SO-180 (Infrared Color Film).-
(Aug. 14, 1967).
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6.1 PURPOSE
The prime objectives of the experiment were:

1. To demonstrate the feasibility of using SO-180 film in the CORONA system
under operational conditions

2. To acquire color translation records of specific targets for intelligence analysis.

6.2 TEST CONSIDERATIONS

Extensive coordination with the intelligence community resulted in an almost Purely
intelligence-oriented target list. These targets, in general, were in three basic
categories:

1. Atemic energy facilities
2. Buried antennas
3. Economic intelligence.

In the first category, atomic energy facilities within the United States were used to
establish a comparison between facilities of known characteristics and photography of
these facilities on SO-180 in the CORONA camera system. Similar tests were flown
with aircraft over the same targets to establish an additional S50-180 comparison betweer,
aircraft and satellite altitudes.

In the second category. a group of CIA analysts responsible for Soviet telecom-
munication is concerned with the identification of buried antennas and their locations.
Four of the know locations are:

Svobodnyy ,
Barano-Orenburg Skoye
Anastasyevka

Kremovo.

e B

In the third category of economic intelligence, requests were made to determine
if S0-180 could be used for agricultural assessment. This interest started in 1966
when USIB stated*

“Agricultural production in Communist China is of considerabie
intelligence interest. and good data on this subject are lacking. ClA is
warking with NPIC 1o test the feasibility of using photographic rech-
nigques to estimate crop vield from satellite photography.

* Review of Photographic Coverage and Exploitation of Photography on China,




e 3

The same document recommended that*:

" CIA proceed apace in seeking to develop techniques which will
enable estimates of crop yield to be made from satetlire photography. "

In attempt to tie the SO-180 test in with current intelligence problems, the Office
of Economic Research of CIA provided a list of agricultural targets appropriate for
80-180 engineering evaluation. Excerpts foliow.}

" Collection of imagery from these targets will:

{a) Facilitate the moniioring of the condition of autumn-harvested
crops in the specified areas of Communist China and analogous areas of
Taiwan, Japan. and the U. 5., for which ground truth is available. { The
August timing of Mission 1]04 precludes collection against winter wheat
in the North China Plain, the harvesting of which will have been compiered. )

{b) Survey the water level of reservairs and soil moisture conditions
as a check against collateral weather information. '

6.3 ENGINEERING TESTS

In preparation for this experiment, SO-180 film received extensive altitude environ-
mental and system capability tests at Itek and at A/P.t Initial tests had indicated that
a corona fogging problem existed when SO-180 was used in J-3. It was known that these
static markings varied with other films as a function of pressure. Therefore, a series
of tests was performed in order to find a pressure window that would minimize the
corona static marking on this film. The altitude tests were accomplished at camera
internal pressures from less than 1 micron through 160 microns, utilizing incremental
pressure steps and pressure sweeps. Results of the chamber tests with QR-2 indicated
that SO-180 marks severely under most environmental pressures. The markings ex-
tended from edge to edge and contimiously throughout the format. As a direct result of
these tests, however, two corona-free “windows” were identified. One window extended
from 12 to 22 microns and the other window was located above 160 microns. The 12-
to 22-micron window was selected since a modification of the existing pressure makeup
unit could be made to produce a 20-micron internal capsule pressure as well as the
normal 50-micron pressure, depending on whether $0-180 or 3404 were in the format.

* Review of Photographic Coverage and Exploitation of Photography on China,

R - . oo - '

tAgricultural Targets for Inclusion in OSP Engineering Tests
{June 7, 1968).

tAdvanced Projects—CIA facility where CORONA systems are assembled,
tested, and prepared for flight.

CORONA "mﬂ.
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As with most of the experiments on CORONA J-3, a special filter was fabricated
for use with S0O-180. The filter was a composite coating, similar to a Wratten no. 15
plus 0.9 neutral density and was designed and mamufactured by Eastman Kodak. Althcugh
the full speed benefit of the SO-180 was not exploited, this procedure was necessary to '
obtain correctly exposed photography over denied areas where the exposure was pro-
grammed for the prime mission material, 3404.

Resolution tests on S0-180 with a third generation Petzval lens were carried out
using this filter. Through-focus and through-exposure tests characterized the lens/
filter /film combination response to high and low contrast resolution targets. With
35 cycles per millimeter low contrast resolution as a baseline, ground resolution was
expected to be on the order of 25 feet. In the actual photography, ground resolution is
estimated to be 25 to 35 feet.

6.4 TEST DETAILS

The final 811 feet (301 frames) exposed in the FWD-looking camera was SO-180
Infrared Ektachrome film, spliced to the 15,200-foot principal supply of 3404 film. A
material change detector at the splice initiated 2 change from the Wratten no. 25 (red)
filter for the 3404 to the special Wratten no. 15 (yellow) plus 0.9 neutral density filter
for the SO-180.

During the final 38 revolutions of mission 1104, eight photographic passes were
made with the SO-180 film, one over domestic territory (California) and seven more
over denied areas. For a precise identification of ground tracks see Figs. 6-1 and 6-2.
Color photography began with frame 20 on revolution 199 and ended with frame 30 on
revolution 236. Because of the increase in film thickness of SO-180 (3.9 mils) as com~
pared with 3404 (3.0 mils), photographic coverage during passes D-215 and D-217 was
obtained with the AFT-looking camera only. All color coverage was obtained with
comparable black and white coverage from the other camera.

While extensive work was done to locate intelligence targets of interest for which
the S0-180 might prove helpful (Section 6.2), few of these targets were actually acquired.
This was caused by the fact that insufficient film (50-180) was loaded on the camera to
allow coverage of the desired areas when they were expected to be Subject to acquisition.
The film load of SO-180 was limited on the mission to 800 feet (the original plan was for
1.600 feet) due to other operational considerations. '

Imagery acquired on the SO-180 (with comparative 3404 acquisition) of unique target/
terrain features for color translation exploitation was sufficient, however, to support
critical evaluation. For this test purpose, the following acquisitions proved to be the
most valuable:

1. D-200 covering south China and north Vietnam in two operations

2. D-201 covering the Soviet Union in the north at the Ob River estuary and in the
south at Lake Balkhash, also a two-operation pass
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3. D-203 covering the Soviet Crimea and Israel -Jordan in two operations

4. D-210 covering California from Monterey to the Santa Barbara channel islands
in one operation.

Considerable variations in climate, geographic location. and cultural difference are
included in the areas observed. Semideciduous tropical forests, scant populated areas.
and numerous rivers were apparent in pass D-200. The arctic tundra. middle latitude
steppes. and mountains with extensive glaciation were covered in pass D-201. The
fertile Crimea. the populated coast of Israel and the deserts of southern Jordan and
Israel were shown in pass D-203. Pass D-210 covered the California coast. a well
populated area which contained many items of military interest. The wooded cover
is primary Mediterranean scrub forest. Thus, sufficient material was avaijlable for
a detailed evaluation of SO-180 in the CORONA system even though the original
targets were not covered.

6.5 FLIGHT RESULTS
The following are excerpts from the 1104 PEIR message.*

... 50-130 engineering test- This mission contained 800 feetof Type
SO-1%0. Ektachrome Infrared Aero Color Sfilm. on the end of the FW'D
camera  This test was run as part of the J-3 svstem capability studies

and has the prime purpose of investigating the capabiliny of the CORONA
svstem 1o handle Type SO-180 film, Portions of the SO-180 film exhibited
excellent exposure. color balance and resolution compatible with the maxi-
mum that could be achieved with this filmfcamera combination. ( The
limiting performance factor was the recognized lower resolution capability
of Tvpe S0-180 film compared to Type 3404.) Wien the weather conditions
were favorable. and there were no degrading effects (i.e.. static marking)
hic PET estimates the ground resolved distance o f film Tvpe SO-180 10
have been approximately 23 feet. It has been reported previousiv thar
significant portions of the 1est was degraded by elecrrostatic discharge
which recorded as a red image on film Type SO-180. There was a second
anomaly that coused o heavy bluish/green cast on film Type S0-180 over
the entire formar on the first few frames of each operation. The CORONA
discharge degradations can be arrributed directly to the failure of the pres-
Sure makeup unit (PMU} Pertinent comments follow

{1} Static marking. some of the imagery contains corona and elec-
frostatic fog which appears red on film type SO-180. This condition varies
from no marking to extremely severe marking. This condition occurs on
those operations when the PMU provided svstem pressures other than
desired

*NPIC message no- Sept. 16, 1968,
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(2) Effect of sit time. As discussed earlier, the first three and one-half
frames of each operation had a noticeable biuish/green cast to the imagery.
This effect was directly relatable to the sit time berween camera operations.
During very long sit periods, the blue/green cast became heavy and during
short sit periods it is noi as severe. The blue/green cast was due 10 a loss
in infrared laver sensitivity during these sit periods. It is like (sic. likely)
that the loss of motsture, from the IR layer during the sit period, caused
aloss in photographic speed. Further analysis of this phenomenon is
indicated

6.6 CONCLUSIONS

1. Despite the limited footage, extensive cloud cover, and severe corona fogging,
a reasonable amount of excellent imagery was acquired on the SO-180 material. The
The following evaluation is contained in the NPIC mission 1104 report:

" Regardiess of these factors, portions of the $0-180 imagery obiained
on this mission closely approximaie the expectations of this tens/film com-
bination. Some of the existing imagerv contains significant added informa-
tion from an intelligence standpoint, provided the analyst is allowed sufficient
ftme to interpret it, has a working knowledge of the film characteristics, and
is familiar with the infrared reflectivity of the various objects photographed. "'

2. Acceptable exposure and color balance for summer illumination conditions
were achieved on the $SO-180 portion of mission 1104.

3. Despite the poorer image quality of SO-180 as compared with the 3404 film,
there are instances in which the SO-180 record contains color translation information
that is absent on the 3404 comparative coverage.

4. The cyan cast on initial footage of S80-180 (first four frames of each pass) was
a result of a speed loss in the infrared sensitive layer induced by exposure to vacuum
during long sit periods.

5. Corona static discharge fogging was caused by a failure in the regulator of the
CR-4 PMU that generated an internal camera pressure above the 20-micron window
for 80-180. However, not all the corona fogging was detrimental to information extrac-
tion. There are instances where low level fogging enhances vegetation information
content.

6. In cases where the corona fog is not present in each of the three dye layers,
panchromatic duplication through selective fittering can be used to eliminate the fog
and retrieve gray-scale tonal information.

*Mission 1104 Photographic Evaluation Report,-ﬁs (Dec. 1968).
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7. The magenta dye layer imagery tends to exhibit the highest resolution. Because
this imagery is formed by essentially red light, black and white reproduction of this
tonal information is similar to a 3404 record made through a Wratten no. 25 filter.
Detail rendition in the magenta dye layer reproduction, however, is far inferior to the
3404 /Wratten no. 25 record.

8. There is a high potential with SO-180 for ecohomic intelligence, camouflage
detection, location of waterways, and shipping channels.

6.7 RECOMMENDATIONS

1. Additional SO-180 acquisitions are needed to verify the capability of the CORONA
camera to use this material. In performing any additional experiments, we would
recommend that emphasis be placed, if possible, on its use for economic intelligence.

Of particular interest would be the winter wheat crop in the north China plain.

2. Inview of the sensitometric changes that occur with SO-180 in vacuum. photo-
graphic passes should be initiated six frames prior to the beginning of the desired
coverage. Further studies in vacuum sensitometry on SO-180 are required to learn
more about speed losses in individual layers on a time base.

3. Research into exploitation uses of SO-180, especially in terms of its unusual
signatures, should be undertaken.

4. In view of the corona fogging that can occur on SO-180 in the J-3 system, further
environmental pressure studies on the film are necessary to specify more precisely
the behavior of the corona-free windows. '

fﬂP‘SEERH- ‘ TALERT-XEYAOLE 6-17
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Mineral Washout, Siani Deseart, Israel

Figure mumber 6-3 6-4
Mission 1104-2 1104-2
Camera AFT no. 308 FWD no. 309
Rev D-203 D-203
Frame 065 059

Date 20 Aug 1968 20 Aug 1968
Film 3404 S0O-180
Filter Wratten no. 21 Wratien no. 15+ _90ND
Exposure time 1/500 sec 1/500 sec
Altlitude 502,000 ft 502,000 1t
Scale 1:251,000 1:251,000
Solar altitude 73° 73°

Latitude 29° 30'N 29° 30'N
Longitude 35°20'E 35°20'E
Universal grid coordinates 60.2, 2.5 15.0, 3.0
Magnification 1.5x 1.5x

TOP-SECRE ——
- FREENT S rHeTY 6-13
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"Fig. 6-3 — 1.5x enlargement of 2 mineral deposit washout from the
AFT-looking camera of mission 1104 using 3404 film
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Fig. 6-4 — 1.5x enlargement of 2 mineral deposit washout from the

FWD-looking camera of mission 1104 ueing SO-180 film
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Lompoce, California

Figure mumber 6-5

Mission 1104 -2
Camera AFT no. 309
Rev D-210
Frame 018

Date 20 Aug 1968
Film 3404

Filter Wratten no. 21
Exposure time 1/575
Altitude 486,000 £t
Scale 1:243,000
Solar altitude 67° 50
Latitude M 40'N
Longitude 120° 30'w
Universal grid coordinates 32.9, 4.4
Magnification 10x

CORONA
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Lompoc, California

Figure mumber 6-6 _
Mission 1104-2
Camera FWD no. 308
Rev D-210
Frame 013

Date 20 Aug 1968
Film 80-180
Filter Wratten no. 15+.90ND
Exposure time 1/430
Altitude 486,000 1t
Scale 1:243,000
Solar altitude 67° 50
Latitude 34°40'N
Longitude 120° 30'w
Universal grid coordinates 42.2, 1.5
Magnification 10x

TOP-SEGRET-
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Fig. 6-6 = 10x enlargement of Lompoc, California from the FWD-1

camers of misaion 1104 using SO-180 film
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River System, North Viet Nam

Figure number 6-7
Mission 1104 -2
Camera AFT no. 309
Rev D-200
036
Frames 034
033
Date 20 Aug 1968
Film 3404
Filter Wratten no. 21
Exposure time 1/575 sec
Altitude 495,000 1t
Scale 1:247,500
Solar altitude 80°
Latitude 22°N
Longitude 103°E
_ 50.8, 2.8
Universal grid coordinates 21.2, 3.1
50.2, 2.4
Magnification Bx

CORONA TREENIKGKHORE-NOPORN | Lrtrieoprrenr—beintiy,
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River System, North Viet Nam

Figure number 6-8
Mission 1104-2
Camera FWD no. 308
Rev D-200

030
Frames 028

027
Date 20 Aug 1968
Film 50-180
Filter Wratten no. 15+ _90ND
Exposure time 1/430 sec
Altitude 495,000 £t
Scale 1:247,500
Solar altitude 80°
Latitude 22 °N
Longitude 103°E

17.3, 3.3
Universal grid coordinates 54.4, 3.0

25.4, 2.4
Magnification Bx

TOPSEGRET— W e s
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Fig. 6-7 — 5x enlargements of river intersections from the AFT-locking
camera of mission 1104 using 3404 film
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Fig. 6-8 — 5x enlargements of river intersections from the FWD-looking
tamera of mission 1104 using SO-180 film
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Industrial Processing Plant, Krasnoperekopsk, USSR

Figure number 6-9

Mission "1104-2

Camera AFT no. 309

Rev D-203

Frame 018

Date 20 Aug 1968

Film 3404

Filter Wratten no. 21

Exposure time 1/550 sec

Alttude 505,000 ft

Scale 1:252,500

Solar altitude 56”

Latitude 46 °N

Longitude 34 °E

Universal grid coordinates 23.8, 4.1

Magnification 5x

TOP-SECRET ke et
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Industrial Processing Plant, Krasnoperekopsk, USSR

Figure mmber 6-10
Mission 1104-2
Camera FWD no. 308
Rev D-203
Frame 012

Date 20 Aug 1968
Film S0-180
Filter Wratten no. 15-,90ND
Exposure time 1/430 sec
Altitude 505,000 ft
Scale 1:252,500
Solar altitude 56°

Latitude 46°N
Longitude 34°E
Universal grid coordinates 51.3, 1.7
Magnification 5x

CORONA TRCENTIRETHUTENOPORN
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Fig. 6-9 — 5x enlargement of industrial Processing plant with
3404 film from mission 1104
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Fig. 6-10 — 5x enlargement of industrial Processing plant with
SO-180 film from mission 1104
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7. NEW BLACK AND WHITE FILMS

The performance of any high acuity camera system is integrally dependent on its
mechanical, optical. and film sensor components. Basic system improvements invariably
involve one or more of these areas. For a given operational system. the most readily
adaptable improvement (or at least the least costly one) to implement is the use of an
improved film. Possible film improvements generally fall into three areas—sensitivity.
image quality, and physical characteristics.

Improved film sensitivity and image quality really implies an improvement in the
speed/resolution tradecff, i.e., what one desires is not simply a faster film (since such
films are available), but a film that is faster while maintaining essentially the same
image quality characteristics as the film in current use. Improvements in the physical
characteristics of the film are also desireable. A reduction in film thickness would mean
that the payload could he larger with little increase in cost, the direct benefit being, of
course. an increase in photographic coverage for a small increase in the cost of acquir-
ing that coverage.

Improvements in film products are invariably achieved at some sacrifice in one or
more areas. Increased film speed is normally achieved through an increase in grain
size. which results in lower image quality. Conversely, increased film image quality is
usually achieved at the sacrifice of film sensitivity. In like manner, “improvements” in
film physical characteristics are often achieved at some sacrifice in system performance.
For example, while thinner films have been made, their use in a satellite camera system
would be more difficult if the system were not specifically designed to handle that film.
In this case, although the film improvement is achieved, it might be achieved at the cost
of lower system resolution due to film flatness problems in the focal plane.

The point is that the use of “improved” films in any camera system is not always
as easy as it first seems. and the tradeoffs are not always simple. In any event. the
purpose of this series of tests was to evaluate the use of two new films. SO-380* and
§50-230.* with the J-3 camera system.

*S0O-380 is an ultrathin base version of 3404. The differences in base dimensions of
3404 (2.5 mils) and SO-380 (1.5 mils) produces a 50 percent difference in the total film
thickness. $0-230 is a new film with sensitometric and image quality characteristics
somewhat similar to those of 3404. The film is faster than 3404 by approximately 0.2
log E (2/3 stop). The ultrathin base version of 50-230 is SO-205 and has the same
photographic characteristics as SO-230.

vl
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8. S0-230 TEST—MISSION 1102+

One of the fundamental limitations on the quality of photography from the CORONA
systems is image smear. At CORONA scales, every micron of smear is an effective
blur equal to 1 foot on the ground. It would only take 2 microns per millisecond of
smear to limit the photography to a ground resolution of 10 feet at 1/400 second. If the
exposure time could be reduced to 1/800 second, the smear would then be cut in half and
the limiting ground resclution would become 5 feet, providing, of course, that the reduc-
tion in exposure time has been accomplished with no other sacrifice. However, the
photographic process consists of many tradeoffs, and it is rarely possible to gain in one
aspect without some sacrifice in another. Therefore, the goal of most analyses with
high performance systems is to make a significant gain in one area without sacrificing
too much in the others, thus providing a total system improvement.

Several years ago, Eastman Kodak manufactured a new film, SO-362, which was an
attempt at such a tradeoff. The film was intended to be very similar in image quality
to that of 3404, but have twice the emulsion speed. However, the film did not compare
favorably with 3404 and was subsequently discontinued. In a continuing effort toward
the same goal, Eastman Kodak recently started manufacturing another fitm, S0-230,
which has been met with greater success in the community. The film has image quality
closer to that of 3404 than did SO-362 and an increase in speed of approximately 2/3
of a stop. Therefore, the analysis undertaken by Itek was aimed at determining if there
has, indeed, been 2 gain in total CORONA system performance by the use of this
material rather than the normal 3404.

8.1 PURPOSE
The purpose of this analysis was to:

1. Evaluate the sensitometric, image quality, and physical characteristics of
50-230 relative to 3404 and

2. Compare the performance of the CORONA system in an operational mode
using SO-230 as opposed to 3404.

*A full evaluation of this test is given in KH-4B System Capability Report No. 4,
Evaluation of 50-230 film for use with the KH-4B System, Oct 1, 1969).

'WP'SEGRH- -m 8-1
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8.2 ENGINEERING TESTS

Over a period of approximately 6 months, several engineering tests were performed
with S0-230, Some took place before the first system flight with S0-230, and some we
were undertaken afterward as a direct result of that first flight. Three of the more
pertinent tests, listed below, deserve some attention in this text:

1. Theoretical total system resolution
2. “Real” speed increase of SO-230 over that of 3404

3. Emulsion dust buildup.

Initiz] studies were performed with data acquired from laboratory tests of S0-230
to predict the in-flight resolution. From these studies, it was predicted that there would
be a measurable improvement in system resolution due to the reduced smear even
though the film image quality itself was somewhat poorer than that of 3404, There were
two difficulties with these early predictions: {1) the film granularity was not taken into
consideration; and (2) the smear reduction was based on the photographic speed of the
film. whichwas not precisely known. This was evidenced by the fact that various
investigators had come to different conclusions as to the speed of SO-230. This was
most likely due to the batch-to-batch differences in the emulsion which is to be expected
with any new film.

After S0-230 had been flown, some observers considered the photography to have
been overexposed, The prevailing thinking at that time was that the vacuum environment
had caused a change in the photographic speed of §$0-230, which caused this overexpo-
sure. Therefore, this would have had an effect on the theoretical resolution predictions.
As a result, a test was performed that used the CORONA camera itself in a vacuum as
a sensitometer. This test, however, indicated that the speed of S0-230 was the same
in vacuum as it was in ambient conditions.

A problem encountered on mission 1046 appeared to be associated with an emulsion
dust buildup in the camera, which may have caused the gradual out-of-focus condition
observed on this mission. A test was undertaken with the CORONA J-3 qualification
instrument to look into this problem. The tests indicated that there was an emulsion
buildup problem with SO-230 on one of the cameras used, but not on the other. However,
since the test was run on a J-3 unit, it did not precisely simulate the conditions encoun-
tered on mission 1046 which was a J-1 configuration. '

The 80-230 emulsion dusting problem experienced during mission 1046 has never
been completely identified. Exhaustive Physical testing by Eastman Kodak on both 3404
and 50-220 has not shown any difference in physical hardness between the two films.

8.3 SO-230 MISSIONS

The first flight to use SO-230 was missjon 1102, The test consisted of 2,012 feet of
S0-230 on the end of the AFT-looking camera film load and 2,508 feet on the

8 FOPSEGRE- WD e,
-2 TACENT-KETMOTE—
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FWD-looking camera film supply. When the film came iht.o use during this mission, the
adjustable slit mechanism was used to account for the increased film speed over that of
the primary film supply, 3404. The ground tracks for the SO-230 coverage on this mis-
sion are shown in Figs. 8-1 and 8-2.

Subsequent to mission 1102, two J-1 missions—1046 and 1048—were flown with
full loads of SQ-230. .

8.4 FLIGHT RESULTS

The results of the SO-230 studies are not limited to the information acquired on the
mission 1102 flight. The results consist of information gathered from laboratory tests
and missions 1102, 1046, and 1049, The results of an NPIC analysis of the tag-on mis-
sion 1102 test and excerpts from the PEIR messages of the full-load 80-230 missions,
1046 and 1049, are contained in the following sections.

8.4.1 Mission 1102, SO~230 Analysis*

. Visual and photographic observations indicate very little difference
between the rwo film tvpes. The S0-230 imagery is of slightly lower con-
trast and when examined closely ar higher magnifications ( 50x and above!}
appears to be slightly- grainier: however, edge sharpness, shadow and high-
{ighr detail and overall information content are, for all practical purposes,
identical.

.. The photointerpreter readout is accomplished at magnifications of
50x and below. Only occassionally is there a requirement for higher
magnification. From all photointerpretation reporis on mission 1102-2,
no differences were noted between the S0-230 and 3404 records. ™'

B.4.2 Mission 1046, SO-230 Comments {(Excerpts From PEIR Messaget)

. Slir widths of 0.110 and 0,140 inch used on this mission provided a
2/3 stop (0.20 log E) exposure reduction from the nominal 3404 slits. The
resolving power of S0-230 compares to that of Type 3404. The combina-
tion of faster film speed with only slightly greater grain size makes Type
S0-230 film a desirable film for both KH-4A and KH-4B use.

Excellent svstem performance was achieved (to wit. MIP 90 on 1046-1);
however, svstem performance was nol maintained throughout the mission.

. Somc wncrcase in groininess was observed on the mission. This may be
duc in part o the apparent overexposure observed on this mission. The
mussinn reccived g significant proportion of primary processing { approxi-
mately 34 percent! and an unusually low amount of full processing . . . "

*NPIC message no.
t NPIC message no.

CORONA Wsm e

June 11, 1968.
May 2, 1968.
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8.4.3 Mission 1049, SO-230 Comments (Excerpts From PEIR Message*)

" . Mission 1049 was the second J-1 mission 10 be flown with a full lvad

of SO-23( and was the first time that g flight load of this material was
pracessed in the single level, dual-gamma process. PET considered (that)

Tvpe 50-230 film did nor contribuie to the lower performance of this
nussion. and ¢that this film) is considered acceptabie for future missions.

There are no reservations concerning use of this film with COROMNA svstems

B.4.4 Summary of Results

It should be noted that, of all the comments and analyses of S0-230 in these three
missions, there exists no statement that any benefit was derived as a result of using
80-230.

As was pointed out, there has been considerable difference of opinion on the exact
characteristics of SO-230/S0-205. This was caused mainly by the instability of the
product at the beginning of its history, i.e., the characteristics of the film were signifi-
cantly different from batch to batch, which is normal for any new film product, causing
various investigators to come to different conclusions about its characteristics. The
product was finally stabilized,' allowing a more reasonable assessment of its character-
istics. The following observations, some of which change the previous opinions, can
now be made based on data from the FEATt laboratory of 11 March 1969.

1. The original goal for 50-230/80-205 (i.e., twice the speed, same resolution as
3404) was not achieved. S0-230/50-205 is 0.20 log E (2/3 stop) faster than 3404, but
possesses 30 percent poorer low contrast resolving power. Further, the gramlarity of
$0-230/50-205 is approximately 20 percent higher (i.e., poorer} than 3404.

2. The resolution analysis performed earlier was more nearly correct for Trenton
interrupted processing than for the dual gamma. Migsion 1102 was processed in the
Trenton. Subsequently, the dual gamma process, which further altered the comparison
of 3404 and SO-230, was introduced. Simply stated, the dual gamma process produced an
improvement in the quality of 3404, but did not produce a similar improvement for SO-230.
Table 8-1 clearly shows the improvement achieved with the dual gamma process and
3404. From the data in Table 8-1, it is also clear that SO-230/S0-205 is not as good in
any event as 3404/50-380.

*NPIC message no- Jan. 13. 1969.
tThe Film Evaluation and Testing (FEAT) Laboratory is located at the-

National Preocessing Center.
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Table 8-1 — Resolving Power of 3404 With Dual Gamma Process

Resolving Power, ¢/mm
3404 80-205
Target Dual Yardleigh Dual Yardleigh
Modulation Gamma Full Gamma Full
0.99 680 630 491 532
0.73 525 480 372 356
0.53 400 365 285 268
0.36 290 260 200 199
0.26 223 197 162 165
0.20 180 158 122 120
0.12 118 103 79 80
0.07 76 65 51 S0
0.04 48 40 30 31

TOP-SEGREF
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3. The data in Table 8-1 invalidate the Previous conclusions on the improvements
to be expected with SO-230 in the J-3 system. The theoretical analysis discussed in
an earlier section assumed 2 10 percent difference in resolving power between the two
films, not the 30 percent difference now reported for 2:1 contrast. Further, that analysis
assumed similar granularities, an assumption which was not substantiated in subsequent
tests. The fact remains that SO-230/50-205 is not comparable to 3404 /50-380 in image
quality. It is now believed that this film (i.e., S0-230/50-205) should not be used in the
CORONA J-3 and J-1 systems. At these scales and resolution levels, the use of 2 poorer
resolution and grainier film is not logical.

8.5 CONCLUSION

Contrary to theoretical predictions, no evidence of a system improvement has been
observed in any of the SO-230 flights.

8.6 RECOMMENDATION
The use of 80-230/50-205 is not now recommeded for CORONA J-3 or J-1.

CORONA FatCrrouirHOLE-MOEORN )
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Forbidden City, Peking, China

Figure mumber 8-3 8-4
Mission 1102-2 1102-2
Camera FWD no. 305 AFT no. 34
Rev D-16% D-167
Frame 004 010
Date 20 Dec 1967 20 Dec 1967
Film 3404 S0-230
Filter Wratten no. 25 Wratten no. 21
Exposure time 1/250 sec 1/500 sec
Altitude 514,000 #t 513,000 1t
Scale 1:257,000 1:256,500
Solar altitude 25° 28’ 25° 27
Latitude (CF) 39°58.7'N 39°59.8'N
Longitude (CF) 116° 53.5'E 116° 50.8'E
Universal grid coordinate 22.5, 3.1 53.2, 3.5
Magnification 20x 20x
Howdivr-Mier
TOP-SEGRET R AHOLE 8-11

CORONA mmmmm




ooking camera

Fig. 8-3 — 20x enlargement of Peking, China from the FWD-1

of mission 1102 using 3404 film (1,/250-second exposure)
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Fig. 8-4 — 20x enlargement of Peking, China from the AFT-looking camera
of migsion 1102 using SO-230 film {1,/500-second exposure)
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8. SO-380 (UTB) ANALYSIS*

S0-380 is the ultrathin base (UTB) version of 3404 (STB). The photographic image
quality and sensitometric characteristics of the two films are identical, and the only
significant differences are in base thickness. SO-380 is on a 1.5-mil Estar base, while
3404 is on 2 2.5-mil Estar base. The reason for using a film such as SO-380 in the
CORONA J-3 camera is, of course, to allow an increase in the film load per mission
(UTB—24,000 feet per camera versus 16,000 feet per camera for 3404 STB), thereby
providing for a 50 percent increase in coverage per mission. For this reason, the use
of SO-380 was made a design goal in the J-3 program, and emphasis was placed on
implementing its use in the CORONA program at the earliest reasonable date.t This
section covers two missions—1103 which was the first J-3 UTB test, and mission 1105
which was the first full load of UTB in the J-3 camera.

9.1 PURPOSE
The purpose of this analysis was to:

1. Demonstrate the inflight tracking and performance of the CORONA J-3 system
with the ultrathin base film, SO-380 and

2. To explore any potential problems that arise from the use of SO-380 on this
mission,

9.2 ENGINEERING TESTS

Considerable UTB testing was accomplished before mission 1103 was flown.
Numerous laboratory photographic tests (i.e., speed, resolving power, gramilarity, and
filter factors) were conducted at Itek; these tests ensured that the photographic perfor-
mances of 3404 and SO-380 were, in fact, equal,

Of more concern, however, were the system aspects of the use of SO-380. In this
regard, mmerous system tests were run to evaluate tracking, film flatness, film lift,
etc. During the development program, several problems were encountered that resulted
in minor camera modifications which attempted to ensure reasonable UTB periormance.

*A full report of this test can be found in KH~4B System Capabilt rt No. 5,
Evaluation of SO-380 Film for Use With the KH-4B System, Feb. 1969).

+NRO message no.- May 15, 1967.
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It is not possible, within the scope of this report, to disdxss these in detail. However,
it should be noted that considerable testing with several J-3 systems was conducted
before CR-3 was flown.

9.3 MISSION 1103

In this mission, approximately 1,750 feet of SO-380 were included on the end of
both the AFT- and the FWD-looking cameras. The UTB was included at the end of
the film spool to prevent any catastrophic failure to the majority of the mission take.
The film was changed from 3404 to SO-380 in the 143rd frame of the 187th revolution
for the FWD-looking camera, and in the 142nd frame of the 187th revolution for the
AFT-looking camera. The mission vehicle altitude for this part of the migsion varied
from 82 to 90 nm. Most of the photographic acquisitions varied between 69 °N to 17°N
latitude. Sun elevation for this experimental part of mission 1103-2 was from 87 to
38 degrees. Generally, however, the acquisitions were at sun angles from 40 to 80 de-
grees. The ground tracks for the SO-380 portion of this mission are included in Figs.
9-1 and 9-2,

In general, analysis of the UTB performance was by critical visual comparison
of the 3404 and SO-380 imagery. The PEIR message for this mission stated that

" The PET considers that UT8 gave as good a product as 3404 Type film. " *

The major and only important conclusions from the 1103 UTB test were that:
{1) SO-380 appeared to produce results equal to 3404, and (2) there was no evidence,
from these flight results, that precluded further use of UTB in the CORONA J-3
camera. Representative samples of 3404 and SO-380 photography from this mission
are included in Figs. 9-3, 9-4, and $-5. :

9.4 MISSION 1105

As a result of the favorable results of UTB with 1103-2, mission 1105 was selected
to be the first CORONA mission with a full load of UTB. A summary of 1105 is included
here because of the difficulties encountered and the relevance of the mission results to
the general intent of the test program. It should be pointed out that this section of the
report is a very brief summary of a complicated problem. Considerable further detail
is included in the CORONA UTB task team’s final report.t

*NPIC message no.-June 14, 1968.
tCORONA UTB Task Team Final Report,-Feb. 21, 1969).
Humdtv-¥re
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9.4.1 Mission 1105 Problem

The Performance Evaluation Team for mission 1105 reported in part:

""The FET feels that the imagery from this mission in general, is significantiy
degraded when compared with mission 1104 (CR-4). The image quality is
extremely varigble and evidences soft focus and image smearing. "'*

The magnitude of the variability problem ranged from good to unusable, and is
clearly illustrated in Figs $-5 and 9-6. The major problem was that S50-380 in CR-5
did not perform as expected on the basis of either the 1103 test or extensive ground
testing. This leads to two fundamental questions:

1. Was there a system problem with mission 1105 that was independent of
80-380 (UTB)?

2. Why did the extensive ground testing of CR-5 not show the problem
experienced?

Because of the importance of these questions, and the importance of using UTB
on the J-3 camera, the CIA Director of Special Projects established (on 19 November
1968) a special task force to specifically study the use of UTB in the J-3 camera.
The CORONA UTB task team therefore, had the specific goals listed below.

1. Evaluate CR-%'s performance to define the nature of the problem.

2. Evaluate why extensive ground testing of the CR-5 system did not show the
problem(s) experienced in flight.

3. Determine what course of action was neceasary togain confidence in the
use of UTB in the CORONA J-3 camera.

4. Recommend to the Director of Special Projects (CIA) what course of action
seemed most prudent relative to future UTB flights with the CORONA camera.

The task team observed that while the performance of UTB in CR-5 was unsatis-
factory, the mission was by no means a total loss from an intelligence point of view.
In fact, this mission received the highest percentage of good target ratings from the
photointerpreters of any previous CORONA mission, One could be tempted to weigh
the percentage of poor and/or umusable photography against the 50 percent increase

*NPIC message no.-Dec. 10, 1968,

Hendle-iiia
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in coverage obtained with the UTB. This question was discussed at s COMIREX
meeting where the NPIC representative stated*:

“... the impact of the UTB shortcomings on the first bucket of 1105
were analyzed strictly from a search standpoint. Ignoring specific target
readout requirements, the product of 1105-1 was good; sufficiently good
10 that if NPIC had i1s choice it would suggest (that) another poor UTB
(mission) would provide more information on the search probiem than

a J-3 with standard (base) film, provided it was no worse than 1105."

The key statement here is, of course, provided it is no worse than 1105. At the
moment, there is no basis for confidence that another UTB mission would be as good
as or better than 1105. The fact remains that the exact cause of the UTB problems
with the CORONA camera s unknown. Given this, it cannot be reasonably guaranteed
that another UTB mission would not be worse than 1105, and perhaps even catastro-
phically so.

8.4.2 Task Team Findings

Perhaps the most important aspect of the UTB task team’s findings was related

to the first major question asked. There was no evidence to indicate that CR-5 had

a camera probiem that would have produced the variability experienced regardless

of film, i.e., all analysis indicated that the prohlem experienced was a direct result

of the UTB/J-3 tnteraction. A 50-foot strip of 3404 included on this mission (between
the SO-380 and a tag on a strip of SO-121) did not assist in the analysis. While this
S0-foot strip of 3404 was also of relatively poor quality, it was taken over an area with
excessive haze and little cultural detail. The fact that extensive ground testing did

not show the problems experienced was directly attributed to the fact that (in retrospect)
normal CORONA testing does not test for the kind of problems experienced with UTB.

With this background, the following is a summary of the detalled findings of the
UTB task team taken from the previously referenced-report.

" There were, admittedly, things different about CR-5 relative to Sollowing
‘UTB Systems.' Certain UTB modifications were not installed primarily
lengthened air rwists) which necessitated using a lower system takeup tension
{ie.. 36 0z} than normal (46 oz with STB), While one would like 10 believe
thar bringing the tension back up to 46 oz would solve the UTB problems,
there is no evidence currently available 10 confirm that this will happen.
Further, if the conventional system test program did not identify the problems
experienced ar 36 o: tension, there is no guarantee that they will do so at 46 oz.

———————

_Nov. 21, 1968.
9-4 TOR-SEGRET TACENTTREYHOLE
CORONA FAEENTRELHOLE-NOFORN- ' _ :



e S TR T

seymg parlun
08 §0T1 UolesTw oY) J0] yo©x) punoty — 1-¢ ‘Nd

[~ it S ""—'

1
]
]
-
1
s

o) ey peed ggp-
o5
OOLXEW 40 J41N3




1338401

4840 gased 0BE-0OS £OIT UOIESIW 9 407 BRI} PUNOLY) z-6 ‘Sz

NN 90 Sia0y

{4 SR e

ey ey

-

| M



CORONA TREENT-KEFHOLE-NORORN

There are several major deficiencies in CORONA 1esting. Unfortunately,

these discrepancies are directly related to those items needing most investigation
for UTB testing and use. It is now clear that flim plane excursions ( causing
focus changes) and film motions (causing smear) were primarily responsible

Jor CR-5's problems. It is precisely these problems which the normal CORONA
test program® does not address, particulariy in respect to UTB. There are no
tests run which assess smear, in g critical sense, across the format length and
width. The resolution tests done (at ambient only} assess smear in a general
sense on axis, center of format only, which is the place in the format leasr
sensitive to film-lift induced smear problems.

However, in the main these have not been done in vacuum, and the
sensitivity of the Dr. "A” testt is not fully established In particular, the
sensitivity of the Dr. *A " for assessing the impact of UTB film plane
excursions with the third generation Petrval is mot known. This lens has
a very shallow depth of focus, making film flatness highly critical

It can be seen, therefore, that since the CORONA Test Program is not
particularly well set up for evaluating the factors which influence the
behavior of UTB in the CORONA camera, conclusions on future actions
cannot be obtained from existing data.

For this reason, a test program (was) recommended, aimed ar (1) determining
proper J-3/UTB settings. and ( 2) establishing reasonabie confidence in the next
UTB flight.

*1t should be pointed out that the normal CORONA photo test program evaluates
dynamic resolution and film flatness in air. While STB has been found to behave essen-
tially the same in vacuum as in air, it is clear that UTB does not. Further, smear caused
by film motions was one of the major problems with the 1105 UTB, and this aspect of
system performance is not normally specifically tested. This is not intended to be a
criticism of the normal test program since it has proven to be perfectly adequate for
STB, basedona long history of correlation with flight results. It is in retrospect that the
test program appears deficient for UTB.

tDr. "A” test is a test for determining film flatness and coatour under dynamic trans-
port conditions. It is performed by placing a special test plate in front of the image plane
and illuminating the plate with two separated point sources. The test plate contains paralle
clear lines on an opaque background. The lines are oriented parallel to the direction of
scan. The presence of two light sources causes two displaced images of each line to be
Projected on the image plane. There is a fixed geometry for the distance between two
lines. The separation of the lines is directly related to the film lift. These separations
are measured directly with a comparator.

' Nondiewiiion
WP-SEGRH _ TNl MO LE 9-5
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The tests recommended were as follows:

1. Smear versus tension versus film lift

2. Image motion versus nodal offser

3 Dr 4 " sensitivity

Attitude effects on Dr. “A* results
Altitude effects on Dr, “A" results
Tension required to pull out of the rails
Temperature versus Silm lifr

Humidity losses from UTB

Tension versus film curl

Humidity profiles across web,

SO maA

!

The task force considered three possible options:

“1. Execute the recommended test program before CR-8 flies 10
&ain the confidence necessary 1o insure proper system settings, This
dpproach, we believe, would allow maximum assurance of successful
UTB/J.3 operation,

2. Do not do any further tests. set the system based on intuitive
feelings, and fly CR-8 with UTB. This is, obviously, the most risky
opfion as tests in the * big colltmator in the sky' are both costly and
least amengbie 1o engineering assessment of what went wrong,

3. Drop UTH completely from consideration as a CORONA flight
film, and fly ail furure systems with STB. This option has much appeal
from a pure engineering point of view as it is the one most likely to
guarantee satisfactory performance of the remaining J-3 systems, For
many reasons every J-3 mission to date has had either a special test
and/or something different about the system. There is a tendency
fo want to at least stabilize on a film 10 be used

9.5 CONCLUSIONS

With these options in mind, and given that (1) UTB in the CORONA system is an
important goal, and (2) the task team believes that the UTB problems can be favorably
resolved, the task force made the following conclusions and recommendations. This
committee is in agreement with these conciusions.

“1. To establish confidence in the UTB/J.3 combination, a minimaj
test program is necessary.

2. QR-1 should be immediately refurbished and used for the major
Porrion of the recommended fest program.

3. September 1969 is the earliest possible date for the next urTe
Slight.

4. The next UTB flight should be 50-380 vice 50-205.

9-6 WP'SECRET - Mﬁm
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5. The next UTB flight should have both recovery vehicle 1ape
recorders and a DISIC.* "

9.6 RECOMMENDATIONS

“l. Immediately refurbish QR-1 for use in the UTB test program.

2. Immediately approve end institute the UTB/L-3 test program
recommended, "

This committee agrees with these recommendations which were subsequently

accepted by the Director of Special Projects. The recommended test program is
currently underway.

*Dual Improved Stellar Index Camera.

TOPSECRET-

Mandieiia
- TALENI—KEFHOLE 8-7
CORONA FALENT-REFHOLE-MORORN TSyt



- " Aad AR T¥ YU "
s ; ‘
w3 ) e sess ga, ¥
- . .

iJ. 14 of

"
. 2okl I LK

AR A - A
P ,1_"-‘?*'.'*5'-:; T W:gi, T

Yk
£ -

[ G

Fig. 9-3 — 20x enlargement of typical SO-380 photography from mission 1105
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Sky Harbor Los Angeles
Alrport, International
Pheonix, Arizong Airport, California  Soviet Village
Figure mumber 9-3 94 9-5
Mission 1105-1 1105-1 1105-1
Camera AFT no. 310 AFT no. 310 AFT no. 310
Rev D-048 D-016 D-041
Frame 036 020 005
Date 6 Nov 1968 4 Nov 1968 6 Nov 1968
Film S0-380 50-380 SO-380
Filter Wratten no. 21 Wratten no. 21 Wratten no. 21
Exposure time 1/450 sec 1/450 sec 1/300 sec
Altitude 05,000 ft 499,000 ft 532,000 ft
Scale 1:252,500 1:249,500 1:266,000
Solar altitude 36° 20 34° 50' 20° 7"
Latitude (CF) 33°25.9'N 33°56.1'N 52°19'N
Longitude (CF) 112° 38.2'w 118° 10.2'w 39°50'E
Universal grid coordinates 18.4, 4.0 47.2, 1.1 46.0, 5.2
Magnification 20x 20x 20x
9-13
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Fig. 9-4 — 20x enlargements of typical best SO-380 photography from mission 1105




Fig. 89-5 — 20x enlargement of typical worst SO-380 photography from mission 1105
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10. ADDITIONAL TECHNIQUES FOR IMPROVED IMAGERY

In addition to the specific tests of color techniques and new black and white films,
there were two tests that were concerned with improving the quality of the image at the
film plane. As with any new film or technique, a tradeoff must be made between the
benefits derived and those that must be sacrificed. The two experiments discussed in
this section are of such a nature. The tirst, an exposure analysis, was an attempt to
establish these tradeoffs in some quantitative fashion. As such, it did not deal with
flight photography but with data derived from past missions and with applications of
that data in theoretical and empirically derived relationships. The second analysis, a
polarization test, was a much more practical test. It included a flight with a polarizing
filter which, in one flight, provided answers to a myriad of questions for which there
were opposing viewpoints. In addition, the tradeoffs between increased filter factor and
reduced hazelight, and contrast attenuation, ete., were answered for the specific condi- -
tions encountered by the CORONA system.

mp‘SEGR’H- -T*m 10-1



TOP-SECRET
CORONA TALERT-KEYMOLE-NOFORN

11. EXPOSURE ANALYSES*

Historically, the question of correct exposure with the CORONA system has been a
topic of much discussion. Quantitative density analysis has generally tended to show
that the missions have been underexposed. On the other hand, photointerpreter and PET
analyses have not tended to verify this quantitative data. There have been many meetings
and discussions in the past devoted to this subject, none of which has concluded positively

that more or less exposure was really indicated.

A primary purpose in the mission 1101 exposure tests was to exercise the new slit/
filter change devices for mechanical verification. It was hoped that at the same time,
measurable improvement in image smear could be associated with slit reduction. Since
this was the first of a new generation of reconnaissance systems to be launched, this
experiment was conservative in nature. The filter and exposure changes were chosen
such that if they became stuck in any one position accidentally, it would not detrimentally
affect the remainder of the mission. Due to the conservative nature of this experiment
and the fact that an out-of-focus condition existed on mission 1101, any smear reductions
that may have occurred were not observed.

The problem of Judging the adequacy of exposure is difficult. Satellite photography
is not acquired to produce pictures with “perfect” tone reproduction characteristics,
but to produce pictures of maximum benefit to the ultimate users, i.e., the photointer-
preters. There is certainly some relationship between the tone reproduction (and hence
density) characteristics and photointerpreter Preference, but this relationship is not yet
clear. In any event, it is necessary to assess camera exposure and to perform quantita -
tive analyses that allow its prediction and evaluation. Since the photography from
mission 1101 was not suitable for an exposure/smear analysis, the goals of this effort
were directed to a more fundamental analysis, that of examining the vast quantity of
exposure data already acquired from past CORONA J-1 missions.

*The full report on this evaliation is contained in KH-4B System Capability Report

No. 2, Analysis of Exposure Criteria and Requirements for the KH-4 Systems,
Homtteyre
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11.1 PURPOSE

Itek, working in close coordination with Eastman Kodak, performed a comprehensive
study to assess the following:

1. Evaliate whether or not the current technique for assessing the adequacy
of exposure with the CORONA systems is valid.

2. Evaluate whether or not the current exposure prediction techniques are adequate
for the primary purpose of the CORONA systems, i.e., intelligence targets.

3. Recommend, based on this analysis, new techniques and/or criteria for exposure
evaluation.

In order to explore these points, a careful examination was made of the current
criteria for evaluating exposure. Past data from both—and the Ajr
Force Special Projects and Producation Facility (AFSPPF) have been used to show their
estimations of overexposure and underexposure.

11.2 TEST CONSIDERATIONS

This analysis was undertaken as an exercise separate from any of the CORONA J-3
mission experiments. It involved an analysis of data that had been generated over a
period of several years. Some of the factors taken into consideration were:

1. Source of the data
2. Criteria used for assessment of under/overexposure.

Past evaluations of the adequacy of exposure for the CORONA systems have been
obtained from assessment of macrodensitometer data. Minimum and maximum terrain

arbitrarily defined criterion.

However, the purpose of satellite reconnaissance photography is to photograph
targets. Even with a search and surveillance system, this is the major function. In
the surveillance mode, the system is photographing known targets, where as in the
search mode, the system is after unknown targets. In either case, the intent is to acquire

targets and not the general surrounding terrain. The terrain density analysis used to
assess the adequacy of the target exposure, therefore, is not consistent with the use of
the system. The terrain density analysis is essentially a random process that must
assume that target densities and terrain densities are, on the average, equal.

Howdbe—\ie
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A second consideration is the criteria on which the €xposure assessment is made.
The criteria established by Eastman Kodak had nine categories for the data:

Within tolerance

Overprocessed

Overexposed _
Overprocessed and overexposed
Underprocessed

Underexposed

Underprocessed and underexposed
Too high contrast

Out of phase.

LRI S w

However, the mechanism by which the interrupted process changes its processing
levels does not consider target density. These assessments, therefore are meaningless
as far as the targets are concerned. Therefore, very simple criteria were established
which assessed the mission’s exposure adequacy based on only three categories:

1. Overexposure
2. Underexposure
3. Satisfactory exposure.

A minimum density criterion of 0.4 was selected for assessment of underexposure
and 0.8 for overexposure. If a minimum density were to be less than 0.4, it was con-
sidered underexposed. If a minimum density were to be greater than 0.8, it was con-
sidered overexposed. The density value of 0.8 was chosen since images with minimum
density greater than this could have received a full stop less exposure and yet not fall
below the 0.4 value. An additional criterion for Overexposure was set at a density of
2.0 for the maximum density value.

There has been much discussion in the commurity as to the criteria to be used in
assessing over/underexposure. Each technique proposed had certain assets as well as
certain deficiencies. One criticism of this particular 0.4 minimum density is that
changes in fog level can have an influence on the results. Work is continuing to find
new and better techniques for éxposure assessment that apply to missions of differing
sensitometric conditions.

In the past year several important findings in the area of exposure analysis have
indeed been made. Of major importance has been the discovery of the constancy of the
mean scene luminance of urban-industrial areas at a given solar altitude—regardiess
of haze level and look angle. Further analysis of Project Sunny* data indicates that the
range of luminances and the mean luminance for targets, are close to the luminance
range and mean values for an urban scene.

These findings may suggest further changes in exposure estimation. Thé pertinent
reports concerning these studies are included in the Appendix.

*See Appendix.
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11.3 ANALYSES RESULTS

Terrain density assessment performed by Eastman Kodak on missions 1024 through
1044 indicates that the missions have been on the average underexposed 33 percent of
the time. The average overexposure is less than 1 percent. An evaluation of the terrain
density measurements performed by the AFSPPF indicates that these same missions
have been underexposed 20 percent and overexposed 2 percent of the time. This is in
good agreement with Kodak data even though the criteria for evaluation are slightly

different.

A project was undertaken by Eastman Kodak to scan target images on the original
negative with a microdensitometer. The targets used were selected by NPIC for this
study. These data were used by Itek personnel in their analysis.

A statistical comparison of terrain and target density readings obtained from
786 frames indicated that there is a significant difference between the mean minimum
and maximum density values from these two types of density measurements, target
minimum and maximum densities being, on the average, higher than terrain density
readings obtained from the same frames. The use of terrain density assessment tech-
niques for evaluation of exposures for targets is therefore considered invalid. A re-
examination of missions 1024 through 1044 was then undertaken to determine the per-
centage of over- and underexposure for the targets of these missions. The results of
this evaluation indicated that the targets for these missions had been overexposed
38 percent and underexposed 14 percent of the time.

11.4 CONCLUSIONS

1. Terrain density readings and target density readings are not statistically the
same. The target density readings are significantly higher than those produced from
the terrain measurements.

2. It is more logical to use the target density analysis techniques to assess the
correctness of exposure with the CORONA camera systems. It should be noted that
even though a large percentage of the overexposed targets are theoretically within the
correction capability of the interrupted process, this correction cannot be practically
implemented. Therefore, targets which are overexposed will remain overexposed.
There is no substitute for the correct camera exposure (This situation holds true for
the three-level processing techniques. It may not be nearly as true for the dual-gamma
process recently implemen_ted.) :

3. Targets from past CORONA missions have not been underexposed nearly to the
extent implied by the.terrain density analysis. In fact, targets measured in recent
missions have tended to be overexposed, on the average, 44 percent of the time.

4. A general reduction of 1/3 stop in CORONA systems’ exposure from that used
in 1967 (up to mission 1102) is indicated. It would appear from a theoretical analysis

11-4 ]:BP"SEER'H:-- -m:en-t--muou
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that this reduction would effect a more realistic tradeoff between target overexposure
and underexposure and slit size.

9. For maximum CORONA camera resolution performance, every attempt should
be made to reduce the slit size to 0.20 inch or less, since this is the region of minimum
smear impact. For CORONA J-1, which has greater smear than J-3, the slit should
also, obviously, be reduced as much as possible. However, since precise quantitative
data on camera smear are not available for this system, the exact limits cannot be
accurately calculated.

6. For a majority of the acquisitions, reducing the exposure by 1/3 stop will bring
camera performance into the range of minimum smear and hence higher resolution.

11.5 RECOMMENDATIONS

1. Terrain density measurements for evaluating the adequacy of CORONA systems’
exposure should be discontinued. (This recommendation has been implemented.) Target
density analysis should be used instead. This analysis should be similar to that of
Project Sunny and the Priority I target density analysis performed by Eastman Kodak
and NPIC/Itek, respectively. '

2. Immediately reduce the current exposure prediction technique by 1/3 stop. In
addition, continue and expand Project Sumny to allow the preparation of a new set of
exposure recommendations that are target-oriented. (Note: This recommendation
has been implemented as of mission 1103.)

3. There are a mumber of questions which this report cannot address and which
ultimately can be answered by practical testing. In this regard, additional CORONA
J-3 exposure tests are recommended. ‘Possible tests include:

a. Photographing a limited number of Sunny targets that have consistently
been overexposed, with an appropriate exposure reduction.

b. Taking domestic photographic passes with considerably wider exposure
variations than those in mission 1101.

c. Acquiring coverage of several domestic “targets” to allow a photointer-
preter analysis of the practical gains from shorter exposure times.
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12. POLARIZER TEST — MISSION 1102*

The light energy emerging from the atmosphere is partially polarized due to the
natural molecular scattering process in the earth’s atmosphere. By proper positioning
of a polarizer in a satellite-borne camera, it was thought that it would be possible to
take advantage of this phenomenon by removing the unwanted polarized component of the
energy.

The EKIT? aircraft test of 1966 had indicated that substantial gains could be
achieved in haze penetration with a polarizer. This test employed polarizing filters
in both the FWD- and AFT-looking cameras, with the filter in two different orienta-
tions in one camera. The flight line consisted of a cloverleaf pattern which was in the
azimuth of the sun; thus, all orthogonal combinations of flight line and sun direction
were available for both cameras. One consistent pattern emerged—the polarizer
improved contrast when the axis of polarization was parallel to the azimuth of the sun
when the camera was looking into the sun. No other conditions produced such results.
The application for CORONA satellite photography was then obvicus. It should be on
the FWD-looking camera in the winter months in the Northern Hemisphere. However,
it was not known how much better the results would be than with the Wratten no. 25
filter, or how high a solar altitude could be employed. Thus, the CORONA test evolved.

12.1 PURPOSE

The objective of this test was to determine if a polarizing filter in the CORONA
J-3 system, when used with high definition black and white panchromatic film, might,
under certain conditions, provide increased intelligence data acquisition. The four
categories of image quality improvement that were investigated includeq:

1. Possible increase in object contrast

2. Possible increased atmospheric haze penetration

*A full report of this test is present KH-4B System Capability Report No. 1,
CR-2 Polarizer Experiment#(my 11, 1968).

EKIT Report No. 13, ation of a Polarizing Filter in High Altitude Photography,
L R !

12-1
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3. Possible decrease in image “blooming ” resulting from directly plane-polarized
reflected light

4. Possible increase in shadow detail with broadband photography.

12.2 ENGINEERING TESTS

To perform this experiment, a special polarizing filter (designated SF-09) compatible
with the CORONA J-3 system was fabricated. The polarizing layer was deposited on a
0.005-inch fused silica optically polished substrate, had an average transmittance in
the visible region of 43 percent, was essentially neutral spectrally, and had its polariza-
tion axis oriented to take maximum advantage of the preplanned mission. This glass
substrate was the same type as used in the bi-color experiment on this same mission.
Since the lenses of the CORONA J-3 system are designed and optically corrected for
the long wavelength end of the visible spectrum, a decrease in system performance was
expected with the polarizer. Preflight testing showed this to be the case. The resolution
with the polarizer was approximately 15 percent less than with standard Wratten no. 21
or 25 filters. In addition, it was expected that a slight out-of -focus condition (on the
order of 0.001 inch) might exist with the polarizer, causing additional resolution ioss.

A further degrading effect was expected from increased image smear as the result of
having to use the largest system slit width with the polarizer, the effective filter factor
being in the order of twice that of the normally used spectral filters. However, the
expected resolution loss in no way compromised attaining the goals of the test.

The predicted performance of the polarizer in the system was also determined
theoretically using lens design data, film sensitivity, daylight illumination, and AIM
curve data for 3404. The computer data confirmed the dynamic test results predicting
a 15 percent loss in resolution over that obtained with a Wratten no. 21 in the system.
The data also predicted a slight out-of-focus condition of approximately 0.001 inch from
the Wratten no. 21 because of a slight change in peak film-filter sensitivity, which would
add another 5 to 10 percent to the resolution decrease.

12.3 TEST DETAILS

The polarizer experiment on mission 1102 was conducted during the period from
13 through 22 December 1967. Photography was obtained using the polarizer on eight
orbital passes all over the Northern Hemisphere. The SF-09 polarizing filter was
installed as the alternate filter in the FWD-looking camera. The prime filter for this
camera was a Wratten no. 25. The photography taken through the polarizer was com-
pared with the photography taken through the prime filter (Wratten no. 21) on the
AFT-looking camera.

Approximately 365 frames of photography were taken through the polarizing filter.
The first 310 were on 3404; the remaining 55 were on SO-230. The sun direction shifted
from 1B degrees to the west of the polarization axis to 5 degrees to the east during the
eight experimental passes. See Figs. 12-1 and 12-2 for ground tracks.

12-2 m -m

CORONA FALENT-REXHOLE-NOPORN Gontrot-Sysrenre—doimtty



CORONA THEENTVCEXHONE-NOFORN

The solar elevations covered during the experiment were within the range of
predicted maximum effect for a polarizing filter. The photography was taken from
solar elevations varying from 02°19' to 32°51'. Within the coverage were snow-covered

plains, farm areas, deserts, mountain areas, and forests, along with the military,
and industrial targets and complexes. Weather conditions varied from cloud free to

completely overcast and from excellent seeing conditions to heavy haze.

The polarizing photography was generally exposed at 1/250 second using a 0.340-
inch slit. Most of the Wratten no. 21 photography in the AFT-looking camera was
shot at 1/300 to 1/400 second with either a 0.270- or a 0.215-inch slit. With 80-230,
some of the photography with the AFT-looking camera was taken with a 0.134-inch slit
which was over a 1/600-second exposure. All the photography taken during the polarizer
experiment on both cameras was given full processing for maximum film speed. Since
all the processing was at the same level, processing was not considered as a factor to
the comparative analysis. No significant difference in results would be expected if
other processing levels were used.

12.4 FLIGHT RESULTS

NPIC had stated* that an evaluation of the photography from the mission 1102
polarizer test would appear as a special study in a later Photographic Evaluation
Report (PER). However, NPIC subsequently reported that their analysis had resulted
in the same conclusions as reported by Itek and therefore NPIC would not publish a
Separate report as had originally been planned.

The experimental photography was analyzed objectively and subjectively by Itek.
The subjective analysis consisted of a careful scrutiny of the photography for areas
which would point to increased intelligence data acquisition when photographing through
a polarizing filter.

All analyses were made from original negative photography to preclude the pos-
sibility of introducing additional photographic variables. In all cases, the photography
taken with the polarizing filter in the FWD-looking camera was compared with the
Wratten no. 21 photography taken with the AFT -looking camera.

The polarizer did not improve image contrast in the low reflectance areas. The
efiective filter factor of the polarizer is too high at low sun elevations to be used most
effectively with 3404 and SO-230. It ranged from 5 for clear weather photography to 3
for hazy photography. Below solar altitudes of 4 degrees, the exposure is too low to be
of any use. In general, the imagery taken through the polarizer was underexposed up to
solar elevations of 25 degrees. The higher the filter factor, the more effectively the
polarizer performed. However, even under the most advantageous conditions, the

*Mission 1103 Photographic Evaluation Report-Sept 1968).
HondleVier
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polarizer did not penetrate the haze as well as a standard spectral type filter such as
a Wratten no. 21 (see Figs. 12-3 through 12-6).

12.5 CONCLUSIONS

1. Commeonly employed spectral filters remove all the blue-green haze light while
the polarizer filters out only the polarized component. From the limited data taken, it
appears that even under clear weather conditions, in a basically Rayleigh atmosphere,
only approximately 40 percent of the light reaching a satellite-borne camera is polarized.
Under light haze conditions, the degree of polarization decreases to 25 percent, while
under hazy conditions it drops to near zero. Since the majority of the polarized energy
is in the blue, the spectral filter does a better Job of attenuating this unwanted energy
for panchromatic black and white emulsions.

2. The polarizer, due to its high effective neutral density, filters out as much
unpolarized red energy as it does unpolarized blue energy, with the effect being an
undesirable overall reduction in exposure. The Wratten no. 21 filter transmits more
than 90 percent of the red energy.

3. The polarizer has been found to degrade the CORONA photography significantly
with no apparent return benefit. Contrast is lowered due to the use of blue image-
forming light, image resolution is lower due to chromatic aberration and defocus, and
image smear is increased due to longer exposure times caused by high filter factors.

4. The polarizer did not aid in reducing image blooming due to specular reflections
from bright objects such as aircraft. These objects apparently have little or no polari-
zation associated with them.

5. The filter factor itself appears to be a variable which depends on solar elevation,
solar azimuth, and haze conditions. Thus, mission planning would become a most dif -
ficult task.

6. In some cases of certain acquisition geometry, the polarizer can actually
eliminate information.
12.6 RECOMMENDATIONS

1. The use of a standard type polarizer is not recommended for the CORONA J-3
System when used in conjunction with slow speed, high definition, panchromatic black
and white films. In all cases, a long wave-pass filter, such as a Wratten no. 21 or 25,
pProvides better exposure, contrast, and image definition.

intelligence applications. For example, color films with polarizing filters might be
useful in assessing the magnitude of underground mclear tests. The thought is that
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underground miclear tests produce shock waves that disturb both surface vegetation and
the soil in a manner similar to a diffraction pettern. It is possible that a polarizer might
help to enhance these resultant differences.

3. A theoretical study is recommended to investigate optical image formation with
polarized light. Very little work has been done in this area. It is possible that optical
images formed by polarized light might be significantly different from those formed by
normal unpolarized energy. The images may be further affected by any polarization
properties of the lens/film combination. Employment of the polarization phenomenon
may be a potential means of object differentiation, assuming that (1) two adjacent objects
have the same reflectance, but different polarization characteristics, or (2) that surface
disruption might change the polarizing properties of an object. Photographing these
targets with polarizers oriented 90 degrees to each other would provide a means of
exploiting these differences through density differences between the two records.*

*Preliminary studies by both Eastman Kodak and
validity of this recommendation. Reports on these studies

indicate the
ve not yet been published.
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Wright-Patterson AFB, Ohio

Figure mmber 12-3 12-4

Tission 1102-3 11022

Camera FWD no. 305 AFT no. 304

Rev D-176 D-176

Frame 026 032

Date 20 Dec 1967 20 Dec 1967

Film 3404 3404

Filter SF-09 (polarizer) |  Wratten no, 21 .
Exposure tme 1/250 sec - 1/500 sec - '
Altitude 508,000 ft 507,000 ft

Scale 1:254,000 1:258,500

Solar altitude 25° 48" 25°46'

Latitude (CF) 39° 50.7'N 39° 52.8'N

Longitude (CF) 83° 39.8'W 83°42.6'w

Universal gﬁd coordinates 23.8, 8.2 52.0, 4.2

Magnification 10x 10x

12-11
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Fig. 12-3 — 20x enlargement of Wright- Patterson AFB, Ohio with polarizer filter
on the FWD-looking camera (1/250-

second exposure) under poor weather conditions,
mission 1102
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Lockbourne AFB, Ohio

Figure mumber 12-5
Mission 1102-2
Camera FWD no. 305
Rev D-176
Frame 027

Date 20 Dec 1967
Film 3404

Filter SF-09
Exposure time "1/250 sec
Altitude 508,000 ft
Scale 1:254,000
Solar altitude 25° 55'
Latitude (CF) 39° 43.6'N
Longitude (CF) 83°38.8'W
Universal grid coordinates 60.7, 4.0
Magnification 20x

Note Polarizer

CORONA TALENT-KEFHOLENOEORN
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Fig. 12-4 — 320x enlargement
na. 21 filter on the AFT-looki

of Wright- Patterson AFB, Ohio with Wratten

hg camera (1/500-second exposure} under
poor weather conditions, mission 1102
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Lockbourne AFB, Ohio

Figure mumber 12-6
Mission 1102-2
Camera AFT no. 304
Rev D-176
Frame 033

Date 20 Dec 1967
Film 3404

Filter w-21
Exposure time 1/500 sec
Altitude 507,000 ft
Scale 1:253,500
Solar altitude 25° 53¢
Latitude (CF) 39°45.7'N
Longitude (CF) 83°41.5'wW
Universal grid coordinates 14.9, 3.3
Magnification 20x
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Fig, 12-5 — 20x enlargement of Lockbourne
on the FWD-looking camera (1 /250-
conditions, mission 1102

AFB, Ohio with polarizer filter
second exposure) under cjear weather
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Fig. 12-6 — 20x enlargement
filter on the AFT-looking ca

of Lockbourne AFB, Ohio with Wratten no. 21

mera {1/500-second £xposure) under clear
weather conditions, mission 1102
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Appendix

PERTINENT REPORTS

References and conclusions from pertinent Itek, Eastman Kodak, and NPIC reports
and messages are included in the following pages.

1. ITEK REPORTS

1.1 EKIT Report No. 4

Evaluation of SO-121 at Low Solar Altitudes,
*16 November 1966

This report contains an evaluation for the first time, of the capability of SO-121
color film at low solar altitudes. As such, it forms a basis for estimating the probable
performance of SO-121 in the KH-4B system in terms of attainable resolution, exposure
requirements, and other system tradeoffs. The report also contains an evaluation of
the reproduction and image quality characteristics of SO-121 color film under low solar
altitude conditions.

1.2 EKIT Report No. 5

Compar 3404 and S0-362,
This two-part evaluation of SO-362 and 3404 contains descriptions of a Iaboratory

test to determine sensitometric and image quality characteristics, and an in-flight test
evaluating image quality in an-operational system.

1.3 EKIT Report No. 6

Night Detection Photography,
28 February 1967

The prime purpose of this report was to evaluate the 112B system as a detector of

andle Yig
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nighttime activity in target areas illuminated by artificial means, Three film types
were used: S0-340, a high-speed black and white emulsion,; SO-180, an infrared sepsi-

1.4 EKIT Report No. 7

Effects of Different Exposure Levels on Type 3404,
1 May 1967

on the resolution and image'quality of 3404 film in the 112B system. The analysis

involved comparative evaluation of similar imagery in terms of subjective image quality,
reproduction characteristics, and system considerations.

1.5 EKIT Report No. 8
Evaluation of Low Gamma Processing,
-i July 1967

and reproduction characteristics of the process.

1.6 EKIT Report No. 9

Comparative Evaluation of 50-230 and 3404 Films,

This report contains a comparative evaluation of basic sensitometric characteris-

tics of S0-230 and 3404, Image quality was subjectively evaluated through image assess-
ment of static simulated aerial scenes,

1.7 EKIT Report No. 10

tive Evaluation of Eight Color Materials,
1 August 1967

This report contains an analysis of the basic sensitometric and physical charac-

teristies of eight commercially available color materials, The analysis is supplemented
with a subjective comparison of model imagery.

CORONAWNW Control Systems Jointly
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1.8 EKIT Report No. 11

Comparati valuation of S0-340 and 50-166,

This report contains a comparative evaluation, based on laboratory data, of SO-340
and SO-166 aerial films in terms of their potential use in satellite night photography.

1.9 EKIT Report No. 12

Evaluation of SO-180 (Infrared Color Film),
14 August 1967

This report contains an evaluation of the advantages of infrared sensitive color
film (SO-180) as a unique information-gathering tool. For comparative purposes, the
results are compared with similar black and white (3404) and conventional color (SO-121)
imagery,

1.10 EKIT Report No. 13

Evaluation of a Polarizing Filter in High Altitude Photography,

This report contains a study of panchromatic imagery from various solar azimuths
and filter orientations to evaluate the effect of a polarizing filter on haze light and image

1.11 EKIT Report No. 14

Index Analysis
ﬁl September 1967

This report contains an examination of CORONA index material to determine
visually the possible relationship between weather and camera performance,

1.12 EKIT Report No. 15

Metric Comparison Between SO-121 and 3404,
dSeptember 1967
This report contains an evaluation of those factors that may or may not affect

mensuration precision when color (80-121) material is used in conjunction with or
in place of 3404 material.

andle Via
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1.13 EKIT Report No. 16

Bi-Color Eval ation,
-15 September 1967

This report contains an evaluation of the bi-color technique for obtaining color

photography from two black and white images. This was the first bi-color test with
stereo convergent cameras.

1.14 Report No. 1 — KH-4B System Capability

CR-2 Polarizer Experiment,
11 May 1968

polarizing filter does provide increased performance in the CORONA J-3 system by
improvement in object contrast, haze Penetration, shadow penetration, and decreasing

1.15 Report No. 2 — KH-4B System Capability

Analysis of Exposure Criteria and Requirements
for the KH-4 8 stems,

19 August 1968

This report describes an experimental study of €xXposure criteria and requirements
of the KH-4 systems. A reassessment which examined the validity of exposure adequacy

1.16 Report No. 3 — KH-4B System Capability

=2 Bi-Color E riment,
27 September 1968

This report contains an evaluation of the bi-color technique of obtaining color
photography from spectrally filtered black and white films in a stereo convergent camera

system. The analysis also considers various exploitation techniques for producing
bi-color imagery.
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1.17 Report No. 4 — KH-4B System Capability
luation of 80-230 Film for Use With the KH-4B System,

This analysis contains a detailed sensitometric and image quality evaluation of
50-230 film for both laboratory and mission conditions. The tradeoffs between the
shorter exposure times (less blur) and lowered film resolution are also examined in
a search for an improvement in tota] system performance.

1.18 Report No. 5 — KH-4B System Capability

luation of SO-380 Fiim for Use With the KH-4B System,
15 March 1969

This report describes a tag-on experiment designed to evaluate the compatibility
of ultrathin base film, such as SO-3 80, with the CORONA system on mission 1103. It
includes sensitometric and image quality evaluations of SO-380 for both laberatory and
mission conditions, In addition, a statement of the background testing for mission 1105
is included due to the problems experienced on that mission.

1.19 Report No. 6 — KH-4B System Considerations

Evaluation of SO-180 Film

This report describes an experiment evaluating the potential use of SO-180 (infrared
color} film for unique types of information gathering from orbital altitudes, The evalua-
tion includes a study of the film’s characteristics, image quality, and factors influencing
color acquisitions in a space environment, This report is to be published shortly.

1.20 Report No. 7 — KH-4B System Capability

Evaluation of SO-121 Color Film

This report describes an experiment designed to examine the potential capability
of high resolution color film (SO-121) in the CORONA J-3 system. The study analyzes
results from both laboratory and mission conditions from both missions 1105 and 1106.
This report will also be issued shortly.

Handle Yie _
|0| SEellEl A-5

CORONA‘;"‘%M ontrol Systems Jointly



TOP-SEGRET Y
CORONA FAEENT-KEXHOLE-NOFORN

2. EASTMAN KODAK REPORTS

2.1 Contra.ask 3, PAR 24-8-58, Interim Report

Exposure Criteria for Acquisition Films; Haze Study, 20 December 1968

This study of urban scene brightness distributions from satellite photography tends
to verify conclusions concerning the constancy of the mean scene luminance found in
earlier investigations. Minimum variation of the mean luminance statistic with haze
was observed as a result of the proximity of the mean scene reflectance to the “iso-best
reflectance,” or that reflectance whose luminance varies the least with haze condition,
approximately 11.3 percent. Mean urban scene reflectance corresponded closely to the
average reflectance of 21 military targets. Future exposure recommendations should be
based on predictions of mean scene luminance, placing the mean at the maximum resolu-
tion exposure point of a film product.

2.2 Contract NP sx 2. par 26725, 1ateris, Report

Type SO-121 Film in the Delta ITI Configuration at Low Solar Altitudes, 20 January 1967

Type 50-121, High Definition Ektachrome Aero Film, was successfully exposed at
solar altitudes below 20 degrees, thus verifying the 65,000-foot EV curve to as low as
5 degrees solar altitude. Because of a most favorable skylight illumination-to-haze
ratio at low solar altitudes, it is recommended that photography of subjects found
normally in shadows be obtained at the lowest possible solar altitude.

2.3 Contrac Task 2, PAR 24-7-6S/R2, Final Report
Target Brightness Studies, 10 March 1968

The study indicates the feasibility and value of collecting brightness data on Specific
target elements. Photographic quality of specific targets can be improved by considera-
tion of average luminance as a basis for camera exposure settings. Methods for applying
target brightness data are suggested for both exposure selection and analysis. Examples
are given. The method of collecting target data is discussed,

2.4 Contract Task 3, PAR 24 -8-58, Final Report
Exposure Criteria for Acquisition Films, 14 Jamary 1969

corresponding to the mean reflectance of 2 target at the peak film resolution point. A
full stop reduction of e€xposure is recommended for snow photography.
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2.5 Conh_wk 2, PAR 1318, Final Report

Mathematical Color Duplication Model, 27 August 1968

A program has been written to simulate the acquisition and duplication stages of
color aerial photography. A data bank of spectral sensitivities, reflectances, and trans-
missions is used in conjunction with an atmospheric model and light sources typical of
those used in the duplication process to predict the resultant color of an object photo-
graphed from high altitude. The output includes the integrated energy, original and
dupe dye densities, the CIE color coordinates, and the brightness of the object as seen
by the eye.

2.6 Contract | IR cask 2, par 24-5-ss, special Report

Correlation of Exposure Prediction Program, Crystal Ball and Operational BX Missions,
26 August 1968

Scene brightness distribution statistics, derived from microdensitometer raster
scanning of mission material, were compared with values calculated in the computer
acquisition model “Crystal Ball.” Statistics showed the geometric mean scene bright-
ness to be the least deviant for different haze conditions, and the most reliably predicted
value from the model. Atmospheric contrast reduction primarily affects the high and
low ends of the scene brightness distribution and does not shift the geometric mean
appreciably. It is suggested that little is to be gained in changing exposure for haze
condition,

2.7 Con&_uk 3, PAR 24-8-5S, Interim Report

Exposure Criteria for Acquisition Films; CATS Angle Study, 20 December 1968

No variation of brightness due strictly to changes of CATS (g&mera-g‘_arget-gun)
angle was found to exceed 0.10 log Ba above a solar altitude of 10 degrees. Comparison
of brightnesses predicted by “Crystal Ball” with actual measurement indicated that the
prediction program is a reliable and powerful tool for investigations into brightness,
exposure, haze, and contrast. A discussion of the geometry of the camera-target-sun
angle is included.

2.8 Contract-‘rask 3, PAR 24-8-8S, Final Report

Study the Characteristics and Uses of Suitable Materials for High Altitude Acquisition,
19 August 1968

A sensitometric curve shape was calculated based on empirical measurements of
contrast reduction as functions of log exposure. Flight tests conducted with a sensi-
tometric curve which obtained the general shape of the calculated curve demonstrated
an improved photographic image. Spectral data are presented on daylight irradiance,
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atmospheric transmittance, and radiance. Description and theory of the instruments
used to collect the data are included. The concept of the “Crystal Ball” atmospheric
model is discussed. Comparisons of the predicted scene luminance statistics and those
actually measured for several camera systems are made. Results showed that mean
luminance statistics could be predicted within 1/3 stop 50 percent of the time.

3. NPIC REPORTS AND MESSAGES

3.1 Subjective Comparison of Wrattens no. 25 and 21 and SF-05
Filtered Records. Mission 1102
NPIC message no.-February 1968

Conclusions

The contrast range is significantly reduced when the SF-05 is used in place of
either the Wratten no. 21 or the Wratten no. 25 filters.

Apparent image sharpness is reduced by a noticeable degree on the SF-05 photog-
raphy compared with the Wratten nos. 21 and 25 filtered photography.

The effect of image quality degradation caused by the use of the SF-05 filter is
minimized when the photography is viewed in stereo with the higher quality, higher resoly-
tion photography exposed through the Wratten no. 25 filter.

The resolution of the green filtered record is generally comparable to that of a
normal J-1 mission.

3.2 Comparison of SO-230 and 3404 Film Types from
Mission 1102-2

Photographic Evaluation Report, Mission 1048, —August 1968

Conclusions

The conclusions are based strictly on the operational material from mission 1102.
50-230 produces imagery which at higher magnifications (50x and above) appears
slightly grainier. This apparent graininess. however. does not adversely affect the
information content of the material at the magnifications normally used by the
photointerpreters.

The potential advantage of SO-230 is in its additional emulsion speed (approximately
2/3 stop) which will allow shorter exposure times, thereby reducing the effects of
uncompensated image motion,

CORONA FALENIKEFHOLE-NOEORN.
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3.3 50-180 Evaluation, Mission 1104
Photographic Evaluation Report, Mission 1104, —December 1968

Conclusions
e lusions

It should be emphasized that (1) the coverage obtained was not over the intended
areas, (2) portions of the material are severely degraded by fog from corona static,
and (3) approximately 30 percent of the S0-180 film is obscured by clouds.

Regardless of these factors, portions of the SO-180 imagery obtained on this mis-
sion closely approximate the expectations of this lens-film combination, Some of the
existing imagery contains significant added information from an intelligence Standpoint,
provided the analyst is allowed sufficient time to interpret (study) it, has a working
knowledge of the film characteristics, and is familiar with the infrared reflectivity of the
various objects photographed.

3.4 SO-180 Supplement, Mission 1104, Image Restoration Techniques

Photographic Evaluation Report, Mission 1105,-Apri1 1969

Conclusions
aeauslons

blue filter are fair in quality and appear comparable although those prints made through
the green filter are slightly superior. Therefore, it is recommended that if high quality
black and white reproductions are needed from the corona fog degraded areas of SO-180
film, a green filter be used to maximize the information,

3.5 S0-121 Evaluation, Mission 1105

Photographic Evaluation Report, Mission 1105, -April 1969

Qonc lusions

Twenty-two targets were nominated for color coverage on this mission, but only
one of these targets was actually covered. No additional intelligence information con-
cerning this target was obtained from the color photography,

focal plane) that prevails throughout the color acquisitions. This degraded condition
precludes a detailed analysis of the potential of color photography in this system.
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SO-121, approximately 1.5-mil thicker than SO-380 (UTB), results in a shorter film
load capability and therefore reduced area coverage,

The color balance is good and the exposure is adequate,

The use of the color imagery from this mission as a Stereo partner with the high
resolution black and white imagery is limited due to the film curl condition of the

color acquisitions.

The best ground resolution that can be expected from S0-121 in this system (approx-
imately 15 feet) is not compatible with detailed target readout. Color-oriented require-
ments should be directed against targets which do not require resolutions beyond the
capability of the system. The requirement for color must be color resclution-oriented
rather than spatial resolution-oriented.

3.6 Photo Interpretability of S50-121, Mission 1106

Photographic Evaluation Report, Mission 1106, —

Conclusions
=2 usions

If only color film had been received, the 15 priority targets that were photographed
would have been rated poor instead of fair, and most would have been categorized as
“identification only.” In most instances, no intelligence information was derived from
the SO-121, This report is in the process of being published and will be issued shortly.




