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FOREWORD

This report was prepar?&s the final report of Phase I under Item II
of Contract AF 33(657)-13172Y This is an ARPA project initiated under

ARPA Order No. 377, Amend 3.

The technica) direction and cooperation provided by the sponsoring
agency is gratefully acknowledged. Acknowledgment is also made of the
cooperation given hy the Co-contractor, the University of Michigan. The
authors further acknowledge the technical contributions of many personnel
at the Cornell Aeronautical Laboratory, Inc. {CAL), especizlly the following:
W. Close, J. Gallatin, E.H. Gerber, R. Haas, H. Hammill, H. Kleinfeldcr,
E. Lindberg, G. Neumaier, P.G. Roetling, F. Silvestro, H. Thung,
G. Snider, F. Wehran, Jr. and R. C. Ziegler. -




Z

n

B

I

SYNOPSIS

This final report describey the technical accomplishments achieved
on Phase I of Project AMPIRT :}\"33(657)-13172) during the period

30 March 1964 to 1 January 1965. The objective of Project AMPIRT (ARPA
Multiband Photographic and Infrared Reconnaissance Test) is to accompiish
a cooperative ARPA/Air Force/Co-contractor program to study the use of
multiband aerial photographic and full spectrum infrared sensors in detecting
target clues in a counter insurgency (COIN) environment. The report
contains a summary of test plans, a description of the synthesis of the
photographic system, the results of camera and photometric equipment
calibrations, and a report on Zone of the Interior (ZI) test results which
demonstrated acceptable performance of the system. R
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I. INTRODUCTION

Aerial photoreconnaissance has proved to be an effective intelligence
collection tool in conventional warfare, but has been of only limited value in
guerrilla or counterinsurgency (COIN) operations. This is especially true
when such activities occur in a tropical, jungle environment such as the one

which is prevalent in Southeast Asia.

The objective of the present Program is tc study the use of multiband
aerial photographic and full spectrum infrared sensors in detecting target
clues in a COIN environment. The Cornell Aeronautical Laboratory, Inc.
\CAL) i5 cooperating in a joint program with ARPA-Air Force and a co-
contractor. CAL has responsibility for the complete muliiband aerial
photographic system; its acquisition, operation and maintenance. The
co-contractor, the University of Michigan, has responsibility for the HC-47
aircraft modification, and acquisition, operation and mainterance of the

infrared sensor system.

A series of flight tests in Thailand is Planned as a realistic approach
to a study of the problem. These tests will be supported by the military
forces from that couniry who will simulate targets of interest for counter-
insurgency intelligence. Examples of such targets include guerrilla
ingurgents as well as their activities such as training and moving in jungles,
caves, tunnels, campe, huts, trails, sampans, and the preparation for
ambush, camp sites, and defensive positions. The terrain, vegetation and
iyeneral environment of Thailand oifer ideal test conditions for simulating
the type of COIN targets being encountered in Southeast As.a.

Tae present program is divided into three phases. The objective of
Phase I is to acquire the photographic sznsors, the HC-47 test bed, ground
support equipment and related material for maintenance of the photographic
system equipments, and supplies for Phase II of the pProgram. Fhase I
provides for operation and maintenance of the photographic system for a test
program in Thailand. Phase III covers the data analysis, collection of

1 VE-1931-D-4
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ground coatrol data, and interpretation of the photographs. Phases I and II
are included under contract AF 33(657)-13172; Phase III is under a separate
contract with the Rome Air Development Center (AF 30(602)-3541).

This report is a final report on Phase I covering the first nine months
of the contract from 30 March 1964 to 1 January 1965. It reviews the pro-
gram's technical objectives for use of the multiband photographic system and
describes the following tasks: (1) the design and synthesis of the photographic
system, (2' photometric calibrations of the cameras and supporting equipment,
(3) evaluation of processing and film handling procedures, (4) insiallations
of equipment in the aircraft, and (5) demonstration of acceptable performance

of the photographic system during a series of Zone of the Interior (ZI) tests.

Prcgram Schedule

The schedule of the major program tasks for Phase I is shown in

Figure 1.

VE-1931-D-4
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II. TEST PLAN

A, BASIC PHILOSOPHY '

A multiband photographic system may be defined, in its broadest sense,
as any system in which two or more cameras are used simultaneously to
photograph the same scene or portion of a scene, in which some basic
parameter is varied in a controlled manner. For example, various cameras
can be used with narrow band spectral filters so that imageu are formed
using light from selected portions of the photographic spectrum and, thereby,
permit the detection of variations in the spectral reflectance of targets ol
interest; cameras with different lenses may be used to obtain multi-scale
photographs to determine if different magnifications enhance the ability to

detect targets; variations in camera exposure can be used in an attempt to

obtain detailed information in siadow regions of the scene.

The basic philosophy which underlies the technical approach to the
design of the test program begins with an analysis of the specialized tech-
niques used by the photointerpreter to aid in the detection of targets in
photographs. From this point one proceeds to the design of experiments
which best capitalize on these specialized interpretation techniques, and
then establishes the requirements for the photographic sensors (cameras)
and test procedures for obtaining the desired imagery. In addition, the test
program includes experiments from which data will be obtained which can
be used to test photointerpretation techniques which have not previously
been attempted.

In order to conduct the necessary experiments and gather the photo- |
graphic data needed to assess the merits of the above photointerpretation ‘
techniques, it was necessary to synthesize a tymm of ctmnru and photometric
instrumentation. The airbofne system consists of l"l umﬁ'u and six
photometers installed in a govcrnmtnt furnuhci Mﬂﬂﬂ. :

ff‘ o i B
A series of tezis will be ncwnvdthm ; '
Concurrent with the flights, a ﬁlﬂ erew wﬂl
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special ground targets. They will make photometric and meteorological
measurements on the ground to provide control data required for analysis

of the imagery obtained from the aerial cameras. A ground laboratory at
the airport in Bangkok is equipped to support the operations and includes

a photographic dark room, calibration and maintenance equipment and tools,
and instruments needed for an on-the-spot interpretation of the photographs.
The complete system is further described in Section III.

A test plan for the HC-47 ARPA test program in Thailand (Ref. 1)
was issued early in the program and is summarized below. In addition,
a test plan for the Zone of the Interior (ZI) tests and a procedure for
systems checkout of the equipment to assure proper operation of all the
equipment installed in the aircraft was prepared.

B. SUMMARY OF THE PHASE II TEST FLAN

- The Phase II test plan was given conciderable attention early in this
program because the mission objectives and experimental approaches to the
tests had to be defined before all of the equipment requirements could be
established. Thus, these test plans constitute the basis of selection for the
various cameras and photometric instrumentation which were obtained.

The Phase II test plan embodies a series of experiments designed to
test various photographic data collection techaiques and photointerpretation
techniques which may improve the detection of COIN targets in a jungle

environment. The selection of these techniques was based upon the experience
gained during previous experiments in multiband camera applications to COIN

target detection., The techniques include:

The use of oblique and panoramic photography for penetrating
the vegetation canopy.

2. Measurement of the spectral reflectance of targets using a set
of camerasn operating in different narrow wavelength bands.

3. The use of blue spectral filters and the use of different exposure
utti.un for improving the detection of tu»i'ntn in shadow areas.

TPhase I Test Plan for Project mm'r. cu mt No. n-un-n-l.
dated 29 J amury 1965.




. Stereo interpretation from alternate frames of multi-cameras

4

5. Interpretation of simultaneous, multi-scale photographs %,
6. Interpretation of photographs in different broad spectral bands
7

5 Interpretation of combinations of oblique anil vertical photographs

Because many variables will affect the photographic results, the
experiments are designed to control or monitor variables in an attempt to
assess their significance. Variables which can be controlled include those
in the photographic system itself; such as exposure level, film sensitivity,
ground resolution, focal length, and angle of view. Operational variables
such as flight altitude, offset from the ground track of the target, line of
s!ght, and time of day when flights are conducted can also be controlled.
Other operational variables cannot be controlled or are subject to limited
control; these include meteorological, diurnal and seasonal changes,
potential target areas, terrain, vegetation, and numbers and activities of
people.

In order to obtain sufficient data to determine the repeatability of
results, and assess the significance of the above-mentioned variables, the
test design specifies a series of flights to be conducted during three field
experiments, each approximately six weeks in duration during J anuary-
February, June-July, and September-October of 1965. These periods were
selected to determine the variations due to the dry season, the dry to rainy
transition period, and the rainy to dry transiticn period, respectively, In
addition, three different types of target areas in Thailand have been selected;
namely, a region of dense forest, a rubber plantation, and a partially
cultivated region interspersed with canals. Simulated targets at each of
these sites will be supported by the military forces of Thailand in a
cooperative effort. In addition, during the ilights a technical field crew will
monitor certain meteorological factors and obtain control data including
ground irradiance measurements aad spectral reflectance measurements for
both control and natural targets.

In order to conduct the experiments required to ovalvate the various
techniques outlined above, it was determined that sevestesn camsras consiiting
VE-1931-D-¢
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of three basic types are required for this program. Thus, the photographic
system consists of a set of twelve ITEK 70 mm cameras (Type KA-61)
which will be equipped with narrow band spectral filtere intended primarily
to determine the spectral reflectance of targets and contrast changes with
wavelength; a set of four 70 mm Maurer KB-8A cameras modified for use on
this program which have different focal length lenses and which are mounted
in a frame which allows variations in line of sight; and a Fairchild KA-52
panoramic camera *]uph will be used to provide a wide range QI "look'

: mgleo for a single png over the targets, v

". :" The details o&&g test program including a further d“cuhion of the
technical objectives are included in the AMPIRT Phase II Teat Plan (Refer-
‘ence 1). A brief discussion of each technique follows.

The problem of penetrating the forest vegetation canopy is basically
one of obtaining a clear line of sight between target and camera, and
achieving sufficient exposure, The optimum angle for such penetration-
depends upon several factors such as the solar angle and the type of vegeta-
tion., In a primary rain forest where little undergrowth exists and insurgents
can move about freely on the ground, the optimum angle of view may differ
from the case of a secondary rain forest where undergrowt?a is dense and e '
travel is restricted to trails. Furthermore, in a monsoon forest where there
is a definite dry season, the vegetation rnay lose some of its leaves and thus
the optimum penetrution angle may vary as a function of season as well as

l solar angle.

In order to determine the optimum penetration angle, two basic experi-
ments are planned. For both, a panoramic camera is required. The mode
of operation requires scanning in a fore-aft direction rather than perpendicular
to the direction of flight, which is the more common mode of operation for =
panoramic cameras. The IMC capability in the KA-52 panoramic camera
was designed for the side-to-side scanning mode. When the camera is
oriented to scan fore and aft there is no image motion perpendicular to the
. scan direction. Therefore, the IMC mechanism of this camera was dis-
connected. Over the range of exposure times and aircraft altitudes and
speeds to be covered in this program, image motions along the scan

7 ‘ VE-1931:D4
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direction will be negligible. This is especially true because the effects of
image motion will be greatest for near vertical lock angles which are of
least interest for this application of the camera.

The first experiment will be conducted in the daytime using, if

necessary, high visibility targets on the ground. TLus, for example, ground

troops would remain in concealed positions for one camera run over the
target area; for a second run, they would open white parasols having high
visibility. Both films will be scrutinized in an attempt to detect the ground
target positions. The second experiment is an alternate approach and will
utilize the KA-52 camera during a nighttime flight. In this case a stiing of
electric lights will be laid out on the ground,fo provide a series of point
sources whose exact spacing is known, These nighttime targets should have
higher visibility than the daytime targets whose visibility depends on the
amount of solar radiation that penetrates the vegetation canopy.

Thus, the KA-52 panoraniic camera was selected primarily for the
purpose of determining an optimum angle for the line of sight, if such an
angle exists. In addition, certain of the other techniques such as use of
special film/filtel-' combinations for detection of targets in shadow areas

may be useful in helping to solve the problem of canopy penetration,

The spectral reflectance characteristics of targets and their back-
grounds are of interest because observations in selected wavelength regione
may improve the contrast of images on aerial photographs and thus aid in
the identification of those images. The spectral reflectance can be deter-
mined in two ways. The first method involves measurements of the target
radiance and irradiance from which the reflectance can be computed. The
second method involves the use of ground control targets of known spectral
reflectances which are used as a basis for comparison. Both methods
utilize the set of KA-61 aerial cameras, each having a different narrow
bandpass filter. The cameras are aligned with their axes parallel and the
shutters are synchronized so that the same general area is recorded by all
of the cameras. |

The cameras are calibrated against a source of known spectral

radiance and sensitorhetric step wedges are exposed on the films using the

8 VE-1931-D-4
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filters having the same spectral characteristics as those used on the
cameras. The density of the target image is measured for each of the
spectral bandpasses as determined by the spectral transmittances of the

filters and the spectral responses of the Zilms.

In the first method, the radiance of the targets in each spectral band
can he computed from the camera calibration data and the sensitometric
data (D vs log E curves). The upward looking airborne photometers and
the ground photometers provide irradiance data. The average reflectance
in each spectral band is equal to 7 times the ratio of the radiance to the
irradiance. In the second method, a set of ground control targets of known
spectral reflectances are used for obtaining the spectral measurements.
The densities of the images of the control targets and other ground targets
are measured in each spectral band. Using the sensitometric data, the
spectral reflectances of the other targets of interest can be determined.
Through the use of the control targets, atmospheric scattering of light can

be eliminated from the reflectance measurements.

The aerial cameras rsquired for the spectral measurements must be
precise instruments with accurate and consistent shutter action. Between-
the-lens shu‘ters are nreferred over focal plane shutters since they provide
a uniform exposurc interval over the film format. Furthermore, since the
several cameras must simultaneously photograph the same ground scene,
each in a differeni spectral region, they must be sufficiently small so that a

set of them can be conveniently mounted in an aircraft.

A survey of 70 mm cameras was made and the KA-61 appeared to be
the best compromise for the present program. This camera has a between-~
the-lens shutter. Furthermore, this camera has image motion compensation
(IMC) which permits longer exposure timea with a minimum loss of ground
resolution. A set of 12 of these cameras was selected, along with a series
of 500 Angstrom bandpass dielectric filters. Ten of the cameras will be used
to sample the photograplic spectrum from 3600 A t0 9000 A. One of the
remaining two cameras will use color film or camouflage detection film; the
other will not be filtered and will be used as a ''control" camera to assure

that proper exposures are being obtained.

-
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The detection of detail in shadow areas requires a special photographic
technique. Shadow regions are illuminated b}; skylight and/or light reflected
from surrounding objects and, thus, when the camera exposure is set

correctly for the shadow areas, the sunlit areas will be highly overexposed.
The spectrel character of the skylight scattered into shadow regions is
predominantly blue and the ratio of the irradiance due to direct sunlight

plus skylight (highlight areas) to the irradiance due to skylight alone (shadow
areas) is less in the blue region than in other regions of the spectrum. The
test program includes the use of cameras with blue filters and a special
blue sensitive film with exposures set for the shadow areas. It is antic.pated
that an improvement in the detection of shadow detail will result with less
less of highlight detail occurring due to overexposure in the sunlit regions.

A second approach utilizes two cameras, with one exposure set for shadow

regions, the other for direct sunlight. The resultant photographs will he
analyzed by a photointerpreter using a stereoscope and alternate frames from
the two cameras. Because obtaining the data necessary to study the detec-
tion of targets in shadow regions requires camera techniques which do not
impose any camera requirements in addition to those already mentioned, the
KA-61 cameras can be used for this experiment. In addition, the modified
KB-8A cameras, although primarily selected for other reasons, can also be
used for the shaduw detail experimeat and have an advantage in that they can
be oriented at various oblique angles. Thus, the necessary blue filters were
obtained for use on both the KA-61 and KB-8A cameras.

The experiment to evaluate stereoscopic photointerpretation from
alternate frames of multi-cameras requires the use of two or more cameras
operating simultaneously. By using a format length to focal length ratio of

- 1.5 for each of the cameras and 60 per cent overlap, *he normal stereoscopic
exaggeration is achieved. The objective of the experiment is to determine if
a significant increase in information extraction can be achieved by the photo-
interpreter. This technique will be tried on the shadow detail photographs
mentioned earlier; for two color channels, one overexposed and one properly
exposed; and for the case of one cclor channel and one high definition
panchromatic channel.

10 VE-1931-D-4




Another photointerpretation technique of interest requires simultaneous,
multi-gcale photographs. Often the photointerpreter may locate a target
such as a trail in a heavily forested area by finding two sections of trail
surface on two photographs separated by several frames on the roll. By
analyzing the terrain features and tree cover in stefeo. between the two
known trail images, he can often locate the trail without actually seeing any
additional trail surface. This technique can be evaluated further by using
simultaneously-exposed photographs of different scales (area coverage and
ground resolution). The only camera requirement which differs from thos=
mentioned previously is that different focal length lenses be used in two
cameras. The modified 70 mm KB-8A cameras which have three interchange-
7.ble lenses satisfy all of the desired requirements.

Significant target clues may evolve from the scrutiny of several photo-
graphs taken simultaneously in different broad spectral bands. For example,

-;___i

scrutiny of simultaneously-exposed {rames taken with color, camouflage
detection, blue sensitive, and infrared films mighi reveal the following
combination of factors:

a. The color film clearly distinguishes the surface of a foot path
from the surrounding vegetation.

b. The camouflsge detection film distinguishes emﬁhcementn
camouflaged with dead vegetation from the surrounding areas
having healthy vegetation.

e. Blue sensitive film distinguishes details in shadow areas.

d. Infrared film distinguishes spoils from the dug-in

emplacements.

A method to detect the evasive actions used by insurgents to avoid
detection by observation or reconnaissance aircraft involves the interpreta-

- tion of oblique and vertical photographs of the same ground area. The

applicable photographic technique would require taking forward oblique
photographs with a long focal length camera and taking vertical photographs
with a wide angle camera to locate the positions successfully detected on the
oblique photographs. This will be achieved by a combination of the KB-8A

11 VE-1931-D-4




% 9

cameras (for the oblique photos) and the KA-61 cameras (for the vertical
photos).

A summary of the camera requirements needed to achieve the various
technical objectives of the Phase II test program and which constitutes the
basis for the selection of the cameras to be used is presented in the following

/

table.
Camera
~ Experimental Objective Capability Required’
\\
™~ o/
~N
™. : oY d‘/
| S . 4
a.  Vegetation Penetratian x x x +
b. Spectral Measutrement - - X -
c. Improvement of Shadow Detail - + x +
d. Dual Stereo Interpretation - + x -
e. Multi-Scale Interpretation\, - * x x
£, Broadband Spectral Intcrprct}tion - + X -
g Vertical and Oblique Interpreta%n_\ - x x +

Definite Requirement -x ) \
Desirab'e Requirement - + : \




III, SYNTHESIS OF THE PHOTOGRAPHIC SYSTEM

A, SYSTEMS ENGINEERING AND DESIGN

The photographic system consists of various baaic}{‘:’omponentl. The
basis of selection for the 17 cameras iniended to acﬁ:e(fe';.the technical
objectives of the program has already been discussed in. Section II. A special
camera mount to hold the cameras in the aircraft and to allow for the '
operational capabilities demanded by the test plane was designed and
fabricated at CAL.

Because photometric control data are required to allow a quantitative
analysis of results of e experiments and because suitable photometers are
not comumercially available, it was necessary to design and fabricate a set
oi airborne photometars. The set of five upward-looking photometers, mounted
in tiuc roof of the aircraft, are intended to obtain measurements oi the solar
irradiance (due to direct sunlight and skylight) in various narrov: spectral
bands, as well as the total solar irradiance. An exposure meter was also
designed having three channels in broadband red (using a Wratten type do. 29
filter), grean (Wratten" No. 61), and blue (Wratten No. 47B) regions of the
spectrum. This unit is mounted in a downward-looking position, and is
intended primarily to provide exposure data for the interpretation cameras.

Because one objective of the test plan requires uie of cameras for
photometric measurements of ground targets, it was also necessary to develop
ground calibration targets and the photometric instrumentation required to
ascerta' the values of their spectral reflectance. Additional field

instrumentation to determine meteorological conditions and certain terrain
features, such as soil moisture content, were procured to complete the
ground control measurements.

13 VE-1631-D-4
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B. AIRCRAFT CONFIGURATION

The basic aircraft configuration showing laycuts of all the cameras and
airborne support equipment wa~ established during a preconfiguration meeting
held at the Uaiversity of Michigan on 15 April 1964 and has remained
essentially unchangéd during the program, The final version of the aircraft -
configuration is shown in Figure 2, which is a simplified sketch to indicate

the relative locations of various components of the photographic subsystem.

In addition to the photorneter mount in the roof of the aircraft, the
camera mount, and the downward-looking exposure meter mentioned above,
the airborne equipment.includes: a multi-channel recorder used with the
photometerl;a viewfinder which is used by the camera operator for align-
ment over the target area, a master control console for firing the cameras,
which allows remote selection and operation of the cameras as well as other
equipment, and a photo d;ta panel. This piioto data panel has in it certain
aircraft instruments, the camera frame counters and a remote total
irradiance indicator which are photographed during aerial camera operation

by means of a 35 mm data-recording camera.
A\

C. EQUIPMENT PROCUREMENT OR FABRICATION

1. Cameras

The KA-52 panor‘amic camera was supplied to CAL ac government-
furnished property (GFP) at the beginning of the program. This camera
could not be operated immediately, however, because 2 control box was not
supplied. After the manufacturer (Fairchild Camera and Instrument Corp.)
was contacted to obtain the necessary circuit informatidh. a control box for
the KA-52 was fabricated at CAL,

Because this camera had been used extensively prior to receipt
for use on the present program, and because special fixtures and equipment
would be necessary for a complete test, it was decided that this unit would

be returned to Fairchild to be refurbished and have its IMC capability disabled

prior tc%i.nntuuation in the aircraft. This was accomplished at Fairchild, the
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procedures being witnessed by a CAL representative. After return of the
camera to CAL, operational bench tests were made. An illuminated sight
was adapted for attachment to the camera mount to project a reference mark
onto each frame of the film to facilitate angle of view measurements.

A set of five (one spare unit) KB-8A 70 mm ruggedized came:ras
was received early in the program as GFP. These cameras were inspected |
and refurbished by CAL personnel working together with a technician from
WPAFB. The original cameras were equipped with a 100-foot wrap-around
film magazine. Because of the operational requirement to use these cameras
at various look angles, which imposes limits on the size of the mounting
frame, and because it is necessary to change film during flight, it was decided
to modify the KB-8A cameras. To achieve this, the 50-foot magazine from
a model P-2 aerial reconnaissance camera was selected for adaptation to the
KB-8A ruggedized camera. This magazine is smaller than the KB-8A
magazine and uses spool-wound rather than core-wound film. Both type
cameras are made by J, A, Maurer, Inc. Figure 3 shows the KB-8A

ruggedized camera, both before and after the magazine modification.

Because the original P-2 magazine was not éxacfly compatible
with the KB-8A camera body, it was necessary to perform certain internal
modifications to the film platen plate and to allow for suitable mounting. A
photograph showing the original P-2 magazine and the modified P-2 magazine
is given in Figure 4. A blow-up photograph of the modification component’l '
is shown in Figure 5.

After initial shutter speed, focal length, and AWAR measurements
of the modified KB-8A cameras had been completed, a failure occurred which
was traced to excessive spacing between the film drive gear in the magazine
and the idler gear in the camera which caused excessive wear. To alleviate
this problem, an additional modification had to be made to obtain a better
mesh between the two gears. The initial tesis were then repeated.

The KA-61, 70 mm cameras intended primarily for investigating
spectral effects were also supplied as GFP. Because these cameras had not
yet been manufactured at the start of the program, it was not possible to meet
the original CAL program schedule outlined in the proposal. The program
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schedule was revised because of delays in the delivery of the KA-61 cameras,
and because of a number of failures and mechanical operating difficulties
which occurred. These operating difficulties have been corrected and the
cameras have performed well during the flight tests conducted to date, A
photograph of the KA-61 camera in Figure 6, shows interior details of this

camera,

2s Camera Mounts

After consideration of several different individual and combined
camera-mount conrigurations, it was decided to mount all 17 cameras in a
large framework, which is shock mounted and incorporated as an integral
unit into the airframe of the HC-47 airplane. Figure 7 is a photograph of
this basic camera mounting frame. Figure 8 shows a top view of the camera
frame. The KA-61 cameras are mounted in the center section of the frame,
The opening on the left side is for the panoramic camera and the large
circular opening on the right supports the fixture which holds the four KB-8A
modified cameras. Figure 8 also shows two of the special camera brackeis
which were designod and fabricated at CAL to provide the required support
for the KA-61 cameras. These camera brackets for the KA-61 cameras were
necessary to permit aperture and shutter speed settings on these cameras to
be changed during flight operations without removal of the cameras from the
camera mount. The brackets also provide for the filter holders which could
not be attached directly to the KA-61 cameras. The details of the camera
breckets are shown in the photograph, Figure 9, Figure 10 shows the special
filter holder in the bottom of the camera bracket, which has one of the KA-61
cameras mounted in it,

A special mounting fixture for the KB-8A cameras was fabricated
for use on the camera frame. Figure 11 shows the fixture with one of the
KB-8A cameras mounted in it. It also shows the mechanism which allows
the camera axis to be varied from 0° to 60° from the vertical. Figure 12
shows the same fixture with all four KB-8A modified cameras mounted in it
and assembled in the camera mounting trame. The cameras are shown in a
raise. position, which is the one used for changing film magasines, and

- 20 VE-1931-D-4
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Figure |l MOUNTING FIXTURE FOF‘! KB-8A CAMERAS
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during takecoff and landing. Note that the entire fixture can be rotated to any
azimuth angle before it is lowered tc the operating position through the
bottom of the cumera mount.

3. Narrow Bandpass Dielectric Filters

In order to acquire the spectral data with the KA-61 cameras,
L
ten narrow bandpass filters covering the spectral range from 3600 A to
9000 A are used. A review of available filters was made prior to and during

early stages of the program. However, no available filters were found having

suitable bandpass, transmittance tolerances, and stability characteristics
necessary for use in a tropical environment.,,;,éecaule of these problems, it
was necessary to prepare a specification for narrow bandpass dielectric
filters which had to be made to order.

The spectral transmittance curves for four sets of the dielectric
filters are shown on a composite plot given in Figure 13. The curves show
both the peak transmittance and the bandpass for each filter. Four of each
of the filters were procured because they are also required for use in the
airborne photometers and in the sensitometer on the ground.

4. Photometric Equipment

Because it was uot possible to find commercially available photo-
meteys with suitable sensitivity and performancs specifications, it was
necessary to design and fabricate a set of airbosne photometers for use in
obtaining irradiance data. i‘uuro 14-is a photograph showing an assemrbled
and a disassembled airborne photometer. The coraponents are appropriately
labeled. A set of five of these airboru photometers is used in the aircraft
during all camera operations. Four of these photometers use dielectric
bandpass filters similar to those being used in four of the KA-61 camaras.
Data from these photometers will be used to check variations in the solar
spectral irradiance curve which can vary from flight to flight. The fifth
photometer i3 unfiltered to give total irradiance information. The output
from each of the photometers goes to the multi-point recorder via s range
selector panel to allow recording of the readings during flight testing. In
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addition, the reading from the total irradiance photometer goes to a panel
meter on the photo data panel so that it can be conveniently monitored by the
camera operator during each run. The photograph shown in Figure 15 shows
all five airborne photometers in the photometer mount connected to the multi-
point recorder prior to installation in the aircraft,

A three-channel photometer wan also designed and fabricated at
CAL to be used as a downward-looking exposure meter to provide data
necessary for interpretation camera exposure settings. The exposure meter
consists of three dutector cells, each having a broadband filter selecting the
red, green, and blue regions of the spectrum. The internal construction of

this exposure meter is shown in Figure 16.

In order to perform a guantitative analysis from the photographs,
it is desirable to have on cach roll of the film images of come object whose
reflectance is known. To facilitate such measurements, as well as to test
various capabilities of the cameras, several targets were designed and
constructed for use on the ground to provide control data during the ZI tests.
Two "spectral' control targets are 8' x 8' panels, each 'p'ainted a different
shade of gray, whose spectral reflectances were determined in the laboratory
using a spectrophotometer. Three other spectral targets, 4' x 4', 2' x 2',
and 1' x 1', are painted yellow and were used to test the ability ¢f the cameras
to measure the spectral reflectance of "unknown'' targets. High contrast a.i;d
low contrast resolution charts were used to test resolutior capabilities of the
cameras. A point source was used to check for image motion control and
vibration. A string of light bulbs was used to tgit the ability to make accurate
angle measursments with the panoramic camera.

To provide necessary control and photometric calibration data fer

~ the sﬁoctrti targets pluced on the ground in the target flight area, and to

obtain ground truth on the spectral characteristics of targots of interest, it
was necessary to procure photometric instrumentation for measurements cn
the ground. The total irradiance ground photometer shown mounted on a tripod
can be seen in Figure 17, This photometor measures thc direct wlu plus
skylight irradiance over the spectral range from 3500 A to 10,000 A in the
vicinity of the control target panels.
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Figure 16 AIRBORNE EXPOSURE METER
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Figure 17 TOTAL IRRADIANCE GROUND PHOTOMETER
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Additional portable photometers were purchased, along with a
set of dielectric filters which, when matched to the detector cells in these
photometers, yield a relatively flat spectral response. These portable
photometers are used to measure target reflectance data in the same narrow
spectral bands as used in the KA-61 cameras in the aircraft.

5, Ground Support Equipment

a. Darkroom Equipment

It was planned that most of the film used for the Thailand
tests would be returned for processing to RADC, but that film from the
control camera and the ground data cameras would be developed in the field
to assure that proper exposures are achieved and to permit on-the-spot
phdto interpretation. Thus, equipment was procured for equipping a
complete darkroom for field processing of photographic film. The photo-
graph, Figure 18, shows the major components of equipment, The roll /.lm
processor can handle 70 mm film. The enlarger is used for magnifying
particular frames of the 70 mm film for use in field photointerpretatinn,
The rapid print processor allows prints to be made quickly to allow further
data analysis in the field. Additional darkroom supplies and equipment
(not shown) were also procured, such as chemical storage tanks with mixing
motor, thermometers, n,‘io lights, and timers,

In order to place seansitometric control data on each roll of
film exposed in the aerial cameras, a sensitorgeter was obtained., Because
none of the existing sensitometers were completely adequate for the present
application, it was nocessary to modify a standard Air Force sensitometer
(FSN 6740-559-973%) so that ths narrow band spectral filters vsed in the
KA-61 cameras could be ins«- *ed into the light beam to obtair sensitometric
step wedges on the film with tiie desired spectrally filtered light, The
modified sensitometer is shown in Figure 19 with the CAL fabricated filter
holder removed {rom the instrument,
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b. Field Photointerpretation Equipment

For analysis of the photographic film developed in Thailand,
light tables and a soom stereo microscope were procured. In addition, a
densitometer was obtained to permit density versus log exposure (D log E)
curves to be plotted and the exposure range to be determined.

c. Maintenance and Calibration Equipment

The following equipment was obtained for calibration
checks of the cameras, filte: ) and photometric equipment: an oscilloscope
with camera, a stroboscope, a double rod optical bench, a collimator, an

“electronic counter, and a spectrophotometer with spectral recording
attachment. In addition, two calibration light sources were fabricated at
CAL and their spectral radiance curvers, were determined for three different
power inputs. Dutails of the light sources are shown in Figures 20 a2nd 21.
A test devicr was also designed and fabricated at CAL for use in camera |
IMC and synchronization tests (sec Figure 22), This device has two discs
driven at different speedz by two synchronous motors.

For the mair.ttonance ana troubleshooting of equipment, a
volt-ohm-milliameter was procured as well a. the oscillescope and
electronic counter previously mentioned. A complete set of hand tools,

including special tools for the cameras, was procured for the repai: and
maintenance of cameras and other instrumentation.

d. Equipment for the Field Crew

The field crew operatas in the target area during the
flights ir. order to obtain ground control information. For this purpose,
meteorological instruments, including an anemometer, soil moisture
meters, a dew duration meter, and an evaporimeter were cbtained. The
field crew also requires photometric equipment including the total
irradiance ground photornci:or and the target radiance photometers which
wero mentioned earlier. Miscellaneous items such as hand transits, e
binoculars, aud cameras were also obtained for use by the {ield crew.
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Figure 20 CALIBRATION LIGHT SOURCE



Figure 21 CAL!BRATION LIGHT SOURCE, INTERIOR DETAILS
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6. Supplies and Spare Parts

Film for the cameras was the major item of supply which had
to be obtained for the program. In addition, developing materials for
operation of the darkroom as well as general laboratory supplies for
maintenance of equipment were chtained, Spare parts for [{A-61 cameras
were Jupplied as GFP, but spare parts for the other cameras and all
remaining equipment were purchased. The spare part r;quircmmtl were

establiaized on the basis of recommendations from the manufacturers of
varicus items of test equipment.
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IV. CALIBRATIONS

A, CAMERAS

Calibrations and functional tests were performed on all of the aerial
cameras, as well as the photometric equipment, required for the collection
of data in Thailand. The tests ‘were intended to assess the capabilities of
each camera in performing its assigned function and to measure the physical
parameters required to compute the desired quantitative data. A discussion
of the tests performed and the results obtained during Phase I of the AMPIRT

Program is given in the ensuing paragraphs.

1. KA-61 Cameras ]

The tests and calibration for the KA-61 cameras included: the
measurement of the area weighted average resolution (AWAR) as a function
of wavelength, the measurement of the relative exposure at the film plane as
2 function of position in th2 format, the determination of the relative exposures
achieved for given combinations of shutter speeds and aperture settings, a
check and calibration of the image motion compensation (IMC) capability,

and a ‘<at of the ability of all twelve cameras to operat2 synchronously.

The purpose of performing the resolution tests as a part of the
calibration of each of the KA-61 cameras was twofold: to select the optimum
combination of camera lens and narrow bandpass filter, and to assure that,’
an adequate ground resolution could be obtained with each camera/filter/film
combination to meet the resolution requirements of the program.

The KA-61 camera resolution tests were performed using the
equipment setup schematically shown in Figure 23,

The collimator was first focused with the narrow bandpaas filter
over the light source. A gtandard bar resolution chart was used as the test
object. ‘The camera was aligned so as to be voaxial with the collimator.
The test chart image was then in the cex‘ssr of the format at the film plane
of the camera. The camera was next loaded with a roll of the same typo_.'df

LI )
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Figure 23  EQUIPMENT SET-UP FOR RESOLUTION TESTS

film to be used during the spectral reflectance experiments. The roll of film
used had control step wedges (uesing the same narrow bandpass filter) placed
on each end of the roll of film for appropriate sensitometric control. The
maximum relative aperture (f/3.5) was usad for these tests. A shutter time
was ulect_od which would yield 2 good exposure for the light source used.
After taking a test photograph of the resolution chart image on axis, the
camera was rotated in steps of 5 degrees about each diagonal axis (on the
format) to an angle of 35 degrees off the boresight axis, and additional test
photographs were oxpauﬁd.

After the test roll of film was processed each frame was
scrutinized to determine the number of lines per millimeter represented by
the smallest resolution pattern which could just be resolved. From these
measurements it was possible to determine the AWAR for each camera/filter/
film selection. The resolution test was repeated for each camera using several
of the narrow bandpass filters. In general, it was not necessary bo‘tut each
camera with the cdmploto set of spectral filters since the manufacturer
(Itek Corporation) had sct the camera focal lengths for a nominal "red, "

4“4 VE-1931-D-4




'"green,’ or 'blue' wavelength band during preliminary adjustments at the

.-

factory. Frorn the measurements made in these resolution tests, it was
then possible to plot AWAR versus wavelength for each camera and select
the camera/filter combination which gave the best resolution. In a few
cases it was necessary to adjust the location of the focal plane by the use

. T i N I

of lens shims in order to improve the AWAR capability of the camera/filter
combination.

After the completion of the ZI Flight Tests (see Section VI), -it
was found that the resolution for cameras No. 11 and No. 12 as determined
from actual aerial photographs was inadequate. For these two cameras
additional laboratory tests were performed and adjustments were made in
an attempt to improve the resolution capabilities. The adjustments were

i successful in improving resolution for both cameras.

A summary of the AWAR measurements obtained during the
laboratory calibrations for the KA-61 cameras is presented in Tablé 1.
The table also shows the film and filter which will normally be used with

d each of these spectral cameras for the spectral reflectance experiments.

TABLE |
‘ SUMMARY OF AWAR MEASUREMENTS FOR KA-61 CAMERAS

(LA”MT‘RY CALiBRATION)
SERIAL W0,
CAMERA KO. | (ITEK) | FilM vseD FILTER | AwAr
| | pws-x | minus sLue 2
b , (= WRATTEN 18)
2 15 | ExTackeome | coLon sALANcE | 28
3 22 " 30004 3
. ' 18 PLUS-X wsook " !
5 12 " 50004 P
0 2l ’ ss0ok 20
7 1”7 . scood 67
' . 19 . ssook 8
’ e T 70004 F1)
10 I8 " 75008 n
» T 28 " 90004 e
12 2 " sezsl 2
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a. Relative Fhotometric Calibration and Off-Axis

Exposure Measurement

In order to use the KA-61 cameras for photometric measure-
ments a relative photometric calibration was performed for each camera/filter
combination to be used during the operational field program. The purpose of
this test was to determine the relative exposure obtained for each combination
of shutter speed and aperture setting. The change in exposure at the film
plane as a function of angle off the boresight axis is also of importance and

could be determined from the same experiment.

The procedure followed was simply to take photographs of
the calibration light source (an extended diffuse source) for each shutter
speed and aperture setting combination for each camera/filter ¢ ocmbination,
Sensitometric step wedges, using the same filter, were placed on each roll
of film to establish the density versus log exposure curve in each case.

Using this curve and a densitometer measurement of the center portion
(boresight axis) from each frame of the light source photographs, the relative
exposure calibration was established. From a densitometer trace across

the entire format of this imagery it was also possible to determine the
exposure falloff as a function of off-axis angle. The curve shown in Figure 24
is typical of the exposure falloff for the KA-61 cameras. The data are in
good agreament with the expected cosine to the fourth power variation.

Although not performed in the present program, the data
obtained in this test, along with the khowlcdgo of the absolute spectral
radiance of the calibration light source, can be used to perforn an absolute
photometric calibration for the cameras.

b. Shutter Time Measurements

A check of the shutter times on the KA-61 cameras is
required to insure that the shutter times repeat accurately for successive
exposures. Also, the shutter time is an important Parameter for use as a
cross check along with the aperture setting for the exposure measurements
described in the preceding section. The equipment setup requirad for the
shutter time measurements is shown in Figure 25 and réqui_rn the use of au
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oscilloscope, a time interval meter, a photocell detector and a variable
intensity light source. The photocell output was checked for linearity using

the oscilloscope and a 1eries of neutral density filters to vary the light
intensity. After insuring that the photocell was linear within the range of source
intensities to be used, the oscilloscope amplitude controls and light source
intensity were adjusted to give a full scale signal on the oscilloscope cathode
ray tube when the shutter was held open. The light intensity was then reduced
until the photocell output was 50 percent of the previous reading. At this
point the sensitivity control which triggers the counting gate on the time
interval meter was adjusted to just start (and stop) counting, The light
source intensity was readjusted for a full-scale reading on the oi"i:inonopc.
At each shutter speed setting, the shutter was operated and the shutter time
was read directly from the time interval meter. In addition, oscilloscope
traces were recorded with the oscilloscops camera.

KA-6! CAMERA

LIGNT SOURCE

Q3CILLOSCOPE TiNE

(wm  INTERVAL
CAMERA ) UETER

Figure 26  EQUIPMENT SETUP FOR KA-81 SHUTTER TESTS
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The shutter times were tested for all twelve of the KA-61
cameras. In addition, the shutter time test was repeated for each of the
cameras at each of its aperture settings. The variation in shutter time with
aperture setting is essentially nil except o the slowest speed (1/60 second).
Figure 26 shows a plot of the shutter time setting compared to the actual
shutter time as measured ir. the above procedure. A number of replications
(at least ten) was made for each of the shutter time measurements. The l
spread in readings is indicated by the vertical lines associated with each
point. The grar® shows the results for three cameras. the one having worst I
agreement with its calibrated settings on the fast side; the one showing worst
agreement with its settings on the slow side; the other showing maximum
deviations at the 1/60 setting. In y:neral, the agreement was sufficiently

good that no correction factors need be applied for any of the KA-61 cameras.

Es Image Motion Compensation Calibration

The KA-61 camera has image motion compensation available
with a range of film velocities between 0.0 and 3.0 inches per gecond. It
is important to measure the actual film velocities to compare the calibrated
dial settings on each camera. This information must be known for the
cameras to be properly set for a given aircraft velocity and altitude in order

to obtain proper image motion compensation.

The procedure for performing the image motion compensation
calibration requires the use of the IMC and Synchronization Test Device
fabricated at CAL and described in Section III of this report. The procedure

is simply one of photographing a disc rotating at a known speed and then
determining the location of the sharpest image. A closeup 'portrait' lens
was placed over each camera lens to enable the cameras to be focused on a
close object. A schematic diagram of the equipment setup is shown in

Figure 27. The disc having a dot pattern was used for the IMC test and placed
a distance of 2 meters from the closeup lens.

Simple arialylil shows that there will be a point on the
image of the rotating disc where there will be no relative motion with
respect to the moving film. There will be no image blurring of this point
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CAMERA \
G:/—mat-m- LENS

Figure 27 IMC TEST SET-UP

on the film. Figure 28 is a photogi=voh of the rotating disc taken during the
IMC tests. From a knowledge cZ the location of *his point, the known rotational
speed of the rotating disc and the scale of the image, it is possible to deter-

mane the IMC film velocity.

Figure 29 shows a plot of the IMC setting on a typical
KA-61 camera versus the IMC film velocity obtained during the laboratory
calibrations accomplished during Phase I of the AMPIRT Program. The
bias error causing a shift in the curve from the design curve appeared to be
characteristics of all of the KA-61 cameras. Although the data shown were
taken with increasing dial settings only, other tests did not reveal any
significant backlash error.

d. Camera Synchronization Test

All twelve of the KA-61 cameras were placed in the camera
mount in the laboratory and tested for synchronous operation. It is important
that the shutters on all twelve cameras operate synchronously since this will
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Figure 28  EXAMPLE OF IMC TEST PATTERN
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assure the same ground coverage on all cameras. The equipment setup used
for the synchronization test is essentially the same ag that for the IMC test

discussed previously except that the synchronization test disc is used on the

IMC and Synchronization Test Device. The synchronization disc is basically
a rotating point source of light which acts effectively as a clock to measare
the relative time during which the shutter is open on each of the KA-61
cameras. Since it was not possible to align all twelve cameras and the
Synchronization Test Device conveniently in line, a plate glass mirror was
used to project the image of the synchronization disc into the cameras so
that its image would be recorded on all twelve cameras simultaneously. The
getup is shown in Figure 30. The distance between the synchronization disc

and the portrait lenses was 2 meters.

Scrutiny of each of the simulta.eously exposed frames
obtained during the synchronization test reveals a blurred arc, the angular
position and length of which correspond respectively to the starting time and
the duration of time during which the shutter is open. Theoretically, the
starting time for all twelve cameras should be the same since the triggering
pulse is initiated by the intervalometer in the control console for the KA-61
cameras. This means that the arc on each frame should start at the same
angular displacement for each of the twelve cameras. The different relative
locations of the start of this arc can be converted to time differences knowing

the angular speed of the rotating disc.

Results of the synchronization test reveal that eleven of
the twelve cameras could be operated synchronously within #]1 millisecond.
The remaining camera (Itek Serial No. 14) could not be brought into
synchronization with the remainder of the cameras despite several attempts
at readjustment. Consequently, this camera was relegated to the role of
camera No. 1 in the bank of twelve which is used only for an expasure
control camera with a minus blue filter. In this capacity the film is processed
in the field and none of the photographic imagery enters {nto the quantitative

analysis performed for imagery from the remainder of the spectral cameras.
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2. Modified KB-8A Ruggedized Cameras

In general, the calibration checks for the modified KB-8A cameras
were somewhat less extensive than for the case of the KA-61 cameras.
Special care was exercised in performing the functional tests fo1 these
cameras to assure that the modifications made at CAL as discussed in
Section III of this report did not have a detrimental effect on the performance
of the cameras. In addition to resolution tests made for the cameras, focal
length measurements and shutter time measurements were made for each of
the cameras and the various lenses with which they will be used during
Phase II of the program. These checks are discussed further in the following

paragraphs.

a. Resolution Tests

AWAR measurements were made for each of the KB-8A
cameras in various combinations with the 1.5 inch, 3 inch and 6 inch lenses
supplied with each of the cameras. The measurements werd repeated for
various f-number settings, for the various types of special films to be used
with these cameras, and with the broadband filters procured specifically
for these cameras. The same procedure was used for these AWAR measure-
ments as was described earlier for the KA-61 cameras. A standard low-

contrast resolution bar chart target was again used.

Results of the laboratory calibrations for AWAR indicated
excellent performance for these cameras. For example, after selecting the
best combination of cameras and lenses and using Plua-X film, without filter,
the worst AWAR measured for the 6 inch lenses was 30 lines per millimeter,
This corresponds to a ground resolution of approximately 1.5 inches at an
altitude of 500 feet. Similarly for the 1.5 inch lenses the worst AWAR was
approximately 20 lines per millimeter (corresponding to approximately
8 inches ground resolution at 500 feet.} When the AWAR tests were repeated
using various films and broadband filters which will be used during the
operational phase, the resolution was degraded to a certain extent. For
example, when one of the 6 inch lenses was used with Plus-X film and
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without filters, an AWAR of 30 lines per millimeter was achieved. When
this same lens was combined with an infrared filter (equivalent to Wratten
type 89) and IR film, the AWAR decreased to less than 12 lines per
millimeter. A special lens shim was then constructed for use with this
lens in this particular combination of filter and film so as to increase the
AWAR to 20 lines per millimeter. Similarly, shims were constructed for

other lens/filter combinations.

In all cases it was felt that the resolution obtained with
the KB-8A cameras was more than acequate for the photo interpretation
work for which these cameras were intended. These predictions were

confirmed by the results of vhe ZI Tests.
b. Focal Length Mcasurements

Focal length measurements were made for the various
lens/filter combinations to be used with each KB-8A camera. The
apparatus used for the focal length measurement is the same as that used
for the resolution tests (Figure 23). The focal length of the collimator was
previously determined to be 24.24 inches from a measurement of the
positions of the rear nodal point and the focal plane. The camera focal
length measurement is made by determining the scale of the image produced
on the film by the camera. For this purpose fiducial marks at a known
separation were placed on the same test charts as used for the resolution
tests. Photographs taken with various filter and lens combinations were
analyzed and the ratio of image to object size measured. This gives the
ratio of the focal lengths of the camera and the collimator .

¢. Shutter Time Tests

The KB-8A camera, unlike the KA-61 camera, has a focal
plane shutter wherein a shutter curtain is pulled across the film plane to
expose the film, Thus, for these cameras both the actual shutter time as
well as the uniformity of motion of the curtain across the format is of

importance.
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The equipment setup needed for this experiment is shown
schematically in Figure 31. In this experiment the camera lens is placed
close to a stroboscopic light source and photographs are taken for various
shutter time settings. As the shutter curtain travels across the focal plane,
the instantaneous position of the curtain opening is recorded on film for
each flash of the strobe light. The curtain speed can be determined by the
distance traveled between light flashes, and the exposure time by the width
of the curtain cpening. The frequency for the strobe light should be

selected so as to form several images of the curtain opening (See Figure 32).

SNUTTER
CURTAIN

STROBE
PLANE LIGNT

Figure 31 SHUTTER TIME TESTS FOR KB-8A CAMERAS

For a focal plane shutter, the shutter time is equivalent to
the exposure time for any point image on the film format. Letting W be the
width of the slit in the shutter curtain, L the distance on the film traveled
by the image letween light flashes, and 7 the time between pulses, then
the exposure time, T, is given by

T = g x'ro
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Fignre 32 is a photograph ~£ the slit images formed across the film format
for a tvpical test with one of the KB-8A cameras. The overexposed
central area of the photograph is a result of direct imaging of the strobe
light on the film, This region was avoided when making the exposure time
measurements. The graph of exposure time as a function of position on the

format is plotted below the photograph.

In general, the shutter time tests were primarily intended
as functional tests to ascertain whether or not the shutters were operating
smoothly. At the end of the Phase I effort the shutter times as well as the
uniformity of shutter motion for all of the KB-8A cameras were adequate for

recording the iaterpretation imagery for which these cameras are intended*.
3. KA-52 Panoramic Camera

As mentioned previouely, the KA-52 panoramic camera was
returned to the manufacturer (Fairchild Camera and Instrument Corporation)
to be refurbished and tested. When the camera was returned to CAL, the
laboratory test consisted primarily of a functional test to assure that the
equipment operated satisfactorily. In addition, the focal length was
determined by measuring the angular positions of a series of known objects
and the linear positions of the corresponding image points on the film,
After reviewing the imagery obtained with this camera during the ZI
systems flight tests, an assessment of tha resolution capabilities of the
camera within a prac.iczl range of angular displacements indicated that the
resolution would be adequate for the intended camera application.

%

On several occasions during the Phase II program the shutters on the
KB-8A cameras jammed.
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B. PHOTOMETRIC EQUIPMENT

All photometric equipment fabricated at CAL or procured on the
program was calibrated. Included are the CAL-fabricated extended light
sources, airborne photometers, exposure meters, ground irradiance
meters, the purchased target radiance photometers, and the sensitometers
obtained as GFE and modified at CAL . The calibration procedures are
briefly described below.

1. Calibration Light Sources

The two CAL fabricated calibration light sources (see Figures
20 and 21) which are extended, diffuse light sources, are used as working
standards in the field laboratory and were calibrated by measuring their
spectral radiance, The absolute spectral radiance of the sources was
determined by ueing a spectrophotometer to compare the sources with an
NBS radiance standard. This calibration was repeated for three voltage
and current levels suppl.ed to the sources to provide three different

radiance levels.

Figures 33 and 34 are the spectral radiance curves for the
CAL fabricated diffuse light sources.

2: Photometers

As indicated previously, the upward looking airborne photo-
meters consisted of a total irradiance photometer plus four spectral
photometers for use in monitoring both the total solar irradiance as well as
the spectral golar irradiance in any four of the same spectral bands ae
employed by the KA-61 spectral cameras. The downward looking éxposure
meter basically consists of three photometers having broadband filters in
the "red' (Wratten #29), "green'" (Wratten #61), and "blue" (Wratten #47B),
regions of the spectrum. It is calibrated to read radiance values. The
ground irradiance meter, similar to the total irradiance photomater in the

aircraft, measures total solar irradiance, but at ground level. The portable

target radiance photometers are used in the field with a set of ten spectral
filters (whose bandpasses again correspond to those filters used with the
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KA-61 cameras) to determine the spectrzl reflectances of targets in the

field relative to the reflectances of control targets. Since these reflectance
measurements are relative, an absolute calibration of these target radiance
photometers was unnecessary. Since all of these photometers are essentially
the same, i.e., a detector cell plus various optical elements, their

calibrations were similar.

All of the photometers, bot" airborne and ground-based, were
calibrated by determining the relative transmittance of all optical elements
and the relative spectral sensitivity of the select~d detector cells. The
relative transmittances of all the optical elements were determined by using
a recording spectrophotometer. The relative spectral sensitivity of the
silicon detector cells was checked by comparing the cells to a calibrated
thermopile using the spectrophotometer as a monochromator.

The relative spectral response curve of each of the assembled
photometers was calculated using the relative spectral transmittance data
for each of the op‘tical elements and the relative spectral sensitivity data
for the detector cell. The effective photometer bandwidth (between 5%
intensity points) was obtained from the overall spectral response . rve.

A mean wavelength, A m , can be defined for each photometer/filter
combination such that the product of the relative spectral response of the
combination at the mean wavelength and the effective bandwidth gives the
same total energy (area under the curve) as would be obtained from an
integration of the actual spectral response curve.

The absolute calibration for each of the narrow-band photometers
was established by measuring its cutput when irradiated by the calibration
light source, whose spectral radiance had been established with the NBS
standard. The irradiance on the photometer from the calibration light
source was calculated knowing the geometry of the equipment sstup for this
test. Thus, with a knowledge of the irradiance on the photometer over its
spectral bandpass, an absolute sensitivity was determiined for each of the
narrow bandpass photometers. Since the same dielectric filters were used
with the photon'eters as were used with the KA-61 cameras, the effective
bandwidths (see Figure 13) are about 500 A. For the wide band or total
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irradiance (or radiance) photometers, numerical integration of the spectral
radiance curve of the calibration light source was necessary to establish
the absolute calibration. Both the airborne and ground total irradiance
photometers were calibrated in the spectral region from 4150 to 9750 .:\

As noted above. the target radiance photometers are used for
relative measurements (reflectance) only and thus, an absolute calibration
was not necessary. A linearity check of the indicator was, however,
p.rformed by using a series of neutral density filters and a constant light

source.

Calibration data for the photometers is summarized in Tables
2, 3, and 4.

3. Sensitometer

The standard Air Force sensitometer (FSN 6740-559-9735),
modified at CAL to accommodate the narrow bandpass spectral filters, was
used to place sensitometric control step wedges on the film for the spectral
experiments. The sensitometer was calibraied by determining the spectral
irradiance at the plane of the step wedge in the instrument. These data,
along with the transmittances of the step wedge and any filters used,
permit the calculation of the irradiance and absolute exposure of the step
wedges on test film.
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Table 2
CALIBRATION DATA FOR AIRBORME PHOTOMETERS

PHOTOMETER | *SPECTRAL MEAN % CALIBRATION CONSTANT
SERIAL No. FILYER WAVELENGTH
Am X | RANGE X 10 RANGE
9 . [ ]

| <400 ' %100A 18.8

| 4500 4590 3.9 85.68

2 5000 5020 18,4 196.7

2 5500 8550 1041 108.0

3 000 080 20.3

s 6500 6528 25.9

" 7500 7810 2.7

" 8300 7950 7.9

¢ 7000 7028 8.4

7 > 0500 9180 2.4

¢ EACH PHOTOMETER CONTAINS “DITIOHAL FILTERS FOR INFRARED REJECTION AND
COSINE CORRECTION.

*THIS FACTOR {1/8,) AIVES THE MMOER OF WATTS ™2 (100 4) -
ROR FULL “CALE (00 DIVISIONS) RECORDER DETLECTION.
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Table 3
CALIBRATION DATA FOR AIRBORNE EXPOSURE METERS

PHOTOMETER *FILTER DETECTOR MEAN **CALIBRATION
SERIAL NO. (WRATTEN TYPE) WAVELENGTH Am CONSTANT
ot ®
1 478 CADMIUM 4450A 0.61
SULPHIDE
8l CADMIUM 5450 0.16
SULPHIDE
29 SILICON 7900 4.5
2 478 CADMIUM 4us0 0.74
SULPHIDE
L] CADMIUM 5450 0.08
SULPHIDE
2 SILICON 7900 7.7

COSINE CORRECTION.

EACH PHOTOMETER CONTAINS ADDITIONAL FILTERS FOR INFRARED REJECTION AND

** THIS FACTOR (1/8,) GIVES THE NUMBER OF WATTS w2 (3rerADIAN)=!
(100 A)=! FOR FULL SCALE (100 DIVISIONS) RECORDER DEFLECTION.

Teble §

CALIBRATION DATA FOR TOTAL IRRADIANCE PHOTOMETERS

PHOTOMETER CALISRATION
SERIAL CONSTART
no. INDICATOR (11%9) wmITe
5 RECORDER 1406 (X 0.1 RAGE) | WATT 2 pER
(A1RDORNE) RECORDER D1VISIO0N
18.71 (X | RANOE) WATT 2 pER
RECORDER DIV18108
| NICROMMETER | 0.208 wATt 02 pee
(erouip) NICROANP DEF ECTION
2 NICRONMETER | 0.20% wart w2 re
(erouND) . MICRON® DEFLECTION
3 NICRONMETER | 0,308 wATT W2 per
{eROUND) MICR0ANP DEFLECTION
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V. EVALUATION OF FILM PROCESSING PROCEDURES

A. GENERAL APPROACH

Carefully controlled processing of the aerial photographic film is of
great importance. Because quantitative data are obtained from the photographic
film by the use of the densitometer measurements, any variations in the film
density due to variability in the processing procedure result in errors and
scatter in the data. In order to minimize this potential problem area, a
special study on the film sensitivities and processing control was made during
an early phase of the program. The film manufacturer (Eastman Kodak)
assured us that film sensitivities as given in their published data are closely
maintained as a result of their quality control procedures and that the primary

variations that might occur will be due to variations in the film processing,

It was planned that most of the film used on this program would be
processed at the Rome Air Development Center (RADC). Therefore, a series
of experiments was conducted at RADC to aasess the repeatability of the
processing procedures. Black and white film is processed in a Versamat
processor (manufactured by Eastman Kodak), and color is processed in a
Fairchild-Smith roll film processor.

To test the Versamat processor, several rolls of each of the types of
the black znd white film used in the 70 mm cameras were selecved for the
experiments. Sensitometric step wedges were placed on each roll of film
using unfiltered as well as filtered light in various regions of the spectrum.

A series of processing runs was then made using these exposed film strips,
carefully recording the various settings and temperatures used in the
processor. The developed film was then analyzed by measuring the densities
of the step wedges and plotting the corresponding D-log E curves. The
results of the tests, which are detailed in the next section, indicate that
excellent repeatability and control could be maintained with the Versamat
processor. Because no quantitative measurements were planned for the color
film, a complete and thorough analysis of the Fairchild-Smith processor was
not performed, althoagh the processor settings, developer temperatures, etc,

were recorded for future reference.
68 VE-1931-D-4
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B. RESULTS OF PROCESSING CONTROL EXPERIMENTS

The photographic processing control experiments were conducted at

RADC to provide quantitative data on the following:
1. Time-gamma relationships
2. Gamma as a function of actinic wavelength

3. Inherent film and machine gamma variations

Tests were conducted using the following Eastman Kodak films:
Plus-X Aerocon 8401, Tri-X Aerocon 8403, Special Panatomic-X Aerographic
SO-136, Infrared Aerographic 5425, Royal-X Pan (Spec. 483) and Photoflure
Blue. Qualitative tests were made on the color processing procedures using

Eastman Kodak films Aerial Ektachrome 8442 and Ektachrome Infrared Aero
(camouflage detection) 8443.

To analyze the results of the processing control experiments, D-log E
curves were first plotted for each of the step wedges placed on each roll of
film. The series of step wedges placed on each roll of film were made without
a filter and with a series of filters so that the wavelength variations in gamma
could be ascertained. This series of step wedges was then repeated at intervals
of four feet along the entire length of the roll of film. For each of the D-log E
curves, the gamma values were measured using a gamma meter designed to

compute:

" Adensity
Y= —ALgE

at the 0. 3 maximum gradient point on the D-Log E curve. The quantity E
is the exposure and is equal to the product of incident light intensity and
exposure time. The experiment was repeated for several rolls of film
using different settings on the Versamat corresponding to the processing
times recommended by Exstman Kodak.

Two potentially important problems were uncovered during this
calibration and assessment of the Versamat processor which should be noted.
First, the Versamat processor has an automatic developer replenishment
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eystem which will affect Athe resultant value of gamma, if the replenishment
rate changes during the processing. Secondly, the recommended processing
cycles for Infrared Aerographic film were found to be incor~ .ct since the
emulsion for this film had been changed by Eastman Kodak after the manufac-

ture of this particular machine, and the users had not been notified,

From the results of the processing control experiments, a series of
graphs were prepared which showed the machine settings required to obtain

*
the Jesired gamma values for each of the films as a function of wavelength.

Additional results from the processing control experiments were
obtained from the D-log E curves for the various films used. Those curves
shcwed the useful log E range (dynamic exposure latitude) for each film/
filter/processing time combination. This information was then factored into
the mission test plans to aid in selecting the cameia settings which would be

needed to record the anticipated range of radiances for targets on the ground.

C. FIELD OPERATIONAL EFFECTS

For the field operation, standard darkroom development procedures
are followed since the film developed in Thailand is used only for qualitative
assessments, Thus, no special evaluation of field darkroom operating

procedures was made.

Because most of the film exposed in Thailand is shipped to RADC for
processing, the film handling and shipping procedures were studied to insure
that proper control of imagery can be maintained. A procedure was prepared
and an experiment initiated tc assess any handling or shipping proﬁlemo which
might occur during the operational phas: (Phaee II). The experiment utilized
IR Aerographic film, which is most sensitive to environmental variations.

-

*During the Phase II operation, machine setting curves have been continually
updated to allow for a closer control in obtaining the desired values of
gamma. In addition, procedures have been initiated to compensate for the
apparent aging effects on the imagery which yielded a higher value of gamma
than desired. This aging effect was noticed on the first batch of film
received from Thailand.
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Stepwedges were exposed on the first half of each of the 35 mm rolls of film
us2d in the experiment. Control rolls were kept under refrigeration at CAL
while the remaining rolls were shipped via Air Mail to Bangkok, Thailand.
After various time intervals during a several week period, rolls of film were
removed from refrigerated storage in Bangkok, kept at ambient conditions
for 72 hours, and returned via Air Mail to CAL where they were processed
along with the control rolls after exposing additional stepwedges on the last
half of each roll.

Analysis of the results of this experiment indicated that a definite
increase (10% to 20%) in gamma occurred for the initial stepwedges over the
final ltepwedgel. These results could not be correlated with environmental
factors since the control rolls kept at CAL showed an increase in gamma
similar to the rolls shipped to Thailand and back, * The incrcane appeared to
be associated more with the time between exposure and processing than any

gnvironmental factor,

*The first skipment of film from the Phase II tests also showed an increased
gamma (about 2.2); ensuing shipments of film were processed sc as to
compensate for this aging effect to obtain a more desirable gammas (~1.8).
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VI. ZONE OF THE INTERIOR (ZI) SYSTEMS TEST PROGRAM

A. GENERAL

Bv the end of September 1964, all of the camera and photometric
equipment had been calibrated, airborne equipment was installed in the
HC-47 aircraft, and ground support equipment and targets for the field crew
were on hand. Darkroom and maintenance equipment to be used later in the

field laboratory in Bangkok was set up for operation.

The various airborne equipments had been tested in the laboratory (dis-
cussed in preceding section) in preparation for installation in the aircraft. A
complete checkout of the photographic system installed in the HC-47 aircraft
was made in three phases: systems tests and preliminary flight tests at CAL
after equipment installation, flight testing at the University of Michiyan and,
finally, a composite systems flight test at Wright-Patterson Air Force Base.

The basic objective of the ZI test program was to calibrate and perform
operational tests on the complete photographi~ system and to ascertain the
ability of the system to achieve the technical objectives planned for Phase II
The purposes of the CAL tests were to achieve proper operation of all photo-
graphic and photometric sensors, and to assure that there were no environ-
mental interference pioblems. Tests at the University of Michigan were to
determine the influence, if any, which the operation of the photographic sub-
system might have ou the operation of the infrared sensors and vice versa.
Finally, the tests ac WPAFB were intended to demonstrate acceptable per-

formance of the combined systems to the Air Force.

The operational tests at CAL included the synchronous operation of
all cameras, alignment of the cameras' optical axes, calibration che« ks and
a complete preflight check. In addition, environmental factors such as
vibration, noise, cross talk, and radio interference with the standard air-
craf. equipment were ascertained. The ground-suppott operations were
conducted to test operational procedures and to determine pioper calibration
data through the usé of the CAL-fabricated targets and ground photometric
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measurement3 as required for data analysis. These tests also aiforded an
opportunity to chack out the equipment and the film processing procedures to
be used in the field darkroom, as well as those to be used at RADC. Finally,
the photographs were scrutirized by photointerpreters. Microdensitometry
and other data reduction was performed as required, and data analysis pro-

cedures were tested.

The tests at the University of Michigan and at WPAFB basically dupli-
cated the initial systems tests but were directed toward an evaluation of

particular problem areas.

B. SPECIFIC TEST OBJECTIVES

The ZI Test Frogram was intended to check out the complete system of
equipment, to provide an operational systems test and to serve as a training
program for personnel for the collection of data in Thailand. A summary of
specific objectives of the tests is presented in Table 5. This table also gives

the locations where each of the tests was conducted.

Tablu §
SUMMARY OF ZI TEST OBJECTIVES
TEST SITE
OBJEETIVE L e | worm wA
EQUIPHENT OPERATION X X
PESOLUTION X 1
SPECTRAL REFLECTANCE ] A
ANGULAR NEASUREWNT X X
SPECIAL INTERPFETATION X
IMC OPERAT LW X
VISRATION X
RADIO |STERFERENCE X
PHOTOSRAPHT OF STTAIL TAROETS X ] X
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C. DESCRIPTION OF THE GROUND TARGETS

A set of special ground control targets was designed and constructed
at the Laboratory for nse at the three test sites. Figure 35 is a photograph
of the targets set up at the CAL test site in Wilson, N. Y. The point source
target, consisting of a 14-inch-diameter, silvered-glass sphere mounted on
a low-reflectance, dark gray backgzound, was for use in determining uncom-
pensated image motion or vibration effects from the aerial photographs. The
spectral control targets consisted of.two 8-foot square plywood pancls, one
painted a dark diffuse gray, the other, a light diffuse gray. The "unknown'
spectral target was a 4 x 8-foot plywood panel upon which a four-foot, a

two-foot and a one-foot yellow square were painted on a dark gray background.

The primary resolution targets consisted of a low contrast and a high
contrast standard bar chart with bar sizes ranging from 1-1/4 inches to
less than 5/16 inches in width. On the panel upon which the low-contrast
resolution target was mounted, a one-foot and a two-foot light gray square
were painted on a dark gray background to demonstrate that a 1-foot-square

target could be resolved by the 52 mm lens in the KA-61 cameras.

For the tests on penctration angle measurements, a 1500-foot string
of lamps was used at the CAL and University of Michigan test wites.

Several additional targets were available during the tests at the
University of Michigan. These consisted of: red, white and blue canvas
panels, a canvas resolution target (bar sizes down to 6 inches in width) and
a 20-inch-diameter polished :luminum sphere point source. Several Army
vehicles: an M-48 tank, a tracked prime mover, a 3/4-ton truck and a
2-1/2-ton truck were alio moved into the target area. The University of
Michigan test site is shown in the piistograph, Figure 36.

At Wright-Patterson Air Force Base, the test program included flights
over *he permanent resolution targets consisting of low, medium and high
contrast targets with bar sizes as follows:

Medium Contrast 2 ft. 6-1/4in. to 1-3/16 in.
High Contrast 5ft. 7-1/8 in. to 1-3/16 in.
Low Contrast 2ft. 6-1/4 in. to 1-3/16 in.
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At the Wright-Patterson Air Force Base Test Site the red, white and
blue canvas panels, and a 10 foot by 100 foot ten step gray scale target were

also photographed. Figure 37 is a photogragh of this test site.

D. DISCUSSION OF zI EXPERIMENTS AND RESULTS

1. Equipment Operation

Proper operation of \he photographic subsystem and compatability
of this equipment with other aircraft equipment was a primary objective of
the ZI Test Program. The equipment in the system has been described in
detail previously in Section III. The airborne system consists of: twelve
KA-61 cameras to be used to gather imagery for spectral analysis; four
KB-8A cameras to provide high resolution coverage for photointerpretation;
the KA-52 panoramic camera for angular coverage of the photographic test
area; an upward-looking total irradiance photometer being used as a spectral
exposure meter; four spectral photometers to determine spectral variations
in solar irradiance; a downward-looking exposure meter for the interpretation
cameras; and the control console and appropriate recording equipment. The
field crew equipment used to support the flight operations consisted of the
ground photometers and various meteorological instruments previously des-
cribed. The operations were also supported by field laboratory darkroom

and maintenance equipment.

Operator tests to improve the operation of the airborne equipment
were conducted during the ZI flight tests. Some minor changes were made,
such as: replacement of switches in the control console to withstand higher
loads, attachment of additional grounding straps in the control console, and
addition of a warning light to assure that the camera door was open before
camera operation began. In general, the performance of all airborne equip-
ment was good afteyx this initial series of flights and some minor adjustments.
Perfarmance of all ground support equipment was satisfactory. Results of
some environmental tests and specific camera performance will be discussed

in ensuing sections.
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2, Resolution Tests

Camera resolution was initially tested for each camere during
the ‘Laboratory calibration tests prior to installation in the airplane. For
example, the KA-61 cameras had each been tested with several of the
narrow bandpass spectral filters in order to select the best camera/filter
combinations to yield highest resolution. Laboratory re solution tests were
also performed for the KA-52 and KB-8A cameras. After ¢quipment
installation in the HC-47 aircraft, additional resolution tests were performed
by taking aerial photographs of standard bar chart resolution targets located

on the ground.

The most critical resolution test for the photographic system was
performed during the Wright Field flight tests. Figure 38 shows copies of
some of the best negatives from these tests. The first bar (largest) on the low
contrast target (upper left-6 inch lens)is only 1-3/8" wide. In the other three
frames the bar size for the large low contrast resolution chart varies by
a factor of the sixth root of two from a width of 2 ft. 6-1/4 in. down to 1-3/16
inches. The pattern with bar width of 4-1/4 inches (pattern No. 18) could .

be readily resolved with the lenses used. The actual resolution on the nega-
tives exceeds that shown in the reproductions presented here and was con-
siderably better than the one foot ground resolution established as a design

objective.

Figure 39 shows the distribution of resolution values at different
off-z2xis positions achieved with three of the KA-61 cameras in the visible
region of the spectrum for the medium contrast targets at Wright Field.
Since the distributions were essentially similar for the image positicns
considered, an averags resolution was used for the system. In this case

the average photographic ground resolution was 6 inches. This means that
for a standard resolntion chart, a 3 inch bar can be seen,

Table 6 shows the average resolution of the KA-61 cameras
expressed in lines per m!llimeter. A resolution value of 19 lines per
millimeter is approximately equivalent to resolving a 3 inch bar on the
ground targets at an altitude of 500 feet. The rzsults for KA-61 cameras
#11 and #12 were below expectations. After completion of the ZI tests,
but prior to shipment of the equipment to Thailand, these two cameras
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were refocused and retested in the Laboratory. The focus was readjusted with

lens shims for cameras #11 and #1.2 so as to increase their low coatrast

resolution to about 16 lines per millimeter and 22 lines per millimeter res-

pectively.
Table 6
Z! RESOLUTION CALCULATIONS: SUMMARY
Ty resoLuTion (£/dam ) *RESOLUTION
CARERA HIgH HED 1 UN Low (AwAR)
NUMBER FILM FILTER CONTRAST | CONYRAST | CONTRAST | LAD-CALIS.
I PLUS-X MINUS BLUE 26 7 18 24
2 EXTACHROME | COLOR BALANCE pL) 2% 15 2
3 T 75 K 16 17 . T
" PLUS-X 500 R 29 21 10 "
s PLUS-X 5000 & N0 DATA 14
s PLUS-X 5500 A 18 20 " 20
7 PLUS-X 6000 & 22 2 13 87
s PLUS-X 6500 } 20 21 1 82 ' '
) i 7000 & 22 29 T 2
10 1) 7800 } 19 T s 20
" T s000 X 1 12 ' Thad ’~
; 12 I 8625 A 1) 12° 3 22**
l
| “AWAR USING LOW CONTRAST RESOLUTION ' |
TARSTT MURING LABORATESZY SALIGRATION X |
*SINAL LAD CALIBSATION AFTER CONPLETION OF 21 TESTS ‘
&
B
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The resolution results presented in the table were achieved using
the film/filter combinations which will normally be used on spectral flights
during Phase II of the program. Infrared film was used in the camera
filtered for the band in the vicinity of 3800 A because in this spectral region
the sensitivity of the IR film is more nearly equivalent to that of the other
filme used with their respective bandpass filiers. Most blue sensitive films
which one might normally select for this (blue) region of the spectrum have

too Ligh a gensitivity in the 380C A band, and would require different camera
exposures. This would introduce an undesirahle difference in ground reso-

lution between this camera and the other eleven.

3. Spectral Reflectance Experiments

Data foi' the spectral experiments were obtained primarily with
the KA-61 cameras. These cameras have an £/3.5 Kalimar lens which has
a nomin:.! focal length of 52 millimeters. Shims were ueed in the labcratory
tests to adjust the focus on each camera to obtain the optimum resolvtion
for each lens with the narrow bandpass spectral filter with whick it would be
used for the spectral experiments. Table 7 ﬁiesentl data showing the film
and filter combinations normally used for the spectral experiments. The
center wavelengths for the spectral filters are shown, the bandpass being
approximately 500 A except for the first (3875 A) and the last (8625 A)
filters which are broader band, but are employed as cutoff filters which
effectively give a 500 A bandwidth when the spectral characteristics of the
filrn ure considered. '

~ e data for trial determinations of the spectral reflectances of
"ynknown ta. gets'' were obtained from microdensitometer scans of film ob-
tained on two ZI test flights. Sensitomeiric control was obtained by putting
step wedges on each end of each roll of film using the madified sensitometer
which allows light to be filtered through the same filter type as that used on
the camera.
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FILM/FILTER COMBINATIONS FOR SPECTRAL EXPERIMENTS

KA-61 CAMERA WUMBER FIL: TYPE FILTER
| PLUS-X MINUS BLUE
(EQUIVALENT TO WRATTAR #18)

2 EXTACHROME | COLOR BALAMCE

3 i RFRARED 3075 A

" PLUS-X 4500 A

5 PLUS-X 5000 A

) PLUS-X 5500 A

7 PLUS-X 0000 A

s PLUS-X 6500 A

» 5 INFRARED 7000 A

10 INFRARED 7500 A

1 INFRARED 8000 A

12 INFRARED 8625 A

Spectral data were analyzed by scanning the images of the
spectral target (i.e., the yellow panel) and the two large spectral control
panels (light gray and dark gray) with an Ansco Model 4 Microdensitometer.
All scanning (target images and step wedges) was done with a fixed set of
optics such that variations in density with numerical aperture of the scanning
optics would not be a problem. The se data along with D-log E curves obtained
from step widgel on the ends of each roll of film can be used to compute the
lpcctx:al reflectance of any unknown target. A Beckman Model DU
Spectrophotometer was used in the laboratory to ascertain directly the
spectral reflectances of all three panels by scanning a small sample cut out
of each panel. As a test of the system performance, the spectral reflectance
for the yellow target, computed from measurements on the filtered images,
was compared with the spectral reflectance of the target panel as measured
on the spectrophotometer.

The first data were obtained from Flight #4 at CAL's Wilson,
N.Y. Test Center. Due to either camera failure or gross exposure error,
four of the ten spectral frames could not be used. Figure 40 shows the
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relationship betiveen density and the log of relative exposure for each of the
smectral cameras used in the test. Table 8 gives the spectral data from the

r--

Wilsou flight.

: Table 8
SPECTRAL DATA FROM WILSO® FLIGHT

TARGET DENSITY SPECTRAL REFLECTANCE

FILTER | DARK | LIGNT DARK LIGHT
ORAY | @RAY | YELLOW  GRAY GRAY | YELLOW

4500 A 1.72 | 3.8 1.15 0.085 | 0.705 0.0%
%000 0.78 | 2.69 0.91 0.085 | 0.665 0.09
$000 0.72 2.9 2.% 0.055 | 0.610 0.60
6500 0.11 i.11 1.27 0.080 | 0.5080 0.70
7000

%
0.21 1.65 2.0l 0.050 | 0.670 0.¢68
7800 0.56 2.08 2.18 0.045 | 0.908% 0.6%
Reflectance values may be computed using the following relation-
ships:

E = “n/‘i(%)ni"‘n

i,n
where Ei & is expceure for the ith target for the nth filter,
1] » :

&« is a comstant independent of the target,

/‘i( 3)‘ is a reflectance of the iﬁ'mg‘t at Ay
"a is a constant representing the flare and
scattered light contribution to the exposure.

To compute the reflectance &, & , and E must be known,
Using data from two ground targets of krown reflectance in the vicinity of
the unknown target, one can determine ths reflectance from a set of three

equations for the three targsts:

ny.n "n/‘,y(z'n) +"n

Npm———-
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E =:dn"’w(kn) +/n

w, n

EB,n =dn/B(1n) +ﬁn

For the three equations, the three unknowns are « n’ V-4 n'’ and the unknown
reflectance, designated here by .~ Y( A n) . The other two reflectances,

/@ and o w' 2Te the reflectances of the two control panels and are known.
The exposures (actually, the relative exposures) are determined from the
microdensitometer data for the D-log E curves.

-

It can be seen from the spectral data for the Wilson Flight in
Table 8, that the density values sometimes exceed the highest values in the
corresponding curves in Figure 40. When this occurred, the D-log E curve
was extrapolated upward. The "known' reflectance values of Table 8 (dark
and light gray) were taken from the curves of Figure 41 and the unknown
reflectance (yellow) was computed from the set of equations above. The
resulting values are compared to the spectrophotometer curve for the yellow

panel in Figure 42.

It was noticed during the performance of the above tests that

while reflections from the dark and light gray penels were diffuse, the

reflection from the yellow panel was highly specular in spite of efforts to
obtain a diffuse surface. This mesns that the value of reflectance can be
quite sensitive to small diffsrences in the measuring geometry, such as
might exist between the illuminating and detection angles of the spectrophoto-
meter and the actual flight geometry. For this reason a new yellow panel
was constructed using a different yellow paint. The second set of spectral
data was obtained from Flight #6 at Wright-Patterson Air Force Base using
the new yellow target along with the 'wo gray targets. As in the Wilson
Flight, camera failures and exposure errors occurred and only seven of the
ten frames were usable. The relative D-log E curves are shown in -

Figure 43 and the Wright Field data are given in Table 9. The new computed
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values of reflectance are compared to the spectrophotometer curve for the
new yellow panel in Figure 44. The new data points are in better agreement
with the expected curve than are those shown in Figure 42.

Table 9
SPECTRAL DATA FROM WRIGHT FIELD FLIGHT

FILTER TARGET DCNSITY SPECTRAL RSFLECTANCE

DARK Liant YELLOW DARK LIGKT YELLOW

SRAY aRAY GRAY aRAY
8000 A 2.53 s.8 2.82 0.065 0. 108 0.08
¥500 0.78 2.9% 0.70 0.008 0.708 008
5500 .09 .99 .23 0.080 0.6%0 0.59
600¢ 1.2¢ .57 s.58 0.086 0.810 0.62
7000 0.0" 3.08 .22 0.080 0.870 0.82
7800 .38 3.05 3.18 0.045 0.506 .81
9000 0.88 2.9 2.68 0.0%0 0.5%0 0.83

Another result demonstrated by analysis of the data from the
spectral reflectance experiments was the reversal of contrast as wavelength
changes. In Figure 45, the reflectance measurements made with the
spectrophotometer in the laboratory for the light gray panei. the dark gray
panel, and the yellow panel (from Wilson Site) are plotted. From these
curves, one would predict that at, say, 7500 A the contrast of a yellow
object against a dark gray background will be positive (light object against
dark background). Furthermore, at, say, 4500 A one would predict that »
yellow object against a dark gray object should have a negative contrast (dark
object against light background). Thene predictions are verified by comparing
in Figure 46 the reflectances avident for the various targets shown in the four
simultaneously exposed frames taken from the various spectral bands indicated.
The imagery was obtained during the Wilson flight tests.
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4, Angular Measurements

One of the tests to be conducted in Thailand iz the dstermination
of whether or not there are preferred angles for photographing targets under
a jungle canopy. In several of the ZI tests the objective was to show that
angular measurements could be made either by using a grid over the negatives
from daylight photographs with the panoramic camera or by taking nighttime
photographs of a string of lamps located at predetermined positions. The
KA-52 panoramic camera used Plus-X filr for the daylight flights and Tri-X
film for the night flights. The results of the experiment indicated that angle
measurements could indeed be made from either daylight or night flights and
a grid was constructed for use with negatives from the panoramic camera.
Figure 47 shows one frame from a KA-52 Panoramic camera daylight fligh*
with the angle grid overlay aligned for angle measurements.

5. Speciai Interpretation Experiments

Experiments were conducted during several of the flights to obtain
data upon which some of the special photointerpreter tecnriques could be
tested. Of course, none of the techniques could be satisfactorily tested
beczuse of the lack of appropriate tropical environments, a lack of appropriate
counterinsurgency targets, and the lack ol such special situations of, say,
an appropriately simulated ambush situation. Photography was obtained,
however, using the various lenses for the KB-8' cameras to obtain multi-
scale photographs. Various films and broadband filte 's were used in the
KB-8A and the KA-61 cameras in order to determine that proper exposures
and settings could be made so as to effectively perform the broadband and
special film tests. The ability of the KB-8A cameras to be adjusted so as to
take photographs at different oblique angles was functionally tested to
demonstrate that the camera mount for these camerss could by adjusted
both in agimuth and elevation over the desired angular ranges.

The use of special techniques fur observation of detail in shadow
areas was teeted by using various combinations of filters, films and ex-
posure settings., Figure 48 illustrates the application of blue light photography
to enhance target detection in shadow areas. Enlargements are presented of
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Figure 47 PANORAMIC FRAME WITH ANGLE GRID OVERLAY
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Figure 48 APPLICATION OF SPECTRAL REFLECTANCE D!FFERENCES TO REAL TARGETS




the same section of four frames which were simultaneously obtained with the
KA-61 cameras in four different spectral bands. Because a better exposure
balance between shadow and sunlight areas can be achieved at shorter wave-
lengths, the images of objects in shadow areas would be expected to have
higher contrast in the blue region of the spectram. Figure 48 shows that ob-.
jects in the shadow of the garage can be more readily detected in the 4500 A
photograph than in the other photographs. This principle is to be used during
Phage II of the program to study photographic detail in shadows.

6. IMC Operation

During the preflight systems tests of the KA- 61 camera bank of
twelve cameras, their capability for image motion compensation (IMC) and
their capability for synchronous operation was tested. In addition to these
ground tests, however, the operational capability of the bank of cameras
to achieve proper IMC and synchronization was again checked duriag the
Z1 flight tests. The IMC tests showed that the largest observed errors
resulted from gusts and crcsswinds which prevented establishing 2 constant
ground speed on the basis of the measured airspeed. Adeguate ground
resolution was achieved on most of the photographic passes by using the
calibrated IMC setting, but some blurring due to uncornpensated motion
did occur. The need for "repeat" passes under severe wind conditions
became evident from the ZI tests.

As noted earlier, the result of the preflight tests indicated that
all cansras were within one millisecond of synchronization except for one
camera which was later assigned the role of the camera used for field
determination of proper exposure settings, where synchronization with the
remaining cameras was unimportant. From the flight test data, scrutiny
of the simultaneous photographs from &ll twelve cameras revealed that the
combined errors which might be attributed to either lack of synchronization
or an error in alignment of the boresight axes of all twelve cameras was
hardijr measurable.

98 | VE-1931-D-4
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- 7. Vibration Environment

d Review of the first films obtained in the Z1I flight tests indicated
some degree of blurring of the point source which could be attributad to

i vibrational effects. In order to further assess the effects that vibration
would have on the photographic imagery, camera vibrations were purposely '
induced, while exposing film b\y varying the airspeed and camera cycle rate,
by lowering the KB-8A camera group into the airstream to a maximum
extent, by loosening camera tie down bolts, or by simultaneously operating
all cameras in the aircraft. The series of tests indicaw.? that the vibration
detected in the photographs was of a random nature and could not be

attributed to any of the specific operating conditions generated. The tests
also showed that the magnitude of the vibration blur would not prevent the
system from achieving the resolution required for the program.

8. Radio Interference Effects R

To determine the effects of radio noise and interference, two
operational flights were conducted at the University of Michiga=. No mutual
interference problems between the CAL photographic subsystem equipment
and the University of Michigan infrared equipment were detected, and

{ satisfactory simultaneous operation of the equipment was achieved. The

{ high frequency radio transmitter installed in the aircraft did, however,
cause noise to appear on the Michigan equipment and on the recorded photo-
meter data in the photographic subsystem. This interference can be avoided
during Phase Il by prohibiting the use of the high frequency transmitter
during the period when the camerzs are operated.

9. Photography of Detailed Targets

Figures 49 through 53 are reproductions of aerial photographs
taken at various of the target sites in order to demonstrate that detailed
target photography cin be achieved with :he photographic subsystem developed
under this program. Figure 49 shows one member of the field crew seated
in the target azea. Figures 50 and 51 shows members of the ground crew
in the target area looking up at the aircraft. Figu/n 52 shows three photographs
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Figuic 49 PEXSON RECLINING 6" XB8A



Figure 50 PERSON BENDING BACKWARD AHD STANDING
6" ¥a8A
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Figure 51 PERSON KNEEL ING/ STAND ING

6" KBSA

102 VE-1931-D-4




€0t

P-a-1€61-3A

1.6" LENS 3" LENS

Figure 52 COMPARISON OF KB-8A PHOTOGRAPHS USING

" LENS

DIFFERENT LENSES
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Figure 53  ARMY VEHICLES AT UNIVERSITY OF MICHIGAN
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of a group of people in the target area obtained simultaneously with the
L 1-1/2 inch, 3 inch, and 6 inch lenses on the KB-8A camerss. The remaining
figure demonstrates the ability of the system to vhotograph in detail such
targets as the army vehicles shown.
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VIL. SUMMARY AND CONCLUSIONS

Phase ] of Project AMPIRT was essentially qoncluded at the Cornell
Aeronsutical Laboratory with acceptance of the photographic subsysten: by
the sponsoring agencies at a briefing at RADC in mid-December 1664,
Subsequently, all equipment was removed from the aircraft, packaged in
water-tight reusable shipping containers to meet AF level "A'" protection
for overseas shipment, and shipped to Thailand for the start of the Phase II
field tests. Accomplishments of Phase I have been discussed in this report

and may be summarized as follc ws:

1. Systems engineering for the photographic subsystem was performed
to design the system and test program to evaluate various photo-
.graphic techuiques and photointerpreter techniques which have
potential promise in enhancing detection of counterinsurgency-
type targets in a jungle environraent.

2. A Phase II test plan for iinplementing the program objectives by
gathering the required photographic data in Thailand was drafted
to define specific mission objectives and establish equipment

requirements.

3. Necessary equipment was procured or febricated to synthesize
the photographic subsystem. Included were the aerial cameras
snd photomsters, aireraft mounts for the airborne equipment,
<centrol targets and ground support equipment for field crew usc
at the target sites, and tools, supplies and maintenance equipment
for laboratory support in Thailand,

4. All cameras and photometric equipment werse calibrated in
laboratory tests.

5, An evaluation of necessary film processing procedures wasc made
by & series of controlled sxperiments.
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6. After installation of airborne equipment in the HC-47 aircraft
" and avection of control targets, ZI flight tests were conducted
for systems testing and demcastration of performance.

1. Anslysis of results from the ZI tests has thown acceptable
performance of the antire photographic subsystem to the extent
possible using the simulated targets and ZI environments.

VE-1931-D-4




s rf_‘; "--f. ,
i e o - Rl LR = ‘
o . ;*1‘% ‘
.
-
¢ .JL;
¢ 9
t REFERENCE
1. Phase 11 Test Plan for Project AMPIRT (ARPA Multiband Photographic
and Infrared Reconnaissance Test Program), Interim Special Report
_No. 1, VE-1931.D-1, Cornecll seronautical Laboratory, Inc.,
29 January 1965. ‘ s 9 e
.
N N
Pl W
L
4
‘ i






