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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. -
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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
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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

14 VE-1931-D-4
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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

16 VE-1931-D-4
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Figure 5 DETAILS OF P-2 CAMERA MAGAZINE MODIFICATION
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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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KA-61 CAMERA SHOWING INTERIOR DETAIL

Figure 6
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Figure 7 CAMERA MOUNT FOR HC-U47 AIRCRAFT
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Figure |l MOUNTING FIXTURE FOF‘! KB-8A CAMERAS
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Figure 12 KB-8A CAMERAS IN MOUNTING F!XTURE INSTALLED IN CAMERA FRAME
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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

28 VE-1931-D-4
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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

34

VE-1931-D-4




PRI TS N TC e W

—

R A

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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Figure 19 MODIFIED SENS|TOMETER
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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 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 .