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FRONTISPIECE. The Fairchild KC-6A 6-inch aerial camera containing the Geoeon IV lens fabricated by
Kollsman Instrument Corporation.
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Aerial Cameras for Color
The use of color will be a major contribution
to the enlarging field of photogrammetry.

J~TRODUCTION

I F WE VIEW THE life span of aerial photogra
phy. we observe that black-and-white film

has been used almost exclusively to record
images of the terrain. Super XX Aerial Film,
Plus X, and Panchromatic X have been the
reliable "work horses". Barring gross prob
lems, repeatable results of familiar quality
could ah\'ays be predicted. On rare occasions
during the first half of the last decade color
would be used and then, if photographic con-

* Presented at the Annual Convention of the
American Society of Photogrammetry, \-"ashing
ton, D. c., :\Iarch 1967 under the title "The Re
quirements of Photogrammetric Aerial Color Cam
era n.
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ditions for exposing and processing were "just
right", the results were impressive. In addi
tion to esthetic appeal, photogrammetrists
found that there was more information from
color and a greater certainty of the position of
the terrain objects. Such results led to the in
creased use of color by knowledgeable re
searchers and photographers giving what
Smith l termed "a new dimension in aerial
photography. "

The trend to color and infrared photogra
phy began and gained strength. More scien
tific researchers and photogrammetrists em
ployed it and pu blishedlaudi tory articles. One
can now say with certainty that these color
sensors will playa leading roll in our photo-
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gram metric future. I t seems appropriate at
this time, therefore, to review the technical
requirements of the various equipments and
processes of the reconnaissance and mapping
complex; to establish the present capability;
and to direct efforts toward the im provemen t
of new equipment and techniques that will
support and further assist color photography.
\\'ithin this framework, this paper will limit
itself to selecti ve functions of aerial cameras
associated with the use of color and infrared
film and to a discussion of the laboratory tests
that pro\'e the characteristics of these func
tions.

THE PHOTOGRAPHIC SPECTRUM

The electromagnetic spectrum for aerial
photography roughly covers the range from
300 to 1,000 milli-microns. As a comparison,
the human eye begins to respond around 380,
response peaks at 540, then falls off rapidly in
the orange-red. Complete cu t off occurs at
abou t 700 milli-microns (Figure lA).

The curve for black-and-white film repre
sented by Plus X, (Figure lB) is open ended
at 400 milli-microns and cuts off at 720. The
recorded energy is substantially uniform over
this region. The characteristics of the #12
minus-blue filter are also included as they are
usually employed with black-and-white film.
As can be seen, the transmission curve of the

The Color Photo

on the

Front Cover

was taken over the

Grand Canyon, Arizona,

with a Fairchild KC-4

camera equipped with

a Geocon I lens

from an altitude of

40,000 feet

thereby sharpen image contrast. By referring
again to Figure 1B, which shows the spectral
characteristics of the combination for the
minus-blue filter used with Plus X film, it is
possil Ie to predict the range of color objects
which will be recorded. Because the filter re
jects light below 500 milli-microns, blues
against blues for instance, or blues against
greens may be partially or completely lost in
the black-and-white negative. This, however,

ABSTRACT: In order /0 produce correclly balanced color and infrared Ph%g
raphy, as well as black-and-white, an aer·ial photogrammetric camera requires a
"distortionless" lens having good image quality with. color and illumination fully
corrected over /he wide angnlar field, The camera should be serviced with a care
fully selected automatic exposure control system (A EC) such that tlte exposure
latitudes of all aerial films can be met, The lens and AEC -requirements are
discussed and the laboratory tests made to evaluate these camera performance
dill racteristics are described.

minus-blue filter rises on a steep slope about
500 milli-microns and is almost Aat from 520
on into the infrared.

Figure lC shows the cun'e for aerial Ekta
chrome color. It is composed of four layers;
the blue sensitive layer is at the surface of the
emulsion followed by a layer (not shown)
which acts as a yellow-filter rejecting the blue
and thereby presen'ing the purity of the third
and fourth layers, the green and red.

Figure lD shows the infrared film and the
89 B fi Iter which Ii mi ts the recorded spectrum.

In the use of black-and-white film a yellow
filter is usually employed to cut the haze and

is the familiar combination which has pro
duced most of the aerial photographs to date.
It is far from perfect, yet it has served us well
these past 50 years, steadily improving as the
individual components and techniques have
improved.

Suppose, however, an important survey
must be Aown over the white snows of the
Antarctic, or the blue-green jungles of Viet
nam, and maximum information and posi
tional accuracy of terrain objects are essential.
Then, by substituting color film for black
and-white, and replacing the yellow filter with
one which transmits the whole visual spec-
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FrG. I A. The electromagnetic spectrum showing the response of the human eye.
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low-altitude surveying may be accomplished
at reasonable vehicle speeds without loss of
image quality due to forward image motion.

FIG. 1B. The response curve for black-and-white
Plus X film is open ended at 400 mu and cuts off
at 720. The yellow filter limits the lower end.

In the United States the two lenses most
nearly achieving this ideal are the 6-inch
f/5.6 Geocon I and the 6-inch f/5 Geocon IV,
both designed by Dr. James G. Baker. The
former lens (fabricated by both Perkin-Elmer
and the Fairchild El Segundo facility) is
rated at 40 lines/mm AWAR* on Plus X Aero
con and has less than 10 microns average
distortion within a 42tO half field. This lens
is in the Fairchild KC-4 camera which was
used in the Phoenix color test conducted by
the Committee on Color Photography of the
American Society of Photogrammetry in
June, 1966.

The KC-4 is a modification of a Fairchild
KC-1B Camera which substitutes the Geocon
I for the Planigon lens and provides a closely
spaced reseau which is recorded on the film
by small optical projection systems embedded
in the platen, at the same time the open shut
ter cycle records the terrain. The color photo-
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THE ALL-PURPOSE LENS AND
SELECTED FILTERS

The lens rates primary consideration be
cause the quality of photography is com
pletely dependent on it. Such quality is cur
rently rated by the number of lines per mil
limeter the lens will resolve using high-,
medium-, or low-contrast targets, or by its
modulation transfer function. Any lens used
for color and infrared must be fully corrected
over the full photographic spectrum. The
photogrammetric lens must, in addition, be
corrected for distortion. The design of such a
lens approaches the ultimate achievement
while the fabrication requires the highest
quality glass and maximum precision of
machining, centering and spacing of the opti
cal elemen ts.

It is in no sense a simple task to design and
produce a distortionless lens that has:

• High resolution and well defined image qual
ity over the full, wide-angle field.

• Correction for color and infrared both longi
tudinally and laterally over the entire field.

• Even distribution of light, \\'hich is an exceed
ingly important requirement because colors
vary with exposure.

• As large an aperture as possible in order that

trum and the near infrared, the resulting
photography could contain all of the dis
criminating color hues of the terrain in addi
tion to supplying needed information in the
blue region of the spectrum. The use of color
could thereby be the critical key to a com
pletely successful mission.

\\'hat could happen in this fictitious ex
ample has frequently happened in many real
missions. \\'e have only to refer to the work of
Swanson," Anson,3 Strandberg4 and many
others to be com'irKed of these gains. Our
immediate task then is to assure continuance
of successes for all missions usi ng color sen
sors.
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FIG. Ie. Response curve for Eastman Ekta
chrome Aero Film, Type 8442, Kodak process E-3.
Spectral sensitivities SeA) = I/E(A) where E(A) is
the energy, in ergs/cm2, of monochromatic radia
tion at wavelength A required to reduce the dye
image density in the individual layer to an END of
1.0 above minimum density. Data are adju ted to
correspond to an effective exposure time of 1/100
second. (Reprinted by permission of Eastman
Kodak Co.)

graph (Fron t Cover) taken "'i th the KC-4
Camera over the Grand Canyon at 40,000
feet shows the fi ne detail of this rugged ter
rain, detail which "'ould not be differentiated
on black-and-white photography.

Another highly detailed photograph of Los
Angeles, taken by the KC-4 Camera, was
included in Captain Swanson's paper, pre
sented in the 1964 Congress of the Interna
tional Society of Photogrammetry at Lisbon,
as an example of the increased information
available with color. In order to be assured
that color photography of at least the quality
of these two samples can be obtained when
ever weather condi tions permi t, it is the
stated goal of the AS P Color Com mi ttee to
investigate the equipment and methods lead
ing to specifications and laboratory tests
which will certify the color capability of our
mapping equipment complex.

The Geocon IV is the second American
lens referenced. It is fabricated by Kollsman
Instrument Corpol"ation and is mounted in
the Fairchild KC-6A Camera. The optical
requirements of this lens exceeds those of
preYious 6-inch mapping lenses. A resolution
of 45 lines/mm AWAR must be met on Plus X
Aerographic film with distortion and resolu
tion both being e\'aluated within a 90° full
field rather than the 85° field pre\'iously used.
In addition, the tolerance for distortion is 8
microns as compared with pre\'ious specifi
cations of 10 microns for the smaller field
(Fran tispiece).
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FIG. 1D. Spectral sensitivity of Kodak Infrared Aerographic Film, Type 5.+2.+, together with the transmit
tance of the Wratten 89B Filter. (Reprinted with permission of Eastman Kodak Co.)
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The KC-6A is an advanced design having
certain advantages over the KC-4. It has
image motion compensation which not only
red uces loss of resol u tion due to forward
image motion, bu t allows slower and fi ner
grain film to be used. This should greatly in
crease the quality of color photography. It
also has an automatic exposure control which
adjusts the lens apertures and shutter speed
in accordance with the intensity of light re
flected from the scenes being photographed.
As mentioned previously, the camera is
equipped with the Geocon IV lens in which
the computed color correction is superior to
the Geocon J. The design of the Geocon IV is
such that Dr. Baker believes it is capable of
producing SS lines/mm AWAR, high contrast,
on Plus X Aerographic film when the lens is
fully optimized. Both lenses correct the light
distribution with anti-vignetting filters.

Exposure tests, made wi th the KC-4 cam
era prior to the photogram metric survey runs
over the Phoenix test area, provide an ex
ample of the increase in resolution (and image
quality) that can be gained with forward
image-motion com pensation. At slow sh utter
speeds, as can be seen from Figure 2, the
resolution increases with altitude because the

image motion during the fixed exposure time
decreases with increased altitude. Although
the results are easily computed, it is interest
ing to observe the correlation of the data with
theory. I t is proof of the need for image-mo
tion compensation in mapping cameras on
low and medium altitude surveys, a condition
which is emphasized when slow shutter speeds
are used for color film.

AERIAL RECONNAISSANCE CAMERAS

I mage quali ty and color correction are ex
ceedingly important to reconnaissance cam
eras using color, infrared, and false-color
films. The more sophisticated, modern pano
ramic cameras are equipped with lenses
which, in some cases, approach the ultimate
quality termed dig'raction limited. This is pos
sible because the very wide-field coverage
usually in the direction perpendicular to flight
direction-is achieved by either an optical or
mechanical scanni ng technique in conj unc
tion with a narrow-field lens. Even for these
lenses, however, the high performance is
difficult to achieve if color correction is requi
si te over the full visual spectru m and in to the
photographic infrared.

One such Fairchild camera, which is ca-
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FIG. 2. Variation of image resolution with shutter speed and camera altitude illustrating the effect of image
motion. (Fairchild KC-4 Camera, ASP Phoenix Flight Test, June 1966.)
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pableof over 100 lines/mm AIVAR resolution on
Plus X Film in dynamic laboratory tests, is
the F-638 panoramic camera equipped with a
Fairchild 12-inch f/3.8 lens. Although not yet
proved in flight test, photography taken with
this new camera using any of the spectral
sensors should provide increased scientific
and military information at a high acuity
level.

The Fairchild I<A-56 panoramic camera
containing the Zeiss 3-inch f/4.5 Biogon has
produced excellent color on many missions.
Photographs taken with this military camera
over Miami Beach from an altitude of 800
feet as shown in Life Jlagazine's 30th an
niversat'y issue on "Photography" are ex
amples of the greater information which is
available.

EXPOSURE CO:-lTROL

The limited but well defined latitude of
color as compared with black and white
makes it imperative that, after the processing
controls have been selected, the film be cor
rectly and uniformly exposed over the full
format of the reconnaissance or survey cam
era. First, the illumination characteristics of
the lens must be known and, if not uniform,
compensated by some technique. As previ
ously noted, this is usually accomplished in
photogrammetric cameras wi th an an ti-vi
gnetting filter. Similar methods may be neces
sary for reconnaissance cameras where differ
ences in illumination across the field will
significantly affect color balance.

Secondly, the total exposure must be opti
mum so that color film, the most critical sen
SOl', is well balanced. This can best be ac
complished with automatic exposure control
using a photo cell whose response covers the
full spectral range of the film. The lens aper
ture and shutter speed are then varied to
provide the correct quantities of light and
time for each exposure in accordance I\'ith
AEC directions as controlled by the voltage
output from the photo cell.

Laboratory tests of the exposure con trol
system (AEC) usually begin with an exposure
of the photo cell to a source of known, vari
able brightness while obtaining simultaneous
measurements of the cell's voltage outputs.
The camera response to the range of poten
tials is then determined. If it is assumed that
the accuracy required must be at least J stop,
whereas the \'ariation in illumination as
represented by a low-slope, non-undulating,
continuous curve over the format must be no
greater than half that tolerance, these quanti
ties can be evaluated from measurements of

aperture dimensions and shutter speeds; or
preferably, from photographic tests where
processing is rigidly controlled, so that the
indicated film speed rating is obtained.

This latter method which is now being used
at Fairchild for black-and-II'hite film on pano
ramic camera tests has proved to be a success
ful quality control testing technique and evi
dently no difficulty is encountered in employ
ing it for the more rigid requirements of an
AEC color system.

Much work remai ns to be done before
practical specifications can be written and
testing techniques fully defined, but for wide
angle cameras, particularly mapping cameras.
our presen t knowledge shows that inspection
of color cameras mu t include total exposure
with all its contributing components.

ADDITI01\AL CA~'IERA PROBLE~'1S

Other camera functions will need investiga
tion and, perhaps, modification. I n camera
calibration, we may be faced with questions
as to the mechanical characteristics such as
thickness of the colot· emulsion coated on
spectroscopic plates as compared with color
on film base. If differences are found to exist
with respect to distortion, solutions must be
found.

The light source illuminating the collima
tors must be more carefully selected and the
spectrum well controlled when color is used in
laboratory testing. This is not too difficult if
a single collimator is employed or if large
ranges in exposure time are not required for
different cameras. If a number of collimators
are used, as occurs in a calibration array, the
task of maintaining equal spectral and timing
characteristics can become quite complex and
must be constantly monitored.

Methods of exposing film or glass plate
emulsions will also be more critical for color
than for black and lI·hite. \\'hen a lens undet'
goes a through-focus test to select its opti
mum focal position, it is not always possible
to use a between-the-Iens shutter to expose
the film. In some laboratories the exposure is
controlled by turning the lights on and off for
a certain interval of time. In others, exposure
is with Rash. Tests of the camera, on the
other hand, II'ould obviously be made with
a camera shutter defining the exposure inter
val. Again, the difference between the two
tests in the case of color must be proved to be
equivalent in our investigations.

EVES FORWARD

The problems that have been noted are
only a few of many which must be solved
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before the bulk of aerial photography can be
done with mapping and reconnaissance cam
eras that are designed to make full use of our
many spectrally selective films. Plans are
being set up to investigate all links in the
photogrammetric equipment and techniques
chain which contribute to the quality and re
liability of aerial color photography. These
investigations may lead to improvements in
equipment and refinements in testing tech
niques. The latter, supplying detailed in
formation on image characteristics will no
doubt spur our design engineers to greater
achievements.

If we con ti nue to look forward, taking
definite steps to consolidate each technical

gain, there is no doubt that color will be a
major contribution to the constantly enlarg
ing field of photogrammetry.
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