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What should a human interpreter be expected

to identify from an orbiting vehicle?

(Abstract on page 1012)

INTRODUCTION

HE ANTICIPATED near-future capability of
Toxtcn(led duration manned orbital flights
has generated much interest in the possible
applications of manned space surveillance
stations. Militarily such systems might be
used to provide information related to sur-
prise missile attacks, arms build-up, weapons
deployment, and battle damage assessment.
Numerous scientific applications have been
considered, including the topographic map-
ping of the earth’s surface, geological survey-
ing, urban-area analysis, land-use planning,
air-traffic control, iceberg monitoring, snow
detection, studies of ocean currents and wave
propagation, crop and forest inventories,
astronomical studies, and, of course, weather
observation.

The advantages of using man in space and
the exact role he may be expected to play in
such a system are, as yet, largely undeter-
mined. Some people consider the manning of
space surveillance satellites as an expensive
luxury, because they feel that man’s functions
could be performed more economically with
specially  designed automatic equipment.
Strong arguments can be raised, however, as
to why man should be in such systems. It is
not within the scope of this paper to attempt
to resolve this dispute, but rather to examine
some of the problems and variables that may
relate to successful performance of image
interpretation functions in a space environ-
ment. The anticipated task and training
requirements for such a mission will also be
discussed.

* Presented at the Annual Convention of the
American Society of Photogrammetry, Washing-
ton, D. C., March 1965.

MAN's VisuaL CAPABILITY IN SPACE

The successful performance of image inter-
pretation functions is contingent upon there
being no serious degradation of visual per-
formance capabilities resulting from the un-
usual conditions of a space environment. The
data obtained thus far seem to indicate that
there is little, if any, visual decrement asso-
ciated with short-term space flight (Zink,
1963). Most of the astronauts and cosmo-
nauts in fact reported seeing a finer level of
detail than was predicted prior to the flights.
The reported observations of astronauts who
flew daylight missions over the Southwestern
United States included cities, cultivated
fields, roads, and railroads. Astronaut Gordon
Cooper (1963), who enjoyed unusually favor-
able weather conditions, also reported seeing
individual buildings and a vehicle in the pla-
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teau regions and mountains of India and
Tibet. These objects were thought to be far
beyond the resolution of the human eye. Close
analysis of the reports, however, and their
comparison with appropriate data for ex-
tended targets (e.g., Hecht and Mintz, 1939;
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to see clearly, to think coherently, or to direct
thought processes on the displayed imagery
for sustained periods of time, will degrade his
interpretation performance. Tendencies to
drift into highly personal and emotionally
charged fantasy and loss of confidence in
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Taylor, 1964) indicate that the sightings were
entirely possible for someone with Cooper’s
superior visual acuity (20/12).

Although most of the data about visual
performance during short-term missions is of
an anecdotal nature, there is little reason to
anticipate serious degradation of visual capa-
bilities on similar flights in the future. Little is
known, however, concerning the possible
effects on vision of prolonged exposure to
weightlessness, isolation, confinement, re-
duced sensory inputs, and anxiety. Some of
these variables have been studied singly and
not always with encouraging results. Even if
all such studies yielded no indications of
resultant visual or cognitive impairment, it
would still be difficult to predict what the
interacting effect of these variables might be
on visual and cognitive performance during
long-term flights.

Any inability on the part of the interpreter

judgment will also result in degraded per-
formance. Many of these experiences have
been reported by subjects in sensory depriva-
tion studies. So far, none of the astronauts,
busy with flight plans and experiments during
flight, has experienced anything approximat-
ing a sensory-deprivation condition. It is
conceivable, however, that on a mission of
longer duration, isolation, confinement, and
reduced sensory inputs could have serious
behavioral effects.

The effects of weightlessness on visual
performance during the Mercury flights were
of little significance. It is hoped that this will
continue during longer duration missions. One
possible source of annoyance to the space-
borne interpreter in a zero-g environment
may be the tendency of the muscae volitantes'

1 Specks in the field of vision due to cells and
fragments in the vitreous humor.
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not to sink down spontaneously to the bottom
of the eye globe (Schmidt, 1964).

The general relaxation of muscle tension
resulting from prolonged exposure to weight-
lessness could also effectively lower an inter-
preter's altertness level and therefore his
ability to perform search and surveillance
tasks. Although the provision of artificial
gravity may minimize these and other effects
of weightlessness, the use of a rotating space
platform greatly increases design complexity.

[MAGERY ACQUISITION AND
PROCESSING CONSIDERATIONS

Assuming that visual and cognitive func-
tions will not be impaired during long dura-
tion orbital flights, let us examine some of the
factors influencing the anticipated quantity
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The amount of coverage, and thus the
opportunity for obtaining imagery of desired
areas, also increases as a function of altitude.
As can be seen in Figure 2, at an orbital alti-
tude of 300 miles, which is considered the
minimum altitude level for long-duration
flights, approximately 19 per cent or over
28 million square nautical miles may be avail-
able for viewing at a given instant. In a space
surveillance system containing multiple sen-
sors, the quantity of imagery which theoreti-
cally could be obtained with such vast cover-
age is staggering.

Thus far, we have only considered satellites
with relatively fixed orbits. NManeuverable
satellites, such as the winged reconnaissance
satellite reputedly under development in the
Soviet Union (Fusca, 1964), point out the

Asstract: Polential problems of image interprelation in manned space
surveillance systems include the unique physiological, psychological, display
and information-processing variables affecting inter pretation performance under
the unusual conditions of space. The interpretation task and training require-

ments are anticipated including suggestions for needed research.

and quality of sensor imagery to be processed
by the space-borne interpreter. The quantity
of imagery is determined by the data-acquisi-
tion capabilities of the sensors, the total area
available for viewing at a given instant, and
the frequency with which desired areas may
be viewed. The type of orbit selected for a
manned space station fixes both the upper
limit on the amount of the earth's surface
available for viewing as well as the frequency
with which a given area may be viewed.

As illustrated in Figure 1, a spacecraft may
orbit in an equatorial plane, a plane passing
through the poles, or in planes at intermediate
angles. The equatorial plane restricts the
satellite view area to an equatorial band of
limited width. The polar orbit will enable a
reconnaissance satellite to survey all areas of
the earth's surface except in those cases in
which the orbital period is an integral mul-
tiple or sub multiple of 24 hours (Rosenberg,
1958). The intermediate angle orbit, such as
we have grown accustomed to in the Mercury
flights, traces a wave-like pattern within a
band equally spaced on either side of the
equator.

In Figure 1, orbital path C is shown cross-
ing the equator at an inclination of 40 degrees.
An inclination of 80 degrees will cover all
except the northernmost parts of the USSR,
while an inclination of 50 degrees will cover all
of this country except Alaska.

variety of surveillance systems and orbital
concepts that can be utilized. The Russian
satellite has the projected capability of rap-
idly changing its orbital plane as well as its
flight trajectory as it passes through the
atmosphere at orbit perigee. Such a satellite
could be highly effective in rapid and ex-
tremely evasive maneuvers at both high and
low vantage points, and would provide
greater flexibility in terms of changing the
orbit to include coverage of new target areas
of interest. The spaceborne interpreter may
be involved in determining the orbital plane
changes required to obtain imagery of specific
targets beyond his present coverage.

The type, quantity, and quality of imagery
available for interpretation in a manned space
surveillance station will also depend upon the
data-acquisition capabilities and reliability of
the on-board sensors and the external condi-
tions that may degrade the quality of ob-
tained imagery. A wide variety of sensors
might be included as part of a space surveil-
lance system. Sensor selection would be based
on the type of mission to be performed and
the weight, space, power, and logistical-
support constraints imposed by the system.
In this paper, we will only consider factors
which may affect the quality and quantity of
data obtained from photographic, infrared,
and coherent high-resolution radar systems in
a space surveillance vehicle.
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Of the three types of sensors, high perfor-
mance reconnaissance cameras provide the
best resolution and geometrically accurate
production. It has been reported that a
ground resolution of 16 to 20 inches has been
obtained at altitudes of 100 to 120 miles
(Fusca, 1964). Because of the high altitudes
involved in space photography, hewever, it
will be extremely difficult to obtain sufficient
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ably, depending upon the geographical area
and time of year, it is obvious that photogra-
phy of areas outside of arid and semi-arid
regions will not be available much of the time.

Degradation of the photography obtained,
in the form of reduced contrast of ground
objects, may also result from scattering and
absorption effects in the atmosphere. Water
vapor, smoke, dust, and other aerosols can
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parallax for a useful stereo effect. Thus, one of
the primary photographic interpretation tools
may not be available to the spaceborne inter-
preter. Precise identification of man-made
objects and structures will probably continue
to be most easily made from photography. A
major problem for the spaceborne interpreter,
however, may be that photography of desired
areas will be frequently unavailable when
needed. Space photographic systems yield
quantities of useful data only in good weather
and during daylight conditions, although new
techniques may provide night capability. The
mean cloud coverage over the earth has been
estimated as 34 per cent for land and 58 per
cent for water (Brown, 1961). Although the
amount of cloud cover may vary consider-

obscure the ground and thus result in de-
graded photography of desired target areas.
Unfortunately, this effect is often greatest in
those areas that are of the greatest military
interest, such as large cities and industrial
areas. Gordon Cooper could not see cities
such as San Diego or Calcutta when he flew
over them. The only areas that were consis-
tently clear throughout all the Mercury orbi-
tal flights were the western African desert and
the Southwestern United States.

All of the problems posed by atmospheric
attenuation effects are only slightly greater
than those encountered in high altitude aerial
photography and can be partly solved by
filtering out some of the shorter wave light
(Morrison and Bird, 1964). Brief periods of
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high visibility will also occcur when the atmo-
sphere is washed clean and excellent photog-
raphy can be obtained.

Infrared and coherent high-resolution radar
sensors presently lack the resolution capa-
bilities of high performance reconnaissance
cameras, but technological advances are
swiftly narrowing this resolution gap. In
general, fewer man-made objects and struc-
tures can be identified on radar and infrared
imagery than on a good photograph of the
same terrain. However, many objects can be
detected on a radar and infrared display that
are not visible on a photograph (e.g., metallic
objects no larger than a few feet in any dimen-
sion can be detected at great distances by
high-resolution radars). Advances made in
the development of radar and infrared imag-
ery analysis techniques and training methods
are constantly expanding the amount of infor-
mation that can be extracted by the inter-
preter.

Infrared sensors, unlike space cameras, are
largely unaffected by dust and haze and have
a true day and night operational capability.
Clouds and high surface winds, however, can
greatly reduce image quality (lLeonardo,
1964).

Coherent high-resolution radar sensors are
capable of providing the largest quantity of
usable imagery to the interpreter, because
they are capable of day and night operation
and can penetrate fog, haze, and clouds with
minimum signal loss. Heavy rains can attenu-
ate the signal, but the extent depends upon
the system wave length. Of the three types of
sensors, coherent high-resolution radar sys-
tems come closest to approximating a true
all-weather capability.

DispLay CONSIDERATIONS

The selection of displays for spaceborne
interpretation will be based on the type of
interpretation functions to be performed, the
number and type of on-board sensors, and the
power, space, maintenance, and logistical-
support requirements of the display systems.

To evaluate imagery displays for the spe-
cific type of interpretation task to be per-
formed, the relationship of scale factor, dis-
play size, and resolution requirements must
be carefully considered. Scale factor refers to
the ratio of the length of the displayed image
to the equivalent length of the ground object.
A larger scale factor thus indicates that a
larger linear dimension is being used to dis-
play the equivalent linear ground dimension
than is the case when a smaller scale factor is
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utilized. For detection purposes, it is gen-
erally held that one minute of arc must be
subtended at the eye under optimum illumi-
nation and contrast conditions (Crumley et
al., 1961). For accurate recognition, however,
12 minutes of arc is required for optimum
viewing conditions and 20 minutes of arc for
degraded conditions such as those encoun-
tered in operational situations (Steedman and
Baker, 1960).

Figure 3 shows the relationship of the scale
factor to ground element length for these
three values. It can be seen, for example, that
for accurate recognition of a ground object
100 feet in length, a minimum scale factor of
1:10,000 must be utilized under operational
conditions. The scale factor finally selected
fixes the total linear ground coverage shown
on a display of a given size, and sets the limit
on the size of ground objects that may be
detected and recognized. Although the ground
coverage may be increased by expanding the
size of the display, this advantage may be
offset by the resultant increase in search time
requirements.

Another consideration in the selection of
scale factor is the resolution of the display
imagery. Results of a study by Williams,
et al. (1960), suggest that utilization of an
enlarged scale with poor resolution imagery
may have a detrimental effect on interpreta-
tion performance because discrimination of
objects, under these resolution conditions, is
limited to gross or contextual clues. With
increased resolution, identifications can be
made based on small details; therefore, a
larger scale factor may prove beneficial.

If the spaceborne interpreter is operating in
a real time, or near real-time environment,
the scale factor, display size, and vehicle
speed will determine the time that a given
target may be viewed. In a continuous presen-
tation display, the rate of image movement
across the display is directly proportional to
the actual speed of the spacecraft. Figure 4
shows the target duration times for different
scale factors on both 9-inch and 18-inch dis-
plays. These values are based on an assumed
orbital velocity of 18,000 nautical miles per
hour.

Studies have indicated that dynamic visual
acuity is impaired with increasing angular
velocity of a moving target starting to deteri-
orate noticeably with a speed of 20 degrees
per second (Ludvigh and Miller, 1958; Good-
son and Miller, 1959). The eye at these image
movement rates is unable to match the exact
rate of movement of the object. The resulting
image motion on the retina reduces the con-
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Viewing distance of 18 inches.)

trast and thus the visual acuity of the ob- play presentation options may be required by

server. At a viewing distance of 18 inches, the
such as we have assumed in Figure 4, an angu-

spaceborne interpreter:

lar velocity of 20 degrees per second equals ® [ntermittent Presentation Mode. In this mode,

6.45 in.sec. This then is the maximum image
movement rate that may be used without im-
pairment of visual acuity. As seen in Figure
4, to stay within these image movement
rate limits, a scale factor not greater than

1:60,000 must be used. This, however, limits Py

the size of the objects that can be detected
and recognized. For example, at a scale factor
of 1:60,000, only ground objects with a linear
dimension greater than 350 feet may be recog-
nizable under operational viewing conditions
(see Figure 3). This may suffice for certain L
interpretive purposes, but may be inadequate
for more detailed analyses. To circumvent
this problem, some or all of the following dis-

it would be possible to store the information
for a given period of time and present all of
it simultaneously to the observer while the
incoming returns for the next period are be-
ing recorded. This would provide the inter-
preter with a series of static displays rather
than a continuous one.

Variable Speed Presentation Mode. Utilizing
this method, when the spaceborne inter-
preter wishes to make a detailed search of a
particular area of interest, he would slow
down or stop the imagery within certain
time constraints, and then be able to adjust
the rate to catch up.

Fractional Information Presentation Mode. Tn
this mode, selected portions of information
could be omitted. The desired information
could be stored for later presentation at a
rate amenable to the interpreter’s ability.

10 M

TARGET DURATION TIME

—

(SECONDS)

‘1G. 4. Target duration time versus scale.
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If multiple sensor imagery is to be viewed
simultancously in manned space surveillance
stations, then a problem exists as to the best
method of displaying the different presenta-
tions. At least four methods are available for
simultaneous presentation of imagery from
two or mote sensors. The simplest method is
the side-by-side technique. The primary dis-
advantage of this method, however, is the in-
creased display area the interpreter must
search through. Alternation of imagery pre-
sentations on the same display is another
technique that might be utilized, but the
constant switching of sensor imagery may
prove irritating to the interpreter. Imagery
presented via separate channels to the eye has
been considered, but little is known concern-
ing the effectiveness of this approach. The
superimposition of displays through color
filters appears to be a promising technique.
This method is limited to imagery that is
well-matched geometrically and of identical
ground areas. Use of this technique may be
difficult because of an excess of detail on the
screen. The problem is further complicated by
the fact that any mismatch must be less than
the resolution of the eye, otherwise the com-
posite display will appear degraded.

Other types of imagery display features
that may prove desirable are variable magni-
fication and illumination controls and a capa-
bility to rotate displayed images for particu-
lar interpretation purposes. The angular
mounting requirements for the displays may
also be changed due to the unrestrained body
assuming a new relaxed posture in a weight-
less environment.

Task AxD TRAINING REQUIREMENTS

The specific tasks to be performed by the
spacchorne interpreter have not, as yet, been
well defined. Tt is possible that the spaceborne
interpreter may be assigned solely to an imag-
ery screening, filtering, and assignment-of-
priority function to reduce redundancy in
data to be transmitted to ground stations for
detailed evaluation. There are indications,
however, that his functions may extend well
beyond that of present ground and airborne
interpreters. Not only may he have to be
expert in the characteristics and imaging
properties of the on-board sensors, but he may
be required to perform technical interpretive
functions for a wide variety of military and
scientific applications. Because crew size will
be a limiting factor for long-duration surveil-
lance missions, the spaceborne interpreter
may be required to have a strong technical
background in several areas, such as military
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intelligence, geology, hydrology, and meteo-
rology. '

The possibility of the interpreter being
required not only to operate but also to main-
tain the sensor equipment cannot be over-
looked. All of these considerations pose seri-
ous problems for our present interpreter-
selection and training programs. Many of the
interpretive techniques and tools that have
been developed for use with imagery and
photography obtained from airborne systems
will be applicable to the spaceborne interpre-
tation task. Special problems of interpreting
imagery acquired and displayed in a space
environment (e.g., the small scale of obtained
imagery and curvature), however, may re-
quire not only extensive modification of exist-
ing techniques but the development of en-
tirely new ones as well (Lowman, 1964).

CoxcrLusioN

In conclusion, it can be seen that much
more data must be obtained hefore an evalua-
tion of the efficacy of manned space surveil-
lance systems can be made. Some of the spe-
cific rescarch questions requiring investiga-
tion before such systems can be a reality
include:

® The ability of man to demonstrate reliable
performance for long periods of time in a
space environment.

® ‘The information input and output limitations
of the spaceborne interpreter for both screen-
ing and detailed analysis of imagery.

® The types of display conligurations and in-
terpretation techniques that will enable the
interpreter to process the greatest amount of
imagery in the shortest periods of time.

® ‘The types of personnel selection and training
procedures that are required for the antic-
ipated interpreter [unctions.

The data obtained from such studies will
largely determine the appropriatencss of
utilizing manned space surveillance systems
for both military and scientific applications.
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Polaroid Corporation was founded in 1937 by Edwin . Land, inventor of the
world's first plastic sheet light polarizers, and in succeeding vears became the prin-
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Formats for Polaroid Land film include rolls which produce 23 X 3-inch prints; rolls
and packs for 3} X4j-inch prints; single-shot 4 % 5-inch packets; single-shot 10 X12-
inch positive X-ray packets.




