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Section 1

INTRODUCTION

GENERAL

An overview of the entire effort and analyses of sensor and operator trade-
off considerations of the real time, daylight reconnaissance remotely piloted
vehicle (RPV) mission and of system performance evaluation criteria is presented.
Appendices A-C present detailed descriptive and analytic treatments of the three
sensors studied during this project. Appendix D presents the analytic considera-
tions required to implement simulations of these sensors on the Programmable

Image Scanner (PIS).

BACKGROUND S

The purpose of this effort was to provide engineering design criteria and
trade-off data to assist the Remotely Piloted Vehicle Special Project Office
(RPV SPO) in (1) choosing an optimum operational daylight near real time/real
time (NRT/RT) reconnalssance system, and (2) designing and developing advanced

near real time systems.

The objectives of the AMRL NRT/RT Reconnaissance RPV Program were
predicated on both immediate and future requirements of the RPV SPO. They were
(1) short-term, FY76, perform an assessment of the operator's target acquisition
capabuiity, comparing tracking and overflight sensors; acd (2) iong-term, FY78,
provide an advanced simulation capability for postulated NRT/RT reconnaissance

system requirement.
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The short=term objective was accomplished within the context of the
R340 vehiele (low altitude, high subsonic) profile, and included c¢onsidera-
tiow of the KA=Y8 laser line scan, the Teledyne-Brown Enginecring gated video,
and o typiecal stewable video (including tracker) sgensor. Emphasis was placed
on daviight reconnaissance although generalization to night mission capa-
, bilities was considered where possible. Satisfaction of the short-term
cognirement formed the basis for accomplishing the long-term objective. The

pecbaden! approach invoelved four stages:

Apnalysis: The concept of operations for the RPV and the

technical specifications of the candidate sensor systems were
studiced and analyzed te determine realistic scenarios for simulation,
capabilities required in the simulation facility, and criteria

; against which to evaluate target acquisition performance.

svstems Simulation Capability:  The available image generation
ntems o apat Y 4

sources were evaluated against simulation requirements, and the PIS

was upgraded to satisly the short-term objective.

i Target Acquisition: A series of man-in-the-loop experiments were
dosipned, conducted, and analyzed to assess operator performance in
target acquisition and {irst phase interpretatien tasks., The
candidiate sensors weve compared by operationally significant
dependent measures.,

i PMlan § Future Investigations: Based on the systems analvsis, the

results of the simulations, and interaction with both the RPV SPO
and system operator, a series of f{uture experiments were to ho
formulated and propesed. The plan was to include refinement ot the
simulation capability to support advanced/additional scnsors and

image processing/enhancement/transmission characteristics.

. 16
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Systems Analysis

Background material for the systems analysis was obtained in three ways.
A literature search and review was performed which included program documenta-
tion, test and evaluation reports, concepts of operation for both the collection
and exploitation systems, projected requirements for real time reconnaissance,
image interpretation reporting requirements, and information display and
human engineering studies. Briefings were attended which encompassed program
planning, operational experience, sensor capabilities and planned developments,
and ground imagetry exploitation facilities. In addition, the analysis team

participated as observers in sensor flight tests of the Teledyne-Brown camera.

Systems Simulation Capability

Because of simulation requirements, the AMRL/HEA PIS was selected as the
image generation source. The PIS was designed for 5 inch format strip
photography and was significantly upgraded to satisfy the requirements for
resolution, footprint shape, raster generation, and image scale ranges
imposed by the sensor and mission characteristics. Key features of the

upgrading are identified below:

1. Image Generation: New 5 and 10 inch diameter flying spot scanner
tubes were utilized. The larger diameter tube permitted greater
electronic and optical demagnification at increased resolution,
while both tubes provided a smaller spot size than was previously
obtainable. New high voltage and focus voltage power supplies were
utilized to minimize noise. Installation of the large tube required
new precision sweep deflection yoke, focus coil, and custom designed

tube mounting and coil micropositioners.

2. Optical/Mechanical: New high resolution, large aperture lenses
(210, 102, and 58mm focal lengths) were acquired. Manually adjust-
able mounts and lens positioners were fabricated. An automatic
lens changer was designed and fabricated (to simulate the change in
modes of operation for the Teledyne-Brown sensor). A new film

transport (9-1/2, 5 inch and 70mm formats), with digital control
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and readout of film position, was designed and fabricated. A new,
16 inch diameter, 21 inch focal length, condenser lens was acquired
and mounted. The optical table was upgraded to accommodate the new

components.

Electronic: A new photomultiplier tube and power supply provided
increased sensitivity and reduced noise. New analog sweep circuits
were developed to simulate the unrectilinearized, wide field of

view (FOV) KA-98 sensor. Analog sweep circuits were modified to
simulate the Teledyne-Brown NAV mode and the slewable television
sensors. New digital sweep and sweep control circuits were developed
to simulate the Teledyne-Brown RECON mode. New video amplification
and processing circuitry was developed to enhance the video signal-
to-noise ratio (SNR) and permit simulation of a horizon and of

far-field imagery.

lmagery: The imagery holdings of AMRL were screened to determine

if film was available which provided the required combination of
scale, lateral coverage, resolution, and target types. In addition,
DIA, DMA, RADC, and AFAL were contacted for support in this area.
Nine inch format, strip photography (KA-18, six inch focal length)
which satisfied the requirements of these simulations was obtained
from AFAL.

Overall Capability: The PIS now provides a highly versatile image
generation capability for sensor system simulation. It affords the
user interactive, dynamic control of displayed scene perspective
over a wide range of sensor and aircraft characteristics. Areas

of application include sensor comparisons, image metrics studies,
system sensitivity investigation (weather, flight profiles, counter-
measures, etc.), enhancement technique development, and mission/test
platining. The PIS upgrading and capabilities are described in
Section 4.




Target Acquisition Experiments

In order to investigate the man/machine capabilities and limitations of
NRT/RT reconnaissance, a sequence of related operator target acquisition
experiments were deemed necessary. Much of the performance data exploited

in the comparison of candidate sensors (Section 6 ) were developed through

these studies.

A two-factor, repeated measures, experimental design was used. The two
factors of interest were sensor type and altitude (AGL). Three levels of
sensor type were used. Level I was a laser line scan sensor (KA-98), Level II
was a slewable TV sensor, and Level III was an overflight TV sensor (Teledyne-
Brown). Table 7 presents the salient specifications for these three sensors.
Two levels of altitude were used. Level I was 500 feet and Level II was
1,000 feet.

Significant effects (p < .05, where p is the probability that the effect
was due solely to chance) were established for the dependent measures of per-
cent of targets detected, time on display until detection, ground range at
detection, slant range at detection, and displayed image scale at detection.
Post hoc statistical analyses were used to locate the cause of each signifi-
cant effect. Additional analyses were employed to study the sensors at 500
feet AGL, the reference altitude of the sensor performance comparison.

Plan for Future Investigations

Seventeen areas for potential experimental study were identified to the
RPV SPO for consideration. These areas were judged to be of program or
operational significance based on one or more of the following:

1. Analytic studies

2. Empirical data

3. Program management documentation

4. Operational briefings

5. Interaction with the RPV SPO
These areas and their underlying operational significance are identified and

proposed investigative procedures are described in Section 7.

19

. M&gﬂsaﬁ:mm o ke v




Section 2
SENSOR SYSTEM REQUIREMENTS

MISSION REQUIREMENTS

The requirements for an aircraft/RPV mission determine the types of
sensors to be used, and the sensors define the inputs to the display. The
mission requirements also determine the tasks that the human operator must

perform when using the display, and his required level of proficiency.

The basic requirement of any imaging system for airborne applications is
to provide the information necessary for target detection, recognition, and
location. An image forming sensor must be capable of discerning small
contrast differences so that a large variety of tactical targets can be
detected from their backgrounds. The sensor must provide the necessary
spatial resolution so that the detected targets can be recognized and
interpreted. Also, the collected data must usually be displayed with
sufficient accuracy, and with ancillary dati, so that the location of the

target can be readily determined.

The major mission/scenario factors which are related to target acqui-
sition include:

o Size and mobility characteristics of the targets of interest

o Degree to which natural or man-made cover provides concealment for
the targets

o Range of target/background contrast ratios

o Degree to which the terrain limits flight altitudes and reconnaissance
tactics

o Frequency and degrees of adverse weather conditions

o Level of conflict and anticipated enemy tactics

o Threat in terms of types, number, and placement of surface-to-air

defenses

In selecting system characteristics for meeting the operational require-

ments, such f ofs as available technology and system complexity must be




considered. Since most system parameters are interrelated, trade-offs are
always necessary, based upcn the overall requirements of performance, cost,

and schedule.

INTERPRETATION CONSIDERATIONS

Image interpretation is concerned with the development of new information
for updating of the intelligence data base. The task of the image interpreter
is to extract militarily significant intelligence data from various kinds of
aerially obtained imagery. From a psychological standpoint, transformation of
information from recorded or displayed images into intelligence information

falls withia the domains of sensation, perception, and cognition.

Analyses to enhance the effectiveness of image interpretation must deal
with many variables. There is concern not only with the type of imagery
(television, infrared, laser, etc.) but also how the terrain was viewed
(vertical, oblique, panoramic). Images d’ffer in scale and quality dimensions.
They alsv differ in content: they may depict different types of terrain
(fungle, mountains, swamp, desert); they may have been obtained under different
degrees of enemy deployment in terms of target type and density. With respect
to the interpreter, there are differences in ability, background, experience,
and training. In addition, the information requirements differ as a function

of the combat level, the user organization, and echelon.

How well the image interpreter performs his assigned task of extracting
the Essential Elements of Iniormation (EEI's) requires evaluation of at least
the three following performance indices: accuracy, completeness, and
timeliness of information. One research (Birnbaum, 1969) indicates that
wvhile cumulative completeness increases as a function of time, cumulative
accuracy decreases. Furthermore, accuracy can be traded for completeness,
and vice versa. Various other trade-offs involving accuracy, completeness,

and interpretation time can be made.
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SENSOR CONSIDERATIONS

The first decision that the designer must make is the selection of the
sensor, or sensors, to collect the intelligence data. This selection is
based upon the quality and quantity of information that must be obtained from
the target area, the types of targets and their signatures, the collection
conditions (all-weather, day/night, overt/covert, RPV characteristics, etc.),
and installation and cost constraints. Sensors can be categorized many
different ways. One method is by their spatial coverage relative to the air

vehicle.

Down Looking Sensors

‘These sensors provide maximum target unmasking and can produce good
ground resolution, both of which are very important in situations Involving
a high degree of cover and the requirements for resolving small target
details. A stable platform may be needed to achieve the desired level of
performance. Moreover, it is necessary that the sensor overfly the entire
line of coverage or point target under surveillance. Thus, the probability
of survival of the RPV could be unacceptably low in some encounter situatioms.
Another shortcoming stems from the fact that often just one frame of imagery
containing the target is acquired. As a consequence, the improvement in
target detection which results from a varving aspect angle is not realized.
In addition, target tracking (required for recce/strike operation) cannot
be accomplished.

Both line scan and raster scan electro-optical sensors have been employed
in down looking configurations. Infrared line scan (DLIR) and laser line
scan (DLLLS) sensors have been developed. The laser line scan sensor is
typified by the KA-98 system; the downward looking raster scan sensor is
exemplified by the RECON mode of the Teledyne-Brown television system.
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Slewable (Variable Pointing) Sensors

These types of sensors are valuable for providing:

(o]

The capability for offset/standoff and orbital tactics as well as
flyover,

More than one look (or more than one frame at TV rates) at the same
target from Jifferent aspect angles.

More time on the display for targets in low masking situations. This
increases the probability of detection and recognition of some targets,
as well as the opportunity of redirection of the flight path prior to
target flyover,

The capability for viewing underneath vegetation and camouflage.
Information concerning the vertical dimension or upright sides of
targets. (The importance of vertical dimension/height cues as aids

in target detection and recognition has been demunstrated.)
Information for use in navigation checkpointing and position updating,
an important function in areas where few prominent/unique checkpoints
are available but precision navigation is required.

Early threat detectlon and avoidance.

A more natural view of objects than with nadir-viewing systems.

Electro-optical sensors vhich have been employed with gimbaled mounts

include raster scan infrared (FLIR), and both conventional and low-light-~level

television (LLLTV) systems.

Forward Looking/Side Looking Sensors

Fixed ("strap down") forward looking and side looking sensors exhibit some

uf the attributes of the slewable sensor; however, their mission flexibility is

greatly decreased. For example, deviations from the prebriefed flight plan

normally cannot be tolerated. The NAV mode of the Teledyne-Brown system

falls in this category.

23




e

DISPLAY CONSIDERATIONS

The video display is a critical interface with the image interpreter in
the airborne target search and identification mission. An information display
system consists of both the sensor video display and the visual system of the
interpreter. The visual system characteristics will limit the total system

performance, as will the video displcy.

There has been a steady, rapid increase in the performance of airborne
image forming sensors in the last few years, and the resolution and
image quality of sensors used for reconnaissance has improved substantially.

In addition, new sensors, such as FLIR, have been developed.

During this same time period, however, there have been few major improve-
ments and new approaches for airborne displays that can match the performance
of these sensors. The problem of displaying the sensor output is compunded
in many system applications by requirements for alternately displaying the
output of several sensors, each with a different format and frame rate, on a
single time-shared display. In addition, computer driven symbology for such

functions as air vehicle steering must often be simultaneously presented.

Visual Acuity

Visual acuity is operationally defined as the rcciprocal of the angle in
minutes of arc subtended by the smallest dctail which can be resolved by the
human eye under a given set of viewing conditions. Values of visual acuicy
vary as a function of the type of visual target presented, the type of display
system used to present it, the environmental conditions under which it is
viewed, and the method of measurement employed. Five measures of acuity are
in use: minimum visible, minimum perceptible, minimum separable, vernier,
and stereoscopic. Minimum separable acuity is the measure most useful for
display design purposes. Minimum separable acuity is defined as the minimum
amount of separation necessary for two light sources (or two nonluminous

images, i.e., parallel bars) to be perceived as distinct objects.
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The human eye, under ideal conditions, can resolve details as small as
0.3 seconds of arc; however, the eye is not a perfect optical system and does
not normally view stimuli under perfect conditions. For this reason, the
normalized value of one minute of arc is commonly accepted as the minimum
resolvable limit of the eye; but, this value is invalid unless the operational

and environmental conditions to which it is to be applied are specified.

Mathematical expressions defining the detection threshold of the eye as
a function of such variables as display brightness, target contrast, number
of sensor resolution elements across target, target angular size, search
patterns, and observation time have been developed by a number of
investigators. One such study (Bruns, 1970) found that the discriminative
factors which contribute to rapid target identification are large size, high

contrast, low jaggedness (shape), and low blur--in that order.

Display Types

At present, the best device for displaying the video information
generated by electro-optical sensors is the cathode ray tube (CKT). A number
of solid state displays are under development. These include such diverse

techniques as electroluminesence, light emitting diodes, planer gas discharge,
and liquid crystals.

Display system resolution is operationally defined as the quantification
of the smallest discernible detail presented on the display. In a CRT display,
the smallest discernible unit is the CRT spot size, while in a solid state
display it is the size of the individual emitter. A number of system param-
eters interact to determine the size of the CRT spot and the apparent size

of the solid state emitter.
PERFORMANCE REQUIREMENTS
It is the operator's task to acquire and interpret the targets of

interest by evaluating the displayed imagery. To do this he must first make
a literal identification of the target from its appearance on the display.




Many analytical and empirical studies have been conducted which indicate that
operator performance is affected by a combination of equipment, observer,
mission, and environmental variables. For convenience, these variables can

be divided into two classes.

The first class might be called enabling variables. These parameters
determine whether or not the target image appears on the display in recognizable
form. The major variables in this case are resolution, contrast, and image
size. They are enablinrg in the sense that certaip minimum resolutions, con-
trast, and image sizes must be achieved in order for a literal identification
to be made. Appearance of the target on the display in recognizable form is
no guarantee that the observer will find it and identify it as a target.
Therefore, the second set of variables bear upon the operator's ability to

identify the target once a reasonable image is presented on the video display.

Considerable variation has been found among the experimental results of
programs designed to predict operator performance under field conditionms.
This is due in part to the fact that variables affecting operator performance
are many and interactive, while the number of variables which can be controlled
during a given series of experiments is limited. Consequently, a mathematical
model has not yet been developed to accurately describe the determinants of

target imagery as it relates to the psychophysics of target identification.

Some general conclusions concerning target acquisition range are noted
below (Self, 1971).

1. The size, contrast, and resolution of details in a target image
influence how quickly and at what slant ranges a target can be
found and identified. The background is also an important
determinant.

2. Targets are frequently missed even though the displayed image is
large and clearly resolved. When targets are found, their images
are usually 1/3 to 1/2 the way down the display, despite the
observer's attempts to acquire targets at long slant ranges.

3. Even at helicopter speeds, targets are usually at surprisingly close

slant ranges when detected. When air vehicle speeds are high,




system performance is further reduced. When the displayed image is
moving rapidly, the observer cannot perform the display scan task
fast enough. This difficulty is largely due to the small angular
field of clear vision at any one eye fixation plus lack of clear
vision when the eye is in motion.

4, Real time target acquisition requires a minimum number of resolved
TV lines across the target image. The number required is in the
range of 6 to 10; i.e., the smallest detail of the target that is
resolved is 1/6 to 1/10 of the target's maximum dimension. This is
true despite the fact that one (or less) displayed resolution
element can be scen by the observer. Unless attention is directed
to the specific spot, among the many spots on the display, target
acquisition cannot be accomplished in any meaningful sense. A spot

must have enough form to call it a target.

5. Target identification requires 12-20 TV type resolution elements
across the target image. This means that not only is the target
image spread across the several TV lines but that details are
resolved.

6. The maximum dimension of the target image on the display should
subtend an angle of 10-20 minutes of arc at the observer's eye.
Smaller images, even if containing fine details, lead to long
detection times, short acquisition ranges, and low percentages of
targets detected.

] 7. The above rules on resolution determine, with a given sensor and
display, the maximum acquisition and identification ranges, but do
not mean that acquisition will occur at the given maximum ranges.
The nature of the human observer is such that, on the average,
acquisition ranges will be much less than the maximum permitted by
displayed target image size and resolution.

8. The number of resolved TV lines required across the target for
acceptable detection, identification, and speed of observer response,
combined with the rather small total number of available TV lines
on displays, means that the ground swath width coverage has to be
very narrow. This shortcoming can be alleviated by increasing the
raster lines from the conventional 525 to a higher value, such as
875 or 1029.
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Some of the more important factors, parameters, and their relationships
are discussed herein. As can be seen, the results of various investigations
related to airborne target acquisition have not all been in agreement.
Consequently, the reference data presented during the following discussion
is intended only to show th. parametric relationships that must be considered
during the design of a real time/near real time reconnaissance system.
Additional reference material must be employed to assure that an optimum
sensor system design is identified for meeting the specified mission

requirements.

Figure 1 depicts many of the parameters which have been demonstrated to

exercise a significant effect on operator performance.

FIELD OF VIEW

Selection of the sensor FOV depends primarily on determining an acceptable
compromise between the requirements for good angular resolution and scale
factor, and hence maximum detection/recognition range on one hand, aad greater
ground coverage for sufficient orientation and target time on the display on

the other.

For sensors such as television and infrared, there are a finite number
of resolution elements across the format. As a consequence, selection of a
shorter optical focal length to increase the FOV, and therefore ground coverage,
will reduce the angular resolution. Decreasing the focal length also decreases

the scale, which causes the displayed target image to become smaller.

Use of a slewable sensor system would permit the operator to monitor a
larger swath width by employing a smaller FOV, with its attendent improvement
in angular resolution and scale. However, a point would be reached where,
depending upon the RPV velocity/altitude ratio, a further decrease in the FOV
would require sensor slewing at a rate which did not provide sufficient time
on display for interpretation. An attempt by the operator to alleviate this
problem by tracking during the search function would cause holidays (areas not

covered by sensor) in the scan pattern. Improving the navigation accuracy
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reduces the scan pattern requirements and thus would permit use of a smaller

FOV without the need for tracking.

SPATIAL RESOLUTION

The results of tests by various investigators have indicated a relation-
ship between the number of resolution elements projected across the target
and the decisions of detection, recognition, and identification. By orienting
the resolved line pairs so that they were aligned with the critical target
dimension, Johnson (1958) found that the minimum resolution required for a
particular decision was a constant for nine military targets within a maximum

error excursion of 25 percent. The results are presented in Table 1.

TABLE 1. RESOLUTION REQUIRED AT THE TARGET FOR THE TYPICAL LEVELS
OF DECISION PERFORMED BY THE IMAGE INTERPRETER !

Target Resolution Per Minimum Dimension
(Broadside View)
Detection Recognition Identification

Truck 0.9 4.5 8.0
M-48 Tank 0.75 3.5 7.0
Stalin Tank 0.75 3.3 6.0
Centurian Tank 0.75 3.5 6.0
Half-Track 1.0 4.0 5.0
Jeep 1.2 4.5 5.5
Command Car 1.2 4.3 5.5
Soldier (Standing) 1.5 3.8 8.0
105mm Howitzer 1.0 4.8 6.0
Average (LP/MM) 1.0 £+ 0.25 4.0 + 0.8 6.4 + 1.5

IThis table was adapted from Johnson's work and appears widely in the
literature.




Based upon experimental data by Brainard (1965) the probability of
recognition as a function of the number of resolution elements projected
across the target is presented in Figure 2. Notice that eight resolution
elements will normally yield a probability of recognition of about 90 percent
under ideal conditions. However, in practice, the actual number of resolution
elements required depends upon additional factors such as the complexity of
the target's shape, the image interpreter's ability, intercept (aspect) angle,

and the degree of camouflage and concealment.

Perhaps the most significant requirements are those based upon the
results actually experienced by image interpreters under combat conditions.
The minimum scale required for the tasks of recognition and identification of
typical tactical targets is presented in Table 2. The scales were computed
for photographic cameras having an average dynamic resolution of 15 to 20
line pairs per millimeter. For this data to be useful in determining the
performance of electro-optical sensors, the ground spot size corresponding
te the scales and dynamic resolution employed in Table 2 will be calculated

as follows.
Ground spot size (s) at the nadir can be found by
s = aH (1)
where

a = angular resolution (radians)

altitude AGL (feet)

jo o
L}

The angular resolution (u) is defined by

b= 2 tan 5o

- d/F radians (2)

where

d = elemental spot size at the image plane (mm)

F = focal length (mm)
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TABLE 2. MINIMUM SCALE FOR RECOGNITION AND [CENTIFICATION
Minimum Scale for
Subject A L Recognition Identification
Airfields Major 1/30,000 1/10,000
Auxiliary 1/30,000 1/10,000
Defensive Strong Points, Bunkers 1/10,000 1/5,000
Positions Trenches 1/15,000 1/5,000
Foxholes 1/5,000 1/2,000
Military Aircraft
Equipment Wing span under 60 ft 1/10,000 1/2,000
Wing span 60-100 ft 1/15,000 1/2,000
Wing span over 100 ft 1/20,000 1/5,000
Antitank Missile Launcher 1/5,000 1/2,000
Howitzers 1/5,000 1/2,000
Helicopters 1/12,000 1/2,000
Medium AA 1/8,000 1/2,000
Surface-to-Air Missiles 1/10,000 1/2,000
Surface-to-Surface Missiles| 1/10,000 1/2,000
Tanks, Trucks 1/8,000 1/2,000
Military Permanent 1/30,000 1/10,000
Installations Field 1/20,000 1/5,000
Supply Dumps 1/30,000 1,10,000
Radar Fixed 1/10,000 1/2,000
Mobile 1/5,000 1/2,000
Transportation Rail, Roads 1/30,000 1/8,000
Inland Waterways 1/30,000 1/10,000
Bridges over 100 ft 1/30,000 1/10,000
Marshalling Yards 1/30,000 1/15,000
Railway Cars 1/20,000 1/5,000
Port Facilities 1/12,000 1/5,000
Industry Major 1/30,000 1/12,000
Minor 1/10,000 1/5,000
Utilicies Thermal Power Plants
Industrial 1/15,000 1/8,000
Hydroelectric 1/30,000 1/10,000
Municipal 1/30,000 1/10,000
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The element spot size (d) is related to the dynamic film resolution (Rp) by
d =-""— mm (3)

where

Rp = dynamic film resolution (2p/mm)

Thus, Eq. (2) can be written as

-1
a = FRDF radians (4)

Reciprocal scale at the nadir (Sg) is given by

Sg = H/F
or

H = FSp (s)
When the above discussed relationships are inserted into Eq. (1), the ground

spot size is related to reciprocal scale and dynamic resolution as indicated

by the following equation.
s = —R (6)

Since Rp was given as 17.5 tp/mm nominal

SR
© 2(17.5)(25.4)(12)

s
s = 9.4x10"% Sp feet
This relationship is plotted in Figure 3. The minimum ground spot size

required for recognizing and identifying the typical targets shown in Table 2

are presented in Table 3.
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TABLE 3. MINIMUM SPOT SIZE (FEET) FOR RECOGNITION AND IDENTIFICATION*

Minimum Spot Size for

BubjecE SRS Recognition | Identification

Airfields Major 3 1
Auxiliary 3

—

Defensive Strong Points, Bunkers
Positions Trenches
Foxholes

O
wvoon
coo
N Wb

Military Aircraft

Equipment Wing span under 60 ft
Wing span 60-100 ft
Wing span over 100 ft

Antitank Missile Launcher

Howitzers

Helicopters

Medium AA

Surface-to-Air Missiles

Surface-to-Surface Missiles

Tanks, Trucks
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: Military Permanent
Installations Field
Supply Dumps
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Radar Fixed 1
Mobile 0.5
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Transportation | Rail, Roads 3
Inland Waterways 3
3 Bridges over 100 ft 3
Marshalling Yards 3
Railway Cars 2
Port Facilities 1

QO == 0O

(VU RV RV, }

Industry Major
Minor

Utilities Thermal Power Plants
Industrial
Hydroelectric
Municipal

W
O

*Source: Naval Ailr Systems Command
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CONTRAST

A target image on the display is not visible to the observer unless some
minimum contrast ratio is exceeded. The specific value depends on both image
and observer characteristics, as well as how the visual threshold is
determined. Within limits, iacreasing the contrast facilitates the tasks of

target detection and recognition while decreasing the false alarm rate.

The results of a study by Fowler and Jones (1972) are plotted in Figure 4.
Note that the probability of detection was strongly contrast-dependent for
both briefed and unbriefed targets. However, as shown in the figure, higher

probabilities were obtained in the briefed mode for a given contrast level.

The displayed contrast required to yield a given level of target
detection is a function of such factors as target size, color, duration, and
background complexity. In the case of a unifurmly luminuous stimu’us seen on
a uniformly luminous background, the contrast (C) is defined as the difference
between the luminance of the stimulus (B;) and the luminance of the background

(By) divided by the luminance of the background. Thus

Stimuli lighter than the background can vary in contrast between zero and
infinity, and stimuli darker than the background can vary between zero and
minus one. It has been found in a number of studies, notably those conducted
at the Tiffany Foundation and reported by Blackwell (1946), that over a wide
range of conditions positive and negative stimuli of the same numerical value

are about equally detectable irrespective of sign.
TIME ON DISPLAY

The time required to acquire a target is a function of factors such as
the target size and shape, its contrast with the background, the size of the

area to be searched, and the total information content of the scene. A

practical minimum limit for detecting a large-scale, high contrast target in
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an uncluttered background is 3 to 5 seconds. However, more realistic

interpretation tasks can require 30 to 40 seconds.
RASTER LINES ACROSS IMAGE/IMAGE PROJECTED ANGLE

The number of raster lines across the displayed image and the size of the
angle projected to the interpreter's eyes are intimately related to the ability
of the interpreter to perform the functions of target detection and recognition.
If the sensor moves closer to the target, or if the FOV is decreased, the image
on the monitor will become larger. Not only will the number of scan lines
making up the target image increase, but the angular subtense of the image to
the interpreter's eyes will also increase. Thus, these two quantities are

inversely related to scale.

Tests were conducted by Erickson (1969) to investigate the factors of image
projected angle and number of scan lines across the image as they related to
image size. Mean performance against vehicles (side view) is shown in
Figure 5 as a function of the number of TV raster lines across the target, for
three subtended angles ver target height. Performance at all three angular
subtenses improved rapidly as the lines per vehicle increased from 3.7 to 12,
except that no change occurred above 7 lines for the 4.4 minute of arc
condition. This indicates that at 4.4 minutes of arc, target angular resolu-
tion subtense is the limiting identification factor rather than the number of

scan lines.

Erickson (1969) also determined the ability of interpreters to identify
vehicles (oblique view) as a function of background type as well as the number
of scan lines and angular subtense (Figure 6). Note that performance drops
of f rapidly when the number of scan lines across the vehicle decreases below
10. Improvements in performance are not large when the number of lines is
increased from 10 to 15 per vehicle. Note also that the sandy background was
more difficult than the foliage background. This was believed to be due to
the fact that highlights on the vehicles had about the same luminance as the
background. Hence, there was no contrast against the background and the

total form was not visible as a unit.
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DISPLAY SIZE

Increasing the display size enhances the tasks of target detection and
recognition until a point is reached where the eye can resolve the individual
display resolution elements; i.e., the sensor system is no longer eye/display
limited. As the display is made larger above this point, studies have shown
that both detection time increases and percent detection decreases (Krebs and
Graf, 1973). Recognition time, however, decreases slightly for the larger

display and accuracy is essentially unchanged.

When target size is increased by display magnification alone, i.e., tha
number of sensor resolution elements across the target remains unchanged,

performance does not improve.

ASPECT ANGLE

Aspect angle as used here is that angle formed by the lines connecting
a sensor lens to ground nadir and to the target base facing nadir. Experiments
conducted under controlled laboratory conditions (Wallace et al., 1968) indicated
that recognition performance can be improved significantly by imaging the
target at least five degrees from the nadir. Overall time and efficiency

varied significantly over the aspect angi2s evaluated.

A Newman-Keules test for differences between specific aspect angles for
overall time showed 7 and 10 degrees to be different from each other and both
to be different from all remaining angles. The two-degree angle produced lower
performance than zero degrees, and both yielded poorer results than did the
other angles evaluated (0 to 20 degrees). An aspect angle of 7 degrees was

found to be superior to all other angles tested.
IMAGE MOTION
Apparent terrain motion of the displayed scene can reduce the inter-

preter's ability to extract information: (1) the sensor system's dynamic

resolution can become degraded, which results in a blurred image on the
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display; and (2) the interpreter's dynamic visual acuity can be adversely
affected. The elimination of sensor system blur is often very expensive;
hence, it is desirable to determine the effect of image blur on interpreta-

bility so that cost-versus-performance trade-offs can be made.

Apparent terrain motion may be one of three types. If the airborne
sensor system is moving parallel to the ground, the terrain will "flow"
through the display from top to bottom (assuming that the display FOV has not
been rotated) and objects in the picture will become larger as they move
toward the bottom of the display. If the sensor system is descending along
a straight line toward a target which appears in the center of the display,
the target will grow in size and objects other than the target will exit the
display. Finally, air turbulence or deliberate movement of the RPV's attitude
control surfaces will induce roll, pitch, and/or yaw motions into an

unstabilized sensor; this will result in erratic motions of the target.

Miller and Ludvig (1962) found that visual acuity remained nearly constant
when looking at an object subtending two minutes of arc at angular velocities
from 10 to 30 degrees per second, but that acuity deteriorated rapidly at
higher velocities. Apparent target motion on an airborne display will
usually not exceed 30 degrees per second. However, Van Den Brink (1969) has
found that the sharpness of an image on a television screen is determined in
part by the summating properties of the retina. He found that the brightness
of luminous bands had to be raised as the angular velocity increased in order
to distinguish the intermediate dark band. This factor indicates that a
stationary low contrast target which is just above visual threshold would
drop below threshold if motion were present, since reducing the displayed

target contrast raises the detection and identification thresholds.

The relationship between visual acuity and angular velocity can be

represented by the semi-empirical equation suggested by Ludvig et al. (19%3)

ag = a + b3  minutes of arc €))




where

ag = critical detail resolved at the fovea (arc minutes)

8 angular velocity of the target (degrees/second)

a and b are parameters characteristic of an individual's static
visual acuity (SVA) and dynamic visual acuity (DVA)

Examination of the a and b parameters for each individual within one age
group has shown that, although there is a small positive correlation between
SVA and DVA, it is not statistically significant. A person with good static
acuity may or may not have good dynamic acuity; a subject with poor static
acuity cannot have good dynamic acuity. Thus a relationship exists, and good
static acuity is necessary but not a sufficient condition for good dynamic

visual acuity.

Figure 7 shows the relationship between foveal visual acuity during
ocular pursuit and angular velocity. Visual acuity deteriorates markedly

and progressively as the angular velocity of the target increases.

SCENE ROTATION

Scene rotation is defined as rotation of the sensor line-of-sight (LOS),
and therefore the displayed scene, nonisomorphically with the '"out-the-
window" horizon when the aircraft is flying straight and level. This effect
results from the necessity to have a gimbaled sensor for acquisition and
tracking of targets offset from the RPV's flight path. Some two-dimensional
gimbal orders result in heightened rotational effects, while other gimbal
orders result in only "natural"” rotations of the LOS on the display. One
series of tests (Freitag and MacLeod, 1974) indicated that the nonrotated
targets were recognized at statistically significantly longer ranges than were
the rotated targets. Work load conditions did not produce a statistically

significant di..crence in error or recognition slant range.
The effects of scene rotation on the ability of an airborne observer to

track a grotd target by means of an electro-optical (television) display

were also evaluated during the above referenced program. The results of this
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study indicated that a yaw-pitch gimbal order resulted in the best
performance, as evidenced by the mean tracking error scores. Roll-pitch
sensor gimbal order with yaw-pitch tracking had significantly higher error
scores at the beginning of testing, decreasing rapidly w.fter a few trials to
almost the same level as the yaw-pitch gimbal order. The roll-pitch sensor
gimbal order with roll-pitch tracking was an order of magnitude worse than

the other two conditions with no learning manifested.

Besides degrading the performance of an airborne target acquisition and
tracking system,-a displayed scene that rolls nonisomorphically with what
would be seen out of the aircraft's window can cause physiological disturbances
such as motion sickness and disorientation effects associated with a conflict
between visual and proprioceptive cues. In summary, the findings of this
study (and others) indicate the desirability of stabilizing the imagery of
an electro-optical system if the observer must recognize and/or track ground

targets at long ranges and with high accuracy.
SIGNAL-TO-NOISE RATIO

Image quality in terms of the displayed SNR affects operator performance
at lower levels. The results of one study (Naval Weapons Center, 1971)
indicated that as the SNR dropped from 20 to 4 dB, target acquisition time
doubled from about 4 to 8 seconds (see Figure 8). Performance did not

significantly improve for SNR's greater than 20 dB.
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Section 3
NRT/RT RECONNAISSANCE MISSION

GENERAL

To this point the specific requirements of the real time reconnaissance
RPV system have not been identified. The remainder of this technical report

is developed in the context of the BGM-34C real time reconnaissance system.

OPERATIONAL SCENARIO

The basic mission profile of the BGM-34C reconnaissance RPV is deter-
mined by an onboard program. The vehicle is launched at medium to high
altitude, descends to low altitude, penetrates the FEBA, and proceeds to each
target location, maki.g; any heading changes that are required, before return-
ing for recovery. Under idealized conditions and depending on the specific
sensor, operator intervention would be required only to initiate imagery
acquisition and to optimize the take by controlling the mode of sensor utiliz-
atio. (e.g., sensor pointing, zoom) at the target. The onboard sensor may be
utilized to verify that the RPV is at the correct location/orientation prior
to a preprogrammed heading change and/or to confirm that such a maneuver has
been correctly accomplished. In both of these applications, waypvuints of
opportunity can be exploited in support of maintaining navigation accuracy.
Also, each of these functions can be facilitated, if necessary and if commen-
surate with survivability, by having the vehicle "pop up" to a higher altitude,

thus increasing the amount of ground coverage encompassed by the sensor FCV.

The intelligence collection requirement to be addressed by this system
is the satisfaction of EEI pertaining to fixed and other targets whase
ivcations can be established on an a priori basis. A sortie then consists of
a sequence of legs with each leg containing one (or more) prebriefed targets.
Target acquisitien f{s accomplished in real time, and imagery exploitation is
carried out by the sensor operator in real or near real time. Each of the
video sensors proposed for the RPV offers a forward looking, wide FOV capabil-
ity (NAV mode) for use during target acquisition. In this mode, the image

scale is reduced to acquire additional downtrack and swath width coverage.
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Upon acquisition and identification of the target, the operator attempts to
optimize the imagery obtained for exploitation. In the overflight system, he
employs a steering cursor to skid the vehicle heading over the target. In the
slewable sensor case, he begins to zoom the camera while maintaining the target
in the available FOV. In general, reconnaissance imagery of the target is
obtained at the largest scale possible. Interpretations are made based on the
specific EEI's to be responded to. It is obvious that, if desired, the system's
reconnaissance capabilities can be applied to targets of opportunity, including
fixed, mobile, and fleeting types. The process of target acquisition can also
be enhanced by a '"pop up" during the approach, again, if commensurate with

survivability, and if jamming permits man to be in the loop constantly.

The exploitation of the real time imagery (as opposed to collection) is
accomplished in one of two ways. It may be accomplished onboard the DC-130
and the image-derived information transmitted to a ground station, or it may be
be performed on the ground and the imagery itself transmitted. The ground
exploitation facility supporting the BGM-34C system is to be the Reconnaissance
Reporting Facility (RRF) developed under the ASD Quick Strike Reconnaissance
(QSR) program. The interface of the BGM-34C system with the RRF will be the
AN/TYQ-6 Compass Sight data link receiving van. Under QSR, the RRF will
support the real time interpretation of AAD-5 line scan infrared and APQ-9

FLIR sensors. Support of the BGM-34C sensor system is essentially identical

to exploitation of the QSR imagery. Figure 9 presents a function/flow

diagram of the BGM-34C reconnaissance RPV system. Two external phenomena can
modify the exploitation process. In the event that severe jamming precludes
effective transmission of imagery from the RPV to the DC-130, up to 20 minutes
of imagery can be recorded on video tape for later transmission. An airborne
recording capability can also be utilized in the event that the RRF is currently
servicing the QSR aircraft. Figure 10 presents the alternative actions in the
exploitation of imagery. Figure 11 depicts the design configuration of the
RRF, a modified TIPl imagery interpretation van. Figures 12 and 13 show the
interpretation flov within the RRF.
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REPORTING

The requirements for reporting information derived from this reconnais-
sance system apply equally to any tactical imagery collection system. AFM
200-50, Image Interpretation Handbook, defines the purpose of this function

as follows:

Image interpretation reports serve two parallel objectives:
maximum exploitation of the information they contain and
timely dissemination of intelligence to the user.

It should also be recalled that this system is to be applied against pre-

briefed (prelocated) targets and locations. Because of the (near) real time
capability, it can be assumed that operational emphasis would be on (Initial
Photo Interpretation Report (IPIR) level dissemination. This type of report

is characterized as "

. « . a first phase exploitation report used to provide
information on approved mission objectives. It may also provide new and
perishable intelligence" (AFM 200-50). Subsequent exploitation of imagery
collected by this system can also be used in preparing Supplemental Photo
Interpretation Report (SUPIR) level reports based on second phase

interpretation. A typical outline for IPIR contents is shown in Table 4.

TABLE 4. OUTLINE OF TYPICAL TIPIR *

I. Mission Track
II. Airfields
A. New or Changed Information
B. No Significant Change
IT11. Electronics
IV. Weapons
V. Military Areas
VI. Road and Rails

VII. Surface and Seaborne

* Source: Naval Reconnaissance Technology Support Center
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More detailed reporting requirements are set forth in the 58 series of
Defense Intelligence Agency manuals on intelligence collection. Order of
battle information is divided into seven categories (similar to Table 4).

They are: ground, artillery, naval, electronic, air, nuissile, and nonmilitary
equipment. The status of the target, with respect to the most recent previous
observation, is (also) to be reported as one of five allowable categories:

new installation, significant change, minor change, no change, and unknown

as to change. The status or activity of the target itself is also to be
reported. Categories for this item are: wunder comnstruction, completed,
operational, abandoned, removed, destroyed, not operational, damaged,
occupied, unoccupied, transitory, negated, and unknown. The interpreter is
also required to report the validity, or level of assurance, of his

interpretations. Validity categories are: confirmed, probable, and possible.

The EEI are questions about the enemy, posed by the operational command,
and included in the intelligence collection plan. They may be the objectives
and desired results stated in the Fragmentary (Frag) Orders which underlie
the mission planning of a BGM-34C reconnaissance sortie e. they may, for the
basic intelligence requirements pertinent to some target and installation
types, take the form of commonly used, standard checklists. (An example of
a checklist is given in Table 5.) Frag Order requirements and EEI checklists
are complementary. They may be further augmented by the requirements of the

operational command (e.g., NATO, PACAF, USAFE, and CENTAG Reporting Guides).

TABLE 5. EEI CHECKLIST FOR MISSILE SITE REPORTING

A. Type: (Offensive or Defensive)
B. Site: (Temporary or Permanent)
C. Launch Site:
(1) Number of Firing Points or Pads
(2) Construction (Concrete, Revetted, U/C)
D. List Any Auxiliary Equipment (Transporters, Prime Movers, Launchers, etc.)
F. Number and Type of Antenna: (Guidance and/or Acquisition Radar)
F. Defenses (AAA)
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Section 4
PROGRAMMABLE IMAGE SCANNER

DEVELOPING THE SIMULATION CAPABILITY

One of the majcr tasks accomplished was the specification and develop-
ment of 4 real time reconnaissance RPV simulation facility. Immediate
application of this facility was in the comparison of the three day sensors
discussed in the Appendices. The facility was also required to be capable of
appliration against requirements engendered by missicn growth and advanced
RPV systems. The approach followed in establishing the facility was based
on the use of a flying spot scanner system and advanced video control and

processing techniques.
GENERAL DESCRIPTION

The Programmable Image Scanner (PIS) is a special purpcse flying spot
scanner capable of generating simulated airborne sensor imagery over a wide
range of aircraft and sensor performance parameters. A simplified functional
diagram of the system is shown in Figure 14 and a photograph of the overall
P1S appears in Figure 15. A high resolution CRT is used to generate a small
spot of light that is scanned across and down the CRT to form a raster similar
to that seen in a standard television tube. The light is optically projected
onto moving film imagery. The condenser lens collects the transmitted light,
which has now been intensity modulated by the film imagery, and concentrates
it at the window of a photomultiplier tube (PMT). The output of the PMT
is a current that varies linearly with the intensity of the light at the
window. This current is converted to a voltage which is amplified, mixed
with appropriate synchronization signals and presented to the television

monitor as a composite video signal.

Figure 16 illustrates the process by which the apparent perspective
of film imagery can be varied to meet the needs of sensor simulation. In
this figure the circles represent the CRT on which the small spot of light

generates a raster shown as five lines within the circle. The two thicker
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dark lines represent the film imagery being scanned. The squares represent
the TV monitor on which video pictures are presented. To understand how the
altered raster changes the monitor's presentation, it must be kept in mind
that the CRT and monitor rasters must be kept in time synchronization; that
is, a horizontal line on the CRT raster, regardless of its length, requires

the same time interval as a horizontal line on the monitor picture tube.

Referring to the left-most CRT raster, note that the two heavy lines
are scanned by the spot of light as it passes through the one-third and two-
thirds points in its linear horizontal sweep. The monitor thus shows two
bars in a similar arrangement on its screen. In the center CRT raster, the
spot of light has been made to move horizontally at a slower velocity;
therefore, the two bars appear closer to the edge of the raster and their
width becomes a larger percentage of the horizontal line. This change is
reflected in the monitor as an apparent reduction in range. In the right-
most CRT raster, the length of the horizental lines is reduced as the spot
moves down the screen. It can be seen that the effect in the monitor now is
one of apparent convergence of the horizontal lines with the accompanying
impression of apparent perspective. Control of the raster affords control of
scale, orvientation, coverage dimensions, and perspective line at the monitor.
Combined with control of film direction and velocity, the PIS simulates

dynamic sensor/vehicle characteristics.

DETAILED SYSTEM DESCRIPTION

The PIS was originally developed for the purpose of screening 5 inch
format strip photographv on a TV monitor. A standard 3:4 aspect raster could
be electronically zoomed and/or translated under operator control. In order
to achieve the capabilities required to generate simulated dynamic sensor
imagery, significant upgrading and new circuitry was :equired. A detailed
block diagram of thc PIS is shown in Figure 17. Each subsystem will be
discussed as to its functional purpose, significant parameters, and changes

in its configuration to optimize system performance.

The PIS now provides a highly versatile image generation capability for

sensor system simulation. It affords the user interactive, dynamic control
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of displayed scene perspective over a wide range of sensor and aircraft
characteristics, Areas of application include sensor comparisons, image
metrics studies, system sensitivity investigation (weather, flight profiles,
countermeasures, etc.), enhancement technique development, and mission/test

planning.

Cathode Ray Tube Assembly

The CRT assembly (see Figure 18) includes a precision CRT, a magnetic
deflection yoke, dynamic and static focus coils, high voltage and focus
voltage power supplies, and the necessary mounting and support hardware. All
of these items were carefully selected and integrated to result in the smallest
possible spot of light on the tube face. The CRT was changed from a 5-inch
to a 10-inch diameter tube to meet the need for larger rasters at the film
plane. The CRT selected was a Thomas Electronics 10M 99P47. This tube has
a specified spot size of 0.009 inch with a beam current of 50 microamperes.
The persistence of its No. 47 phosphor is specified to have a decay time of
10 percent brightness of 0.08 microsecond, This rapid decay is required if
high frequency video response 1s to be obtained. The magnetic deflection

yoke and tocus coils selected for use with this tube were purchased from

Syntronic Instruments, Inc. and were custom made for this application. The
new high voltage and focus voltage power supplies were purchased from Bertan
Assoclates, Inc. and are rated at 25,000 volts, 300 microamperes and 1500

volts, 10 milliamperes, respectively.

Synchronjzer

The svachrvonizer generates all timing signals required to control the
svstem's sweep, blanking, and video processor control circuits. In addition,
3 it generates synchronizing signals, in the format of EJA RS-170, for use

with anpy standard video monitor,

This circait uses a 31.5 kHz crystal oscillator as a timing refereace.
Fhe square wiave output of this oscillator is used to drive transistor-
transistor Jopic (ITL) integrated circuit counters and control logic to

poenerdate the timing signals,  No changes were made jn this subsvstem.
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Sweep Generator Circuits

The horizontal and vertical sweep generator circuits form the ramp and
modified-ramp voltage signals which ultimately are used to drive the electronic
beam of the CRT in the manner appropriate to the desired raster "footprint"
(Appendices). The voltage used to scan horizontally within the raster has a
frequency of 15,750 Hz; the voltage used to scan vertically has a frequency
of 60 Hz. The effects of these two voltages is to produce a raster having
two fields, each containing 262.5 horizontal lines. The two fields are offset
vertically by one-half a line pair in order to form a two-to-one interlaced
picture. The sweep generator circuits used in the RPV simulation utilize both
analog and digital circuitry and were designed specifically for each of the
three simulated sensors. The KA-93 and the Teledyne-Brown TV RECON mode are
unique in.their coverage characteristics; the sweep circuits for the slewable

TV can be used much more generally (e.g., FLIR, "smart' weapons).

Phosphor Protection and Blanking Circuits

The phosphor protect and blanking circuits apply a voltage between the
control grid and cathode of the CRT of sufficient magnitude to turn off the
electron beam. The phosphor used on the face of a precision CRT can be
damaged by an excessive concentration of the electron beam current such as
might occur if one or both of the beam deflection signals are lost. The
phosphor protect circuit continually samples both the horizontal and vertical
deflection currents and immediately cuts off the electron beam if either
signal amplitude decreases below 200 millivolts peak-to-peak. The blanking
circuit is controlled by voltages derived from the synchronizer circuit. This
blanking signal is used to ensure that the electron beam is cut off during the

time interval used for vertical and horizontal retrace.

No changes to these circuits were required.




Dynamic Focus

The electro-optics of a precision CRT are such that minimum spot size
cannot be maintained over the total face of the tube without some form of
currective influence. The most effective means for maintaining proper spot
size is to drive the dynamic focus coil with a current which varies as the
sum of the squares of the horizontal and vertical deflection currents. Such

a circuit is utilized in the image scanner.

No changes were required for this simulation.

Video Amplifier Circuits

The video amplifier circuits include a current-to-voltage circuit, a

preamplifier, and an amplifier/processor.

As the name implies, the current-to-voltage converter accepts the varying
one milliampere signal from the PMT and converts it to a varying voltage of
approximately 15 millivolts peak-to--peak. This signal is fed to the preampli-
fier where it is amplified by 20 dB and then to the amplifier/processor where
it is further amplified under the control of an automatic gain control (AGC)
circuit, In addition to AGC, the signal is as processed by a white limiting
circuit. When a pseudo-horizon is required, as in the NAV mode for the

Teledyne-Brown TV system, appropriate digital switching circuits are utilized.

All of these circuits were designed specifically to meet the needs of the
simulation effort. They permit the PIS to exploit both low contrast and wide
dynamic range photography in simulating sensor-generated imagery. These
circuits can be modified to simulate jamming, atmospheric, and data link

characteristics.
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Photomultiplier Subsystem

The PMT was a flat-end-window type photocathode on which the light from
the CRT is focused by the condenser lens. The output of the PMT is an ac
current with peak-to-peak variations of approximately one milliampere. The
tube is housed in a special mounting which also contains the resistive voltage
divider chain needed to properly bias it, and a magnetic/electrostatic shield

to reduce the effects of external electromagnetic noise.

All components of the subsystem, including the PMT power supply, were
upgraded in order to increase the overall sensitivity of the PIS. The PMT
selected was an EMI Gen Com Inc. No. 9558B, 10 dynode tube with an S-11
spectral response and an ave<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>