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ABSTRACT

Night systems (NS) are playing an ever increasing role in
the warfighting capabilities of armed forces world wide
through technological advancements in Forward Looking InfraRed
(FLIR) and image intensification (I®), specifically night
vision goggle, devices. As NS technology for use in aircraft
has evolved, so has the desire to augment existing and future
designs with the ability to prosecute enemy targets from
passively detected emissions within the electromagnetic
spectrum that cannot be detected by the naked eye at night.

Cockpit and system display designers must now meet
specification requirements for NVG compatible cockpit and
external 1lighting, windscreens, and displays. As such,
evaluation specifications and requirements of the NS
themselves and the aircraft and cockpits in which they are
used must be assessed to ensure fleet aircrew have the best
and safest systems current technology can make available.

This thesis briefly illustrates NVG theory and history,
outlines specification and test criteria, and presents a
complete test pilot school curriculum to expose prospective
Test Pilots, Weapons System Operators, and Engineers to NS
test techniques with an emphasis on NVGs and NVG/cockpit
lighting compatibility. Extensive academic briefs and test
pilot school standard operating procedures will be developed
to ensure the night systems evaluation exercise is conducted
in the safest possible manner.

The integration of NS into the total aircraft weapon
system will be addressed. A methodology for addressing
specific questions will be developed which included such
factors as target and aircraft characteristics, terrain
features, and the contrast between prospective targets and
their backgrounds. The methodology stresses the human factors
aspects of the man-machine interface, especially display size,
image quality, and NVG compatibility.

Finally, an evaluation/demonstration flight will be
developed which exposes the prospective evaluator to NVG
phenomena, hazards, and operational requirements. The flight
will focus on our ability to use current technology to
actively (Radar) and passively (NVG and FLIR) prosecute ground
and airborne targets at night while simultaneously exposing
the prospective evaluator to the NS assessment techniques many
may use during their flight test careers.
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CHAPTER I

INTRODUCTION

Night Systems (NS) and their associated technologies have
and continue to be one.of the most beneficial advancements for
today’s technically trained United States Armed Forces. NS
developed for airborne use are any system primarily designed
or utilized to enhance a crewmember’s ability to operate his
aircraft wutilizing visual metéorological conditions (VMC)
techniques during periods of darkness. Strategies have long
sought to exploit the night in military operations, not only
to avoid detection and as a means to defeat visually or
optically aimed weapons, but also to deny the enemy an
opportunity to rest or resupply his troops. With the advent
of practical and effective imaging devices, true night war
fighting capability has at last become a reality (as
demonstrated in the recent Gulf War). It is safe to assume
that night military operations will receive even greater
emphasis in the future. Current aviation activities range
from basic single pilot helicopter operations with Night
Vision Goggles (NVGs) to complex missions utilizing a mix of
highly sophisticated aircraft with multiple sensors, precise
navigational capabilities, and advanced weapons delivery
systems (1). The ability to see and therefore maneuver at

night through technological advancements in Forward Looking



InfraRed (FLIR) and image intensification (I?), specifically

night vision goggle, devices has led to the development of
unique offensive and defensive tactics by both U.S. and
foreign airborne, ground, and sea fighting forces.

The earliest I? devices which provided "night vision"
were InfraRed (IR) sniper scopes used during the final phases
of World War II. The first experiments with I? devices in
aircraft was begun in the late 1950’s when the U.S. Army
evaluated head mounted IR converter devices. Both of these
initial devices required a éovert IR 1light source to
illuminate (irradiate) the area to be viewed (2). This not
only limited their effective range, but also made them easily
detectable by an adversary equipped with a similar device. As
such, aircraft would be required to be positioned in close
proximity to enemy forces to enable sufficient illumination
for viewing. This very close exposure to the enemy was deemed
unsatisfactory in initial flight tests since the purpose
behind the development of NS was to provide a means for
aircrew to see at night and visually defeat the enemy while
maintaining the element of surprise afforded by night tactics.

Although initially used exclusively in helicopters, NVGs
are now seeing service in all types of military aircraft. The
first extensive combat experience with NVGs occurred during
the Falkland Islands War where they were employed by the
British (1). As NS technology for use 1in aircraft has

evolved, so has the desire to augment existing and future




designs with the ability to prosecute enemy targets from

passively detected emissions within the electromagnetic
spectrum that cannot be detected by the naked eye at night.
Cockpit and system display designers must now meet
specification requirements for NVG compatible cockpit and
external lighting, Qindscreens, and displays. As such,
evaluation specifications and requirements of the NS
themselves and the aircraft and cockpits in which they are
used must be assessed to ensure fleet aircrew have the best
and safest systems current technology can make available.

This thesis will briefly illustrate NVG theory and
history, outline specification and test criteria, and present
a complete test pilot school (TPS) curriculum to expose
prospective Test Pilots, Weapons System Operators (WSO), and
Engineers to NS test techniques with an emphasis on NVGs, and
NVG/cockpit lighting compatibility. The broad backgrounds of
prospective evaluators that are selected for test pilot
school, many of which have never been exposed to night
systems, require an in depth review of the hazards present
while utilizing night systems in the dark. As such, extensive
academic briefings and test pilot school standard operating
procedures (SOP) will be developed to ensure the night systems
evaluation exercise is conducted 1in the safest possible
manner.

The integration of NS into the total aircraft weapon

system will also be addressed. A methodology for addressing




these questions will be developéd which includes such factors

as target and aircraft characteristics, terrain features, and
the contrast between prospective targets and their
backgrounds. The methodology stresses the human factors
aspects of the man-machine interface, especially display size,
image quality, and NVG compatibility (3). Finally, an
evaluation/demonstration flight will be developed which will
expose the prospective evaluator to NVG phenomena, hazards,
and operational requirements, and the NS assessment techniques

many may use during their flight test careers.



CHAPTER II

NIGHT VISION GOGGLE HISTORY
AND BASIC THEORY OF OPERATION

ELECTROMAGNETIC ENERGY

Prospective evaluators of night vision systems need a
basic understanding of how electromagnetic energy is produced
and how it behaves in accordance with the laws of physics.
Electromagnetic energy is characterized by its frequency and
wavelength which includes radio waves and microwaves, infrared
waves, visible light, ultraviolet waves, x-rays, gamma rays,
and cosmic rays as shown in Figure 2-1.

Only a small portion of the electromagnetic energy
spectrum is detectable with sensors that are capable of
passively detecting the energy that exists in the environment
and producing an image that can be discerned visually. Except
for a few applications where passive microwave radiometers are
used to map large volumes of terrain (i.e. cities), millimeter
and greater wavelengths require active transmitting devices
such as radars to capture energy and map terrain and man-made
objects that are then displayed in the cockpit. Passive
imaging has few tactical applications below the ultraviolet
wavelengths where energy is most commonly produced from
astronomical and atomic reactions. These reactions are
primarily detected as reflected energy from the sun, which
precludes it from night applications (5). The remaining IR
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and visible spectrums shown in F:igure 2-2 are capable of being

passively detected at night.
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Figure 2-1

ELECTROMAGNETIC ENERGY SPECTRUM (4)
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Figure 2-2

IR, VISIBLE, AND ULTRAVIOLET SPECTRUMS (3)

The near IR and visible light regions are dominated with
reflected and scattered energy, while the mid and far IR
regions are dominated with emitted thermal energy at nominal
terrestrial temperatures (6). Image intensifiers (I?) and
thermal detectors (FLIR) have been developed to detect,

process, and display in a visible form the energy in these

latter two regions.

RADAR

The first "imaging device" employed in military aviation
was a radar bombsight used extensively during World War II for

strategic bombing. Quite crude by present standards, it did




permit a non-precision delivery of bombs at night, or through

cloud cover. Aircraft interception during darkness also began
in World War II with the inception of air-to-air radar
systems, which despite their limited capabilities, were used
by both the Allies and the Luftwaffe with mbdest success.
Since World War Ii, radar systems, both air-to-ground and
alir-to-air, have been steadily improved and employed in a wide
variety of strategic and tactical aircraft. Highly
sophisticated radar systems are responsible for the majority

of U.S. present day all-weather capabilities (1).

IMAGE INTENSIFIER THEORY

The tendency of objects to reflect visible and near IR
energy within the electromagnetic spectrum is the fundamental
concept upon which I? devices are designed. In simple terms,
image intensifiers take this reflected light energy, amplify
it, and display the intensified image to the pilot. The
luminance of the I? image depends both on the luminance of the
image source and the transmission efficiency of the optical
system (7). As shown in Figure 2-3, reflected light from
terrain features are enhanced in the near IR spectrum in the
region of approximately 0.6 to 1.2 micrometers (microns) which
benefits present NVG technology which is sensitive to light in
the 0.6 to 0.9 microns range. (Note: From this point forward,
"micron" refers to the wavelength of electromagnetic energy

measured in "micrometers")




Figure 2-3
REFLECTIVITY OF OBJECTS

Light intensifier tubes have been developed that operate
within the electromagnetic spectrum between the ranges of 0.6
to 0.9 microns. The basic concept of the current design is a
set of tubes which capture photons of ambient light and
bombard them against a photocathode which emits electrons
proportional to the amount of light energy striking it. The
electrons ére accelerated away from the photocathode by an
electronic field energized by a high negative charge. The
electrons then pass through an electron multiplier called a
microchannel plate. The MCP consists of several million fiber
optic channels coated with an emissive lead material which
releases secondary electrons. This not only multiplies the

electrons, but accelerates them towards a phosphor screen



which recreates the image with the multiplied electrons for

viewing. A simple diagram is shown in Figure 2-4.
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Figure 2-4
SIMPLE ILLUSTRATION OF AN IMAGE INTENSIFIER (I?) TUBE (8)

As previously stated, current third generation I? devices
are sensitive to electromagnetic energy in approximately the
0.6 to 0.9 micron wavelengths. This includes a portion of the
visible 1light spectrum which can adversely affect the
performance of NVGs. Therefore, cockpit lighting must be NVG
compatible to avoid undesired amplification of light within
the cockpit which precludes the ability of NVGs to respond to
ambient light levels in the environment. In 1986 a military
specification, MIL-1-85762, "Lighting, Aircraft, Interior,
Night Vision Imaging Compatible," was developed to resolve

night vision compatible cockpit lighting problems (9). All
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NVG compatible cockpit lighting must be blue-green or below in
the visual spectrum to be in compliance with MIL-L-85762. An
optical dielectric cutoff filter has been incorporated into
most modern NVGs that filter out the blue-green light and thus
allow for compatible cockpit lighting. Figure 2-5 shows the
typical human eye da? and night, and the second and third
generation (Gen II and Gen III - discussed in the next
section) intensifier response curves. The dielectric cutoff
filter positioned at 0.625 (Type»A) or 0.665 (Type B) microns,
which 1is incorporated into Gén III NVGs to allow for

compatible cockpit lighting, is also depicted.
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Figure 2-5
HUMAN EYE DAY AND NIGHT, AND SECOND AND
THIRD GENERATION INTENSIFIER TUBE RESPONSE
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IMAGE INTENSIFIER HISTORY

As previously stated, the earliest devices which provided
night vision were the IR sniper scopes which had the
disadvantage of requiring a covert IR light source for
illumination (irradiation). In the 1960’'s the "first
generation" (GEN I) iz device saw limited aviation service
during the Vietnam War, primarily in Forward Air Control (FAC)
aircraft. These devices were capable of intensifying ambient
illumination and did not require a separate source of IR
energy as had the WW II infrared scopes. Gen I I? tubes,
shown in Figure 2-6, utilized a three stage cascade amplifier
process to amplify and accelerate the electrons to the

phosphor screen yielding a nominal gain.
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Figure 2-6
FIRST GENERATION IMAGE INTENSIFIER TUBE

In the early 1970's, as a result of evolving

semiconductor technology, second generation (GEN II) NVGs
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became available. Intended for ground troops, primarily truck
and tank drivers, they were binocular in design, head mounted
and much smaller and lighter than the first generation
devices. The second generation tubes used a Micro-Channel
Plate (MCP) which consisted of approximately a million fiber
optic channels compacfed into an 8 mm wafer. The performance
of the second generation I® tubes, shown in Figure 2-7, were
not as good as the first generation tubes, but were smaller,
lighter and had a lower power requirement. The first
experimental attempts to exploit these NVGs for aviation
occurred at least as early as 1971, but it was not until 1975

that their true potential was recognized and they were adopted

for cockpit use (1).
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SECOND GENERATION IMAGE INTENSIFIER TUBE

The third generation (GEN III) NVGs appeared in the early

1980’'s in response to desires for a compatible NVG designed

)
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specifically for aviation (helicopter) use. The Aviator’s
Night Vision Imaging System (ANVIS), AN/AVS-6 goggles used the
new third generation I? tubes that improved the gain and
resolution of the previous GEN I and GEN II tubes (1). GEN
III tubes incorporated gallium arsenide (GaAs) in the
photocathode and imprbvements in the MCP. They had a much
improved helmet mount, provided much better response in the
0.6 to 0.9 micron range, and had considerably greater
capability al lower light levels than GEN II goggles. Now
available in a variety of different designs for different
applications and aircraft types, the GEN III tubes have proven
to be acceptable in nearly all facets of military aviation
(10) .

Night vision goggles are classified as either type I or

type II as depicted in Figure 2-8.

e e 1 ™

Figure 2-8
TYPES OF THIRD GENERATION NIGHT VISION GOGGLES
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The type I, typified by ANVIS, has "direct view optics and are
used primarily in helicopters. The ANVIS goggles, as depicted
in Figure 2-9 have a flip up feature to enable normal
unobstructed unaided field of view (FOV). With the goggles in
the down position the goggles provide and aided field of view

(FOV) of approximately 40 degrees.

Figure 2-9
ANVIS NIGHT VISION GOGGLES

The type II design incorporates a folded optical pathway
and utilizes a combiner block to present the image to the eye.
The type II design was developed for fighter/attack jet
aircraft to permit direct viewing of FLIR imagery presented in
a heads up display (HUD). A direct viewing capability is
essential in some aircraft because the HUD is not visible with
NVGs (a function of wavelength of the HUD phosphor). Without
the direct viewing capability, a pilot would be forced to look

around the goggles to see the HUD.
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Another important advantagé of the Type II design is the
fact that the combiner is not only relatively transparent, it
is significantly smaller than the tube assembly and thus
results in 1less obstruction of the wunaided FOV. This
particularly enhances the pilot’s ability to see inside the
cockpit to monitor essential flight instruments, an especially
important feature in the high speed, highly dynamic flight
regime of fighter/attack aircraft. The GEC Avionics Cats

Eyes, depicted in Figure 2-10, are the most widely used type

II goggle.
I tube
-------- image
Real world
image 7
i —— IR Eye
Dieljccric Corbined
coating image

Figure 2-10
CATS EYE NIGHT VISION GOGGLES
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THERMAL DETECTION THEORY

The other primary group of night imaging devices, forward
loocking infrared (FLIR), emerged during the Vietnam era and
utilized a completely different type of technology. NVGs
image visible light and near IR energy reflected from the
surface of objects (réflective contrast). FLIR technology is
based on the fact that all objects warmer than absolute zero
emit "heat" in the form of IR energy. The rate of emission,
or radiation of this thermal energy differs depending upon the
composition of the object. In lérge part and in simple terms,
thermal energy is absorbed during daylight hours and
dissipated during night hours. Atmospheric conditions
including cloud cover and ambient air temperatures affect the
thermal differences and thus the radiance at which the thermal
scenes can be viewed. A FLIR image is simply a computer
generated picture based upon the differences in the rate of
emission of IR energy by the objects in the scene (thermal
contrast) .

FLIR 1is capable of discriminating between adjacent
objects with temperature differences of as little as one deg
F, and can even differentiate objects of the same temperature
if they emit energy at different rates. FLIR systems, like
radar, are much larger and heavier than NVGs, necessitating
that they be aircraft mounted as opposed to helmet mounted.

Atmospheric conditions greatly affect the transmittance

and detection capability of the thermal scene. Water
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molecules are the primary contributor to the absorption of

thermal energy and as such determine the "windows" within the
electromagnetic spectrum where IR detection is the best.
Atmospheric transmittance is based on the following equation.
E=T, (I/R?)
where

E = Irradiance of source at distance R

I = Radiation Intensity of source

R = Distance between source and location

of measurement of irradiance

T, = Atmospheric transmittance (< unity)
As shown in Figure 2-11, 3 to 5.5 and 8 to 12 microns provide
the best windows for detection. In general, the 3 to 5.5

micron window is degraded most by haze and the 8 to 12 micron

window is degraded most by humidity (11).
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Figure 2-11
ATMOSPHERIC TRANSMITTANCE (IR WINDOWS) (4)
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NVG/FLIR INTEGRATION

Because NVGs and FLIR detectors are sensitive to energy
of different wavelengths (visible light and near IR of 0.6 to
0.9 microns for NVGs versus far IR at 8 to 12 microns in the
case of FLIR), and the atmospheric transmission of energy
varies as a function.of its wavelength, the two types of
systems are complimentary. That is, each can function well
under certain conditions in which the other does not. For
instance, NVGs are much more effective in humid conditions,
and FLIR is much more effective in conditions of smoke, haze,
or brownout. Having both systems is highly desirable because
it affords a capability which is much greater than that
provided by either system alone.

Both NVGs and FLIR have monochromatic images and are
limited in resolution and FOV, all of which constitute
significant deficiencies when compared to normal day vision.
For instance, monochromatic imagery obviates the use of color
contrast, an important modality for object detection and

recognition.
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CHAPTER III
NVG CHARACTERISTICS AND PHENOMENA

GEC Cats Eye NVGs possess certain specific wvisual
characteristics relatéd to their limited resolution, FOV, and
automatic gain control. 1In addition the near IR energy to
which NVGs are most sensitive has somewhat different
properties as compared to visible 1light. These factors
combine to produce certain effecﬁs, limitations and illusions
not ordinarily encountered with unaided vision. NVG effects
include limitations in estimating or 3judging altitude,
distance, object clearance, aircraft closure rates, terrain or
object obscuration, and undetected meteorological conditions

(12) .

RESOLUTION

Although resolution can be described in a number of ways,
visual acuity facilitates comparisons in operational terms and
is the terminology with which most people are familiar. The
best visual acuity with NVGs is usually about 20/40, however,
these levels of acuity are characteristic of relatively high
levels of illumination that are rarely achieved in the
cockpit. It is important to remember that visual acuity of
20/40 is only one half as good as normal 20/20 day visiocn, but
is five times better than the best unaided night vision
(20/200 to 20/400 depending upon the illumination level).
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Lower light levels are more frequently encountered in actual

operational conditions, but goggle acuity can also be
adversely affected by incompatible sources of cockpit lighting
and/or windscreen transmission losses. Even under laboratory
conditions, goggle performance will be degraded enough to
yield only about 20/86 vision at a light level equivalent to
mean starlight.

Although the vision afforded with NVGs or FLIR provides
a significant enhancement 1in operational capability, the
acuity provided does not permit ﬁhe employment of true daytime
tactics. This is because the limitations in resolution have
an adverse effect on altitude, distance and depth perception,
as well as target detection and identification ranges. For
example, an object visible at 20 kilometers with 20/20 vision
would not be seen beyond 10 kilometers with 20/40 acuity or
beyond 5 kilometers with 20/80 acuity (1).

Tests conducted by the Naval Air Developmental Center
(NADC) identified an effect which alters the pilot’s
perception of distance when viewing a FLIR image through the
HUD with NVGs. Both the FLIR and NVGs are registered one to
one with the outside world; however, the fact that these
images are displayed in front of the pilot’s eye at a given
distance can create a condition known as instrument myopia as
shown in Figure 3-1. In order to accommodate the image on the
FLIR and NVGs, the eye perceives the displayed image as being

further away than it actually is (13).
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Figure 3-1
INSTRUMENT MYOPIA

FIELD OF VIEW

Currently available NVGs typically have a circular FOV
ranging from 30 to 40 degrees. This is much less than the
roughly 200 degrees horizontal by 120 degree vertical FOV
afforded by the unaided eye. Since spatial orientation is
primarily a function of peripheral vision, the limited FOV of
NVGs significantly affect this capability (1).

To compensate for the deficient FOV, a pilot using NVGs
must maintain an aggressive scan to increase the effective
field of regard (FOR). An effective scanning technique is
essential for maintenance of good situational awareness,
spatial orientation and altitude awareness (12). However, the
specific physiologic costs of this active scan include

increased pilot task loading and physical fatigue (1).
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ALTITUDE, DISTANCE, AND DEPTH PERCEPTION

Judgements of distance and depth are made with visual
cues ordinarily categorized as either binocular or monocular.
Binocular cues include stereopsis (vision in both eyes),
vergence (tendency of both eyes to focus at a single point),
and accommodation (thé automatic adjustment of both eyes when
focusing on object at various distances). The majority of
depth perception with NVGs 1is presumably derived from
monocular cues such as relative size, motion parallax
(relative motion), size and shape constancy, interposition,
texture gradient, and linear perspective. Size constancy,
particularly of familiar cultural objects, is an especially
powerful cue. Most monocular cues are degraded by the limited
visual acuity afforded by NVGs. The result is a significant
decrease in distance and depth perception compared to normal
day vision, particularly at lower light levels where goggle
resolution is reduced

Problems of distance and depth perception are compounded
by anything which negatively impacts resolution or contrast of
the scene. Common examples are water, snow covered or low
contrast terrain, low ambient illumination, unfavorable moon
position, dense cultural lighting, and incompatible cockpit
lighting resulting in increased canopy glare.

Water is virtually invisible to NVGs unless there is some
surface texture present (boat wakes, whitecaps, spray, etc.).

A frequent cause of spatial disorientation with NVGs has been
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the reflection of stars by water. There have also been
situations where pilots have seen through still water to the
bottom of a shallow lake without detecting the presence of the
water itself. With rare exception, flight over water must be
conducted as if the aircraft were in instrument meteorological
conditions (IMC) while incorporating an altitude buffer
between the aircraft and surface.

It is well known to aviators that, even in daylight,
terrain which is uniformly covered with snow usually provides
insufficient cues for effecﬁive altitude or distance
estimation. With NVGs the problem is aggravated by the
limited resolution of the intensified imagery. Quite the
opposite effect can occur 1if there are sufficient rocks,
trees, or other features protruding through the snow cover.
The high contrast of the dark winter vegetation set against
the snow white ground can greatly enhance perception of
altitude and distance (14) . However, unless clearly
discernible objects providing adequate size constancy cues are
present, a mission flown over snow covered landscape will need
to be conducted as if in IMC.

Other low contrast terrain, such as desert with limited
foliage, may also provide inadequate cues for effective
distance estimation. This is particularly true in the Arabian
Desert where there are large areas almost totally devoid of
any significant features or contrast. Even worse, the horizon

and terrain are often obscured by fine sand and particulate
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matter suspended in the lower atmosphere. Visibility can be
very marginal in the daytime and almost nonexistent at night.
Again the limited resolution of NVGs, especially at lower
light levels, exaggerates this problem.

Flight from a well illuminated area into a shadow can
pose a specific hazard if the aviator fails to recognize that
a marked <change in the 1light 1level has occurred.
Foreshadowing, the obscuration of near terrain by a more
distant ridge or mountain when flying toward a low lying sun,
has long been recognized as é significant hazard during
daytime (primarily at dawn or dusk). This same effect is even
more likely, and much more treacherous, during NVG flight
toward the moon when it is positioned at a relatively low
angle above the horizon, or flight toward bright skyglow
during twilight.

Although lower light levels of illumination are much more
frequently involved, very high light levels can also cause a
degradation of resolution. Because GEN III tubes are
designed to maximize performance in low light, there is a
tendency for the image to "wash out," or lose contrast at high
light levels. The result is a very bright image with reduced
contrast compared to the imagery obtained at lower light
levels.

In addition to this loss of contrast, some tubes possess
fixed pattern noise, or "honeycomb" (also apparent at high

light levels). In a situation with well illuminated, highly
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reflective, but low contrast scenery, there may be so little
contrast in the image to the terrain that it «can’'t
successfully compete with the honeycomb. In this instance the
terrain actually becomes invisible until objects or features
with greater contrast are encountered.

Anything which ihcreases contrast will tend to improve
distance and depth perception. Foliage is particularly
effective because chlorophyll is highly reflective to near IR
energy, especially in comparison to dirt, concrete, pavement,
or rocks. Even small bushes and deciduous trees are readily
distinguishable as a consequence of the chlorophyll content of
their foliage. However, size difference between bushes and
trees are generally not so apparent. There is a relative
deficiency of ©obvious identifying characteristics for
vegetation of different sizes, and this can create a very
misleading size constancy illusion if the aircrew 1is
unfamiliar with the area. The tendency is to fly at an
altitude that makes the vegetation look about the same size as
it ordinarily does. Particularly hazardous is flight over
terrain coﬁered with trees, because the inclination is to fly

low enough to make the bushes appear as large as trees (12).

NIGHT ILLUMINATION
To provide a better understanding of illumination and how
it is measured, it is necessary to first define (15) the

following terms:
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1) Illumination (lux): The act of illuminating or state
of being illuminated. Commonly referred to as the measure of
luminance an object supplies or reflects.

2) Candela: A unit of luminous intensity equal to '/
of the luminous intensity per square centimeter of a blackbody
radiating at the teméerature of solidification of platinum
(2,046 deg K).

3) Luminance: The luminous intensity per unit projected
area of a given surface viewed from a given direction and has
the units of one candela per square meter (cd/m?).

4) Lumen (lm): The unit of luminous flux in the
International System, equal to the luminous flux emitted in a
solid angle of one steradian by a uniform point source having
an intensity of one candela.

5) Lux: The International System unit of illumination,
equal to one lumen per square meter (lm/m?).

With a basic understanding of these definitions one can
derive that the luminance, or luminous flux, produced or
reflected by an object is measured in "lax". It has been
determined' that an average of 0.0022 lax is the minimum
illumination that must be present to safely maneuver aircraft
in close proximity to the ground at night. This minimum
requirement is not available by the light level produced by
nature alone (starlight, airglow, zodiacal light, etc.) with
out the presence of sufficient moonlight. To attain the

minimum light level or greater the moon must be at a
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sufficient level of illumination, phase, and/or angle above
the horizon. Figure 3-2 graphically depicts the light levels
or "night illumination" based on moon phase and angle.

The "Light Level Planning Calendar" is one of several
computer programs developed to graphically depict the light
level present throughéut the moon cycle. The program produces
a graphic printout of the illumination present at desired
locations worldwide for any desired month. The printout is
based on moon phase, illumination, and angle above the horizon
only and does not take into account the decreased light level
present as a result of clouds, overcast layers, haze, smoke,
dust, and other causes of reduced acuity. For this reason
aviators must rely on their own experience to determine
gsufficient light levels for safe flight in reduced lighting
conditions when moon phase and angle are sufficient. A light
level planning calendar computer printout is shown in Figure
3-3.

The luminance of an area based on moon position or
cultural lighting can have a very negative effect on scene
resolution and altitude and distance perception. This effect
is a function of the NVG auto-brilliance control which is a
feature designed to maintain constant image luminance. Any
bright light source will result in a reduction of goggle gain
sufficient to keep the total image brightness within preset
limits thereby making it diffucult to distinguish the distance

to objects due to reduced illumination.
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Moon position is especially critical when larger areas of

its surface are illuminated. 1If looking towards the moon or
an area of dense cultural lighting, the light source(s) will
be very prominent but the resolution of any unlit objects or
terrain will be adversely affected and they may even be
partially or totall? obscured. Altitude and ‘distance
estimation can be profoundly impaired, or nonexistent. As
previously stated, an identical effect can occur when flying
toward highly reflective terrain under conditions of high
ambient illumination. Less reflective or shadowed features
may not be visible at all.

Moon position also has another important effect on scene
definition which is related to terrain shadowing. With the
moon at or below the horizon it, of course, provides no
illumination. This condition is termed "mean star light."
When the moon is positioned overhead, there will be few if any
shadows, and terrain features may be much less apparent. This
effect is especially noticeable with low contrast terrain when
the moon is full, or nearly full. Given the right combination
of conditions, all perception of contour may be lost,
producing an illusion of perfectly flat terrain, when in fact
there may be quite a bit of vertical development.

There is a tendency for bright, red or IR light sources
to be particularly confounding in distance estimation.
Because of the sensitivity of NVGs, the relative brightness of

a light source in an intensified image tends to give the
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impression that the light is much closer than it really is.

This effect is a particular problem in judging distance or
closure rates of other aircraft because the lights are visible
at much greater distances than the actual aircraft,
particularly in low light conditions. The distance estimation
error in this situaﬁion. may be on the order of tens of
kilometers. Flight in shadows tends to enhance these light
source effects, because of the increase in goggle gain which
occurs 1in response to the reduction in total scene
illumination. Experienced aircrew learn to look around the
goggles to view light sources with their unaided vision in
order to better determine the correct distance to the source.

Situations in which there are significant differences in
the illumination or reflectivity of different parts of a scene
is termed obscuration. Portions of a scene less lit or less
reflective will be relatively poorly visualized. Even in a
situation with uniform lighting, smaller objects and anything
which has very low contrast or reflectivity may not even be
visible, especially if the overall level of illumination is
not good. |

Shadowing and foreshadowing is a very common and
potentially dangerous cause of obscuration. This is because
nighttime shadows contain very little light (illumination
equivalent to mean star light or 1less) in comparison to
shadows experienced during daylight. GEN II NVGs are

especially limited in their performance in shadows. A number
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of mishaps have occurred as a cohsequence of flight or descent

into an area of shadowing with the subsequent loss of visual

references.

UNDETECTED METEOROLOGICAL CONDITIONS

Since NVGs are primarily sensitive to near IR energy, and
the near IR 1is poorly reflected by moisture, a particular
hazard exists when flying in weather conducive to the
formation of clouds or fog. Dense clouds or fog are readily
apparent with aided vision, especially clouds silhouetted
against a clear sky. However, thin clouds or fog may actually
be invisible with NVGs, because not enough energy is reflected
from their surface to create an image in the goggles. Of more
significance, if the terrain is obscured by unseen clouds,

collision with the ground can and has occurred.

WINDSCREEN TRANSMISSIVITY

The transmission of IR energy by windscreens and cockpit
windows can be a significant problem. Designed to transmit
visible light, many cockpit transparencies do not perform as
well in thé near infrared spectrum, and the transmissivity of
some are very poor. Since NVGs (particularly GEN III) are
primarily sensitive to near IR energy, this can result in a
serious reduction in goggle performance. Like the decreased
visual performance resulting from incompatible cockpit
lighting, the effect of decreased windscreen transmissivity

may not be apparent to the aircrew.
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MOUNTING AND ADJUSTMENT PROCEDURES

In addition to the many extrinsic factors which influence
NVG performance, mounting and adjustment errors are both
common and capable of producing significant losses in visual
performance. Optimal wvision with NVGs cannot be obtained
unless the optical a#es of the tubes are precisely aligned
with the optical axes of the eyes. Unfortunately, it is
common to find situations in which the helmet mount and/or the
aviator’s adjustment procedures have resulted in an incorrect
positioning with a significant léss in visual acuity and depth
perception.

Misadjustment of either the objective focus or diopter
adjustment can also produce seriously deficient vision. It is
therefore imperative that proper mounting and adjustment
procedures be followed in order to prevent a potentially
serious degradation of visual performance.

NVG fitting, adjustment, and preflight assessment are the
single most important phase of training. The importance of
precise and correct positioning and focusing of NVGs, and the
physiological inability of the visual system to quantitate
acuity without an appropriate resolution target has already
been emphasized. Research demonstrates that only about 30% of
experienced aircrew adjust their NVGs well enough to achieve
nominal acuity (20/40) without using an effective resolution
chart in a controlled environment. Vision of 20/60, 20/80 or

worse 1s more common. Cats Eye NVGs can be adjusted fore and
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aft, up and down, tilted, and the interpupillary distance (IPD

- Spacing Between The Eyes) can be set as shown in Figure 3-3.
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Figure 3-4
CATS EYE ADJUSTMENTS

The resolution chart depicted in Figure 3-4 is composed

of nine square wave gratings which are equivalent to an acuity

range from 20/35 to 20/100.

The gratings are randomly

arranged in either a vertical or horizontal orientation, and

the chart can be rotated to any of four positions.
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Figure 3-5
VISUAL RESOLUTION CHART
The concept is to periodically change the orientation of
the chart, and thus the position and orientation of the
individual grids, so the aviators do not become accustomed to
a particular pattern. Acuity is determined by counting the
number of grids that can be seen well enough to determine the
orientation of the 1lines. For example, seeing 8 of the 9
grids is indication of an acuity of 20/40, seven grids is

equivalent ‘to 20/45 vision, etc.

NVG DEMONSTRATION LAB

The NVG demonstration lab uses a terrain board in a dark
room to demonstrate the effects of different moon phases,
elevation and azimuth; various lighting effects including
cultural lighting; and to illustrate the differences between
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normal and low contrast terrain and water. The terrain board
and dark room combination has proven particularly effective,
because many effects can be demonstrated very dramatically by
simply changing the position or intensity of illumination
while aircrew watch with NVGs. Experience has shown that this
modality is even moreAconvincing that a similar presentation

utilizing actual intensified imagery on video.

SUMMARY

There are a tremendous variety of NVG misperceptions and
illusions. In general, any effect experienced during daylight
can and many times also occur during NVG use. However, with
NVGs the image intensification process tends to intensify the
illusions as well as the ambient light. In addition to the
more familiar daytime phenomena are the NVG specific effects
related to the properties of near IR energy and the limited
resolution, FOV, and the goggle automatic gain control. Of
these factors, resolution and the effects of automatic gain
control are the most influential.

Among the environmental factors, low ambient
illumination, poor terrain contrast and light source effects
are easily the most important. Any deficiency in goggle
performance which affects vision will have an effect on
susceptibility to misperceptions and illusions. Additionally,
incompatible cockpit lighting, helmet mounting problems and
misadjustments also attribute to reduced acuity and
perception. Their effect on visual performance is often not
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recognized, and because the resulting degradation of vision
has the potential of enhancing virtually all other illusions

and misperceptions.
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CHAPTER IV

TEST PILOT SCHOOL CURRICULUM

The prospective Test Pilot/WSO/Engineer, many of whom
have never been exposéd to NS, must be fully aware of specific
hazards that exist when NS are evaluated and wused
operationally. As such, extensive academic briefs and test
pilot school standard operating procedures (SOP) must be
developed to ensure the NS evaluétion exercise is conducted in
the safest possible manner.

Evaluation/Demo flights must be developed which include
such factors as target and aircraft characteristics, terrain
features, and the contrast between prospective targets and
their backgrounds. The methodology must also stress the human
factors aspects of the man-machine interface, especially
display size, image quality, and the effect of interior and

exterior aircraft lighting on night vision devices.

SOP/SAFETY. REQUIREMENTS

Obvious hazards exist any time aircraft are operated in
close proximity to the ground. Aircrew concentration on
flight tasks during maneuvering flight is paramount since any
unrecognized downward deviation in flight path angle can be
catastrophic. The reduced visual cues available during night
operations greatly multiply these hazards and as such must be
strictly addressed.
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To ensure the safe operétion of the night systems
evaluation exercise, it 1is necessary to develop standard
operating procedures (SOP) that enable the exercise objectives
to be met in a safe and timely fashion. In recent years
various test and operational organizations that operate
aircraft with NS have.developed detailed operating procedures
(16,17,18,19,20,21,22) based on the hazards associated with NS
characteristics and phenomena. Such procedures are also based
on lessons learned from past incidents and accidents.
Researching operating procedures from test and operational
organizations alike enable the development of procedures
tailored to the operations characteristic of test pilot
schools to be assessed from a broad prospective.

Night system standard operating procedures are guidelines
which dictate not only aircrew currency, crew rest, and
designation requirements, but also weather, lumination, and
altitude restrictions and requirements as well. Therefore,
since most prospective evaluators 1likely have limited
knowledge of NS characteristics and phenomena, the SOP should
begin with several basic definitions associated with test
pilot school specific NS operations. The Standard Operating
Procedures developed for test pilot school specific
requirements 1is outlined in the following sections and

presented in Appendix A.
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NVG Aircrew Qualification/Training Reguirements

Test Pilot School instructors designated NVG aircrew must
be knowledgeable of not only the hazards involved with
operating on night vision goggles, but the characteristics and
phenomena that affect their use. Additionally, realizing that
the low altitude manéuvering of jet aircraft at night is a
very dynamic environment, it is imperative that designated NVG
aircrew have sufficient tactical jet experience to ensure safe
low altitude operations.

With the advent of reduced operating budgets for test
pilot schools worldwide, it is unlikely that multiple jet
aircraft equipped with NVG compatible cockpits will be
available to execute an NVG exercise. At best, a few
sufficiently equipped aircraft of a single type (example: F/A-
18 at the U.S. Naval Test Pilot School) will be available.
Additionally, the opportunity to select instructors who are
NVG qualified in the type aircraft to be utilized during the
exercise is not likely.

With these thoughts in mind, a step-by-step qualification
process is necessary to ensure sufficient safety margins
exist. Aircrew should first and foremost be fleet experienced
tactical jet aviators with a minimum of 100 hours in the type
aircraft the exercise is to be conducted. Following these
minimum flight requirements aircrew may then receive a basic
NVG qualification (NVGQ) following an approved operational or

in house training syllabus. To ensure aircrew have been
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sufficiently exposed to the manyfhazards presented in previous

chapters, aircrew should also receive safety training
available at NVG demonstration labs equipped with an eye lane
and terrain board. The in house training syllabus should be
patterned after fleet training but be limited to the high
altitude environment ki.e. above 3,000 ft AGL). The initial
gqualification should also limit flight to a minimum of 3,000
ft AGL to ensure sufficient aircrew familiarization with the
NS environment. Once a minimum»of 10 hours on NVGs has been
acquired and a "High Altitude" standardization flight has been
flown, aircrew may then receive the NVGI(H) designation (NVG
Instructor Qualified [High Altitude - 3,000 ft AGL]) which
allows the aircrew to instruct exercise events above 3,000 ft
AGL. The high altitude designation should be maintained until
25 hours NVG time has been attained and a "Low Altitude"
standardization flight has been flown. Aircrew may then
receive an NVGI qualification (NVG Instructor Qualified [Low
Altitude - >500 ft AGL]). Table 4-1 summarizes the NVG

instructor qualification requirements.
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Table 4-1
NVG INSTRUCTOR QUALIFICATION REQUIREMENTS

TYPE QUALIFICATION TRAINING MINIMUM
ALTITUDE (AGL)

Fleet Tactical Fleet Qualified

Air Experienced With 2 IUT
Flights
Minimum Exercise | Completed Fleet
NVGQ Aircraft Time: Training With 3,000
100 Hours 1 IUT Flight
Completed NVG 4 Flight IUT
Demonstration Lab|Training Syllabus
Simulation Complete (Tab A)
NVGQ Requirements| "High" Altitude
NVGI (H) Met NVGI Stan 3,000
Minimum NVG Time:| Fiight Complete
10 Hours (TAB A)
NVGQ Requirements "Low" Altitude
NVGI Met NVGI Stan 500
Minimum NVG Time:| f+ight Complete

25 Hours (Tab A)

Aircrew Currency And Crew Day Requirements

Once NVG instructor qualified, aircrew must maintain a
minimum level of currency to ensure the continual safe
operation of aircraft during NS instruction. As such the
following criteria should be strictly adhered to:

* Minimum of 1 day flight in the evaluation aircraft in
the previous 15 days.

* Minimum of 1 NVG flight in the evaluation aircraft
within the previous 30 days to act as NVGI/NVGI (H) .

Additionally, aircrew flying low altitude evaluation flights
should have:

* Flown approved low level route during daylight hours

within the previous 60 days to operate on NVGs below
3,000 ft AGL.
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Due to the limited flight responsibilities of the
prospective evaluators (students) on the evaluation flight
there should be no minimum requirements established.

Crewmembers involved in NVG operations should closely
monitor their crew rest and be cognizant of the degrading
effects in performancé associated with changes in circadian
rhythm during the shift to and from night operations. The
following limitations shall be observed by all crewmembers
participating in NVG operations.

NVG Instructors:

* 12 hrs max from first scheduled event to final land
time.

* 12 hrs from land time to first scheduled event the
following day.

* Instructor aircrew should not be scheduled for more
than 4 consecutive nights involving NVG operations.

Students:

* 15 hrs max from first scheduled event (class or flight)
to final land time with no flight the following day.

All Crewmembers:
* Maximum of 2 flights per day when involved in NVG

operations.

Weather Requirements

As previously discussed NVG performance is degraded based
on the deterioration of ambient light conditions. Weather
conditions shall be thoroughly assessed prior to any NVG
flight. Areas of fog or rain shall be avoided whenever

possible regardless of moon phase. Overcast conditions, rain,
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fog, and blowing dust can severeiy degrade NVG performance and

should be briefed, approached, and treated as a mean starlight
or inadvertent IMC condition, whichever is applicable.
Weather minimums are established as follows:
* Operations above 3,000 ft AGL
- Normal school SOP night minimums.
* Operations below 3,000 ft AGL
- School SOP night minimums to include:

- 3000/5 along entire low (<3,000 ft AGL)
altitude portion of the flight.

* Note: Ceilings can reduce ambient light conditions to
unacceptable levels regardless of moon phase and elevation.
NVG flight may continue beneath broken or overcast ceilings at
the discretion of the Pilot In Command. In no case will NVG
flights be conducted with weather observed or measured at

less than 3000/5.

Moon Conditions

The NVG Light Level Planning Calendar Computer Program
should be used to determine percent of lunar illumination,
angle of the moon above the horizon, and LUX level for all
flights involving NVG operations. The data obtained from this
program must be tempered with sound judgement since the
program does not adjust for the degrading effects of cloud
cover, humidity, haze, dust, smoke, low moon angle, terrain,
and shadowing on the operation of the NVGs. The following

ambient light and lunar condition requirements should apply.
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* Operations above 3,000 ft AGL

- No minimums.
* Operations below 3,000 ft AGL

- Minimum 0.0022 LUX.

Preflight Planning/Briefing Items

In addition to the normal preflight planning procedures
outlined in most aircraft operating flight manuals and the NVG
briefing guide, the following additional requirements should
be mandatory:

* Careful review of the route of flight will be conducted
to identify areas of known sources of bright ambient lighting
conditions. These areas should be avoided whenever possible.

* Possible hazards to flight including power 1lines,
towers, significant terrain, and towns should be thoroughly
briefed prior to flights utilizing local low level routes.

* The following is a summary of the required briefing
items:

- NVG donning and doffing procedures.

- NVG operation and adjustments.

- Location and operation of aircraft interior and
exterior lighting systems.

- NVG failures.

§ Bird strike

- Radar altimeter usage

- Emergency procedures during NVG operations.

- Pertinent astronomical data (sunset, moonrise,
moonset, moon angle, moon azimuth, predicted

ground illumination)

- Depth perception, visual illusions, physiological
effects.

- Crew coordination during NVG operations.
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- Course rules.

- Hotseat procedures.

Preflight/Prelaunch Procedures

In addition to the aircraft flight manual preflight and
prelaunch procedures, the following NVG procedures should
apply:

* Engage and disengage CATS EYES NVGs to helmet several
times to ensure disengagement can be performed quickly and
easily. There should be no binding present during
disengagement. Ensure both batteries supply sufficient power.
Inflight NVG "Donning" and "Doffing" procedures and crew
coordination must be briefed.

* With NVGs attached to the helmet, adjust NVGs to the
optimum position. Adjust tubes for proper distance between
the eyes, proper distance from each eye, elevation, vertical
alignment and focus prior to the take off point.

* Protective caps for NVG lenses should not be carried in
the cockpit to reduce the potential of Foreign Object Damage
(FOD) .

* While preflighting the cockpit, ensure all NVG lights
are operable and that filters are installed and not distorted.

* When not being worn, NVGs should be stored in the NVG
case. At no time should the NVGs be put into or taken from
the cockpit when not inside the carrying case.

* An operable flashlight should be a part of each aircrew
member’s personal survival equipment. While an NVG filter is
desirable in flight, aircraft preflight is hindered by the dim
blue-green light. Preflight with NVG filtered flashlight is
not advisable. A standard white or red lens flashlight is
acceptable for use in flight, recognizing that usage 1is
incompatible with the NVGs, providing care is taken not to
adversely affect the NVGs of the pilot at the controls.

Taxi/Takeoff Procedures
Taxiing with NVGs may be conducted at the instructor

pilot’s discretion. Takeoffs while wearing NVGs is not
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recommended and should be prohibited. Inform tower of NVG

operations especially if taxi with the taxiway lights out is
desired. Tower will accommodate lighting requests for the
airfield whenever possible. Prior coordination is normally
required for most airfields, particularly if exclusive use of

the airport traffic area is desired.

Enroute Procedures

All crew members must be equipped for flight with
operable NVGs. Except for conducting normal donning and
doffing procedures, NVG flight operations should not be
conducted until both crewmembers are configured with operating
and properly adjusted NVGs. For the ©purposes of
demonstration, an instructor may have the other crew member
secure NVG operation momentarily. The following procedures
should be adhered to:

* The minimum altitude to Don/Doff NVGs should be 1,500
ft AGL for low altitude flight and 3,000 ft AGL for high
altitude flight. Baro altitude hold, if available, should be
selected and a minimum airspeed of 250 KIAS should be
maintained during the Donning/Doffing procedure.

* Constant two-way ICS communication must be maintained
between all crew members while conducting NVG operations.

* Tf ambient lighting or NVG performance degrades to the
point where critical aircraft performance or attitude
parameters (altitude, airspeed, vertical speed and attitude)
can not be determined accurately and confidently, the NVG
phase of the flight should be terminated.

* If at any time either crew member is not certain of
aircraft performance parameters, 1if either crew member’s
interpretation of visual phenomenon critical to safe operation
is not clear, or if either crew member becomes disoriented, an
immediate wings level climb to a safe flight envelope should
be initiated.
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* Minimum enroute airspeed should be 250 KIAS. This
airspeed provides enough energy to zoom climb in the majority
of tactical jet aircraft, remove goggles, and eject if
necessary.

* Formation flight should be prohibited except in
situations where an emergency aircraft requires an external
configuration check. If such a situation arises, extreme care
should be utilized during the rendezvous to ensure aircraft
closure rates are controlled.

Simulated Weapons Delivery Procedures

VMC weather restrictions should apply for all types of
simulated weapons deliveries. Due to the high potential for
target fixation while operating with NVGs, all simulated air
to ground delivery profiles must be thoroughly briefed prior
to flight. The aircraft software radar altimeter setting
should be positioned at 10% Dbelow release altitudes if
available. NVG air-to-ground deliveries should be limited to

the profiles in Table 4-2.

Table 4-2

MINIMUM SIMULATED WEAPONS DELIVERY PROFILES
Dive Angle | Min Roll-in Min Release Min Alt
(degrees) (ft AGL) Alt (ft AGL) (ft AGL)

0 500 500 500

15 4000 2000 1000

30 10000 5500 3000

40 12000 8000 4000

To perform simulated deliveries, an NVGI(H) or NVGI

designated pilot should be present in the aircraft. In no
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case should the aircraft descend below the minimum altitude of

the NVGI qualified pilot (500 or 3,000 ft AGL). Extreme care
should be exercised during pop-up (15 deg) dive and normal
dive deliveries. Should any disorientation occur, an

immediate abort should be required.

Over Water Operations

Due to the greatly reduced depth perception cues incurred
during flight over non reflective terrain such as water, the
minimum altitude during extended low altitude over water

flight operations should be 1,000 ft AGL.

Landings

Landings with airfield lights secured should be allowed
when light level is at a minimum of 0.0022 lax. A low
altitude pass down the runway with the landing light on should
be made prior to performing touch and go landings to ensure

the landing area is clear.

Ejection

Because ejection while wearing NVGs 1s prohibited,
absolute coordination between crew members is required. Prior
to takeoff, command ejection shall be set in the briefed
position and remain there for the entire flight. Ejection
procedures should be reviewed at the "hold short" position,
including discussion of where each crew member will throw
their goggles in the event of ejection. 1In the event of an
immediate ejection situation, the call "GOGGLES, GOGGLES,
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GOGGLES" should be made prior to any "EJECTION" call. 1In a

controlled ejection situation, every attempt should be made to

stow NVGs in the protective case to avoid possible injuries.

NVG Instructor Training Syllabus

A pilot instructor under training (IUT) new to NVG
flight, without previous instructor qualifications or with
less than 25 hours NVG time should complete the IUT training
syllabus. These flights should be flown with a qualified NVG
instructor pilot. The IUT should demonstrate proficiency in
each familiarization (FAM) flight before proceeding to the
next flight. The syllabus consists of 4 flights for a total

of 6 hours of NVG flight.

NVG/DEMONSTRATION LAB PRE-BRIEF

Prospective evaluators must be familiar with the numerous
NVG characteristics and phenomena and their effects on
aircraft target engagement capabilities. Specifically, NVG
resolution, FOV, and FOR need to be fully understood as do the
reduced altitude, distance, and depth perception cues.
Additionally, the effects of weather and undetected
meteorological conditions as well as the effects of lumination
on visual acuity should be well defined. Aircraft interior
and exterior lighting, canopy glare and transmissivity need to
be presented to give the prospective evaluators the tools they
will need to adequately assess new technological developments

as they come on line.
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To ensure NVG hazards are easily recognizable, the night

demonstration lab should also be incorporated into the initial
NVG evaluation syllabus. The terrain board that "Nite Labs"
use to display the effects of moon angle and illumination, and
the effects of cultural 1lighting give the prospective
evaluators a first haﬁd view of potentially dangerous effects
prior to actual flight.

With these thoughts in mind the initial NS brief should
expose the prospective evaluaths to NVG characteristics,
lighting requirements and phenoﬁena, and prepare them for the
"Nite Lab" simulation. The "Pre-Brief" handout and briefing
overheads are presented in Appendix B and outlined below.

* Purpose -- To introduce NVG specific terms,
characteristics, and phenomena, and to provide exposure to NVG

terms and factors that affect their use.

* Principle Of Operation -- Amplify "Reflected" light
energy

* NVG History
- Starlight Scope
- Gen I
- Gen II
- Gen III

*

Current NVG Types
- Type I (ANVIS)
- Type II (Cats Eyes)

* Cats Eye Adjustments

*

Image Intensifier Details
- IIT Housing
- Photocathode
- Microchannel Plate (MCP)
- Phosphor Screen
- Collimating Lens/Combiner
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* Illumination

- Natural Light Sources
Moon
Airglow
Starlight
Zodiacal Light
Gengenschein
Aurora
Noctilucent Clouds

- Other Light Sources
Cultural Lighting
Head/Tail Lights

* Interior and Exterior Cockpit Lighting Requirements

* Moon Factors
- Moon Phase, Elevation, Azimuth

* Effects of Light

* Illusions
- Scintillation
- Fog
- Depth Perception
- Shading
- Edge Glow
- Bright Spots
- Dark Spots
- Honeycomb
- Instrument Myopia
- Shadowing

* Atmospheric Conditions
- Clouds
- Indication Of Clouds
- Fog
- Blowing Sand And Dust

* Terrain Features
- Luminance
- Contrast
- Poor Contrast
- Texture
- Water

* Human Factors Concerns
- NVG Comfort And Fit
- External/Internal Eye And Head Movement
- FOV/FOR Analysis
- Neck Strain/Fatigue
- NVG Adjustment
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NVG EVALUATION EXERCISE

The evaluation exercise should be centered around the
ability to use passively (NVG and FLIR) and actively (Radar)
detect emissions within the electromagnetic spectrum.
Focusing on the electromagnetic spectrum reinforces both the
advantages and disadvéntages and the specific capabilities of
both passive and active systems. Most test pilot schools have
exercises centered around Radar and FLIR systems; therefore,
the exercise should incorporate both to show how they
compliment each other, but‘ be centered around NVG

characteristics, phenomena, and test requirements.

NVG Evaluation Exercise Brief

The academic environment typical of Test Pilot Schools
worldwide do not always allow exercises to coincide with the
background information obtained during academic classes or
informational briefs 1like that presented in the previous
section. Weeks, or in some cases months, may pass before an
exercise is conducted following the academic preparation. As
such, some information may require repeating to ensure the
prospective evaluators are adequately prepared to conduct the
exercise. Additionally an NVG exercise may 1linger over
several months since there may only be 8 to 10 nights a month
where the desired illumination is sufficient (> 0.0022 lax) to
conduct low altitude NVG operations.

The exercise brief should begin with an overview of the
electromagnetic spectrum, concentrating on the limited portion
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that lends itself towards passively detected emissions. A

complete understanding of the visible portion of the spectrum
and the wavelengths that produce various colors is important
to the overall understanding how the NVGs are designed to
enhance certain wavelengths while inhibiting the passage of
others. Since the ekercise is designed around the entire
spectrum, an overview of why FLIR systems are designed to
operate within a specific portion of the far IR portion of the
spectrum should be presented. The absorption of common gases
(H,0, CO,, etc.) and the IR "windows" they create is a key
requirement in FLIR design. Basic FLIR design and different
types also expose the prospective evaluator to various designs
and how they are used by the operator.

Next, basic NVG illumination requirements, specifically
the moon and it phases, need to be reviewed. The light level
planning calendar, based on moon phase, azimuth, and elevation
should be presented.

A basic understanding of how different objects reflect
light, specifically in the near IR portion of the spectrum,
will give the prospective evaluators a basic understanding of
why NVGs operate within the 0.6 to 0.9 micron range. A review
of NVG history and how current NVG technology enhances ambient
light should then be presented. Since the evaluation is
concentrated on NVG capabilities to enhance ambient 1light
levels in the visible and near IR portions of the spectrum,

NVG phenomena and limitations should also be reviewed.
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With a basic understandiﬂg of how NVG technology has
evolved from the starlight scope to current systems that
incorporate radars to actively process cm wavelength emissions
and NVG and FLIR systems to passively process 0.6 to 0.9 and
8 to 12 micron wavelength emissions, the prospective
evaluators should begin to look into the future at systems
each may one day be evaluating. One such concept might be a
system that incorporates a helmet tracking system connected to
a line of sight turret which is capable of processing and
fusing together FLIR and I? images and presenting them to the
aircrew via an integrated visor (23). An example of the

conceptual design is presented in Figure 4-1.

QUICK
DISCONNECT

4 \

HELMET TRACKING
IR FPA 12D SYSITM
SENSOR | SINSOR

SENSOR
2| FUSION
>{ PROCESSOR

Figure 4-1
CONCEPTUAL NIGHT VISION DESIGN (23)
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The "Evaluation Brief" handout and briefing overheads are
presented in Appendix C and outlined below.

* Electromagnetic Radiation Spectrum Overview

* Optical Spectrum

* Frequency Band / Wavelength Overview

* Visible And IR'Spectrums

* FLIR / IR Spectrum Requirements
- Atmospheric Absorption By Common Gases
- IR "Windows"
- Affect Of Water Vapor On Atmospheric
Transmissivity
- Simple FLIR System
- FLIR System Types

* NVG / Visible and Near IR Spectrum Requirements
- Moon Factors
- Light Level Planning Calendar
- Illumination Of The Moon
- Spectral Reflectivity Of Objects

* NVG History / Concept Of Operation
- Starlight Scope
- Gen I Series Intensifiers
- Gen II Series Intensifiers
- Gen III Series Intensifiers
- ANVIS
- Cats Eyes
- Comparisons
- Cats Eye Adjustments

* NVG Image Intensifier Details
~ Photocathode Function
- Microchannel Plate Function And Design
- Phosphor Screen Function
- Collimating Lens / Combining Optics

* NVG Phenomena
- Shading
- Edge Glow
- Bright Spots
- Dark Spots
- Honeycomb
- Windscreen / Canopy Transmissivity
- Instrument Myopia
- Shadowing
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* Human Eye, Second And Third Generation IIT Response

* Exploitation Of The Electromagnetic Spectrum
Based On Current Technology

* Future System Possibilities
- Simple Helmet Tracking System
- Dual Sensor
- Conceptual Night Vision Design

- Integrated Helmet Technology
- Example Of A Fused Image

NVG Evaluation Exercise Flight

The evaluation flight should use the previously presented
technological advancements that allow use of passively and
actively detected emissions within the electromagnetic
spectrum (i.e. radar, FLIR, NVG). Utilizing these systems to
prosecute simulated air-to-ground and air-to-air targets gives
the prospective evaluators a first hand look at the systems
individual and combined capabilities. Additionally, NVG
helmet interface, interior and exterior aircraft lighting
requirements, windscreen / canopy transmissivity, and NVG FOV
and FOR can be qualitatively evaluated for their effect on
mission tasks throughout the evaluation flight.

The prospective evaluators will have the opportunity to
see the importance of properly adjusted NVGs and practice
adjustment procedures. They should also ensure that they are
able to quickly don and remove the NVGs in the event of an
emergency. Finally, the importance of comfort and fit can be
assessed during all flight regimes including maneuvering
flight where aircraft longitudinal accelerations can exceed
seven g’'s.
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Interior and exterior cockpit lighting configurations and

the effect of cockpit lighting intensities and incompatible
warning and caution lights can be assessed. Additionally,
light leaks and readability of control and displays can be
evaluated for their effect on mission tasks. Canopy and
windscreen transmissi&ity and glare from cockpit lights can
greatly affect the amount of external light transmitted to the
NVGs for amplification.

Specific NVG characteristics such as FOV and FOR can be
assessed for mission suitability. Blooming, comet trails,
scintillation, honeycomb effects, and other NVG phenomena can
be assessed for their effect on NVG resolution at various
altitudes, airspeeds, and g loadings.

Each of the varying requirements, characteristics, and
phenomena will be assessed during high or low altitude
flights. Whether a high (> 3,000 ft AGL) or low (> 500 ft
AGL) flight is flown will depend on weather or instructor
qualification as outlined in the NVG standard operating
procedures. Each flight is included as an enclosure in the

exercise briefing handout presented in Appendix C.
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CHAPTER V

CONCLUSIONS

Night systems (NS) are playing an ever increasing role in
the warfighting capabilities of armed forces world wide. NS
developed for airborne use were defined as any system
primarily designed or utilized to enhance a crewmember’s
ability to operate his aircraft utilizing VMC techniques
during periods of darkness. The ability to see and therefore
maneuver at night through technological advancements in
Forward Looking InfraRed (FLIR) and image intensification
(I?), specifically night vision goggle, devices has lead to
the development of unique offensive and defensive tactics.

Although initially used exclusively in helicopters, NVGs
are now seeing service in all types of military aircraft. As
NS technology for use in aircraft has evolved, so has the
desire to augment existing and future designs with the ability
to prosecute enemy targets from passively detected emissions
within the.electromagnetic spectrum that cannot be detected by
the naked eye at night. Cockpit and system display designers
must now meet specification requirements for NVG compatible
cockpit and external lighting, windscreens, and displays. As
such, evaluation specifications and requirements of the NS
themselves and the aircraft and cockpits in which they are

used must be assessed to ensure fleet aircrew have the best
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and safest systems current techhology can make available. At

present, an intructional test program to expose prospective
evaluators to night system requirements, characteristics, and
phenomena in tactical jet aircraft is non-existent.

This thesis briefly illustrated NVG theory and history,
outlined specificatién and test criteria, and presented a
complete test pilot school curriculum to expose prospective
Test Pilots, Weapons System Operators, and Engineers to NS
test techniques with an emphasis on NVGs, and NVG/cockpit
lighting compatibility. Extensive academic briefings and test
pilot school standard operating procedures were developed to
ensure the night systems evaluation exercise is conducted in
the safest possible manner. The integration of NS into the
total aircraft weapon system was addressed. A methodology for
addressing NVG specific questions were developed which
included such factors as target and aircraft characteristics,
terrain features, and the contrast between prospective targets
and their backgrounds. The methodology stressed the human
factors aspects of the man-machine interface, especially
display siie, image quality, and NVG compatibility. Finally,
an evaluation/demonstration flight was developed which exposed
the prospective evaluator to NVG phenomena, hazards, and
operational requirements, and the NS assessment techniques

many may use during their flight test careers.

61



REFERENCES

62



REFERENCES

(1) Berkley, William E., "Night Operations," Advisory Group

for Aerospace Research (AGARD) Lecture Series 187, Visual
Problems In Night Operations, AGARD Publications, May 1992.

(2) Eikeman, Albert, and Jenkins, Donald, "Developement of
Aviator’s Night Vision Imaging Systems (ANVIS)." Optical
Engineering, March/April 1981.

(3) Advisory Group for Aerospace Research (AGARD) Report
No. 759, "AEROSPACE APPLICATIONS STUDIES 1971-1987." AGARD
Publications, June 1987.

(4) Electronic Warfare and Radar Systems Engineering
Handbook, Naval Air Systems Command, Washington D.C., First

Edition, March 1992. ‘

(5) McGraw-Hill Encyclopedia of Physics, McGraw-Hill Inc.,
1983.

(6) Introduction to Cats Eyes, Training Workbook 171.4,
Marine Strike Fighter Squadron One Hundred One (VMFA-101),
Nov 1991.

(7) Task, H. Lee Ph D., "Night Vision Devices And
Characteristics," Advisory Group for Aerospace Research
(AGARD) Lecture Series 187, Visual Problems In Night
Operations, AGARD Publications, May 1992.

(8) An Integrated Night Vision System for the TF-18 Hornet,
PL3741, GEC Avionics Limited.

(9) Rash, Clarence E., Verono, Robert W. Ph D.,
"Compatibility of Aircraft Cockpit Lighting and Image
Intensification Night Imaging Systems," Optical Engineering,
August 1990.

(10) "Helmet-Mounted Image Intensification Study Final

Report," Naval Air Developement Center (NADC) Report No.
91119-60, Advisory Group for Aerospace Research (AGARD)

Publications, June 1992.

(11) Rosell, Fred, and Harvey, George, The Fundamentals Of
Thermal Imaging Systems, Naval Research Laboratory Report
8311.

(12) Berkley, William E., "Night Vision Goggle Illusions
And Visual Training," Advisory Group for Aerospace Research
(AGARD) Lecture Series 187, Visual Problems In Night
Operations, AGARD Publications, May 1992.

63




(13) AV-8D NIGHT ATTACK OPERATiONAL TACTICS GUIDE, Marine
Aviation Weapons and Tactics Squadron One (MAWTS-1)

(14) Richardson, Patrick, "Test Report, Developmental Test
II Of Cold Regions Environment Of Aviator Night Vision
Imaging System," Technical Report Distributed By DEFENSE
TECHNICAL INFORMATION CENTER, Alexandria, Virginia, August
1982.

(15) The American Heritage Dictionary Of The English
Language, William Morris, Editor, Houghton Mifflin Company,

Boston, Massachusetts, 1976.

(16) STRIKE AIRCRAFT TEST DIRECTORATE (SATD) NIGHT VISION
GOGGLE STANDARD OPERATING PROCEDURES, SATDINST, Nov 1992.

(17) NIGHT VISION GOGGLE STANDARD OPERATING PROCEDURES,
Naval Air Warfare Center Weapons Division (NAWC-WD), Naval
Weapons Center China Lake, A/C DEPTINST 3710.7, 6105/JDT, 15
Jan 1989.

(18) NAVAL AIR SYSTEMS COMMAND NIGHT VISION DEVICES POLICY,
NAVAIRINST 8215, Ser AIR-09F1D, June 1992.

(19) NAVAL AIR WARFARE CENTER AIRCRAFT DIVISION (NAWC-AD)
DRAFT NAVAL AIR SYSTEMS COMMAND INSTRUCTION 8215, 3710, Ser
CT30/2728, 10 Nov 1992.

(20) MARINE STRIKE FIGHTER SQUADRON ONE HUNDRED ONE (VMF/A-
101) NIGHT VISION GOGGLE STANDARD OPERATING PROCEDURES,
STRKFITSQDNONEHNDRDONEINST, Nov 1992.

(21) NIGHT VISION GOGGLE (NVG) UTILIZATION AND TRAINING,
COMHELWINGRESINST 3500.8D, 12 Dec 1988.

(22) STRIKE FIGHTER SQUADRON ONE HUNDRED SIX (VFA-106)
NIGHT VISION GOGGLE STANDARD OPERATING PROCEDURES,
STRKFITSQDNONEHNDRDSIXINST, Nov 1992.

(23) Culbertson, David, "CONCEPTUAL DESIGN OF A FUTURE NIGHT

VISION SYSTEM FOR TACTICAL JET AIRCRAFT." UTSI Masters
Thesis, August 1994.

64



APPENDICES

65



APPENDIX A
TEST PILOT SCHOOL STANDARD OPERATING PROCEDURES

66



TEST PILOT SCHOOL
STANDARD OPERATING PROCEDURES

GENERAL

1. The enhanced night systems associated with NVG compatible
aircraft create wunique physiological and environmental
concerns which must be recognized and addressed to ensure that
mission parameters are developed in an organized and safe
manner. Accordingly, this section provides guidance and
standardization to optimize training and exercise instruction
while strictly adhering to the highest standards of aviation
safety.

DEFINITIONS
2. Cats Eyes - NVGs employing third generation intensifier

tubes and "see through" technology designed for use with the
HUD / FLIR display. Cats Eyes are the only NVGs authorized
for use by aircrew in most jet aircraft.

3. Circadian Rhythm - Normal daily cycle of over 50
physiological functions, affected by approximately 40
environmental variables, which tend to regulate each

individual to function at their peak during the day.

4. Degoggle - The act of removing NVGs from a crewmember’s
helmet and/or returning them to the stowed position.

5. Donning - The act of connecting NVGs to a crewmember’s
helmet.

6. LUX - A measure of illumination; specifically the

illuminance produced from the flux of one lumen against a
surface. LUX levels may restrict the conduct of Night Systems
(NS) operations under certain conditions.

7. Night Systems (NS) - Any system primarily designed or
utilized to enhance a crewmember’s ability to operate his
aircraft utilizing VMC techniques during periods of darkness.
For the purpose of this order, NS shall include but not be
limited to NVG and FLIR devices.

8. Night Vision Goggle Qualified (NVG - An instructor
pilot that has met all of the flight requirements and
applicable academic and flight training requirements as
delineated in section III.

9. Night Vision Goggle Instructor Qualified (NVGI) - An
instructor pilot who is qualified to instruct exercise events
as delineated in section III to a minimum altitude of 500 ft
AGL.
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| 10. Night Vision Goggle Instructor "High" Qualified (NVGI (H))

- An instructor pilot who is qualified to instruct exercise
events as delineated in section III to a minimum altitude of
3,000 ft AGL.

NVG ATRCREW QUALIFICATION/TRAINING REQUIREMENTS

Instructor Pilots

11. NVGO

a. Qualification Requirements:

1. Only fleet tactical air experienced pilots

will be designated fixed wing NVG aircrew.
2. Minimum evaluation aircraft time: 100 hrs.
3. Completed "NVG NITE Lab" simulation.

b. Training Requirements:
1. Fleet Qualified with 2 TPS IUT flights,
or
2. Completed Fleet Replacement Squadron (RAG)
training syllabus with 1 TPS IUT flight,
or
3. Completed the 4 flight TPS IUT training
syllabus listed in Tab A.

¢. Minimum Altitude: 3,000 ft AGL

12. NVGI (H)

a. Qualification Requirements:

1. NVGQ requirements met.
2. Minimum NVG time: 10 hrs.

b. Training Requirements:

1. TPS "High Altitude" NVGI stan flight
Complete

¢. Minimum Altitude: 3,000 ft AGL.

13. NVGIT
a. Qualification Requirements:

1. NVGQ requirements met.
2. Minimum NVG time: 25 hrs.

b. Training Requirements:

1. TPS "Low" Altitude NVGI stan flight
complete.
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c. Minimum Altitude: 500 ft AGL.

Students

14. Completion of "NITE Lab" simulation desired but not
required.

AIRCREW CURRENCY

Instructor Currency
15. Minimum of 1 day flight in the evaluation aircraft in the
previous 15 days.

16. Minimum of 1 NVG flight in the evaluation aircraft within
the previous 30 days to act as NVGI/NVGI (H).

17. Flown approved low level during daylight hours within
previous 60 days to operate on NVGs below 3,000 ft AGL.

Student Currency
18. There are no minimum requirements established for student
currency.

CREW DAY/FLIGHT LIMITATIONS

19. Crewmembers involved in NVG operations shall closely
monitor their crew rest and be cognizant of the degrading
effects in performance associated with changes in circadian
rhythm during the shift to and from night operations. The
following limitations shall be observed by all crewmembers
participating in NVG operations.

NVGQ/NVGI (H) /NVGT Instructor Regquirements

20. 12 hrs max from first scheduled event to final land time.

21. 12 hrs from land time to first scheduled event the
following day.

22. Instructor aircrew will not be scheduled for more than 4
consecutive nights involving NVG operations.

Students

23. 15 hrs max from first scheduled event (class or flight)
to final land time.

24. No flight the following day.
All Crewmembers

25. Maximum of 2 flights per day when involved in NVG
operations.
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NVG FLIGHT REQUIREMENTS

Equipment

26. Minimum essential equipment to conduct night low and high
altitude flights shall be per fleet operating instruction and
the aircraft £flight manual. Additionally, the following
equipment will be required for the conduct of NVG flights.

Catg Eyes NVGs, Both Crewmembers

27. Night Vision Goggles (NVGs) are to be the MK-IV
"CATEYES", adapted to the GENTEX HGU-66/85 helmets. Use of
any other night vision goggle is not authorized without
approval of the Commanding Officer.

28. Warning: NVGs are light intensifiers. Serious damage
and/ or premature failure may result if NVGs are operated in
bright ambient conditions (i.e. daylight, over major cities at
night, or within enclosed rooms with lights on). Care should
be taken to avoid these hazardous situations.

Aircraft
29. Due to the operating frequency range of NVGs, only
alrcraft with NVG compatible lighting shall be used on NVG
flights.

30. In addition to the equipment required by NATOPS,the
following aircraft equipment are also required for NVG
operations during:

a. Flight above 3,000 ft AGL
1. Anti-collision light
2. HUD
3. ICS

b. Flight below 3,000 ft AGL

- 1. Anti-collision light

2. HUD (If Available)

3. ICS

4. Radar Altimeter (If Available)

5. Operable INS

Weather.
31. NVG performance is degraded based on deterioration of
ambient 1light condition. Weather conditions shall be

thoroughly assessed prior to any NVG flight. Areas of fog or
rain shall be avoided whenever possible regardless of moon
phase. Overcast conditions, rain, fog, and blowing dust can
severely degrade NVG performance and should be briefed,
approached, and treated as a mean starlight or inadvertent IMC
condition, whichever is applicable.
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32. Weather minimums are established as follows:
a. Operations above 3,000 ft AGL
- School SOP night minimums.

b. Operations below 3,000 ft AGL
- School SOP night minimums to include:
- 3000/5 along entire low (<3,000 ft AGL)
portion of the flight.

Note: Ceilings can reduce ambient 1light conditions to
unacceptable levels regardless of moon phase and elevation.
NVG flight may continue beneath broken or overcast ceilings at
the discretion of the Pilot In Command. In no case will NVG

flights be conducted with weather observed or measured at
less than 3000/5.

Moon Conditions. '

33. The NVG Light Level Planning Calendar Computer Program
shall be used to determine percent of lunar illumination,
angle of the moon above the horizon, and LUX level for all
flights involving NVG operations. The data obtained from this
program must be tempered with sound judgement since the
program does not adjust for the degrading effects of cloud
cover, humidity, haze, dust, smoke, low moon angle, terrain,
and shadowing on the operation of the NVGs. The following
ambient light and lunar condition requirements shall apply to
NVG operations.

a. Operations above 3,000 ft AGL
- No minimums.

b. Operations below 3,000 ft AGL
- Minimum 0.0022 LUX.

Aircrew Reguirements.

34. All students and Non-NVG aircrew will fly in the rear
cockpit for NVG fixed wing flights. The following exceptions
may be approved by the Commanding Officer on a case by case
basis:

a: Prior NVG qualified evaluation aircraft pilot aircrew
with a minimum of 50 hours NVG time.

b: Prior NVG qualified Non-evaluation aircraft aircrew
with a minimum of 75 hours NVG time. In such cases
minimum altitude will be limited to 3,000 ft AGL.

35. Solo NVG flight by NVGI and NVGI(H) aircrew is allowed
for aircrew currency purposes. 3,000 ft AGL will be the
minimum altitude on solo flights regardless of aircrew
qualification. Solo flight by NVGQ personnel is prohibited.
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36. NVG demonstration flights with non-NVG qualified
personnel may be conducted by NVGI(H) and NVGI qualified
personnel that meet all currency requirements.

37. NVG flights with Non-NVG qualified personnel may be
conducted by NVGQ personnel while building NVG time to the
minimum 10 hours required for NVGI(H) designation. Such
flights are restricted to 3,000 ft AGL and may be scheduled
with tactical fixed wing TPS instructor personnel only. To
ensure NVG specific issues are addressed, the NVG Fam 0 listed
will be completed prior to flight.

38. A USNTPS Operations Duty Officer (radio watch) is
required for all NVG operations utilizing local restricted
areas and low level routes. No duty officer is required for
currency flights utilizing local stereo routes at and above
3,000 ft AGL.

NVG OPERATING AREAS

39. The following areas and routes may be utilized during TPS
NVG operations:

a. Operations above 3,000 ft AGL:
1. Local Operating areas
2. Local Stereo Routes

b. Operations below 3,000 ft AGL:
1. Approved Low Level Routes
2. Local Airfield
3. Transit to and from the local airfield and
approved low level routes

PREFLIGHT PLANNING/BRIEFING ITEMS

40. In addition to the normal preflight planning procedures
outlined in the aircraft flight manual and the NVG briefing
guide listed in Tab A, the following additional requirements
are mandatory:

a. Careful review of the route of flight will be
conducted to identify areas of known sources of bright ambient
lighting conditions. These areas will be avoided whenever
possible.

b. Power lines, towers, significant terrain, and towns

will be thoroughly briefed prior to flights utilizing approved
low levels.
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41. The following is a summary of the required briefing
items:

NVG donning and doffing procedures.

NVG operation and adjustments.

Location and operation of aircraft interior and
exterior lighting systems.

NVG failures.

Bird strike

Radar altimeter usage

Emergency procedures during NVG operations.
Pertinent astronomical data (sunset, moonrise,
moonset, moon angle, moon azimuth, predicted
ground illumination)

Depth perception, visual illusions, physiological
effects.

j. Crew coordination during NVG operations.

k. Course rules. :

1. Hotseat procedures.

SO0 QD0

'_l.

PREFLIGHT/PRELAUNCH PROCEDURES

42. In addition to the aircraft preflight and prelaunch
procedures, the following NVG procedures will apply:

a. Engage and disengage CATS EYES NVGs to helmet
several times to ensure disengagement can be performed quickly
and easily. There should be no binding present during

disengagement. Ensure both batteries supply sufficient power.
Inflight NVG "Donning" and "Doffing" procedures and crew
coordination must be briefed.

b. With NVGs attached to the helmet, adjust NVGs to the
optimum position. Adjust tubes for proper distance between
the eyes, proper distance from each eye, elevation, vertical
alignment and focus prior to the take off point.

c. Protective caps for NVG lenses will not be carried
in the cockpit to reduce the potential of Foreign Object
Damage (FOD) .

d. While preflighting the cockpit, ensure all NVG lights
are operable and that filters are installed and not distorted.

e. When not being worn, NVGs will be stored in the NVG
case. At no time will the NVGs be put into or taken from the
cockpit when not inside the carrying case.

f. An operable flashlight will be a part of each aircrew
member’s personal survival equipment. While an NVG filter is
desirable in flight, aircraft preflight is hindered by the dim
blue-green light. Preflight with an NVG filtered flashlight is
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not advisable. A standard white or red lens flashlight is
acceptable for use in flight, recognizing that usage is
incompatible with the NVGs, providing care is taken not to
adversely affect the NVGs of the pilot at the controls.

g. Flashlight blue filters can be checked out from most
paralofts for each NVG flight.

TAXI/TAKEOFF PROCEDURES

43. Taxiing with NVGs may be conducted at the instructor
pilot’s discretion.

44 . Takeoffs while wearing NVGs are prohibited.

45. Inform tower of NVG operation. Use the term "Goggle" in
call sign while conducting NVG operations.

46. Tower will accommodate lighting requests for the airfield
whenever ©possible. Prior coordination is required,
particularly if exclusive use of the airport traffic area is
desired.

ENROUTE PROCEDURES

47. All crew members will be equipped for flight with
operable NVGs. Except for conducting normal donning and
doffing procedures, NVG flight operations will not be
conducted until both crewmembers are configured with operating
and properly adjusted NVGs. For the purposes of
demonstration, an instructor may have the other crew member
secure NVG operation momentarily.

48. The minimum altitude to Don/Doff NVGs is 1,500 ft AGL for
low altitude flight and 3,000 ft AGL for high flight. Baro
altitude hold (if available) will be selected and a minimum
airspeed of 250 KIAS will be maintained during the
Donning/Doffing procedure.

49. Constant two-way ICS communication must be maintained
between all crew members while conducting NVG operations. ICS
failure is an NVG mission abort criteria.

50. If ambient lighting or NVG performance degrades to the
point where critical aircraft performance or attitude
parameters (altitude, airspeed, vertical speed and attitude)
can not be determined accurately and confidently, the NVG
phase of the flight shall be terminated.

51. If at any time either crew member is not certain of
aircraft critical performance parameters, or if either crew
member’s interpretation of visual phenomenon critical to safe
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operation is not clear, or if either crew member becomes
disoriented, an immediate wings level climb to a safe flight
envelope shall be initiated.

52. Minimum enroute airspeed is 250 KIAS. This airspeed
provides enough energy in most aircraft to zoom, remove
goggles, and eject if necessary.

53. Formation flight is prohibited except in situations where
an emergency aircraft requires an external configuration
check. If such a situation arises, extreme care shall be
utilized during the rendezvous to ensure aircraft closure
rates are controlled.

SIMULATED WEAPONS DELIVERY PROCEDURES

54. VMC weather restrictions apply for all types of simulated
weapons deliveries.

55. Due to the high potential for target fixation while
operating with NVGs, all simulated air to ground delivery
profiles must be thoroughly briefed prior to flight. The
software "RADALT" bug (if available) will be set 10% below
release altitudes. NVG air-to-ground deliveries are limited
to the profiles in Table I.

Table I
MINIMUM SIMULATED WEAPONS DELIVERY PROFILES

Dive Angle Min Roll-in | Min Release Alt Min Alt
(degrees) (ft AGL) (£t AGL) (ft AGL)

0 500 500 500

15 4000 2000 1000

30 10000 5500 3000

40 12000 8000 4000

56. To perform simulated deliveries, an NVGI(H) or NVGI
designated pilot must be present in the aircraft. In no case
shall the aircraft descend below the minimum altitude of the

NVGI qualified pilot (500 or 3,000 ft AGL). Extreme care
should be exercised during pop-up (15 deg) dive and normal
dive deliveries. Should any disorientation occur, an

immediate abort is required.
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OVER WATER OPERATIONS

57. The minimum altitude during extended low altitude over
water flight operations is 1,000 ft AGL.

LANDINGS

58. Landings with airfield lights secured is allowed when
light level is at a minimum of 0.0022 lax. A low altitude
pass down the runway with the landing light on will be made
prior to performing touch and go landings to ensure the
landing area is clear.

EMERGENCIES

Ejection.

58. Because ejection while wearing NVGs is prohibited,
absolute coordination between crew members is required. Prior
to takeoff, command ejection shall be set in the briefed
position and remain there for the entire flight. Ejection
procedures will be reviewed at the "hold short" position,
including discussion of where each crew member will throw his
goggles in the event of ejection. In the event of an immediate
ejection situation, the call "GOGGLES, GOGGLES, GOGGLES" will
be made prior to any "EJECTION" call. In a controlled
ejection situation, every attempt will be made to stow NVGs in
the protective case to avoid possible injuries.

FIXED WING NVG INSTRUCTOR TRAINING SYLLABUS

59. Pilot IUTs new to NVG flight, without previous instructor
qualifications or with 1less than 25 hours NVG time must
complete the TPS IUT training syllabus (Tab A). These flights
must be flown with a qualified NVG instructor pilot. The IUT
must demonstrate proficiency in each FAM flight before
proceeding to the next flight. The instructor pilot must sign
the NVG qualification sheet after each FAM flight 1is
completed. The syllabus consists of 4 flights for a total of
6 hours of NVG flight.
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INSTRUCTOR NIGHT VISION GOGGLE QUALIFICATION (NVGQ) SHEET

Rank/Name SSN

1. Preflight Requirements:

A. NVG FAM O:

Date NVG Instructor
B. I have read the sections concerning night vision device flight
in the local governing flight SOP.
C. I have read the NIGHT VISION GOGGLE STANDARD OPERATING
PROCEDURES. :

Pilot’s Signature Date

2. NITE Lab training:

Date
3. IUT FAM Flights:
Date Instructor Status/NVG time

A. IUT FAM 1:

B. IUT FAM 2:

C. IUT FAM 3:

D. IUT FAM 4:

4 is qualified to act as pilot in command on

Tés NVG instructional flights (NVGQ designation).

A. Recommended

Date NVG Instructor
B. Recommended

Date Senior FW Instructor
C. Recommended

Date CFI

D. is designated a qualified
pilot for NVG flights (NVGQ) and is authorized to act as pilot in
command of TPS NVG aircraft during NVG operations.

Date Director
E. Noted.

Date Operations Officer
F. Filed.

Date Schedule Writer
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NVG INSTRUCTOR NVGI (H) AIRCRAFT QUALIFICATION SHEET

1. Qualification consists of one high altitude standardization flight with
a qualified instructor pilot in that aircraft and 10 hrs NVG time for
NVGI (H) designation. The qualification flight can be concurrent with one
flown in the NVG IUT syllabus.

2. has met all the requirements to act as an
instructor pilot and is designated an NVGI(H) in the evaluation aircraft
(Total hours of as of ).

A. Recommended

Date NVG Instructor
B. Recommended
Date Senior FW Instructor
C. Recommended
Date CFI
D is designated a qualified

instructor pilot for NVG flights (NVGI(H)) and is authorized to act as
pilot in an instructional role of TPS evaluation aircraft during high
altitude NVG operations.

Date Director
E. Reviewed _

Date Operations Officer
F. Noted

Date Schedule Writer
G. Filed

Date Log and Records
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NVG INSTRUCTOR NVGI AIRCRAFT QUALIFICATION SHEET

1. Qualification consists of one low altitude standardization flight with
a qualified instructor pilot in that aircraft and 25 hrs NVG time for NVGI
designation. The qualification flight can be concurrent with one flown in
the NVG IUT syllabus.

2. has met all the requirements to act as an
instructor pilot and is designated an NVGI in the evaluation aircraft
(Total hours of as of )

A. Recommended

Date NVG Instructor
B. Recommended
Date Senior FW Instructor
C. Recommended
Date CFI
D. is designated a qualified

instructor pilot for NVG flights (NVGI) and is authorized to act as pilot
in an instructional role of TPS evaluation aircraft during low altitude
NVG operations.

Date Director
E. Reviewed

Date Operations Officer
F. Noted

Date Schedule Writer
G. Filed

Date Logs and Records
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TPS NVG FAMO SYSTEMS BRIEF

BRIEF TIME: 1.5 HOUR
PREREQUISITES: NONE

1. The Fixed Wing NVG FAM Systems Brief is designed to give the new TPS
NVG instructor an introduction to NVG operations.

TOPICS OF DISCUSSION
*Basic description of NVGs work
*Cockpit lighting modifications
*CATS EYES combiner type vs ANVIS see through type

*Goggle performance/limitations as a function of ambient light
conditions

*Route and checkpoint planning considerations
*Goggle failure modes

*Ejection considerations

*Discussion of results and lessons learned
*Training syllabus

*NVG donning and doffing procedures
*Physiological factors

*Dark room FAM

*Cockpit Brief (Lighting modifications, instrument scan)
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NVG BRIEFING GUIDE

1. WEATHER
A. CLOUD COVERAGE
B. VISIBILITY
C. ILLUMINATION/MOON ANGLE/MOON RISE, MCOON SET TIMES

2. NVG PREFLIGHT

CHECK ALL ADJUSTMENTS

HELMET FIT AND SECURITY

PRACTICE EMERGENCY DISCONNECT

CHECK BOTH BATTERIES FOR PROPER OPERATION

. NVG COMPATIBLE FLASHLIGHT

WARNING: TURNING ON GOGGLES IN BRIGHT LIGHTING SHOULD BE AVOIDED

HOQWP

3. NVG COCKPIT PREFLIGHT
A. NVG STOWAGE
B. WINDSCREEN/CANOPY CLEAN INTERIOR AND EXTERIOR
C. CHECK NVG LIGHTING

4. BEFORE TAKEOFF .
A. ATTACH CATS EYES TO HELMET AND ADJUST TO PROPER FIT, FUNCTION,
AND SECURITY
B. CHECK COCKPIT FOR LIGHT LEAKS

5. TAKEOQOFF
A. NWLO AND TAKEOFF SPEED/DISTANCE
B. ABORT SPEED/CRITERIA

6. AIRBORNE NVG CHECK
A. DONNING PROCEDURES:
- SELECT BARO ALT HOLD AND MAINTAIN 250 KIAS MIN
- MIN DONNING ALTITUDE 3,000 FT AGL FOR HIGH SORTIES AND
1,500 FT AGL FOR LOW SORTIES
- BOTH AIRCREW "GOGGLE UP" SIMULTANEOUSLY
CHECK FOR SCINTILLATION AND IDENTIFY CAUSE
ESTABLISH SCAN PATTERN
DETERMINE SUFFICIENT ILLUMINATION
EXTERIOR LIGHTING AS DESIRED
COCKPIT LIGHTING AS NECESSARY
WINDSCREEN TRANSMISSIVITY

QamEUoQw

7. MISSION
A. SEE SPECIFIC MISSION BRIEF

8. NVG SAFETY

BATTERY FAILURE
NVG FAILURE
HELMET FIT
LANDINGS
EJECTION

Mo aQwp

9. NVG TRAINING RULES
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NVG TRAINING RULES

1. THE TPS FIXED WING NIGHT VISION GOGGLE SOP IS THE GOVERNING DOCUMENT
FOR ALL NVG FLIGHTS. A THOROUGH KNOWLEDGE OF THE SOP IS MANDATORY PRIOCR
TO ANY NVG FLIGHT.

- ILLUMINATION AND WEATHER ACCEPTABLE FOR REGIME OF FLIGHT. DO NOT
PRESS THE LIMIT!

- INSTRUCTORS:
- Minimum of 1 day flight in the evaluation aircraft in the
previous 15 days.
- Minimum of 1 NVG flight in the evaluation aircraft within the
previous 30 days to act as NVGI/NVGI(H).
- Flown approved low level during daylight hours within previous
60 days to operate on NVGs below 3,000 ft AGL.

- ROUTE STUDY TO INCLUDE TERRAIN, TERRAIN CONTRAST, OBSTRUCTIONS,
AMBIENT LIGHTING, SIGNIFICANT TERRAIN, AND INHABITED AREAS.

- GOGGLES DONNED ABOVE 1,500 FT AGL FOR LOW ALTITUDE FLIGHTS OR 3,000
FT AGL FOR HIGH ALTITUDE FLIGHTS.

- NVG MINIMUM ALTITUDE 500 FT AGL FOR LOW ALTITUDE FLIGHT AND 3,000
FT FOR HIGH ALTITUDE FLIGHT.

- FLIGHT BELOW 3,000 FT AGL REQUIRES AN OPERATIVE INS, HUD, RADAR
ALTIMETER AND ICS COMMUNICATION.

- LOSS OF SITUATIONAL AWARENESS WILL BE TRANSMITTED IMMEDIATELY

- DESCENTS TO LOW LEVEL
- NAV MASTER MODE UNTIL AT OPERATING ALTITUDE
- MONITOR RATE OF DESCENT
- DO _NOT BREAK THE MINUTE TO LIVE RULE
- "CHECK ROD/PULL UP" (NOSE ABOVE THE HORIZON) BROADCAST AND
ACKNOWLEDGED IF EITHER OCCUPANT PERCEIVES AN "EXTREMIS" SITUATION.

- RADALT WILL BE USED AS PRIMARY ALTITUDE WARNING AND SET 10% BELOW
NVG MIN ALT (450 FT FOR LOW LEVEL PORTION OF HOP IF APPLICABLE) .

MINIMUM AIRSPEED 250 KIAS

MINIMUM AIRSPEED DURING LOW LEVEL PORTION OF FLIGHT 300 KIAS

NVGs SHOULD BE REMOVED PRIOR TO EJECTION

NO MORE THAN 4 DAYS CONSECUTIVE NVG OPERATIONS. 12 HOUR CREW DAY
MAX FOR INSTRUCTOR PILOT’S AND 15 HOUR MAX FOR STUDENTS. 12 HOURS REST
REQUIRED PRIOR TO CREW DAY.

- KNOCK IT OFF DURING LOW ALTITUDE FLIGHT FOR:
- INADVERTENT IFR
- NORDO/ICS FAILURE
- VERTIGO
- BREAKING THE "MINUTE TO LIVE RULE"
- NVG FAILURE
ANY UNSAFE CONDITION
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NVG IUT FAM 1

BRIEF TIME: 2.0 HOUR

PREREQUISITES: FAMO SYSTEMS BRIEF, NITE LAB SIMULATION
FLIGHT TIME: 1.5 HOUR DUAL

CREW: NVG INSTRUCTOR FRONT SEAT / IUT REAR SEAT

BRIEF

1. ENSURE QUALIFICATION SHEET PREFLIGHT REQUIREMENTS ARE MET.
2. SOLICIT QUESTIONS ON NVG OPERATION AND PROCEDURES.
3. NVG BRIEFING GUIDE TO-INCLUDE:

MISSION
1. DEMONSTRATE/INTRODUCE
- COURSE RULES
- NVG FOCUSING ADJUSTMENT PROCEDURES
- INTERIOR LIGHTING CONFIGURATIONS
- EXTERIOR LIGHTING CONFIGURATIONS
- DEPTH PERCEPTION CUES
- GROUND TAXI
- OBSERVE NVG PHENOMENON
- SIMULATED BOMBING RUNS
- LAYDOWN
- 20/30/40 DEG ROLLINS

DEBRIEF

1. PROBLEM AREAS.
2. FAM 2.
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NVG IUT FAM 2

BRIEF TIME: 1.5 HOUR

PREREQUISITES: FAM 1

FLIGHT TIME: 1.5 HOUR DUAL

CREW: IUT FRONT SEAT / NVG INSTRUCTOR REAR SEAT

BRIEF

1. SOLICIT QUESTIONS ON NVG OPERATION AND PROCEDURES.
2. NVG BRIEFING GUIDE TO INCLUDE:

MISSION (1 OR 2 BELOW)
1. DEMONSTRATE/INTRODUCE

- COURSE RULES
- NVG FOCUSING ADJUSTMENT PROCEDURES
- INTERIOR LIGHTING CONFIGURATIONS
- EXTERIOR LIGHTING CONFIGURATIONS
- DEPTH PERCEPTION CUES
- GROUND TAXI
- OBSERVE NVG PHENOMENON
- SIMULATED BOMBING RUNS
- LAYDOWN
- 20/30/40 DEG ROLLINS

2. LOCAL STEREO ROUTE IF DESIRED
DEBRIEF

1. PROBLEM AREAS.
2. FAM 3.
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NVG IUT FAM 3

BRIEF TIME: 1.5 HOUR

PREREQUISITES: FAM 2

FLIGHT TIME: 1.5 HOUR DUAL

CREW: IUT FRONT SEAT / NVG INSTRUCTOR REAR SEAT

BRIEF

1. SOLICIT QUESTIONS ON NVG OPERATION AND PROCEDURES.
2. NVG BRIEFING GUIDE TO INCLUDE:

MISSION (1 OR_2 BELOW)
1. DEMONSTRATE/INTRODUCE

- COURSE RULES
- NVG FOCUSING ADJUSTMENT PROCEDURES
- INTERIOR LIGHTING CONFIGURATIONS
- EXTERIOR LIGHTING CONFIGURATIONS
- DEPTH PERCEPTION CUES
- GROUND TAXI
- OBSERVE NVG PHENOMENON
- SIMULATED BOMBING RUNS
- LAYDOWN
- 20/30/40 DEG ROLLINS

2. LOCAL STEREO ROUTE IF DESIRED
DEBRIEF

1. PROBLEM AREAS.
2. FAM 4.
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NVG IUT FAM 4 / "HIGH" ALTIThDE STANDARDIZATION FLIGHT

BRIEF TIME: 1.5 HOUR
PREREQUISITES:
IF FAM 4: FAM 3
IF "HIGH" ALT STAN: REQUIREMENTS OF NVG SOP SECTION III MET
FLIGHT TIME: 1.5 HOUR DUAL
CREW: IUT FRONT SEAT / NVG INSTRUCTOR REAR SEAT

BRIEF

1. SOLICIT QUESTIONS ON NVG OPERATION AND PROCEDURES.
2. NVG BRIEFING GUIDE TO INCLUDE:

MISSION
1. GROUND
- NVG HELMET INTERFACE
- ADJUSTMENT PROCEDURES
- ABILITY TO QUICKLY DON AND REMOVE GOGGLES
- COMFORT
- INTERIOR LIGHTING CONFIGURATIONS
- EFFECT OF COCKPIT LIGHTING INTENSITIES
- INCOMPATIBLE WARNING AND CAUTION LIGHTS
- READABILITY OF CONTROLS
- CANOPY TRANSMISSIVITY AND GLARE
- LIGHT LEAKS
NVG PERFORMANCE WITH HUD
- EXTERIOR LIGHTING CONFIGURATIONS/INTENSITIES
- QUALITATIVE MEASURE OF NVG FIELD OF VIEW (FOD)
- QUALITATIVE MEASURE OF NVG FIELD OF REGARD (FOR)
- GROUND TAXI
- FEASIBILITY OF TAXI ON UNLIT TAXIWAYS
- DEPTH PERCEPTION CUES
2. TAKEOFF (TAKEOFF WITH NVGs IS PROHIBITED)
3. AREA FAM
- DONNING PROCEDURES (3,000 FT AGL MINIMUM)
- FIT
- SCAN TECHNIQUES
- OBSERVE NVG PHENOMENON
- BLOOMING
- COMET TRAILS
- HONEYCOMB EFFECTS
- EXTERNAL LIGHTING EFFECTS (MOON, STARS, CULTURAL)
- NVG RESOLUTION
- RESOLUTION VS. AIRSPEED
- RESOLUTION VS. ALTITUDE
- RESOLUTION VS. G
- AIR-TO-AIR TARGET ENGAGEMENT CAPABILITY
4. TARGET ENGAGEMENT CAPABILITY
- RADAR/FLIR DESIGNATION TO LEVEL LAYDOWN
- RADAR/FLIR DESIGNATION TO 20 DEG DIVE
- RADAR/FLIR DESIGNATION TO 30 DEG DIVE
- RADAR/FLIR DESIGNATION TO 40 DEG DIVE
5. HIGH ALTITUDE MISSION UTILITY (15,000 FT MSL / 400 KIAS)
- NAV/RADAR DESIGNATE NON-RADAR REFLECTIVE TARGET
- PERFORM FLIR HANDOFF AND UPDATE DESIGNATION
- TRANSITION TO VISUAL 40 DEG DIVE DELIVERY
6. RTB (DEGGOGLE ABOVE 3,000 FT AGL)
DEBRIEF
1. PROBLEM AREAS.
2. SIGN OFF NVGQ/NVGI(H) QUALIFICATION PAPERWORK AS APPLICABLE
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NVG IUT "LOW" ALTITUDE éTANDARDIZATION FLIGHT

BRIEF TIME: 1.5 HOUR
PREREQUISITES: REQUIREMENTS OF NVG SOP SECTION III MET
FLIGHT TIME: 1.5 HOUR DUAL

CREW:

BRIEF

IUT FRONT SEAT / NVG INSTRUCTOR REAR SEAT

1. SOLICIT QUESTIONS ON NVG OPERATION AND PROCEDURES.
2. NVG BRIEFING GUIDE TO INCLUDE:

MISSION
1.

w N

GROUND
NVG HELMET INTERFACE

- ADJUSTMENT PROCEDURES

- ABILITY TO QUICKLY DON AND REMOVE GOGGLES

- COMFORT
INTERIOR LIGHTING CONFIGURATIONS

- EFFECT OF COCKPIT LIGHTING INTENSITIES

- INCOMPATIBLE WARNING AND CAUTION LIGHTS

- READABILITY OF CONTROLS

- CANOPY TRANSMISSIVITY AND GLARE

- LIGHT LEAKS

NVG PERFORMANCE WITH HUD

EXTERIOR LIGHTING CONFIGURATIONS/INTENSITIES
QUALITATIVE MEASURE OF NVG FIELD OF VIEW (FOD)
QUALITATIVE MEASURE OF NVG FIELD OF REGARD (FOR)
GROUND TAXI

- FEASIBILITY OF TAXI ON UNLIT TAXIWAYS

- DEPTH PERCEPTION CUES

TAKEOFF (TAKEOFF WITH NVGs IS PROHIBITED)
AREA FAM
DONNING PROCEDURES (1,500 FT AGL MINIMUM)
FIT
SCAN TECHNIQUES
OBSERVE NVG PHENOMENON

- BLOOMING

- COMET TRAILS

- HONEYCOMB EFFECTS

- EXTERNAL LIGHTING EFFECTS (MOON, STARS, CULTURAL)
AIR-TO-AIR TARGET ENGAGEMENT CAPABILITY

HIGH ALTITUDE MISSION UTILITY (15,000 FT MSL / 400 KIAS)
NAV/RADAR DESIGNATE NON-RADAR REFLECTIVE TARGET
PERFORM FLIR HANDOFF AND UPDATE DESIGNATION
TRANSITION TO VISUAL 40 DEG DIVE DELIVERY

LOW LEVEL MISSION UTILITY

- NVG RESOLUTION

- RESOLUTION VS. AIRSPEED

- RESOLUTION VS. ALTITUDE

- RESOLUTION VS. G
NAVIGATION CAPABILITY
TERRAIN AVOIDANCE
TARGET DETECTION MAX RANGE
TARGET ENGAGEMENT CAPABILITY

- PERFORM RADAR LEVEL LAYDOWN

- PERFORM RADAR POP-UP ATTACK

MEDIUM ALTITUDE RTB
A/A FEASIBILITY
MED ALT TARGET NAV CAPABILITY
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7. LANDINGS
- FEASIBILITY OF CONDUCTING LIGHTS OUT LANDINGS

DEBRIEF
1. PROBLEM AREAS.
2. SIGN OFF NVGI QUALIFICATION PAPERWORK AS APPLICABLE
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TEST PILOT SCHOOL
NIGHT VISION GOGGLE (NVG) LAB BRIEF

I. BACKGROUND

There are many physiological and NVG specific factors that
alrcrew experience when utilizing Night Vision Goggles in
aircraft equipped for their employment. The Night Vision Lab
allows many of these effects to be experienced under a
controlled (i.e. non-flight related) environment. As such,
much can be learned about hazards associated with NVG usage
with varying moon angles and flight into and away from
moonlight or twilight conditions. Mean star light, cultural
lighting, and various moon phases with wvarying moon
illumination will be addressed. NVG hazards such as
shadowing, scintillation, and objects with low contrast will
also be introduced.

II. PURPOSE

The purpose of this lab is to introduce Night Vision
Goggle specific terms and flight characteristics to TPS
student personnel prior NVG flight operatiomns.

IITI. OBJECTIVES

The objectives of this lab is to provide exposure to fixed
wing and rotary wing night vision goggle terms and specific
factors that affect their use.

Specific areas to be addressed include:
a. Principle of Operation - Amplify "Reflected" Light.

b. Natural Light Sources

1. Moon - The major source of night illumination.
The amount of illumination is dependent on phase
and elevation.

2. Airglow - Light reflected from clouds (primarily

cultural lighting).

Starlight

Zodiacal Light - A luminous tract in the sky seen

in the west after sunset or in the east before

sunrise and thought to be the light reflected
from a cloud of meteoric matter revolving around
the sun.

5. Gengenschein - A faint, elliptical patch of light
in the night sky thought to be a reflection of
sunlight by meteorological material in space.

6. Aurora - A radiant emission from the upper
atmosphere that occurs sporadically over the
middle and high latitudes of both hemispheres in

> W
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the form of luminous bands or streamers caused by
the bombardment of the atmosphere with charged
solar particles that are being guided along the
earth’s magnetic lines of force.

7. Noctilucent Clouds - High altitude clouds visible
during the short nights of summer.

c. Components and Operation
1. Objective Lens - Focuses scene on photocathode.
2. Intensifier Tube - A vacuum tube that changes
light to electrons, boosts them, and converts the
amplified signal back to a visible scene.

- Photocathod -Emits electrons when light
strikes it.

- Microchannel Plate (MCP) - A thin glass wafer
with about 2 million microscopic channels
lined with lead. Electrons entering the
microchannels strike the walls, which release
more electrons with each impact. Thousands of
electrons typically exit the MCP for each one
entering.

- Phosphor Screen - A coating on the exit
window that glows when struck by electrons.

A positive charge of several thousand volts
accelerates the electrons from the MCP to the
phosphor screen.

3. Combiner Glass (Cats Eyes only) - Inverts/rotates

the image and presents it to the eye at a 1:1

magnification.

d. Adjustments

1. Vertical

2. Interpupillary Distance (IPD
3. Fore/Aft

4, Tilt

5. Focus

e. Field of View (No Peripheral Vision)
1. Anvis - 40 deg
2. Cats Eyes - 30 deg

f. Resolution - Limited by intensifier tube design and
ambient light.

1. Even under optimum conditions, the ability to
resolve small targets is limited. Thin, non-
reflective targets, such as wires or some
towers, are invisible.

2. If light is too dim resolution degrades. If
light is too high, automatic control circuits
decrease the gain, again lowering resolution.
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g. Visual Acuity

1. Optimum acuity is limited to 20/40.

2. Objects appear farther away than they are.
3.

No color contrast.

h. NVG Phenomena

1. Scintillation - A symptom of low ambient light;
the lower limit of the goggles’ capability has
been reached.

2. Shading - The inability to obtain a full image;
it begins at the edge and progresses inward.

3. Edge Glow - Also begins at the edges and
progresses inward. It is detected by covering
one lens to block incoming light.

4. Bright spots - Caused by pinholes in phosphor
screen.

5. Dark spots - Caused by deficient channels in the
MCP or dust inside the intensifier tube.

6. Honeycombing - Fixed pattern noise caused by high
light conditions.

i. Peripheral Cues - Are "Minimal"

j. Scan Into Turns - Continual scan is required to
compensate for narrow field of view, especially into
turns.

k. Depth Perception - The lack of peripheral cues and
monochromatic image cause poor depth perception.

1. Dive Angle - NVGs provide no perception of dive
angle. Rely on the HUD pitch ladder for attitude
information (fixed wing only).

m. Scan - There is a natural tendency to fixate on
individual objects. Proper scan takes concentrated
effort.

n. Terrain Masking (Shadowing)

1. High terrain in the distance can obscure lower
hills closer to the aircraft, particularly if the
high terrain is between the aircraft and a light
source.

2. Rough or mountainous terrain can cast long
shadows that completely obscure targets,
checkpoints, and deadly flight hazards. One
should plan to fly on the lighted side of
valleys and not risk flying into an unseen
ridgeline in an attempt to avoid a threat.
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Illusions
1. Resolution improves as altitude is decreased. The
lower you get, the more comfortable you feel.

2. Objects appear farther away than they are.
Bushes can be mistaken for trees.

. Night Adaptation - Recovery of night adaptation after
NVG use 1s faster than from day adaptation.

Eye Fatigue - Due primarily to incorrect adjustment.

Twilight

1. Civil - From sunset until the sun is 6 deg below
the horizon.

2. Nautical - From sunset until the sun is 12 deg
below the horizon.

3. Astronomical - From sunset until the sun is 18
deg below the horizon.

4. The glow of nautical twilight is enough to mask
terrain features, especially when flying into
the sun.

Moon Factors - Moon phase, elevation, and azimuth

significantly affect NVG performance.

1. A minimum of 20% moon illumination is required
for good contrast and resolution.

2. Low moon angle causes shadowing, and creates
glare problems when looking into it.

3. Having the moon at your back enhances scene
illumination. Moon azimuth is an important
consideration when selecting target area tactics
and run-in headings.

. Light Level Planning Calendar - Gives sunrise, sunset,
moonrise, moonset, and graphic presentation of light
level, moon phase, and moon elevation data for a given
location and time period.

. Cultural Lighting - Lights show up extremely well with
NVGs, and can dramatically change the appearance of
populated areas. Bright lights wash out the
surrounding scene, although the lighted area is
enhanced.

. Headlights - Headlights on highways parallel to course
can be very distracting, and can also cause scene
washout.
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w. Atmospheric Conditions

1. Clouds
- Decrease illumination and cause shadows.

- Broken layers cause variations in perceived
ground texture. Terrain can appear heavily
forested when actually darkened by shadows.

- An overcast will reduce illumination below
what is needed for NVG operations.

2. Indication of Clouds - Degrading NVG image
quality, loss of moon and stars, and
scintillation indicate clouds.

3. Fog - Reduce light and blocks the NVG image. The
chance of fog occurring increases as the temp/
dewpoint spread decreases.

4. Blowing Sand and Dust - Degrade the NVG scene
dramatically.

x. Terrain Factors

1. Luminance - Is a measure of how much light an
object reflects.

2. Contrast - Is a determinant of NVG ability to
discern terrain features. It is the difference
in luminance between objects.

3. Poor Contrast - Contrast is wavelength dependent.
Terrain with good contrast definition in the day
may have little or no contrast at night.

4. Texture - Enhances the ability to discern
details. Shadows give dimension to rolling
terrain, and features with vertical development
stand out more than flat landmarks.

5. Water - NVG flight over water is not recommended
due to the absence of a discernable horizon and
lack of contrast in low sea states. Accomplish
overwater flight on instruments.

y. Human Factors
- Comfort and Fit
- External and Internal Eye and Head Movement and FOV
Analysis
- Neck Strain/Fatigue
- NVG Adjustment

IV. REFERENCES
A. Aircraft Operating Manual
B. TPS Night Vision Goggle SOP
C. "Electro-Optical Systems Test and Evaluation",

Airborne Systems Course Textbook, USNTPS,
01 June 1981.

94 APPENDIX B



D. USNTPS Systems Test Manual (Preliminary)

E. "Night Attack Test Requirements Analysis", TACAIR
TECHNOLOGY DEPARTMENT, NAWC, October 1987.

V. SCOPE

A. One 1.0 hr Brief

B. One 45 minute lab period.
C. No TEST PLAN. -

VI. REPORT
No Reporting Requirements
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TEST PILOT SCHOOL
NIGHT VISION GOGGLE (NVG) EVAL/DEMO

I. BACKGROUND

Reserve Forces are considering purchasing several

aircraft and modifying them with a Night Attack kit for the
night strike fighter mission. The Night Attack equipped
aircraft will be configured with a Targeting Forward Looking
Infrared (TFLIR) pod and an NVG lighting modification kit to
provide compatible cockpit lighting for night operations with
CATS EYES Night Vision Goggles (NVGs). TPS class has
been tasked to access the feasibility of incorporating a
compatible NVG light modification kit into the

aircraft for flight with CATS EYES NVGs for the land/sea based
night strike fighter mission.

II. PURPOSE

The purpose of this test is to qualitatively evaluate the
feasibility of incorporating the Night Attack night lighting
compatibility kit for use with the CAT’s EYES NVGs to the

aircraft for the night strike fighter mission.

III. OBJECTIVES

The objectives of this exercise is to provide exposure to
fixed wing night vision goggle operations and to night vision
device cockpit compatibility evaluation techniques.

Specific areas to be evaluated include:
Field of View (FOV)

Field of Regard (FOR)
Static/Dynamic Resolution

Airspeed Effects

Fault Detection/Failure modes
Target Detection

Target Identification

Mission Utility

Maximum Detection Range

Maximum Identification Range
Readability of Controls and Displays With NVGs Vice
Without NVGs

Compatibility of Cockpit Lighting
Canopy Transmissivity

Human Factors

- Comfort and Fit

- External and Internal Eye and Head Movement and FOV
Analysis

- Neck Strain/Fatigue

- NVG Adjustment

S8+ XNuUPrpogQrhoaQoo
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IV. REFERENCES
A. Aircraft Operating Manual
B. TPS Night Vision Goggle SOP
C. "Electro-Optical Systems Test and Evaluation",
Airborne Systems Course Textbook, USNTPS,
01 June 1981.
D. USNTPS Systems Test Manual (Preliminary)

E. "Night Attack Test Requirements Analysis", TACAIR
TECHNOLOGY DEPARTMENT, NAWC, October 1987.

V. PREREQUISITES

Completion of the NVG Night' Lab prior to flight desired
but not required.

VI.SCOPE
A. One 1.0 hr Brief

B. One 15 minute ground night lighting cockpit
evaluation.

C. One 1.5 hr Evaluation Flight.

D. No TEST PLAN. The flight will be flown IAW this
exercise brief in order to provide standardization.
The Test Matrix and Envelope provided will be adhered
to with minimal flexibility. Modifications approved
by Monitor only, at least one day prior to flight.

E.
Test Configurations
CONFIG GEAR FLAPS S/B
CR Up AUTO IN
PA DN FULL/HALF IN

VII. METHOD OF TEST

A. Tests will be conducted IAW the exercise handout Test
Matrix. Each test flight will include a 15 minute ground
evaluation in a dark area of the field, NVG familiarization,
and mission utility evaluation. In the event that the low
altitude mission is flown, low level points _ to _
will be utilized with a low altitude RTB and an NVG landing

144 APPENDIX C




demonstration. There will be no inflight low level kneeboard
data recording. All inflight recording will be via voice tape
recorders and Over-the-Shoulder cameras.

VIII. REPORT

A minimum of 6 paragraphs -- 2-Ground Eval -- 4-Flight
Eval and a list of all deficiencies noted.

IX. SAFETY

A. This exercise-is a high visibility project. There
will be strict adherence to the TPS NVG SOP, and NVG EVAL
exercise brief Test Matrix. Safety through Standardization.
Flight briefs will be scheduled 2 hours prior to takeoff to
cover all issues and to ensure proper fit of the helmet and
CATS EYES night vision devices.

B. Illumination 1level prediction will be obtained by
students prior to flight brief. Call the day prior to METRO
to initiate.

C. Low levels (When applicable) will be scheduled by
students or the OPS scheduler at least 2.5 hours prior to
takeoff. Thorough chart study and route will be conducted.

D. Weather Mins: 3000/5 for both high and low altitude
sorties.

E. Intentional Ejections with goggles are not allowed.
Quick release removing of the goggles will be practiced in the
flight brief and at the hold short prior to takeoff. 1In the
event of an immediate ejection, aircrew will call, "GOGGLES,
GOGGLES, GOGGLES" prior to calling for "EJECTION".

F. Minimum altitude to don and remove goggles is 3,000 ft
AGL for high altitude sorties and 1,500 ft AGL for low
altitude sorties with BARO Altitude hold and ATC selected.

G. No kneeboard data recording will be done by flight
crew while below 3,000 ft AGL.

H. NVG Evaluation is primarily a systems integration
evaluation, however, the rear cockpit evaluator will be
allowed to fly the airplane on low gain tasks. High gain
tasks being defined as Simulated Ground Attacks, Landings,
Turns greater than 3g’s, and flight at airspeeds greater than
420 KIAS.

I. Crew coordination is imperative and will be discussed
in detail. Emergency procedures to be discussed will include
NVG failures, ejections procedures, and bird strikes.
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J. LOOKOUT - Distances can be deceiving and lights can be
confusing while wearing NVGs. Be particularly aware of
traffic. CATS EYES field of view is 30 degrees which
necessitates greater and more frequent head movement.

K. Simulated attack profiles will be conducted IAW the
Test Matrix. Avoid tendencies for target fixation.

L. MOTHERHOOD.

a. Night time - limited capability to write data and
follow data cards -- Thus lots of prior study will be required
especially since you did not write the test plan.

b. Be Careful!!!

c. See a Whole New World and have fun!!!!!!!
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NVG "HIGH" ALTITUDE EVALUATION/DEMO FLIGHT BRIEF

BRIEF TIME: 1.5 HOUR

PREREQUISITES: NITE LAB SIMULATION COMPLETE

FLIGHT TIME: 1.5 HOUR DUAL

CREW: NVG INSTRUCTOR FRONT SEAT / STUDENT REAR SEAT

BRIEF

1. SOLICIT QUESTIONS ON NVG OPERATION AND PROCEDURES.
2. NVG BRIEFING GUIDE TO INCLUDE:

| MISSION
1. GROUND
| - NVG HELMET INTERFACE
- ADJUSTMENT PROCEDURES
- ABILITY TO QUICKLY DON AND REMOVE GOGGLES
- COMFORT
- INTERIOR LIGHTING CONFIGURATIONS
- EFFECT OF COCKPIT LIGHTING INTENSITIES
- INCOMPATIBLE WARNING AND CAUTION LIGHTS
- READABILITY OF CONTROLS
- CANOPY TRANSMISSIVITY AND GLARE
- LIGHT LEAKS
NVG PERFORMANCE WITH HUD
- EXTERIOR LIGHTING CONFIGURATIONS/INTENSITIES
- QUALITATIVE MEASURE OF NVG FIELD OF VIEW (FOV)
- QUALITATIVE MEASURE OF NVG FIELD OF REGARD (FOR)
- GROUND TAXI
- FEASIBILITY OF TAXI ON UNLIT TAXIWAYS
- DEPTH PERCEPTION CUES
2. TAKEOFF (TAKEOFF WITH NVGs IS PROHIBITED)
3. AREA FAM
- DONNING PROCEDURES (3,000 FT AGL MINIMUM)
- FIT
- SCAN TECHNIQUES
- OBSERVE NVG PHENOMENON
- BLOOMING
- COMET TRAILS
- HONEYCOMB EFFECTS
- EXTERNAL LIGHTING EFFECTS (MOON, STARS, CULTURAL)
- NVG RESOLUTION
- RESOLUTION VS. AIRSPEED
- RESOLUTION VS. ALTITUDE
- RESOLUTION VS. G
- AIR-TO-AIR TARGET ENGAGEMENT CAPABILITY
4., TARGET ENGAGEMENT CAPABILITY
- RADAR/FLIR DESIGNATION TO LEVEL LAYDOWN
- RADAR/FLIR DESIGNATION TO 20 DEG DIVE
- RADAR/FLIR DESIGNATION TO 30 DEG DIVE
- RADAR/FLIR DESIGNATION TO 40 DEG DIVE
5. HIGH ALTITUDE MISSION UTILITY (15,000 FT MSL / 400 KIAS)
- NAV/RADAR DESIGNATE NON-RADAR REFLECTIVE TARGET
- PERFORM FLIR HANDOFF AND UPDATE DESIGNATION
- TRANSITION TO VISUAL 40 DEG DIVE DELIVERY
6. RTB (DEGGOGLE ABOVE 3,000 FT AGL)

DEBRIEF
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NVG "LOW" ALTITUDE EVALUATION/DEMO FLIGHT BRIEF

BRIEF TIME: 1.5 HOUR

PREREQUISITES: NITE LAB SIMULATION COMPLETE

FLIGHT TIME: 1.5 HOUR DUAL

CREW: NVG INSTRUCTOR FRONT SEAT / STUDENT REAR SEAT

BRIEF
1. SOLICIT QUESTIONS ON NVG OPERATION AND PROCEDURES.
2. NVG BRIEFING GUIDE TO INCLUDE:

MISSION
1. GROUND
- NVG HELMET INTERFACE
- ADJUSTMENT PROCEDURES
- ABILITY TO QUICKLY DON AND REMOVE GOGGLES
- COMFORT
- INTERIOR LIGHTING CONFIGURATIONS
- EFFECT OF COCKPIT LIGHTING INTENSITIES
- INCOMPATIBLE WARNING AND CAUTION LIGHTS
- READABILITY OF CONTROLS
- CANOPY TRANSMISSIVITY AND GLARE
- LIGHT LEAKS
NVG PERFORMANCE WITH HUD
- EXTERIOR LIGHTING CONFIGURATIONS/INTENSITIES
- QUALITATIVE MEASURE OF NVG FIELD OF VIEW (FOD)
- QUALITATIVE MEASURE OF NVG FIELD OF REGARD (FOR)
- GROUND TAXI
- FEASIBILITY OF TAXI ON UNLIT TAXIWAYS
- DEPTH PERCEPTION CUES
2. TAKEOFF (TAKEOFF WITH NVGs IS PROHIBITED)
3. AREA FAM
- DONNING PROCEDURES (1,500 FT AGL MINIMUM)
- FIT
- SCAN TECHNIQUES
- OBSERVE NVG PHENOMENON
- BLOOMING
- COMET TRAILS
- HONEYCOMB EFFECTS
- EXTERNAL LIGHTING EFFECTS (MOON, STARS, CULTURAL)
- AIR-TO-AIR TARGET ENGAGEMENT CAPABILITY
4. HIGH ALTITUDE MISSION UTILITY (15,000 FT MSL / 400 KIAS)
- NAV/RADAR DESIGNATE NON-RADAR REFLECTIVE TARGET
- PERFORM FLIR HANDOFF AND UPDATE DESIGNATION
- TRANSITION TO VISUAL 40 DEG DIVE DELIVERY
5. LOW LEVEL MISSION UTILITY
- NVG RESOLUTION
- RESOLUTION VS. AIRSPEED
- RESOLUTION VS. ALTITUDE
- RESOLUTION VS. G
- NAVIGATION CAPABILITY
- TERRAIN AVOIDANCE
- TARGET DETECTION MAX RANGE
- TARGET ENGAGEMENT CAPABILITY
- PERFORM RADAR LEVEL LAYDOWN
- PERFORM RADAR POP-UP ATTACK
6. MEDIUM ALTITUDE RTB
- A/A FEASIBILITY
- MED ALT TARGET NAV CAPABILITY
7. LANDINGS
- FEASIBILITY OF CONDUCTING LIGHTS OUT LANDINGS
DEBRIEF
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Barry E. Wilmore was born in Murfreesboro, Tennessee on
Dec 29, 1962. Following graduation from Mt. Juliet High
School 1in the summer of 1981, Barry attended Tennessee
Technological University (TTU) where he majored in Electrical
Engineering and played varsity football. He graduated in
August 1985 with a BSEE degree and since he still had another
year of football eligibility (was "redshirted" his sophomore
year due to reconstructive knee surgery) he decided to remain
at TTU to play out his final year of eligibility and begin
work on his MSEE degree. Barry received an appointment to the
Aviation Officer Candidate School (AOCS) in the summer of 1986
and in November of that year was commissioned an "Ensign" in
the United States Navy. Following flight school Barry flew
the A-7E "Corsair II" initially aboard the USS Forestall CV-59
and then aboard the USS John F. Kennedy CV-67 during Operation
Desert Storm where he flew 21 combat missions deep in to Iraqg
and Kuwait. Following Desert Storm Barry reported to VFA-106
. for transition training to fly the F/A-18 "Hornet." It was
during this training that LT Barry Wilmore was selected for
duties a test pilot and subsequently reported for duties in
January 1992 as a test pilot under instruction at the U.S.
Naval Test Pilot School (USNTPS). LT Wilmore is currently an
instructor at USNTPS and has accumulated 2400 flight hours in
greater than 40 different aircraft including the U-2B, Mirage
2000B, and MiG-29 just to name a few. He finally completed
his MSEE degree in May 1994 and upon completion of this thesis
will have met the requirements for the Master of Science

degree in Aviation Systems from the University of Tennessee.
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