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CHAPTER 4

INTRODUCTION TO NIGHT VISION GOGGLES (NVG)

HISTORY

Image-intensifier (I2) systems are the modern offspring of the starlight sighting scopes for rifles used by the military after World War II.2 systems, in the form of NVG, were first used by U.S. ground forces in Vietnam. In the early 1970s, NVG were fast used by the U.S. Air Force, and later by the U.S. Army, as a temporary aid for helicopter pilots.2 The latter use of NVG demonstrated that an image-intensification system could increase the operational capability of helicopters by allowing pilots to fly at higher speeds_ and lower altitudes during nighttime missions.. The successful use of second-generation (II-Gen) 0 'technology in rotary wing aircraft led the U.S. Army to develop a III-Gen system which was specifically designed for helicopter pilots. The U.S. Air Force currently uses NVG in both helicopters and fixed-wing aircraft.

The British were the first to successfully demonstrate that NVG provided adequate imagery to allow pilots of fighter/attack aircraft to fly low and' fast at night 3s Subsequently, U.S. Marine Corps Harrier pilots started using NVG, as did Air National Guard/Air Force Reserve pilots in A-7 aircraft.

ELECTRO-OPTICAL DESIGN
The 3 predominant types of NVG currently being used by the U.S. Air Force are the AN/PVS-5 (Army and Navy/Personal Vision System), a II-Gen system which was designed for ground personnel, e.g., tanks, jeeps, infantry, etc. (Figs. 4-1a and b), and the III-Gen ANVIS (Aviator's Night Vision Imaging System) (Fig. 42) and F4949. A United Kingdom version called Cats-Eyes (Fig. 4-3) is being used by the U.S. Navy, Marine Corps, and Air National Guard. Similar to binoculars in outward appearance, these electro-optical devices amplify existing light by means of two I2 tubes. An I2 tube is an electronic viewing device that amplifies ambient light reflected from an object and presents an intensified image on a phosphor screen. Unlike binoculars, I2 tubes do not provide direct viewing of objects.37 Instead, the electro-optical system provides a virtual image on a green phosphor display (Fig. 3-4); focusing is accomplished by turning the eyepieces.

Ambient light entering the I2 tubes is focused by an objective lens onto a photocathode. The schematic diagram of an I2 tube is presented in Figure 4-4. When photons of ambient light strike the photocathode, which is sensitive to visible and near-IR radiation, electrons are released creating a cascading effect 38 The number of electrons released from the photocathode is proportional to the number of photons striking it.

[image: image2.png] 

[image: image3.png] 

[image: image4.png]microchannel plate

focusable Photocathode |, / Jhosphor screen
objective :
fiberoptic
twist :
low-level
input
— Inverted uprigh

--‘ image amplified
d\_." image

fiberoptic faceplate

battery and power supply

Figure 4-4
Schematic of photocathode tube

o

intensiﬁed
\ output

AN

eyepiece



 

The electrons are then accelerated and multiplied by a microchannel plate which acts like a large array of photomultiplier tubes s The microchannel plate, about the size of a nickel, guides the accelerated electrons to a phosphor screen which produces an intensified light image. The light intensification capability (amplification) is referred to as the gain of the device. Gain is the ratio of the light delivered to the eye by the phosphor screen to the light striking the objective lens.40
Because the output of the phosphor screen is determined by both the velocity and the number of electrons, modern I2 tubes incorporate a device called a microchannel plate. The microchannel plate, located between the photocathode and the phosphor screen,39 is a very thin wafer of tiny glass tubes which are coated with a material that causes secondary electron emissions (Fig. 4-5). The glass tubes are angled so that electrons passing through will strike the walls, causing secondary electron emissions. These secondary electrons also strike the walls, and, in turn, release additional electrons. Through this chain-reaction, as. many as 10,000 electrons exit the microchannel plate for every single electron that enters. These electrons are then accelerated onto the phosphor screen, where their electrical energy is converted back to light energy (photons) as the- phosphor is excited by the absorbed electrons. The output of the- phosphor

screen is a relatively narrow band peaking at 530 nm (Fig. 4-6). Thus, the image is essentially monochromatic green, and color discrimination between objects is not possible. Finally, the amplified image is made upright by a fiber-optic invertor and focused through the eyepiece lens.
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An important feature of modem I2 technology is the automatic brightness (gain) control. The automatic brightness control maintains a controlled voltage and prescribed image brightness 33,37 It monitors the I2 tube contrast drawn from the power supply and limits the maximum tube current by reducing the voltage and, therefore, the gain. Thus, the automatic brightness control limits the maximum. average luminance output of the.. phosphor, screen. to- approximately 0.5 mL in the AN/PVS-5 NVG, 1.0 mL in  the ANVIS 21- and. 1.5 mL in. the : Cats-Eyes. A clamp voltage mechanism protects the photocathode from damage by excessively bright light sources, e.g., flares, search lights, fires, explosions, lasers, afterburners, etc. Shutdown can also occur when looking directly at the moon side of a visual scene on bright-. moonlit evenings.7
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OPERATIONAL PERFORMANCE AN/PVS-5A

Although satisfactory for infantry use, the AN/PVS-5A was criticized by aircrew because of its poor low-light performance, frequent battery failures, and heavy weight. The major complaint with the AN/PVS-5A was its large, enclosed faceplate, shown in Figure 4-1a.41 This cumbersome faceplate severely restricted the peripheral field of view, prevented looking underneath at cockpit instruments, and was not compatible with helmet-mounted sighting systems, visors, protective masks, or standard aircrew spectacles.- Because aircrew spectacles could not be worn with this NVG, aviators with. significant astigmatism had-.reduced vision.21 The dioptric focusing mechanism of the NVG, which corrects spherical refractive errors that-fall within +2.00 D to -6.00 D, does not correct for astigmatism. Many of these shortcomings have been overcome by the widespread adoption of the AN/PVS-5A-faceplate modification (Fig. 4-1b) and the U.S. Army GM-6 Cobb helmet mount.42 The modification provides a"look-under" capability and is compatible with aircrew spectacles. The AN/PVS-5 now comes in B and C versions. Only a few hundred AN/PVS-5A NVG remain in use by USAF aircrew, most of them in the Military Airlift Command (MAC). However, many flightline personnel are still using the AN/PVS-5A.

ANVIS

The helmet-mounted ANVIS (Fig. 4-2) possesses many electro-optical improvements over the AN/PVS-5A (Table 1). The basic ANVIS design is compatible with eyeglasses, has an indirect "look-under" capability that allows for more normal near and peripheral vision to monitor flight instruments, has a dual battery system with warning light, weighs less than the AN/PUS-5A, and is easily counterbalanced.
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The single most important technical feature of the ANVIS is its improved low-light performance. The ANVIS tube outperforms the AN/PVS-5 tube because it has improved efficiency (gain) in the red and IR region of the spectrum. Thus, the image brightness is much greater when viewing objects illuminated by starlight; hence, greater system resolution and longer detection ranges. The differences in spectral sensitivity between the AN/PVS-5A and ANVIS photocathodes is shown in Figure 4-7. The response of the AN/PVS-5A (II-Gen tubes) is somewhat similar to the human eye; i.e., it is sensitive to visible light and some IR ranging from about 400 um to 850 nm. The ANVIS (III-Gen tubes) is only sensitive to the orange, red, and near-IR (approximately 625 nm to 900 nm), but it is not sensitive to the blue-green-yellow portion of the spectrum.
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This limited sensitivity range may have a negative effect on target detection and identification. There are certain conditions in which the ANVIS actually performs worse than the AN/PVS-5A. This phenomenon, first reported in 1985 by the USAF. School of Aerospace Medicine (now Armstrong Laboratory Aeromedical Consultation 

Service) Ophthalmology Branch '42 and subsequently by several operational units, occurs because the ANVIS system, under certain conditions, may not reveal differences in contrast between adjacent terrain features. A good example is a low contrast scene of a road, reflecting IR light of about 900 nm which winds through grassy meadowland reflecting brownish-red light of about 600 nm. The photocathode of the ANVIS is equally sensitive to both wavelengths. Thus, the road and ail of its surroundings appear equally bright green on the phosphor screen; i.e., the road cannot be seen because there is no contrast gradient. The photocathode of the AN/PVS-5A, however, is sensitive to 650 nm light, but not to 900 nm IR light. This means that the viewer will be able to see the road as a dark line running across a green background. In effect, the truncated spectral sensitivity combined with the greatly enhanced gain of the ANVIS may, under certain conditions, eliminate the contrast gradient and preclude detection.

The addition of blue-green cockpit lighting to aircraft allows ANVIS users some advantages.28 The ANVIS tube is totally insensitive to the blue-green end of the spectrum, as shown in Figure 4-7. The addition of a dielectric coating (minus-blue filter) to the ANVIS optical system makes this device virtually blind to light wavelengths less than 625 nm.43 As discussed previously, the sensitivity of the human eye is greatest in the blue-green region at night, making blue-green lighted cockpit instruments easy to read even at very low intensities. Also, the effects of ocular chromatic aberration make it easier to accommodate (focus) under blue light.44 Thus, the cockpit and instrument panel can be easily seen by the unaided eye looking under or around the ANVIS, while the ANVIS, unaffected by internal glare and windscreen reflection, responds best to outside lighting which, in starlight, is predominantly red and IR (Fig. 4-7). Unfortunately, programs to convert current aircraft to blue-green lighting have not been fully implemented.

Cats-Eyes

One version of NVG made in the United Kingdom is called Cats-Eyes (Fig. 4-3); it uses standard III-Gen tubes 7 Accordingly, there is much similarity in performance to the ANVIS. The major difference is that in the Cats-Eyes there is a combiner lens system through which the user can see the I2 image or the real image. The purpose of this combined lens system is compatibility with the Head-up Display (HUD). The Cats-Eyes have an auto-scene-reject mode which automatically turns off the NVG tubes when the pilot's eyes focus on the HUD2 so that the HUD symbology can be seen through the combiner lens.

There are two versions of the Cats-Eyes, Mark III and Mark IV. The Mark III objective lenses cannot be focused, while those of the Mark IV can be focused. The I2 field of view for Mark III Cats-Eyes is only 30 deg, and its best VA is about 20/70. The field of view for Mark IV Cats-Eyes is 35 deg and its best VA is 20/40. Both of these parameters are reduced compared to the ANVIS.

Another NVG model made in the United Kingdom is called NITE-OP.7 It has a slightly larger field of view (45 deg) than the ANVIS and comparable VA. The

NITE-OP may be used by some USAF operational units in the future because ejection seat compatibility was a design consideration in its development.

PERFORMANCE LIMITATIONS

NVG do not turn night-into day. Although pilots are .usually impressed the first time they look through NVG, there are many complaints the first time they fly with them. While it is true that visual function with NVG is impressively enhanced over scotopic function in many ways, NVG performance is inferior compared to normal photopic function. The degradation in visual performance that NVG impose must be emphasized to aircrew.

Visual Acuity/Resolution
Visual acuity (VA) is a measure of the eye's ability to resolve spatial detail. The commonly used measure of VA is determined by the angular size of the smallest object resolved, which can be easily measured using elementary trigonometry.45 The visual system is normally capable of resolving detail smaller than 1 min of arc (1/60 of a degree), which corresponds to the standard photopic, VA of 20/20. VA with NVG is, at best, about 20/40 with Cats-Eyes (Mark IV), .20/50 with AN/PVS-5, and 20/40 with ANVIS.2.42 New models of F4949 are approaching 20/25 resolution. These VA are usually only reached indoors, under artificially controlled optimal conditions, i.e., high levels of contrast and brightness. Under typical ambient illumination outdoors, VA is often significantly decreased from these levels. One field study42 revealed that, under ambient starlight conditions, mean visual acuities for high contrast eye charts were reduced to less than 20/100 with the AN/PVS-5 and less than 20/80 with the ANVIS. A more recent laboratory study46 revealed that visual acuities with low contrast eye charts were considerably worse.

When tested through an NVG, VA is a subjective measurement of the operator's visual performance using these devices.' Resolution is an objective measure of the capability to distinguish a separation between two objects; it is usually expressed as line pairs per millimeter (lp/mm) 40,47,48 Procurement, test, and end-of-life specifications for night vision devices are often defined in terms of resolution rather than VA. The resolving power of NVG decreases at low light levels because the background noise increases in  the intensified image.46 Light-amplification I2 devices must have a minimum level of illumination to function effectively. At light levels below starlight, NVG may lose their operational effectiveness, even though some measurable resolution remains.

In order for the aviator to achieve maximal VA and take full advantage of the NVG's resolution capability, the ocular and objective lenses must be properly adjusted to give optimal vision and comfort.2,21 Each ocular (dioptric) lens is independently adjustable over a refractive error range of +2.00 D to -6.00 D (not applicable to Cats-Eyes). This dioptric lens was originally designed to eliminate the' need for some aviators (those with simple myopia or simple hyperopia) to wear their spectacles when using NVG. 49,50 However, we recommend that aviators wear their spectacles for the

following reasons: for correction of astigmatism and/or presbyopia; to see items in the crewstation when looking under the NVG; to look with peripheral vision outside the cockpit and/or judge the distance of other_ aircraft; to be able to see immediately after flipping up the NVG; and to afford eye protection from flying debris or sudden impact. To ensure relaxed accommodation and prevent eyestrain, the aviator must know how to adjust the ocular lenses properly: Turn the dioptric ring fully counterclockwise and then slowly clockwise until the -first clear--focus is obtained to ensure relaxed accommodation and prevent eyestrain. The ocular lenses are not adjusted until after the objective lenses have been focused for the testing distance, which is normally 20 ft or more.

In the human visual system, the eyes focus simultaneously and equally over distances from about 10 in. to optical infinity, i.e., distances greater than 20 ft. This variable focusing ability can occur consciously or unconsciously and, depending upon age, is relatively instantaneous. The near-to-distance objective focus on NVG is quite different. The objective lenses on each I2 tube must be manually and independently focused over a range from 10 in. to infinity. Misadjusting the NVG objective lenses may reduce the ability of the aviator to see and detect distant *objects because of the inherent poor depth of focus. The aviator should view an object that is at least 20 ft away when setting the focus of the objective lenses for distant viewing. Some NVG may require a 30-ft or even longer viewing distance for optical infinity.40 The objective lens of each f tube must be manually readjusted in order to view objects closer than 20 ft. Pilots do not need to refocus the NVG for viewing inside the cockpit because they can use the "look-under" capability. For final preflight testing, the aviator should view a target through the aircraft windscreen. Some windscreens may have induced prismatic power in them which will defocus the NVG image.26 All wind screens have different spectral transmission characteristics, e g., in the red and IR range, which are very important considerations.

Proper adjustment of the NVG tubes for the interpupillary distance is also very important. The interpupillary distance is the distance separating the two eyes, i.e., the distance between the centers of each pupil. Some aviators believe that spreading the tubes further apart than their interpupillary distance will increase the field of view. This is simply not true and will, in fact, impair their NVG performance.40 The tube images should completely overlap, but this may be difficult to accomplish. Even small misadjustments in interpupillary distance can degrade VA and cause eye strain and fatigue. Methods for measuring interpupillary distance and setting the NVG tube separation distance can be obtained in the optometry clinic. All spectacle-wearing aircrew have an interpupillary distance entry in their medical records.

Field of View

Under binocular conditions, the normal unaided field of view measures approximately 120 deg vertically by 200 deg horizontally. For both the ANVIS and AN/PVS-5, the field of view of a single I2 tube is a circular 40 deg.51 The tubes have 100% overlap; hence, the combined binocular field is also a circular 40 deg. An illustration of the unaided and NVG binocular fields of view is provided in Figure 4-8. The field of view of the Cats-Eyes NVG is less, approximately 30 deg for the Mark III and 35 deg for the Mark IV. Thus, a tremendous field-of-view reduction occurs with NVG use.

Field of view with the NVG is a theoretical value; it is based on one's ability to obtain minimal eye relief and proper eye positioning within the designed eye positions (Fig. 4-9) of the NVG optics. 2 Eye relief; used synonymously with vertex distance, is the distance from the back surface of the NVG's ocular lens to the front surface of the eye. If this distance is greater than 20' mm, the field of view for ANVIS or AN/PVS-5 users decreases significantly. Variations in head anthropometry, e.g., deep-set eyes, using other life-support equipment or protective masks, or wearing corrective spectacle lenses, may prevent proper eye relief, further reducing the field of view.. Improper adjustment of the helmet attachment can also reduce the field of view. These additional field-of-view losses are not always obvious to the aviator. The greater-than-normal amount of head movement which is required to compensate for the reduced field of view may contribute to task management overload. Unfortunately, it is difficult for manufacturers to design new NVG with a wider field of view because, as you increase the field of view, the weight and size of the objective and eyepiece lenses increase significantly.52 Enlarging the field of view decreases resolution because the image is spread out.

The aviator must continually use head movements to scan and help compensate for the NVG's limited field of view. The effects of the reduced field of view on flying performance are not fully understood. The problem of determining the minimum field of view required for flying is not a simple one, because it is extremely task-dependent. Although the circular 40-deg field of view with NVG seems small compared to the normal ocular field of view, the effect is tempered somewhat by the fact that the view of the outside world from the cockpit is obstructed in some aircraft.

Binocular versus Biocular Vision

The human visual system is binocular in nature. In binocular systems,. visual inputs from two separate sensors, each slightly displaced in space, are stereopically fused in the brain. A similar configuration is used in the AN/PVS-5, AN/AVS-6 (ANVIS), and Cats-Eyes, where two separate I2 tubes, one in front of each eye, are the sources of the visual input. A variation on this design is a biocular system where one I2 tube provides visual input to each eye by means of a beamsplitter prism. This configuration is used in the AN/PVS-7,51 which has a III-Gen tube and is destined to replace the AN/PVS-5 currently used by flightline personnel. However, the single I2 tube has not been authorized for use by USAF aircrew because of the lack of tube redundancy in the event of failure, although there are other advantages to binocular systems.
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I2 images often have background noise which appears as scintillation, commonly called sparkles or snow.40,46 The noise increases as the ambient light level decreases, and it is more visible in II-Gen than in III-Gen tubes. These scintillations may block the resolution of detailed information. Since the intensity and location of the noise varies with time, it is unlikely that a scintillation will appear at the same place and at the same time in both tubes of a binocular system. Therefore, the perceived image quality may be better in a binocular system, compared to a biocular system because the degradation from background noise is less. Binocular systems also generate slightly brighter images for the viewer than biocular systems, due to binocular summation, i.e., the fact that each eye has a full input from a separate I2 tube, and these two inputs are partially additive, or summated, at the cortical level. The luminance output of a single I2 tube in a biocular system is divided, with one half being presented to each eye. At low contrasts, the binocular summation effect for VA is most critical. An additional benefit of binocular systems, particularly for aviation, is redundancy. If one I2 tube goes down, the other one may still function. Compared to biocular systems, increased cost and weight are obvious liabilities of binocular systems.

Depth Perception

Binocular systems might be expected to provide improved depth perception, the ability to judge the relative location of objects in space. Objects seen with some NVG will have a tendency to look farther away than normal. This is a learned, subconscious phenomenon because we expect objects that are less distinct in detail to be farther away than those with sharp detail. On the other hand, some NVG have an induced plus or minus prismatic effect from optical axis misalignment of the tubes40 which may create an impression that objects are closer or farther away.

Depth perception with all NVG is limited,37,54-57 because good VA is necessary for most monocular cues involved in judging distances, e.g., retinal image size, motion parallax, overlay, texture gradient, etc. Stereopsis, which is the ability of the observer to judge depth by fusing the two dissimilar retinal images created by the separation of the two eyes, is also reduced because of the decreased resolution. Accordingly, retinal image size and overlay are probably the most important cues to the limited depth perception that is available with NVG.

The aviator's ability to judge depth while using NVG is critical, particularly during confined-area maneuvers, such as in landing zones,58 while hovering, and during nap-of-the-earth flight. Studies have shown that the available depth perception cues with NVG are, at best, equivalent to performing these maneuvers with only one eye during the day.7 The ANVIS normally provides better depth perception cues than the AN/PVS-5, since it has somewhat better resolution. Accommodation and convergence information are weak binocular cues used for unaided depth perception, but they are not available to NVG users.

Other Parameters

There are several other measurable parameters that affect the performance of the I2 tubes in NVG including spectral response, signal-to-noise ratio, equivalent background input, sensitivity and gain.40,46 There are also defects in the I2 tubes that can degrade their performance. Some of these tube characteristics are fixed at the time of manufacture, and others may change during the lifetime of the tube. When the- -tube is manufactured, it has a certain spectral response based on the chemical composition of its photocathode. The II-Gen and III-Gen tubes have different spectral responses (Fig 4-7). Even though objects may appear to have the same shape when viewed through the two different generation tubes, they often have entirely different intensities. For example, dirt roads against green grass appear very dark through II-Gen tubes, but appear bright through III-Gen tubes.42 Therefore, the contrast and the visibility of objects is related to the specific generation I2 being used.

The contrast and resulting image quality is a function of the signal-to-noise ratio of the intensifier tube. Signal is the information transmitted through the intensifier. Noise is unwanted disruptions of the signal. The II-Gen tubes have lower signal-to-noise ratios than III-Gen tubes.46 The signal-to-noise ratio of II-Gen tubes continues to decrease- throughout their 2,000 to 4,000 hours of useful life. The signal-to-noise ratio of III-Gen tubes tends to remain more constant over their 7,500-hour life but then falls off rapidly. End-of-life is defined as the point where the signal-to-noise ratio falls below a prescribed value.37
Another important factor affecting imaging quality is the equivalent background input, or noise, which is a measure of the luminance output of an I2 tube with no input. This parameter is important because, if the equivalent background noise is too high, the contrast of the intensified image may be too low.46
The sensitivity of an I2 tube, whether II-Gen or III-Gen, is established when it is manufactured. The sensitivity of II-Gen intensifiers gradually decreases over time.40 However III-Gen intensifiers are designed to maintain a relatively constant sensitivity over time. The eventual loss of sensitivity results in a weakened signal and, thus, a lower signal-to-noise ratio signaling the end-of-life for the tube.

The gain of an I2 is the ratio of signal-out to signal-in, i.e., light out to light in.7 Tube gain is controlled primarily by the tube's power supply. Increasing the voltage between elements in the intensifier tube increases its gain. When the tube is new, increasing the gain increases both the signal level and the noise level. At some point in time near end-of-life, as the sensitivity of the tube decreases, increasing the gain will increase the noise more than the signal, thus decreasing the signal-to-noise ratio.

Tube defects may also affect image quality. Minor defects are normal and may be present when the tubes are accepted from the manufacturer; others may develop during- the life of the device. Some black spots, fixed pattern noise, and distortion are permissible in new I2 tubes. 7 The size, location, and number of black spots should be measured - and compared with a specification to determine if they are acceptable.
Large spots in the central area of the tube image that are big enough to block detection of objects the size of aircraft are unacceptable. Fixed pattern noise may appear as a faint geometric pattern in the internal fiberoptics. If the fixed pattern noise exceeds the military specifications, the tube is rejected.

Because the optics of most I2 tubes provide an inverted image at the phosphor screen, a fiberoptic 180-deg, twist is used to correctly orient the image.7,40 During the manufacturing phase, however, imperfections in bending and twisting the fiberoptic bundle may create a wavy type of distortion (called "S" distortion) of the optical axis. If the two I2 tubes are not well matched for this "S" distortion, the aviator may experience some asthenopia, even if each tube meets the military specifications. Binocular axis alignment may also be a problem with NVG when the input/output axes of the ocular system are not the same. The effect created is like wearing weak prisms in front of the eyes with the lenses in random directions. Some NVG may have significant binocular axis alignment problems that cause eye fatigue and, with long-term wear, headache.

Finally, distortion of the internal fiberoptic invertor should be measured. Excessive distortion levels can cause depressions or bulges in images of flat surfaces. Tubes exhibiting this level of distortion are obviously unacceptable for flight. .

The aircrew member always has the preflight responsibility of rejecting any NVG with unacceptable performance characteristics. A schedule for routine inspection of NVG to ensure adequate performance should be established. Fortunately, with sufficient training and experience, the aviator can learn to function relatively well with the artificial vision created by NVG. The limitations, however, must be continually emphasized to aircrew members using the NVG on night missions. Consult Appendixes C-E for brief summaries of NVG capabilities and operating instructions.

CHAPTER 5
NVG AND HUMAN FACTORS CONCERNS

OPERATIONAL ISSUES

The NVG binocular design (two independent tubes) used for aviation provides an inherent redundancy for the I2 optics. However, battery failure is more likely than tube or electro-optic element. failure. Battery redundancy is provided by a dual battery pack attached to the back of the helmet, with a switch to select either the primary or spare battery. Battery failure is signaled by the low battery indicator; it can also be detected visually when both intensifiers exhibit luminance variations, usually followed by a complete failure of both tubes.

Flares, rocket motors, strobe lights, lightning, lasers, and other bright light sources may temporarily or permanently interrupt the performance of the NVG. The interruption may last only a few seconds, but, if unexpected; it may be quite disconcerting. The I2 tubes have a protective device that will shut down the gain when excessive bright light is encountered dimming the output and lowering the image resolving power. When the bright light disappears, the normal gain returns electronically and rapidly. Since this protective device limits the light passed to the eye, recovering from a flash through an image-intensifier is much more rapid than recovering from a flash to unaided, dark-adapted eye. It only takes a few seconds for the NVG to recover compared to about 30 min for the eye. The eyes are able to adjust to the goggles almost instantaneously, without any dark adaptation required because the output image is in the high mesopic or low photopic range of luminance. However, when the NVG are flipped up and the flyer returns to unaided night vision, it may take 2-4 min to fully recover dark adaptation.

The use of NVG does not require scotopic vision because the output brightness of the I2 tubes is in the low photopic or mesopic range. This output brightness will affect dark adaptation, but not to a great extent.59 A U.S. Army study found that recovery to normal thresholds of dark adaptation was attained within 3 min after removal of the NVG.

Some aircrew members have complained of an orange to brown after-image that persists after an extended period of NVG use which is most probably a form of temporary photoreceptor fatigue.7, 25 It is a very normal and transient physiological effect. The eye has three primary color sensors (cones): blue, green, and red. All other colors are seen by a combined stimulation of these three primaries. The NVG output is a green light which saturates only the green receptors; it does not stimulate the red and blue receptors. After the NVG are removed, the red and blue cones are supersensitive and. very- active, while the green cones are subdued. The output of the red and blue cones then combines to produce a., brown after-image. It affects people differently, and usually only lasts for a few minutes, depending upon on how long the NVG's were worn. It is a normal physiological effect and will not cause any permanent

change in vision. Potential problems in color discrimination could occur, however, immediately upon flipping up the NVG.

In 1986, a report surfaced that wearing NVG had caused three helicopter pilots to temporarily fail the near depth perception (stereopsis) test. 60,61 An investigation indicated that improper interpupillary distance adjustment had forced the eyes to converge or diverge incorrectly, thereby causing errors in binocular viewing. The report concluded that this phenomenon only affected near depth perception and a return to normal vision could occur in as little as 1 hour after NVG removal. This report was viewed with widespread skepticism, and no further reports of this phenomenon have surfaced.

The output image of the NVG is presented to the aviator on a green phosphor screen. All color information from the surrounding environment is converted to shades of green. It is particularly important to remember this when viewing color-coded information from external light sources, such as aircraft navigation and tower lights. The lights on approaching and departing aircraft, color-coded taxiways, and runway lights may not look the same.

Brightness intensity often provides distance cues, but these cues can be easily confused at night with NVG. Because of the spectral sensitivity of the photocathode, a light source may appear the same to an aviator using NVG, whether it is bright and close or dim and far away. Lights from other aircraft often blend in with ground lights,56 and midair collisions have occurred because aircrews were not able to differentiate lighted aircraft in their flight path from background lights. Anti-collision strobe lights improve the detection of aircraft, but not without tradeoffs. Often, the high-intensity xenon strobe lights interfere with the NVG and distract aviators because the light reflects off the rotor blades and nearby objects during terrain. flight. The center of the anti-collision light, however, can be covered with opaque tape to prevent unwanted reflections. Some newer aircraft use dim IR lights or IR tape that is visible only with NVG, to covertly mark their position.7
Clean, dry, unbraided windscreens, visors, spectacles, and NVG optics are essential to optimum performance. Light from internal and external sources may scatter off dirt, grease, moisture, and abrasions on the windscreen and reduce the contrast of the NVG-intensified scene. The visual degradation is analogous to that created by oncoming headlights seen through a dirty, wet, pitted vehicle windshield at night. To prevent fogging of the NVG eyepieces, demist shields can be installed. Information, obtained prior to aircraft accidents, concerning the optical condition of windscreens, transparencies, and NVG optics, might be helpful in accident investigations.

INTEGRATION WITH LIFE-SUPPORT EQUIPMENT

Integration of NVG with life-support equipment may create some problems. For example, NVG are not totally compatible 'with chemical defense -(CD) respiratory masks 51,52,53 because CD masks have optical lenses that protrude away from the,-eyes.: Although an NVG. can be adapted to fit in front of the CD mask, the I2 eyepieces may have too great an eye relief reducing the NVG field of view below 40 deg.

A recent study reported that the Aircrew Eye Respiratory Protection (AERP) mask, worn in combination with the ANVIS NVG, reduced the normal intensified field of view from 40 deg to about 33 deg.53 When the AN/PVS-5 was worn with the AERP system, the reduction was quite similar. Another study found that the AN/PVS-5 intensified field of view may be reduced to as little as 21 deg when worn with the MCU-2/P CD mask.51 Thus, life-support equipment that moves the NVG farther away from--the- eyes may have a profound-effect. The 40-deg field of view provided by NVG is already so narrow that it creates problems when flying combat aircraft. Any further, reduction in the field of view could create severe flight safety problems.

NVG compatibility with aircrew spectacles is usually not a problem, except in those rare individuals with deep-set eyes or in those with spectacles that fit out away from their face. Laser protection is provided by light interference filters (LIP) which fit on the NVF objective lenses.63 Dust/wind protective goggles usually create problems with NVG vertex distances. Many aircrew members, e.g., backseaters in helicopters or C-130 aircraft, need dust/wind protections~ A satisfactory solution for this problem is elusive.

Placing the NVG on the flight helmet has significantly increased the weight that must be supported by the neck. Counterweights on the back of the helmet are used by aircrew to offset center of gravity shifts. The effects of placing additional weight on the aviator's head can create muscle fatigue. Head-neck muscle strain may cause slower head motions and affect reaction times associated with movements of these muscle groups. Slowed reaction times could contribute to decreased maneuvering accuracy. However, the quantitative relationship between weight, fatigue, and performance degradation has not been documented.

Of great concern are the additional G-forces which will be present during crashes and ejections.65 Increased weight on the head has profound effects in crash dynamics that are a direct result of the additional mass. In the absence of external force, and neglecting forces due to the neck muscles, the total internal force exerted on the skull base during acceleration is approximately equal to the product of - the total mass of the* helmeted head and the head acceleration. Thus, for a given head acceleration, the- larger the mass (head-supported weight), the greater the force and risk for injury. The Current NVG and the accompanying counterweights are designed to break-away at specified G-force levels. For -example, the ANVIS should break away from the aviator's helmet at a head acceleration of 10-15 G to reduce the total head/neck/helmet-mounted device mass - during the critical period of high accelerations. Accident data revealed that neck injuries were responsible for death in some aviators who were wearing NVG at the time of impact.

COMPATIBLE COCKPIT LIGHTS

Cockpit lighting incompatibility has been listed as a contributing cause in several investigation-reports of NVG accidents.34 NVG- incompatibility with aircraft cockpit lighting has been a difficult problem to solve. The gain of an NVG is so high that even a small amount of  light inside the cockpit will be too bright for normal I2 function. To solve this problem, the ANVIS III-Gen tubes were designed with a minus-blue filter, thereby rendering them "blind" to the blue-green portion of the visible spectrum (Fig. 4-7). Thus, in an airplane with only blue green cockpit lights, the ANVIS would not be sensitive to the lights in the cockpit and to most reflections off the windscreen and' internal glare problems. Blue-green lights have some other important benefits. It is easier for the unaided eye to see the instruments under blue-green light conditions for several reasons. First, blue-green light is easier- to focus (accommodate) because of the chromatic aberration of the eye (Fig. 3-3). Short wavelength light rays are bent more by the prismatic effect of the ocular lens, which means that aircrew members will have to accommodate less and will see the instruments more clearly and more comfortably. Second, the Purkinje shift (Fig. 2-8) at night provides more sensitivity to blue-green light than to red light. This means that the eye can easily see lower levels of blue light at night compared to red light. Third, blue-green light has a decreased IR signature, so that the enemy cannot detect it with NVG. However, blue-green light is somewhat easier for the enemy to see with the unaided eye at night.

To achieve compatibility with ANVIS NVG, the cockpit lights must have a brightness spectrum that does not overlap into the spectral sensitivity of the I2 tubes. Successful methods for illuminating flight instruments include floodlights, external bezels, integral filtered incandescent lamps, and LEDs or electroluminescent lamps. The best methods include more than just taping over light fixtures to block unnecessary light or using Glendale green film taped over -various displays. Unfortunately, what is made compatible for a dark night may be unreadable in bright sunlight. Therefore, a standard method of defining and measuring NVG light compatibility was developed through the adoption of a military lighting specification (MIL-L-85762A). This military specification requires daytime and nighttime instrument readability without causing interference with the NVG goggles. The object of this specification is to allow the pilot or crewmember to see the instruments and displays in the daytime and to view them at night by looking under or around the NVG and then return to the NVG to view the scene outside the cockpit.

Another consideration is the external lights of aircraft. Exterior aircraft lights should be turned off or modified to mask their view from the cockpit. Modification will be needed to allow formation flying and detection of aircraft by other NVG-equipped aircraft. NVG-compatible exterior lights will have to be greatly filtered and will be essentially invisible to the unaided eye. Recently, electroluminescent blue light panels have been retrofitted into some aircraft, e.g., the A-10, for improved detection by the unaided eye, yet remain invisible to the ANVIS NVG.

ENVIRONMENTAL CONSIDERATIONS

Ambient conditions, including reduced illumination, weather, cloud cover, and obscurants, can greatly affect the performance of NVG. Some of these environmental conditions enhance while others degrade NVG performance. As amplification- devices, NVG: must have a minimum amount of ambient light energy for acceptable performance. The-major sources of this energy are the moon, stars, and artificial lighting. Energy from natural sources such as the moon and stars, and energy from artificial sources such as nearby towns or tactical flares, reflect from objects. The composition, surface characteristics, and environmental conditions determine the amount and spectral distribution of the reflected energy that reaches the NVG. The moon and stars emit a significant amount of energy that cannot be seen by the human eye, but can be seen using the NVG. The stars are a uniform omnidirectional source of energy, while the moon, like the sun, is a point source of energy that casts shadows as it moves across the sky. Information providing the percent of moon-illumination, rising and setting--times, and maximal moon angle above the horizon are available from the weather service and from USAF navigation charts for specific geographic areas.

The current policy of most military services restricts NVG flights to periods of natural illumination which meet or exceed the lunar conditions of 20% moonlight at 30 deg above the horizon.66 These restrictions can be waived by the commander. An exception to this restriction applies when the aircraft is equipped with an artificial IR search or landing light. The policy was implemented when only II-Gen tubes were available and does not require aviators to use IR light, but must have it available. The policy has not changed with the fielding of the more sensitive III-Gen devices.

The direction of flight, with respect to the location of the moon, sky glow, and ground lighting, is critical to NVG performance. Flying toward light sources will reduce the effectiveness of NVG, similar to flying -toward the sun during daylight. Flying away from light sources may enhance the NVG image. Shadows cast by terrain features and manmade objects are important- considerations for aviators. Wires are usually not visually detectable at sufficient ranges with NVG, but often the support poles and towers provide clues to the existence and path of the wires.67 The configuration of external light, with respect to the aircraft's direction of flight, can enhance or mask shadow cues.

Atmospheric conditions can also significantly affect NVG performance. In general, atmospheric conditions that degrade unaided visual performance will also degrade the performance of NVG. The light energy reflected from objects, except for the near IR, is scattered by water vapor and particulate matter suspended in the air. Optimal NVG performance is obtained on a clear, dry night. Precipitation (rain, snow)- and obscurants (fog, dust, smoke) degrade the performance of NVG. Aviators with minimal experience often overextend themselves by failing to recognize gradual degradation in performance due to deteriorating atmospheric conditions. NVG maintain a constant average display luminance over a wide range of input energy. Therefore, it may not be obvious to the aviator that conditions are deteriorating. The experienced NVG aviator has learned that deteriorating environmental conditions are indicated by an increase in image noise. High visual noise levels indicate that the device is operating at its performance limit. The presence of cloud cover can increase or decrease the amount and distribution of light available to NVG. Cloud cover may attenuate the light from natural sources but enhance the amount available from artificial sources, e.g., sky glow from towns, shopping centers, and highway lights

Modern artificial lights, by design, produce a large percentage of their light energy in the visual portion of the spectrum; because II-Gen tubes are sensitive to all of the visual spectrum and will collect all of the artificial light. However, III-Gen tubes are sensitive to only a portion of the visible spectrum and will not collect all of the artificial light (Fig. 4-7). Therefore, energy generated by artificial sources may be more beneficial to II-Gen NVG than to III-Gen devices, depending on the wavelengths present.

Once the aviator is assured that the NVG are operating properly and the environmental conditions will permit NVG flight operations, the next major concern is the internal cockpit lighting environment. Any bright light emitting energy in the same range of wavelengths that the NVG are sensitive to may produce a severe veiling glare that can obscure the overall image and degrade the performance of the NVG. To prevent these glare effects, and to protect the image-intensifier assembly from permanent phosphor burns, NVG are equipped with a bright-source protection circuit, an automatic gain control. This circuit decreases the sensitivity of the I2 tubes when they are exposed to strong energy in the NVG-sensitive portion of the electromagnetic spectrum effectively reducing the aviator's capability to view outside the cockpit. Special lens caps can be made to attenuate the extraneous light from a standard military flashlight; there is enough light to permit map reading, yet not enough to degrade the NVG. These special lens caps can be obtained from the Armstrong Laboratory Optic Research Unit, Brooks AFB, Texas.

FATIGUE

Pilot fatigue is one of the most serious aeromedical concerns in military aviation.2,69 In round-the-clock combat operations, aircrew members work for exceptionally long hours with few opportunities for sound sleep. What little sleep is obtainable is usually intermittent, disrupted, and not very restorative. Aircrew who are expected to fight through the night and rest during the day are uniquely stressed. Stressors include cumulative exposure to disrupted circadian rhythms, reverse-cycle work shifts, sleep loss, and daytime sleep difficulties. Spatial disorientation increases logarithmically with fatigue.

All humans have an internal biological clock that programs cyclic fluctuations in body temperature, blood pressure, heart rate, adrenal gland output, cerebral neurotransmitter levels, and other functions. This internal circadian timing system maintains a 24-hour consistent organization of these physiological functions. While the light-dark cycle is of overriding importance, other environmental parameters, e g., meal timing, social interaction, etc., also serve to synchronize the circadian timing system.

A pronounced lull in performance, mood, and attitude occurs in the early morning hours (0300-0600 when body temperature is at its lowest daily level and a person is normally asleep.9 A noticeable drop in performance occurs in those early morning hours, even if an aircrew member remains awake through the night. This predictable circadian lull in the middle of the night can affect an aircrew member's state of alertness and readiness to safely perform night flight. Laboratory tests have shown that cognitive performance declines by as-much as 10-15% in the early morning hours.2 This decline can reach 35-40% for personnel who are sleep: deprived. Along with the performance decrement, a decline in motivation and initiative and. a concomitant increase in sleepiness and fatigue occur.

Aircrew who fly and fight at night, but sleep during the day, should try to adjust their- circadian rhythms. The natural body rhythm is timed to work during the day and sleep at night. Reversing work/sleep shifts disrupts the timing of normal sleep and activity and causes noticeable effects on alertness, fatigue, and work efficiency. When reverse-cycle work shift changes occur, it usually takes about two weeks (longer for aviators over 40 years of age) before complete adjustment of bodily rhythms is accomplished. Unfortunately, about 20% of the population cannot ever adapt to reverse day/night cycles.2 Thus, night fighters should spend a few weeks living on night schedules to reverse their circadian rhythms and fully adapt before conducting combat operations. Because of the exigencies of the battlefield, this period of adjustment may not be an option. More likely, the scenario of shifting back. and forth from one schedule -to another in a matter of days may occur and greatly complicate circadian adjustment.

To maintain optimum levels of alertness, 6-8 hours of sleep per 24-hour day are required. When aircrew members do not obtain the required amount of sleep, a sleep debt develops that can accumulate day by day. Partially sleep-deprived pilots develop increasing levels of fatigue. Sleep debts must eventually be paid back. After a few days of sleep shortage, aircrew members must obtain a lengthy sleep. Restful sleep for-8-12 hours will generally restore alertness to acceptable levels. Night flyers quickly build up substantial sleep debts because it is often difficult to get enough quality sleep during the day at an operational air base. An old axiom that is particularly valid at night is that "a tired pilot is not a safe pilot."

When wearing NVG during night operations, aviators are not only performing arduous mental and physical tasks, but they are also working at the nadir of normal biological cycles, shifting sleep/work schedules and being stressed by the inherent danger of their missions. Without adequate rest or sleep, the aircrew member may not overcome the induced fatigue and may experience symptoms of reduced awareness while flying. These symptoms include easy distractibility, inattention to detail, slowed reaction time, poor judgment, irritability, and coordination problems. Early recognition of fatigue and its effects on performance is necessary in order to prevent serious errors in judgment.
Using NVG, aviators can fly under low ambient light conditions that are too dangerous, if not impossible, with unaided vision. However, they may entice the aviator to fly in conditions that exceed one's physiological and psychological limits. When we mix the requirements for sustained vigilance during a low-level NVG flight with the known circadian lull in the middle of the night and a sleepy pilot who has built up a sleep debt over several days of sustained operations, flight safety is at risk. To be able to get enough sleep, aircrew members must have the place (quiet, dark, and cool), the opportunity, and the correct training, i.e., proper scheduling and adaptation to changes in circadian rhythms. A sleep discipline policy would be a most important consideration for night flyers to ensure that they get adequate amounts of restful sleep.

In addition to the generalized fatigue experienced by aircrew, the use of NVG produces other types of fatigue. Visual fatigue, asthenopia or eye strain, can be minimized by: 1) wearing properly prescribed spectacles,70 2) receiving good training, 3) maintaining good habits of NVG adjustment to relax accommodation, and. (4) controlling sources of interfering light and reflections. Psychological fatigue may be controlled by providing the flyers with the knowledge and skills required for the job and by sustaining their level of expertise through regular, recurrent training.

Physical fatigue is induced by the weight of the NVG on the head. NVG add over 0.7 kg to the weight of the aircrew helmet and significantly shift the center of gravity. Fatigue and soreness of the neck and shoulder muscles affect aircrew performance. Physical fatigue from wearing NVG can be reduced by maintaining good physical fitness, strengthening neck muscles, maintaining an erect sitting posture, balancing the NVG with a counterweight, and ensuring proper helmet fit. Isometric exercises can be used to strengthen neck and shoulder muscles to reduce mission fatigue.

NVG  ACCIDENTS AND EYE_ PROTECTION (These accident data are dated, but the AF has had only a few Class A mishaps as of April 97)
Flying at night is inherently dangerous, especially for some NVG missions. Accident rates per 100,000 flying hours are greater for NVG missions compared to daytime flying, or even unaided night missions.1 U.S.: Marine Corps (USMC) helicopter accident -rates for FY 87-90 were 1.74 for day, 5.98 for night, and 23.5 for NVG missions.72 U.S. Army (USA) accident rate data for FY- 90 (through 31 Jul 90) were 1.3 for day and 4.43 for night missions, of which 44% were NVG flights.72
NVG accidents are usually severe and, like day accidents, tend to occur at low altitudes because of flight profiles. Mean altitudes of USA accidents were 119 ft, 95 ft, and 642 ft for NVG, day, and unaided night missions, respectively.72 Sudden impact forces were reported in 20 of 27 USMC helicopter NVG accidents.72 Accidents that generate sudden-impact forces create excessive G-loading and ballistic hazards. A video tape provided by Ferranti International (United Kingdom) shows that sudden impact forces cause the NVG to swing like a pendulum and strike the ocular region with great. force. In 12 of 27 USMC helicopter NVG accidents, bubble damage was sustained from bird/bat strike, wires, or impact with terrain or water.72 Sudden impact forces create flying debris and particles of Plexiglas.

Although a few anecdotal reports. of minor eye injuries from aircraft accidents involving NVG have surfaced, there are no hard data relating to the incidence of eye injuries. Combined data from all U.S. military services revealed that only one eye injury has been officially reported from an NVG aircraft accident.72 No NVG-induced, nonfatal ocular injury has ever been reported to the Aeromedical Clinic at Headquarters, Air Force Special Operations Command (HQ AFSOC), Hurlburt Field, Florida. This lack of hard data may be misleading, however, because NVG accidents usually result in multiple severe injuries or fatalities. In 11 of 27 USMC helicopter NVG accidents, multiple extreme impact injuries and/or significant head trauma were reported.72 Accident investigators do not specifically look for and record eye injuries. We simply do not know from the data, whether eye injuries were present. However, the potential is obviously there.
Eye protection is not required for emmetropic (nonspectacle-wearing) or contact-lens-wearing aircrew members when- they fly on NVG – missions. The standard helmet-mounted visor, which is required for eye protection during low-level daytime flying, cannot be worn with NVG.64 A study conducted by the USAF School of Aerospace Medicine (now Armstrong Laboratory) Ophthalmology Branch, found that 27.4% of USAF  pilots, 51.5% of navigator/weapons system . officers, and 40.1% of other aircrew have refractive errors that require visual correction. These spectacle-wearing aircrew members are also involved in aircraft accidents; e.g., 22% of USAF pilots and 40% of navigator/weapons system officers involved in aircraft accidents were spectacle wearers.2 Although spectacle wearers have some NVG eye protection, even wearing the standard lenses, they are authorized polycarbonate or 3-mm CR-39 (plastic) safety lenses for greater safety with NVG, in accordance with AFR 160-43, para 9-13. The regulation specifies that the safety lenses will be provided by the Armstrong Laboratory Optical Research Unit, Ophthalmology Branch (AL/AOCOP).

A recent NVG crash investigation revealed that, of 5. spectacle-wearing crewmembers aboard, none were wearing the appropriate safety lenses.54,56 Safety lenses will provide protection and prevent the possibility of the NVG tubes shattering the spectacle lenses during accidents or being damaged when flipping them down from the stowed position. A USA study, done at Fort Rucker, Alabama, found that NVG tubes shattered standard glass spectacle lenses with as little as 16 ft-lbs of energy, i.e., an impact force similar to walking briskly into a wall. By comparison, 3-mm CR-39 lenses are 4 to 5 times more impact resistant, and 2.2-mm polycarbonate lenses are 50 to 100 times more impact resistant. Spectacles alone, however,. do not provide complete protection from flying debris, dust, or windblast. The following recommendations may save aviators from eye injury.

1. Ensure that spectacle-wearing aircrew members receive and wear the proper safety lenses when flying on NVG missions.

2. Provide a set of plano safety lenses in the standard aircrew frame, on an optional basis, to emmetropic (nonspectacle-wearing) and contact lens-wearing aircrew.

3. As a short-term fix, make available these two alternatives for eye safety to provide protection from flying debris, windblast, and dust.
a. The standard USA sun, wind, and dust goggle (NSN 8465-01-004-2893) may be effectively worn by some aircrew. It is compatible with spectacles, but the large eye relief may reduce the NVG field of view by as much as 25%. The standard clear acetate lens should be replaced by the ballistic class 3, clear, polycarbonate lens (NSN 8465-01-109-3997). A tinted protective lens is also available (NSN 8465-01-109-3996).

b. The Gentex polycarbonate visor (N00019-88-C-0330) has a "step-in" design

to fit snugly with the HGU-55P helmet. Although this visor is compatible with the ANVIS and AN/PVS-5, it reduces the NVG field of view by 10-20% and fogging has been a problem. It comes in a version that is compatible with spectacles.

4. A long-term fix is needed to address the issue of ocular protection for NVG -users in all types of aircraft.
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Chapter 3

NIGHT VISION DEVICES (NVDS)

3.1. Introduction. Vision is arguably the most important sense used in flight. During day or night, vision is the sense that allows crewmembers to remain aware of their position in space. The brain rapidly interprets visual cues during daylight. As we transition to night operations, visual acuity decreases as the illumination level decreases. To compensate for this and improve our ability to operate in the night environment, the Air Force has begun wide-spread use of night vision devices (NVDs). To fully exploit the night, you must first understand principles of night vision. Through these principles, you will come to recognize that the Air Force’s most commonly used NVD, night vision goggles (NVGs), don’t turn night into day. NVGs allow you to operate more safely in the night low-level environment, but you must remember that they are only an aid and cannot replace proper planning and good judgment.

3.2. The Human Visual System.

3.2.1. Anatomy and Physiology of the Eye. Understanding the anatomy and physiology of the eye and how it affects NVG utilization will help you better appreciate the eye/NVG interface.

Figure 3.1. The Visual Process (para 3.2.1.1).

[image: image10.png] 
3.2.1.1. The Visual Process (Figure 3.1). Energy—in the form of light—enters the eye through the cornea, passes through the pupil to the lens, and is focused onto the retina. The energy causes chemical changes within photosensitive cells (cones and rods) in the retina. These chemical changes result in electrical impulses that are transmitted by the optic nerve to the brain. The brain then interprets the impulses and creates a mental image.

· Cone Cells. Cone cells are principally used for day vision, and are mostly found in the fovea--located in the central part of the retina. They require high levels of energy (light) to function, give the best resolution, and provide for color vision. Moving outwards from the fovea, cone cells become less dense.

· Rod Cells. Rod cells are used for night or low-light vision, and are located mostly outside the fovea. As the light level decreases, rod cells begin to handle more of the visual task. Because they use a photosensitive chemical different than cone cells, the resulting image is perceived as varying shades of gray. Since there are few rod cells in the fovea, and cone cells do not function during low light levels, a “blindspot” is created at the foveal location. That is why it is necessary to view objects, such as light sources, slightly off center during extreme low light conditions.

3.2.1.2. Components of Vision. There are two components of the visual system, focal (fovea) vision

and ambient (peripheral) vision. Focal vision is primarily responsible for object recognition, and ambient vision is primarily responsible for spatial orientation.

· Focal Vision. Focal vision is limited to the central two degrees of vision (i.e., the fovea) and is primarily a conscious function. Focal vision allows one to see clearly in order to recognize objects and read displays. However, since it requires conscious thought, it is a relatively slow process. Focal vision is not primarily involved with orienting oneself in the environment, but can be used to acquire visual information about orientation.

· Ambient Vision. Ambient vision is often referred to as peripheral vision. It is a subconscious

function independent of focal vision whose primary role is to orient an individual in the environment.

For example, one can fully occupy focal vision by reading (a conscious action), while simultaneously

obtaining sufficient orientation cues with peripheral vision to walk (a subconscious function). The

same can happen when flying an aircraft and performing a task such as interpreting radar contact

information on a HUD. Focal vision is used to consciously decipher task-oriented information while

peripheral information is subconsciously used to maintain spatial orientation.

3.2.1.3. Dark adaptation. Dark adaptation is the process by which your eyes increase their sensitivity to lower levels of illumination. Rod cells require the generation of a chemical called rhodopsin (visual purple) in order for this process to occur. The degree of dark adaptation increases as the amount of visual purple in the rods increase through the biochemical reactions. People adapt to the dark in varying degrees and at different rates. For most people, the sensitivity of the eye increases roughly 10,000-fold during the first 30 minutes, with little increase after that time.

· One of the variables that determines the time for dark adaptation to take place is the length of exposure to bright light. If you have not been exposed to long periods of bright light, either through the use of sunglasses or spending the day indoors, you will likely dark adapt normally. On the other hand, if you are exposed to a large amount of unfiltered white light during the day, dark adaptation will take much longer. In extreme cases (snow-blindness or very reflective sand and water conditions), dark adaptation may not be possible for hours or even days. Under normal circumstances, however, complete dark adaptation is reached in approximately 30 to 45 minutes. If the dark-adapted eye is then exposed to a bright light, the sensitivity of that eye is temporarily impaired, with the amount of impairment depending on the intensity and duration of the exposure. Brief exposure to a bright light source can have minimal effect upon night vision because the pulses of energy are of such short duration. However, exposure to a bright light source (e.g., lightning or flares) for longer than one second can seriously impair your night vision. Depending on the intensity and duration of exposure, recovery to a previous level of dark adaptation can take anywhere between 5 and 45 minutes.

· The NVG image is perceived in shades of green and is not very bright, which means that you are using both cone cells (color vision) and rod cells (low light vision) to see the image. When using both types of cells, you are in an intermediate state of dark adaptation (described more in-depth later). Once reaching this intermediate state and after discontinuing goggle use, it will take you approximately 5-8 minutes to regain full dark adaptation. Consequently, NVG use should be discontinued for a period of time prior to your requiring full dark adaptation (e.g., landing).

· If you are not fully dark adapted prior to beginning goggle operations, you will continue to dark adapt while using them.

3.2.1.4. Types of Vision. Vision is divided into three categories based on the amount of ambient illumination available to the eye.

· Photopic Vision. Photopic vision defines the visual capability during daylight hours or when a high level of artificial illumination exists, normally 20/20 or better. Under these conditions, visual perception is achieved primarily by the cone cells. Due to the high light condition, rod cells are bleached out and become less effective. Two key characteristics of photopic vision are sharp images and the ability to distinguish colors. Additionally, objects are viewed primarily with focal (foveal) vision, but can be detected with ambient (peripheral) vision (outside the foveal area).

· Scotopic Vision. Scotopic vision defines visual capability when there is not enough light available to stimulate the cones in the fovea--the site of your best resolution. The result is poor scene resolution, on the order of 20/200 or less, and a corresponding loss of color perception. Because of the blind spot created at the site of the fovea, scanning is required to locate objects, and offset eye positions are required to keep them in sight. Otherwise, the image of the object may fade after a few seconds.

· Mesopic Vision. Mesopic vision defines the visual capability in the intermediate stage between photopic and scotopic vision that is normally experienced at dawn, dusk, and during other periods of mid-light levels (e.g., NVG operations). Mesopic vision is achieved by using a combination of both rod and cone cells.

3.2.2. Spatial Orientation. Spatial orientation, or the ability to move and orient oneself in respect to the earth’s surface, requires inputs from the two components of the visual system. Those two components, as described earlier, are focal vision, which is primarily responsible for object recognition, and ambient vision, which is primarily responsible for spatial orientation. The following information is a shortened presentation of the expanded spatial disorientation section in AFMAN 11-217, Vol. 1. For a more detailed explanation, please refer to that section.

3.2.2.1. Spatial Orientation and NVGs. The use of NVGs allows aircrews to see objects at night that could not be seen during unaided operations. However, you must use your focal vision to interpret the NVG image. Since spatial orientation at night or in weather requires the use of focal vision to process data from instrument displays, more time and effort is required to maintain spatial orientation during NVG operations than during daytime operations. Additionally, due to the goggles reduced field of view (FOV) and the lack of visual cues in the periphery, more reliance is placed on focal vision. This reliance on focal vision can increase the aviator’s workload and susceptibility to spatial disorientation. 3.2.2.2. Spatial Disorientation. Anything placing a higher demand upon or degrading focal vision will increase the risk of spatial disorientation. The following factors adversely affect focal vision and therefore may contribute to the onset of spatial disorientation.

· Degraded Visual Environment. Night is a degraded visual environment when compared to daylight, and the image provided by NVGs is inferior when compared to a person’s normal day vision. Additionally, anything that degrades the NVG image (decreased illumination levels or atmospheric obscurants) will further increase the risk of spatial disorientation.

· High Task Loading/Task Saturation. Flying with the aid of NVGs requires complex conscious processing of data from various instruments and displays. This increased demand on focal vision must compete with the usual tasking of navigation, terrain masking, threat avoidance, etc. High task loading can saturate the conscious process and increase the risk of spatial disorientation.

3.3. The Night Environment. 

3.3.1. Properties of Energy.

3.3.1.1. Electromagnetic Spectrum (Figure 3.2). Both the light that stimulates the unaided eye and the energy intensified by NVGs are represented by areas on the electromagnetic spectrum. All types of radiant energy are contained in this spectrum, from cosmic rays to radio waves. Since visible and infrared (IR) energy are both forms of radiant energy, they are located in the spectrum relative to their respective wavelengths. The portion of the electromagnetic spectrum that includes both visible and IR energy has been expanded to show more detail. The human eye and all NVDs are sensitive to different wavelengths in the spectrum, and those wavelengths are expressed in nanometers (nm). The human eye is sensitive to the visible spectrum (approximately 400 to 700 nm), which progresses from violet to blue, green, yellow, orange, then red. However, since a substantial amount of near-IR energy (approximately 700 nm to 900 nm) is present in the night sky, NVGs were designed to be sensitive to both visible and near-IR wavelengths. Thermal imaging systems, such as forward looking infrared (FLIR) devices, are sensitive to energy in the mid- and far-IR regions.

3.3.1.2. Terms. The following terms are used to describe properties of light:

· Illuminance. Illuminance (illumination) refers to the amount of light which strikes an object or surface at some distance from the source. An example is the amount of ambient light which strikes the ground from the moon.

· Luminance. Luminance refers to the amount of light reflected from a surface. An example is moonlight which is reflected from the terrain.

· Albedo. Albedo is the ratio between illuminance and luminance. Each surface has a different albedo​-so while illumination from a light source may remain constant, luminance (reflectivity) from different terrain features or objects will vary. The light source provides illumination, or illuminance, but what our eyes see, and what NVGs intensify, is the energy reflected from objects and terrain, or luminance.

[image: image11.png]Figure 3.2. The Electromagnetic Spectrum (para 3.3.1.1).
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· Contrast. Contrast is a measure of the luminance difference between two or more surfaces. In the night terrain environment, contrast is dependent upon differing albedo values for each type of terrain surface.

· Shadows. Shadows are cast by every object or surface if there is sufficient vertical contour and a light source (e.g., the moon) off axis from that surface. The direction in which the shadow is cast depends on the position of the light source, while the length of the shadow depends on the angle of the light source and the height of the object.

•
Nanometer. The nanometer (nm) is a measurement of the wavelength of radiant energy at meters. 3.3.2. Sources of Illumination. Many natural and artificial sources of energy combine to illuminate the night environment. Natural sources include the moon, stars, solar light and other atmospheric reactions, while artificial sources include city lights, fires, weapons, searchlights and flares. 3.3.2.1. Moon. When present, the moon is the primary source of natural illumination in the night sky. The amount of moon illumination reaching the earth’s surface is dependent on moon elevation above the horizon (moon angle) and the lunar phase.

· Moon angle. One of the factors that determines how much of the moon’s illumination reaches the surface of the earth is the moon’s angle relative to the horizon. Illumination from the moon is greatest when the moon is at its highest point (zenith) and at its lowest when the moon is just above the horizon. This effect is caused by absorption of energy as it travels through the atmosphere; at low moon angles there is more atmosphere for the energy to penetrate and hence more energy absorption occurs. Particulates in the atmosphere (e.g., rain, fog, dust) will also increase this absorptive effect. An additional problem associated with a low angle moon concerns the adverse effect it has on the NVG image. The bright light source (moon) will degrade the image making it difficult to see terrain detail such as ridgelines. In fact, flying towards a low angle moon results in problems similar to those experienced when flying towards a low angle sun. All these factors should be considered during mission planning.

· Phases of the Moon. Illumination is also affected by the phases of the moon. There are four distinct phases in the lunar cycle: new moon, first quarter, full moon and third quarter. For a period of time during the new moon phase, the moon face is completely in the earth’s shadow (no apparent disk) and is not visible. However, this phase, which lasts about 8 days, also includes periods when approximately one quarter of the moon’s surface is illuminated. A relatively low light level is characteristic of the new moon phase. Following the new moon phase is the first quarter (waxing) moon phase. One quarter to three quarters of the moon disk is visible during this phase, which lasts approximately 7 days, and good illumination is provided. The full moon phase covers the period when more than three quarters of the moon disk is visible and lasts approximately 8 days. The third quarter (waning) moon is the last phase and lasts about 7 days. It covers the time period when three quarters to one quarter moon disk illumination is present. Good illumination is provided during this phase, though slightly less than during the first quarter due to the type of lunar surface (mountainous) being illuminated by the sun. The entire cycle is repeated each “lunar month,” which lasts approximately 29 days.

· Shadows. Another characteristic of the changing moon position is shadowing. Moonlight creates shadows during nighttime just as sunlight does during the day. However, understanding what you can not see in nighttime shadows is critical to NVG operations. Since they contain little or no energy (and some energy must be present for the NVGs to provide an image), shadows can completely hide obstructions such as ridgelines or towers, and may make it difficult to detect waypoints, targets, LZs, DZs, etc. The term foreshadowing refers to a particular shadowing situation in which near objects may be masked by the shadow created by a distant, higher object. Any of these effects can be a serious threat during low level flight.

3.3.2.2. Stars. The stars provide about 20 percent of the night sky illuminance on a moonless night. They contribute some visible light, but most of their contribution is in the form of near-IR energy. This means the majority of the energy is invisible to the human eye but is within the response range of NVG image intensifiers.

3.3.2.3. Solar Light. Skyglow is ambient light from the sun that can adversely affect NVG operations up to 11/2 hours after sunset and 1/2 hour prior to sunrise, depending on latitude and time of year. For example, in Alaska skyglow will have a prolonged effect during the time of year when the sun does not travel far below the horizon. Skyglow will affect the gain of the goggle and thus reduce image quality. The effect is similar to flying into a sunset and results in the loss of visual cues when looking either west (sunset) or east (sunrise). Mission planning should take skyglow and its effects into consideration. 

3.3.2.4. Other Background Illumination. The greater portion (approximately 40 percent) of energy in the night sky originates in the upper atmosphere and is produced by a chemical reaction (ionization) processes. Other minor sources of night illumination are the aurora and zodiacal light caused by the scattering of sunlight from interplanetary particulate matter.

3.3.2.5. Artificial Sources. Lights from cities, industrial sites, and fires are also small sources of illumination. Light from weapon flashes, flares, and explosions can also adversely affect NVG performance, but the effects are usually short lived due to the nature of the source (e.g., short 20mm/30mm bursts). In this case, the goggle image would return to normal as soon as the offending light source disappears.

3.4. Night Vision Goggle Characteristics.

3.4.1. Introduction. The NVG is an advanced night vision system. The goggles chosen by the Air Force are binocular-style, helmet mounted, image intensification devices that amplify visible and near-IR energy. This amplification is a passive process, meaning no emissions are created by the goggles themselves.

3.4.2. Basic Components of the Image Intensifier Tubes (Figure 3.3). The NVG is a binocular assembly consisting of two image intensifier tubes which amplify available ambient light, otherwise called the image intensification (I2) process. The tubes are lightweight, fully adjustable, and are comprised of the following components.

· Objective Lens. The objective lens consists of a combination of optical elements which focus the incoming photons of light onto a photocathode. During this process the image is inverted.

· Minus Blue Filter. Coated onto the inside of the objective lens, the minus blue filter prevents certain wavelengths from entering the intensification process. This allows the use of properly filtered cockpit lighting to aid the pilot in viewing the cockpit instruments with unaided vision underneath the goggles. There are three standard classes of minus blue filters on goggles produced in the United States. The more common Class A filters use a 625 nm minus blue filter that blocks energy with a wavelength shorter than 625 nm--primarily wavelengths in the blue, green and yellow regions. Class B filters use a 665 nm minus blue filter to block energy with a wavelength shorter than 665 nm. This type filter reduces the NVG response in the red region and allows the use of more colors in cockpit lighting. Class C filters use a notch cutout in the minus blue filter that allows a specific wavelength of energy to pass through the NVG and be seen by the aircrew. This is intended for viewing of cockpit instruments--specifically the HUD--through the goggles.

· Photocathode. The photocathode has a layered coating of gallium arsenide, so that when photons impact it, it releases electrons to start the intensification process.

· Microchannel Plate. The microchannel plate is a thin wafer containing over a million glass tubules that channel the electrons exiting the photocathode. The tube walls are coated with a lead compound so when an electron impacts the wall, it forces the release of more electrons. The tubules are tilted to ensure electron impact with the tubule wall. The result is a “cascade effect,” which is an essential part of the intensification process. As a result of this process, for every single electron that enters one of the tubules, over one thousand exit.

· Phosphor Screen. Applied to the output fiber optic system is a layer of phosphor that emits energy in the visible spectrum (light) when struck by electrons. Thus, as the electrons strike the phosphor, an image is created. Due to the type of phosphor selected for NVGs, the resultant image is green.

· Fiberoptic Inverter. The fiber optic inverter reorients the image that was inverted by the objective lens.

· Diopter (eyepiece) Lens. The diopter lens is the final optical component of the image intensifier tube. The lens is adjustable and focuses the image onto the retina.
Figure 3.3. NVG Components and the Image Intensification Process (para 3.4.2).
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3.4.3. Direct view and indirect view NVGs (Figure 3.4). Binocular style NVGs are classified into two major types: Type I NVGs, or direct view, and Type II, or indirect view.

· Type I. Type I NVGs present an image directly from independent image intensifier tubes to each eye. The AN/AVS-6 Aviator’s Night Vision Imaging System (ANVIS) is an example of this type goggle. In general, the optical performance of direct view NVGs is better than indirect view systems and is the type currently used by the Air Force.

· Type II. In a Type II NVG, the image intensifier tubes are not located directly in the line of sight, but are located above the eye position. The image from each intensifier tube is focused and reflected onto combiner positioned in front of each eye. The combiner is designed to reflect some energy (the NVG image) and to allow some energy to pass through, thus allowing the pilot to “look through” to see other items of interest (e.g., HUD information). Due to the design of the system, there is less obstruction to the pilots field of view when looking around/under the goggle. CATS EYES is an example of this type NVG and is primarily used in Navy and Marine Corps fighter/attack aircraft.

3.4.4. NVG Characteristics.

3.4.4.1. Gain. Gain refers to the ratio of output to input, or the amount of energy the intensification process produces relative to the amount that entered the intensification process. A NVG has circuitry that determines the amount of energy entering the intensification process, and this circuitry automatically controls the level of intensification needed to produce images of consistent brightness over a wide range of illumination levels. The control of the level of intensification is called automatic brightness control (ABC). At some point, the ability of the intensifier to increase gain is reached and image brightness and quality begin to degrade. Image degradation caused by lowering light levels can be very insidious and leads to problems for the aircrew.

3.4.4.2. Image color. The NVG image appears in shades of green. Since there is only one color, the image is said to be monochromatic.

[image: image13.png]Figure 3.4. Type 1 and Type 2 NVGs (para 3.4.3).
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3.4.4.3. Visual performance. When compared to the human eye under daylight conditions, your vision is limited while utilizing NVGs--detection ranges increase and recognition of objects, terrain and targets can be severely limited. While NVGs can be vastly superior to the human eyes’ performance under night conditions, NVGs DO NOT TURN NIGHT INTO DAY.

3.4.5. NVG Limitations.

3.4.5.1. Visual limitations. The following visual limitations are common to NVGs.

3.4.5.1.1. Field of view. Field of view (FOV) refers to the total instantaneous area covered by the NVG image. Current Type I NVGs (AN/AVS-6 or F4949) have 40 degree FOV, while CATS EYES, a Type II system, has approximately 30 degrees FOV. Regardless of the FOV of any particular system, it is considerably less than the eye’s normal FOV of 120 degrees by 80 degrees. This loss of peripheral vision can contribute to the onset of illusions.
3.4.5.1.2. Resolution. Resolution refers to the capability of the goggle to present an image that makes clear and distinguishable the separate components of a scene or object. Though not technically accurate, it is easiest to discuss resolution in terms of Snellen visual acuity (the same system used for vision testing during flight physicals). Current NVGs have a resolution capability of 20/25 to 20/40 Snellen. Though quite an improvement for NVGs, the performance is still less than 20/20, which is accepted as “normal day vision.” However, NVG performance far exceeds the eye’s unaided visual performance at night, which is approximately 20/200 to 20/400. It should be noted that while NVGs have a rated acuity of 20/25 to 20/40 Snellen, this is the best an aircrew can expect to achieve under optimum conditions. There are many factors that affect NVG operations and degrade the expected acuity. These factors are discussed in the next section.

· NVGs will not correct for sight deficiencies such as myopia or astigmatism. If you wear glasses during the day, you will still have to wear them when flying with NVGs to see properly.

3.4.5.1.3. Depth Perception and Distance Estimation. Depth perception is the ability to determine where objects are located relative to each other, whereas distance estimation is the ability to determine the distance to something, such as the ground or a target. Depth and distance are discussed together because they use the same visual cues--binocular and monocular.

3.4.5.1.3.1. Binocular Cues. Binocular cues are needed for tasks relatively close (within an arm’s reach) and for tasks at distances up to approximately 200 meters. Binocular cues, by definition, require the use of both eyes functioning together and include stereopsis, vergence and accommodation. When using NVGs to assess information at these distances, aircrews’ binocular capability is seriously degraded due to the design of the goggle.

3.4.5.1.3.2. Monocular Cues. Monocular cues do not require the coordination of both eyes, and are available at and well beyond the distances at which binocular cues are available. Consequently, monocular cues appear to be most important for deriving distance information while flying. NVGs adversely affect monocular cues several ways. The decreased resolution of the NVG image results in a loss of sharp contrast and definition, both helpful for determining depth and distance. The limited FOV of the image diminishes depth and distance tasking by reducing the availability of cues. Also, anything adversely affecting the image (e.g., low illumination) will aggravate the problem. Examples of monocular cues used when flying include:

· Size constancy. If two hangers are known to be equal in size, the one appearing smaller must be further away.

· Motion parallax (optical flow). Nearer objects appear to be moving past more quickly than distant objects.

· Linear perspective. The convergence of parallel lines at a distance.

3.4.5.1.3.3. Avoiding Depth and Distance Problems. Be aware that anything adversely affecting the NVG image will also adversely affect the assessment of depth and distance. Avoid the tendency to fly lower or closer in order to see more detail. Over a period of time, aircrew “learn” how to assess depth and distance when flying in the same area. However, the “learned” techniques may not transfer to a new area where terrain and objects might be completely different in size and perspective. In general, there is a tendency for aircrew to overestimate how well they can see when using NVGs. 

3.4.5.1.4. Contrast. As with resolution, contrast in the NVG image is degraded relative to that perceived by the unaided eye during daytime. Also, any bright light source within or near the NVGs FOV will further reduce contrast by reducing gain, creating veiling glare across the image, or both. Additionally, there are differences in sensitivity to contrast among crewmembers, which may lead to differences in image interpretation.

3.4.5.1.5. Dynamic Visual Cues. Dynamic visual cues provide information that helps to determine direction, altitude and speed. The three primary dynamic cues are:

· Static Cue Motion. Static cue motion is the summed effect of the change in one or more of the static cues caused by aircraft movement. Static cues include elevation, known size, and perspective. Central vision tracking is a method for seeing static cue motion and will be degraded when using NVGs.

· Optical Flow. Optical flow is the angular rate and direction of movement of objects as a result of aircraft velocity measured relative to the aviator’s eyepoint. This provides our visual system the information necessary to interpret speed and direction of motion. If there is no relative motion, there is no optical flow. We use central vision to obtain optical flow information. Since visual acuity is degraded with NVGs, the optical flow cues will be degraded when compared to daytime cues.

· Peripheral Vision Motion. Peripheral vision motion is a subconscious method of detecting optical flow. It is dependent on a wide FOV and is the primary attitude sensory input. With the reduction in FOV due to NVGs, this cue is severely degraded and central vision tracking becomes the primary attitude detection means. This leads to one of the most insidious dangers when flying low altitude-​flying at a lower than expected/allowed altitude. Just as in the day, visual acuity will improve as the aircraft gets closer to the ground. However, because of the reduction in peripheral vision motion, the ensuing “speed rush” that would indicate close proximity to the ground is degraded and controlled flight into terrain becomes a real danger.

3.4.5.2. NVG Scan. The reduction in FOV necessitates an active, aggressive scan on the part of the NVG wearer. By continually scanning, aircrew members increase their field of regard by increasing the mental image of the surrounding terrain, aircraft, and cultural features. This information can then be compared and added to the aircraft flight instruments. Aircrew members should establish a scan pattern

that allows information from outside the cockpit to be merged with cockpit flight instrumentation. Fixating in one direction may be necessary for a short duration (e.g., identifying a waypoint), but the scan should be continued after just a few seconds. A crewmember’s scan pattern may be disrupted during high cockpit workloads or when fatigued. Under these conditions, an extra emphasis needs to be given to the scan pattern, especially keeping the horizon in the field of regard.

3.4.6. Preflight Adjustment and Assessment.

3.4.6.1. Introduction. Following proper NVG adjustment procedures prior to each flight is imperative to ensure a safe and effective operational capability. Even a small error in goggle adjustment can significantly degrade NVG aided visual acuity. The problem is compounded by the fact that it is nearly impossible to measure a loss in visual acuity without a controlled test environment, which means you can lose visual performance and not realize it.

3.4.6.2. Tube alignment. The human visual system is designed to subconsciously fuse the images from each eye into a single image without the perception of two separate images. This concept is called binocular fusion. To ensure proper tube alignment, the aircrew member should be able to see a complete circle through each tube independently, and when viewed by both eyes the image should come close to forming a circle. Eye strain, fatigue, disorientation, or nausea can occur if NVG tube alignment errors are significant. If fusion becomes difficult, double images can form. Even if improperly aligned NVGs appear to have no adverse effects when used for short periods, they may prove intolerable when used for longer periods.

3.4.6.3. Assessment of Visual Acuity. The visual acuity obtained with both image intensifier tubes should always be at least as good as the vision of the best image intensifier tube alone. If this is not the case, the goggles should be returned.

3.4.6.4. Assessment of Image (Figure 3.5). The following image defects are typical deficiencies that can be either normal or defective in nature. It is important to understand the difference to determine the proper course of action.

3.4.6.4.1. Shading. Shading is a condition encountered when a full image can not be obtained and a dark area appears along the edge of the image. Attempt to eliminate shading by readjusting either the tilt or the interpupillary distance (IPD), or by shifting the helmet’s position. Shading can also occur as a result of a shift in the microchannel plate caused by the goggles being dropped or handled roughly. If shading can not be corrected by readjustments or by repositioning the mounting bracket on the helmet, turn the goggles in for maintenance.

3.4.6.4.2. Edge glow. Edge glow appears as a bright area along the outer edge of the image. It can result from an incompatible light source outside the goggle FOV, a shift in the microchannel plate due to mishandling, or a power supply problem within the tube assembly. If edge glow is noted, move your head or cup your hand around the periphery of the objective lens in an attempt to alleviate the condition. If the edge glow does not disappear, turn the goggles in for maintenance.

3.4.6.4.3. Honeycomb. At times of very high luminance, a hexagonal (honeycomb) pattern may be visible across the intensified field of view. This pattern is a result of the manufacturing process during which the fiber optic inverter is assembled within the tube. Normally it is faint in appearance and does not affect NVG performance. Should it appear as a bold outline or during low luminance conditions, turn the goggles in for maintenance.

3.4.6.4.4. Bright spots. Bright spots are the result of irregular emission points on the photocathode, usually occurring during the manufacturing process. Because these spots are normally detected during the quality control process at the manufacturer, you will seldom see them. However, if an NVG has an excessive number of spots present in the image, or if the spots are distracting, turn the goggles in for maintenance.

3.4.6.4.5. Dark spots. Dark spots are simply the bright spots described above that have been corrected at the manufacturing facility. This correction is accomplished by exposing the light spots to laser energy

and burning out that portion of the photocathode. Dark spots may also be caused by material allowed to enter the system during maintenance. NVG acquisition contracts usually include a specification that limits the number, size, and location of dark spots. Nevertheless, if you are distracted by the dark spots, even if the NVG is within specification, turn the goggles in for maintenance. 

3.4.6.4.6. Distortion. The two most common types of distortion are bending and shear. Bending distortion results in the image having a wavy appearance, usually in a horizontal or vertical direction. Shear distortion results in a choppy appearance somewhere in the image. If distortion is present and likely to interfere with normal operations, do not use the NVGs. Flying with tube distortion can cause problems in distance and altitude estimations.

3.4.6.4.7. Scintillation. A sparkling effect normally occurs in the NVG image during low illumination conditions as a result of increased goggle gain and system noise. In flight, it can be an indication of decreasing illumination caused by such things as deteriorating weather conditions or flight into shadows.

[image: image14.png]Figure 3.5. NVG Image Defects (para 3.4.6.4).
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3.5. Factors Affecting NVG Operations.

3.5.1. Cockpit Lighting.

3.5.1.1. Basics. NVG compatible cockpit lighting allows the crewmember to see cockpit instruments underneath the NVG while not measurably affecting NVG performance. Although NVG filters allow the use of cockpit lighting that will not adversely effect gain and image quality, unfiltered aircraft lighting is incompatible. If the lighting is not properly modified, it will emit wavelengths that affect NVG performance. There are aircraft in the inventory that have not been fully modified to be NVG compatible. The following points are provided for clarification:

· Just because a light is green or blue does not mean it is compatible. When the filament in a light glows, it releases a significant amount of near-IR energy which will affect NVG gain and performance. Light bulbs and other energy sources in the cockpit must be modified in some manner to block the emission of all energy to which NVGs are sensitive in order to make them NVG compatible.

· Turning down the brightness of incompatible cockpit lighting will not make them compatible because

NVGs are also sensitive to the near-IR energy emitted by the lights. Attempting to turn down

lighting to reduce the effect on goggles can be a two edged sword--the NVG image will still be

degraded and vital instruments may not be readable with the unaided eye.

•
An incompatible light does not have to be within the NVG FOV for it to have an effect on gain.

3.5.1.2. Procedures. MAJCOMs have specific lighting modification procedures if your aircraft cockpit lighting is not NVG compatible. When modifying your cockpit, remember that the Air Force requires you to always have primary flight instrumentation present and properly illuminated. It must provide full-

time attitude, altitude, and airspeed information; an immediately discernible attitude recognition capability; an unusual attitude recovery capability; and complete fault indications. 

3.5.2. Transparency Transmissivity. Another impact on NVG performance is the degradation caused by windscreens, canopies, or other transparencies through which aircrew must look. Some transparencies transmit visible wavelengths fairly well, but near-IR wavelengths very poorly. Since NVGs are sensitive to near-IR wavelengths, transparencies that “trap” much of that energy will degrade NVG performance. All transparencies absorb near-IR energy to some extent, so there will be some goggle degradation in your cockpit.

3.5.3. Weather and Visibility Factors. Any atmospheric condition which absorbs, scatters, or refracts illumination, either before or after it strikes the terrain, will effectively reduce the usable energy available to the NVG. This reduction, in turn, degrades our ability to see key features critical for flight. The exact amount of reduction is difficult to predict because a common factor cannot be applied to each condition. 

3.5.3.1. Clouds. Because of their variability, it is very difficult to predict the effect clouds may have on NVG operations. In general, NVGs easily “see” clouds that are dense but may not see clouds that are less dense. In the case of the more dense clouds, both visible and near-IR energy is reflected and the NVG can see the cloud (just as you can see the cloud unaided if there is enough light), especially if silhouetted against the night sky. However, dense clouds will reduce the amount of illumination striking the ground and therefore reduce the luminance available for NVG use. Thin (less dense) clouds have more space between their particles. Because the near-IR wavelength is slightly longer, it has a greater chance of passing through these type clouds than does the shorter visible wavelength. It is possible for the thin and wispy clouds (which may be seen with the naked eye during daytime) to be invisible when viewed through the NVG. This potential invisibility is possible given three conditions:

· The clouds are less dense,

· The clouds are low level, and set in against the terrain rather than being silhouetted against the night sky, and

· Ambient illumination is either very high or very low.

· The invisibility of thin clouds can create a severe hazard for NVG operations. Even though a cloud is “invisible,” you may not be able to see the terrain behind it because the cloud reduces luminance, which in turn reduces scene contrast and texture. In turn this may produce a false perception of distance, resulting in the pilot either not seeing the terrain or thinking it is farther away than it actually is. Additionally, the cloud may get progressively thicker, allowing the pilot to progress into the cloud without initially perceiving it or the terrain beyond. If a cloud is detected, the perception may be that it is at a distance.

3.5.3.2. Fog. Fog is another atmospheric condition of concern for the NVG operator. Its effects on goggles are similar to those of clouds, but there is a greater tendency for fog to be less dense and therefore more of a problem. It is important to know when and where fog may form in your flying area. Typically, coastal and mountainous areas are most susceptible.

3.5.3.3. Rain. Like clouds, the effect rain may have on goggle performance is difficult to predict. Droplet size and density are key ingredients to its visibility or invisibility. Light rain or mist may not be seen with NVGs, but will affect contrast, distance estimation, and depth perception. Heavy rain is more easily perceived due to the large droplet size and energy attenuation.

3.5.3.4. Snow. Snow occurs in a wide range of particle sizes, shapes, and densities. Snow crystals, while small in size, are generally large in comparison to the wavelength of visible light and near-IR energy, and will easily block or scatter those wavelengths. As with clouds, rain, and fog, the more dense the airborne snow, the greater the effect on NVG performance. On the ground, snow has a mixed effect depending on terrain type and the illumination level. In mountainous terrain, snow may add contrast, especially if trees and rocks protrude through the snow. In flatter terrain, snow may cover high contrast

areas, reducing them to areas of low contrast. On low illumination nights, snow may reflect the available energy better than the terrain it covers and thus increase the level of illumination.

3.5.3.5. Sand, Dust, Smoke and Similar Obscurants. The effect of sand, dust, smoke and similar obscurants is similar to that created by the weather factors. However, the individual particulates in these obscurants are usually far more dense, which means they can block energy even if less concentrated. 

3.5.3.6. General. All the atmospheric conditions described above reduce illumination levels. Recognition of this reduction in the cockpit is very difficult. The change is often a very subtle reduction in contrast which is not easily perceived with NVGs. Cues can be very subtle and the crewmember will have to stay aware to catch their significance. Common cues to reductions in ambient illumination due to visibility restrictions include loss of celestial lights, loss of ground lights, reduced contrast, reduced depth perception or distance cues, reduced acuity or resolution, increased graininess or scintillation, and a more pronounced “halo” effect around incompatible light sources outside the aircraft.

· Cockpit lighting, weather, transparency effects, the illumination level, and terrain type all have an

effect on NVG performance. The visual acuity you achieve in the eye lane will usually not be what

you get in the aircraft during the mission--it will usually be less. It is therefore imperative you

maximize NVG performance before flight and avoid doing anything to the goggle during flight to

disrupt it (e.g., readjust the diopter). Maximizing the NVGs performance will help offset the negative

effects discussed.

3.5.4. Circadian Rhythm. Circadian rhythm is the body’s internal clock. It is an innate cycle that varies from person to person and has a duration of approximately 25 hours for most people. It is affected by a multitude of physiological functions and environmental variables, and partly determines each person’s performance level. You will never be as good at your job at night as you are in the day because your performance degrades when your physiological functions are at their ebb. Performance is generally degraded during the hours of darkness, but a person’s lowest performance usually occurs between 0300 and 0600, called the circadian trough.

3.5.4.1. Prevention. Reduced performance exists during nighttime regardless of your proficiency, motivation or rest. The following guidelines can help lessen these effects, and may result in improved performance during the time when NVGs will be used.

· Proper rest. The overall effects of circadian rhythm cannot be changed, but it can be manipulated. A well rested person will likely have a higher level of performance during their circadian trough than when sleep deprived. Additionally, the low portion of the trough can be shifted based upon sleep habit patterns. For example, if you compare the trough of a morning person (goes to bed early and gets up early) to a evening person (stays up late and gets up late), you will see the troughs are shifted in direction but not in depth. In other words, each group will demonstrate the same degree of low performance, but at slightly different times.

· Proficiency and Motivation. Proficiency and motivation can have significant effects on the level of performance. A highly proficient (trained) person will perform better at night, but will still not perform as well as during the daytime. The circadian trough may be raised, but not eliminated. Motivation has a profound effect on performance, and may elevate the level close to that achieved during daytime, but only for very brief periods.

· General. Even though the circadian cycle cannot be reversed, or the circadian trough eliminated, crewmembers can enhance their nighttime performance by getting proper rest, maintaining a high level of proficiency and staying motivated.

3.5.5. Fatigue. Fatigue is a common problem that has an adverse effect on performance during any operation, but very commonly at night. It cannot be avoided, but it can be controlled given a reasonable set of guidelines. In order to implement these guidelines, it is important to know the types of fatigue so you can recognize and manage them.

3.5.5.1. Types. The following are three types of fatigue.

· Acute fatigue. Acute fatigue is the tiredness or exhaustion experienced after any demanding mental or physical activity. It is short-term, characterized by a feeling of being worn out, and will usually be relieved by rest.

· Cumulative fatigue. Cumulative fatigue is less intense than acute fatigue and occurs over time as a result of inadequate rest and/or after a continuous heavy workload. It is associated with a feeling of being “burned out.” It usually takes the body longer than one night’s rest to recover normal energy levels.

· Circadian fatigue. Circadian fatigue is the tiredness produced either by shifting the sleep/wake cycle, or experiencing transmeridian travel (jet lag).

3.5.5.2. Effects of Fatigue. Fatigue poses a serious threat to night mission accomplishment. In many ways fatigue is very similar to hypoxia; performance is subtly eroded, recognition is difficult, and there is an unwillingness to do anything about it. Fatigue has the potential to contribute to the most common causes of human factors-related accidents. Those causes and how fatigue effects them include:

· Loss of Situational Awareness. Computational and abstraction skills become degraded. In other

words, the ability to restructure the various parts of the night scene are slowed, impacting the time

required to interpret instruments and displays.

· Channelized Attention. Attention span and vigilance are reduced, important elements in a task series are overlooked, and scanning patterns essential for situational awareness break down--usually due to fixation on a single instrument or object. Fatigue usually results in errors caused by omission of a task as opposed to performing a task incorrectly.

· Complacency. Complacency allows for acceptance of situations that would not normally be permitted. Critical but routine tasks are often skipped because fatigue reduces overall willingness to respond.

· Unrecognized Spatial Disorientation. The most difficult tasks for fatigued aviators are those that require complex and swift decisions, or planning. This is because short-term memory is seriously affected by fatigue. The impact could be so great that the crewmember may not recognize a bad situation or attempt corrective action.

3.5.5.3. Coping with Fatigue. Night missions can combine all three types of fatigue. When combined, the effects are synergistic and not simply additive. Combining normal squadron duties with the workload of night missions creates acute fatigue on continuing basis. Shifting to a night flying schedule will cause circadian disruption, and when you add the effect of cumulative fatigue, it becomes clear that aircrew members must work to stay alert in a potentially hostile environment. There are ways to reduce the impact of fatigue, thus improving performance and increasing safety. The easiest way to overcome or delay the effects of fatigue is through task familiarity and motivation. Fatigue, however, will eventually take its toll as performance will drop even under these conditions of additional effort. Understanding that there is a natural low in daily performance and making an extra effort appears to be the best way to compensate for this problem. Extra effort in this case means being alert to the causes and efforts of fatigue, and not pushing your performance envelope after an already long day. It is also important for crewmembers to look for signs of fatigue in each other.

3.6. Night Operations. Even though we use a lot of modifying words like “normally” and “usually” in the next section, there are no constant rules about interpreting the NVG environment. If it were possible to identify conditions that always give a concrete answer, those conditions would be presented here. Instead, the NVG environment is always changing, so you must always be aware of what cues are presented and work to interpret them. Even then, beware of the potential misperceptions or illusions in any NVG scene.

3.6.1. Terrain Interpretation. Three major characteristics influence our ability to see terrain features or objects and distinguish differences. Due to the variability of the weather, the illumination level, and the moon angle, any given scene may look radically different on consecutive nights. A basic understanding of NVG operations requires the crewmember to blend the following considerations with an awareness of those changing conditions over different types of terrain.

3.6.1.1. Terrain Albedo (Reflectivity). Differences in terrain albedo, or reflectivity, will greatly influence luminance. For example, surfaces such as snow will reflect more energy than surfaces like asphalt or dark rock. Since NVGs intensify reflected energy, different albedos become critical in interpreting the NVG scene. Albedo will also vary with specific conditions of terrain even though the terrain type remains constant. For instance, dry sand is twice as reflective as wet sand.

3.6.1.2. Terrain Contrast. Terrain contrast is a measure of the difference between the reflectivity of two or more surfaces. The greater the differences in contrast, the more “normal” the scene appears in the NVG image, and the easier it becomes to pick out objects. Contrast generally improves with higher light levels, but there comes a point where there is actually too much light. This is usually noted when flying over low contrast terrain during high illumination conditions. Normally, however, as the ambient light level increases, overall definition is improved. Some examples of the effects of contrast in varying conditions are below.

3.6.1.2.1. Roads. The ability to detect roads with goggles depends primarily on the albedo difference between the road and the surrounding terrain. For example, the highly reflective surface of a concrete highway is easily identified in a grassy area during most illumination levels because of the difference in their albedos. However, asphalt roads are usually difficult to identify in heavily vegetated areas because both the asphalt road and the vegetation absorb available energy, and therefore have similar albedos. Conversely, in desert areas the reflective sand can make asphalt roads easily detectable.

3.6.1.2.2. Water. Still water, when seen with NVGs, normally looks dark when viewed at high angles from higher altitudes. Under low illumination, there is very little contrast between a vegetated landmass and a body of water. In desert areas, lakes and small bodies of water are normally detectable as a dark area in a light background. Lakes in a forested area are more difficult to detect due to the low reflectivity of the surrounding terrain. As light levels increase, land-water contrast increases. Due to the reflective nature of water, when over-flying large bodies of calm water, the stars appear to move across the surface as the angle of reflection is changed by the movement of the aircraft. This phenomenon may contribute to or induce the onset of spatial disorientation. Any action on the water caused by wind, such as white caps, may improve the contrast, aiding in surface identification. Over the ocean, the normal wave action breaks up reflections, thus reducing the problem. As in non-NVG flight, however, all night flight over open water is best performed with a heavier reliance on primary instruments. 

3.6.1.2.3. Open fields. Contrast is usually very good over fields that are tended for crops. Various types of vegetation differ widely in their near-IR reflectance characteristics. For example, due to differences in the near-IR reflectance of chlorophyll, an oak tree will appear brighter than a pine tree. The same holds for crops. However, if flying over a large area of similar vegetation, contrast will be reduced. Additionally, the differences in the surface texture due to plowing are very apparent. A freshly plowed field may lack vegetation, but may produce a good NVG image when the coarse texture of the upturned soil contrasts well with the relatively undisturbed soil between the rows. 

3.6.1.2.4. Desert. Open desert without vegetation can produce a washed-out NVG image. This is due to the high reflectivity of the sand and poor contrast offered by the lack of different albedos in the scene. Desert environments which have bushes, low trees, and cacti provide better contrast cues, allowing for more detail in the image. In general, flying over this type of terrain is similar to flying over water and is best accomplished with more reliance on your instruments.

3.6.1.2.5. Mountain Ranges. Normally, mountain ranges can easily be identified if the lower reflectivity of the mountains contrast with a lighter, more reflective desert floor. However, if ridges between your

aircraft and a distant ridge have similar albedos, the intermediate ridges can for all practical purposes be “invisible.” Low, rolling terrain with the same reflectivity as the surrounding terrain can also blend together and be difficult to distinguish. These effects are more pronounced in low-light situations, but can occur under any conditions.

3.6.1.2.6. Forested areas. Heavily forested areas do not reflect energy efficiently, and solid canopied forests or jungles look like a dark mass at night. Excellent contrast does exist between deciduous (leafy) and coniferous (pines, firs, etc.) trees as well as between open fields, exposed rocks, and surrounding forest areas.

3.6.1.2.7. Snow. Fresh, wet snow reflects approximately 85 percent of the energy reaching it, thus providing the best natural reflectivity of any terrain surface. Under high illumination, this can provide excessive light which can, in turn, lower intensifier tube output and decrease resolution. During periods of predicted low illumination conditions, snow may add to the illumination level. Snow on the ground can also be a factor for flight planning; landmark recognition may be difficult if deep snow obscures prominent terrain features.

3.6.1.3. Terrain Shadows. Shadows form at night just as they do during the day, and anything blocking moonlight will create a shadow. The amount of terrain obscuration within a shaded area is dependent on the amount of ambient illumination and relative position of the moon. The smaller the moon disc, the darker the shadowed area and the more difficult to see detail. However, never plan on seeing any terrain features within shadows, regardless of the moon disc size.

3.6.2. NVG Misperceptions and Illusions. While most misperceptions and illusions encountered during NVG operations are simply a carryover of those experienced during daytime flight, others are specific to the NVGs themselves. Reduced resolution, limited field of view, and susceptibility to obscurants can intensify misperceptions and illusions. The most common NVG misperceptions and illusions are discussed below.

3.6.2.1. Depth Perception and Distance Estimation Errors. A common belief is that depth perception (DP) and distance estimation (DE) capabilities do not exist when using NVGs. It is true that these abilities are degraded by environmental conditions and goggle limitations, but techniques can be developed to assess depth and distance. The most helpful depth and distance cues are those with which the aircrew is most familiar. Flying over familiar terrain and culture features can reduce DP and DE errors. When flying over different terrain with unfamiliar features, serious errors in DP and DE can develop. For example, if someone normally flies over terrain with 30 foot trees, but is then deployed to an area populated with 5 foot shrubs, that person may fly lower than normal trying to make the scene look as it normally does. Using visual information alone, that person would likely think they were higher than they actually were. In this situation, bringing a radar altimeter into the cross-check would help minimize the effects of the illusion. Overall, the best way to train for the lack of DP and DE cueing is through proper planning, training, and a good discussion of differences between the deployed location and the normal area of operations. Training over a wide variety of terrain, features, and illumination levels can build the experience level of the aircrew to handle varying situations. Additionally, a thorough pre-brief should be incorporated to familiarize aircrew with the cues expected in the area of NVG operations. When viewing light sources with NVGs, a technique that may help DP and DE is to look at the source with unaided vision. By looking underneath or around the goggles, not only can colors be determined, but the halo effect produced by the NVGs is eliminated. This additional information can be combined with the information presented in the NVG scene to improve the accuracy of your assessments. 3.6.2.2. Terrain Contour Misperceptions. Terrain contour misperceptions are exaggerated by anything that degrades the NVG image. The following are a few techniques to aid the aircrew in correct terrain perception.

· Discriminating Between Near and Distant Terrain. One way to discriminate between near and distant terrain that contain little contrast difference is being attentive to motion parallax between the two. For example, a hidden ridgeline close to you may be highlighted by noting its movement relative to a distant, higher mountain.

· Gradual Changes in Terrain Elevation. Gradually rising or descending terrain can be very difficult to assess when the terrain is low contrast. It becomes even more difficult when there are few cultural features available for comparison. To aid in detection of the gradual changes, an aggressive NVG scan must be maintained. By scanning aggressively, indicators of changes in terrain elevation may be picked up in areas other than directly in line with the flight path. Also, an aggressive instrument scan​-when altitude, mission, and terrain type allow--can provide additional inputs to the developing situation.

· Maintaining Scene Detail. If for any reason scene detail is reduced, there may be a tendency to fly lower in an attempt to regain the lost detail. In the worst case, this can lead to ground impact. Examples of when scene detail can be reduced include transitioning from an area of high contrast to one of low contrast, or when transitioning from an area of high illumination to an area of low illumination.

3.6.2.3. Undetected or Illusory Motion. Motion illusions experienced by aircrews are usually due to flights over areas of reduced contrast, or a sudden loss of contrast and flow cues. This can result from the lack of perceived “flow” information in the NVG image and may create the illusion that the aircraft has slowed down or stopped. This situation can induce spatial disorientation, especially if coupled with other factors such as loss of the horizon. An increased instrument scan will help alleviate the problem. Another insidious aspect of undetected motion is when an aircrew perceives they are motionless. Helicopter crews hovering over low contrast terrain, whether a large field or over open water, can actually be moving at fairly high speeds without knowing it. Without cues to provide stimulus to the visual system, this movement can go undetected and is very dangerous. Again, this is a known problem even during daytime, but the decreased resolution and FOV of the NVG image can accentuate the effects. 

3.6.2.4. Recommendations. Susceptibility to illusions and misperceptions can be lessened by maximizing visual acuity. The best way to accomplish this is proper preflight adjustment and assessment of the goggles, ensuring the best NVG image. In-flight attentiveness is another building block to ensure NVG effectiveness. As stated earlier, reliance solely on visual cues will nearly always result in a flight path that is lower, closer, or steeper than intended, so the aircraft instruments must be readable and included in your cross-check. Use all information available to you, not just one piece of the puzzle. By using the entire picture, you lessen the likelihood of relying too much on NVGs. As usual, an aggressive scan is required to maintain situational awareness and spatial orientation.

3.6.3. Emergency Situations. In general, consider the type of emergency and what actions might be required from the pilot or the crew. If the NVGs will not be useful during emergency procedures, consider removing them. However, if you can still gain valuable information from the NVGs, aircrews may continue to use them.

3.6.3.1. Ejection. Ejection seat aircrew members must remove the NVGs prior to ejection unless they are ejection seat compatible. During the ejection sequence, with the NVGs in place on the helmet, fatal neck injuries can occur due to the forward center of gravity and weight of the goggles. It is for this reason that aircrews not leave the NVGs in a raised position during emergencies that may lead to an ejection sequence. It is probable that you will forget you are wearing them in a highly stressful situation. 

3.6.4. Inadvertent IMC. One of the most dangerous situations that can be experienced with NVGs is flight into undetected meteorological conditions. The inability of the NVGs to see various areas of moisture can lull the aircrew to continue further into IMC to a point where there is virtually no visual information. This can result in a gradual loss of scene detail and place the aircrew in an area of heavy
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moisture and, in the low-level environment, place the aircrew in a potential conflict with masked terrain. The following NVG cues will help alert you to impending IMC:

· Halos surrounding incompatible light sources outside the cockpit (e.g., external lights from another

aircraft) may change in appearance. Normally sharp edges to the halos can become less distinct and

the halo may appear larger due to energy dispersion from the moisture.

· A gradual loss of scene detail, visual acuity, or terrain contrast.

· Partial or complete obscuration of the moon and stars.

· An increase in scintillation.

· The glow or flash from your aircraft external lights/strobes/landing lights/searchlights may become visible or intensify.

Looking underneath or around the NVGs with the unaided eye can aid in detecting IMC, but be aware that you can be in precipitation without seeing it in the NVG image. Use all the cues available to you. 

3.6.5. Spatial Disorientation. Spatial disorientation can occur at any time during flight. Although NVGs usually improve situational awareness and reduce the possibility of spatial disorientation, they can also enhance momentary disorientation. This is due to the limited field of view and lower resolution. Maintaining spatial orientation at night requires complex conscious processing of data from various instruments, displays, and references. The task of maintaining spatial orientation competes with the usual tasking of navigation, terrain masking, threat avoidance, etc. Add to this the fact that fatigue occurs more frequently at night and it is easy to understand why the incidence of spatial disorientation in this environment appears to be logarithmic as variables are added. Constant vigilance and a good scan pattern, both inside and outside the cockpit, must be maintained to help prevent spatial disorientation. Keeping the horizon in the NVG scan can help avoid spatial disorientation. If you feel disoriented, react in exactly the same way as if you were on a non-NVG flight.

3.6.5.1. Preventing Aircraft Mishaps Due to Spatial Disorientation. Refer to AFMAN 11-217, Vol 1, for a discussion on preventing aircraft mishaps due to spatial disorientation. 

· 3.6.6. Overconfidence. Aircrew members must not become over confident in the capabilities of NVGs. Goggles are only one tool used during night flight, and many situations can degrade or eliminate their effectiveness. Aircrews need to be cognizant of NVG limitations and prepared to transition to other flight aids, primarily aircraft instrumentation. Remember that NVGs do not turn night into day. After your initial NVG flying experience, there may be a natural tendency to be overly confident in your abilities. While, over time, there will undoubtedly be an increase in your skill level, it is not enough to compensate for the multiple variables in the night environment. The complacent mind-set could be a setup for a mishap.

3.7. Other Night Vision Device Systems.

3.7.1. Introduction. Forward looking infrared (FLIR) systems will be briefly introduced to help you gain an appreciation for their difference from NVGs, as well as to demonstrate how FLIR and NVGs compliment each other.

3.7.2. FLIR Systems. FLIR technology is based on the fact that all objects warmer than absolute zero emit heat. FLIR can discriminate between objects with a temperature of less than one degree difference, or of the same temperature if they emit heat at different rates. The rate of emission depends upon composition of individual objects. FLIR sensors detect the differences in the thermal properties of these materials and creates an image on either a head up or head down display. This process, called thermal imaging, results in monochromatic image for the aircrew that can be gray or green depending on the display.

3.7.3. Comparison of FLIR and NVG (Table 3.1). NVGs and FLIR systems are complimentary sensors and can aid mission accomplishment through their integration.

Table 3.1. NVG and FLIR Comparisons.

	NVG
	FLIR

	use reflected energy

(visible light and near IR)
	use emitted energy

(mid or far IR)

	images reflective contrast
	images thermal contrast

	requires at least some

illumination
	totally independent of light

	penetrates moisture more

effectively
	penetrates smoke and haze

	attenuated by smoke, haze

and dust
	attenuated by moisture

(humidity)
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A8.7. Duty Requiring Use of Night Vision Goggles (NVG)..

A8.7.1. Aircrew members and special operational duty personnel who wear NVGs in the performance of their duties are required to meet no additional vision standards over and above already required for their duty AFSC (exceptions to these are discussed below). The corrected visual acuity standards for each flying class normally yield a visual acuity of at least 20/50 while wearing NVG. The flight surgeon screens the health records of personnel required to wear NVGs initially and periodically thereafter to confirm that the member has passed the most recent annual vision screening. Aircrew who fail this screening, complain of visual problems with or without NVGs, or fail to achieve 20/50 visual acuity in the NVG pre-flight test lane should be referred for a routine clinical eye examination. The flight surgeon should refer to AL-SR-1992-0002, Night Vision Manual for Flight Surgeons, for additional guidance.

A8.7.2. Each aircrew or special operational duty member who requires corrective lenses in order to meet the visual acuity standards for flying, and who is required to wear NVGs in the performance of flying duties, should wear soft contact lenses (SCL) with appropriate correction. Members who cannot, or do not wish to, wear SCLs are to wear industrial safety lenses (polycarbonate or 3.0 mm thick CR-39 plastic) when using NVG. Two pairs of aircrew spectacles with safety lenses ground to the appropriate correction can be obtained in the following manner:

A8.7.2.1. If the individual has not had a refraction done within the past year, obtain a current refraction.

A8.7.2.2. Send the current prescription written on a DD Form 771, Eyewear Prescription, with verification of NVG duties written in the "Special Lenses or Frame" block to Optical Research Unit USAFSAM/AFCO, 2507 Kennedy Circle, Brooks AFB TX 78235-5117.

A8.7.2.3. Dispense the glasses to the individual with instructions to wear them only when using NVG and to protect the lenses from marring or scratching.

A8.7.2.4. Individuals who still use the old unmodified version (full faceplate) of the AN/PVS-5a NVG, and who are also required to wear spectacles in the performance of their duties, must meet the following additional vision requirements:

A8.7.2.5. Refractive error of no more than plus 2.00 or minus 6.00 diopters in any meridian.

A8.7.2.6. Astigmatism requiring no more than 2.00 diopters of cylinder.

A8.7.2.7. If unable to meet either of the above two requirements, the individual must be able to wear MAG-1 combat spectacles with the full faceplate NVG. MAG-1 combat spectacles with plastic or polycarbonate lenses can be ordered from the Optical Research Unit using the procedures outlined above. Specify MAG-1 combat spectacles on the DD Form 771.
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5.26. Night Vision Goggles (NVG) Operations . Aircrew will preflight NVGs prior to each use to ensure proper operation and optimum night visual enhancement. MAJCOMs will prescribe the use of NVGs during aircraft operations.
Chapter 6

LIFE SUPPORT SYSTEMS
6.3. Spectacles, Contact Lenses, and Night Vision Goggles (NVG).

6.3.1. Spectacles. While performing aircrew duties, crewmembers must use only those spectacles fabricated by military optical fabrication laboratories or commercial spectacles approved by HQ AFMOA/SGPA. Each local eye care clinic will maintain details regarding these specifications.

6.3.2. Contact Lenses. Crewmembers who want to wear contact lenses must consult with their unit flight surgeon and meet criteria and follow guidelines outlined in the USAF Contact Lens Implementation Plan.

6.3.3. Spare Sets. Crewmembers who wear corrective spectacles or contact lenses must carry a spare set of clear prescription spectacles on their person while performing aircrew duties.

6.3.4. NVGs. Crewmembers must undergo an initial certification course, emphasizing preflight procedures and goggle optimization or limitations, prior to their initial flight with NVGs. An appropriately trained instructor, assisted by a flight surgeon or a designated representative, will conduct this course (see AFI 48-123, Medical Examination and Standards).
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