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EYE ANATOMY AND PHYSIOLOGY (TC1-204)
Fovea.
  Is comprised of fovea centralis (all cones), and para-fovea (mix of cones and rods).

Peripheral Retina. Comprised of mostly rods. 

Cones. Cone cells are used primarily for day or high-intensity light vision, and use the chemical called iodopsin. 

Rods. The rods are used for night or low-intensity light vision, and use the chemical rhodopsin.

A.  When illumination decreases to about the level of full moonlight (0.1 foot-candle), the rods take over from the cones. The period of highest light sensitivity usually occurs after 30 to 45 minutes in a dark environment. The rod cells may become up to 10,000 times more sensitive than at the start. This is discussed further in Dark Adaptation.

Night Blind Spot:

A. Located in the central Field of View (FOV).

B. Caused by a concentration of cones, or lack of a concentration of rods in the fovea. Cones being inactive under low light levels and an insufficient amount of rods produce an indiscernible image.

C. 5-10 degrees in size.

D. Utilize the “Off-Center” vision technique to compensate.


Physiological Blind Spot:

A. Located 15 degrees off center, left and right for left and right eye’s FOV.

B. Caused by a lack of photo-receptors (cones or rods) on the optic disk.

C. 5.5 X 7.5 degrees in size. NOTE: FM 1-301 reads “5.5 to 7.5 degrees”

D. Compensated by binocular vision.

TYPES OF VISION (LT CRAB PMS)

	Types of vision
	Light       levels
	Technique of viewing
	Color perception
	Receptors used
	Acuity
	Blind spots

	Photopic
	High (day)
	Central
	Good
	Cones
	20/20
	Phys

	Mesopic
	Med

(dawn dusk, full moon)
	Both
	Some
	Both
	Varies
	Phys / night

	Scotopic
	Low

(night)
	Scanning
	None
	Rods
	20/200 at best 
	Phys/ night


a.  Photopic Vision. Photopic vision is experienced during daylight or when a high level of artificial illumination exists. The cones concentrated in the fovea centralis of the eye are primarily responsible for vision in bright light. Because of the high light level, rhodopsin is bleached out and rod cells become less effective. Sharp image interpretation and color vision are characteristic of photopic vision. 

b.  Mesopic Vision. Mesopic vision is experienced at dawn, at dusk, and during full moonlight. Vision is achieved by a combination of cones and rods. Visual acuity steadily decreases as available light decreases. Color perception changes because the cones become less effective. As cone sensitivity decreases, crewmembers should use off-center vision and proper scanning techniques to detect objects during low light levels.

c.  Scotopic Vision. Scotopic vision is experienced under low light levels. Cones become ineffective, resulting in poor resolution of detail. Visual acuity decreases to 20/200 or less. This enables a person to see only objects the size of or larger than the big "E" on visual acuity testing charts from 20 feet away. (A person must stand at 20 feet to see what can normally be seen at 200 feet under daylight conditions.) Also, color perception is lost. A night blind spot in the central field of view appears at low light levels. The night blind spot occurs when cone-cell sensitivity is lost.

DAY VERSUS NIGHT VISION (TC 1-204)
During darkness or with low-level illumination, central vision becomes less effective and a night blind spot (5 to 10 degrees wide) develops. This results from the concentration of cones in the fovea centralis and parafovea, the area immediately surrounding the fovea of the retina.

The night blind spot should not be confused with the physiological blind spot (the so-called day blind spot) caused by the optic disk. The physiological blind spot is present all the time, not only during the day. This blind spot results from the position of the optic disk on the retina. The optic disk has no light-sensitive receptors. The physiological blind spot covers an area of approximately 5.5 by 7.5 degrees and is located about 15 degrees from the fovea. 

Because of the night blind spot, larger and larger objects will be missed as distance increases. To see things clearly at night, an individual must use off-center vision and proper scanning techniques. 

VISUAL PROBLEMS (TC1-204)
Several visual problems or conditions affect night vision. These include presbyopia, night myopia, and astigmatism.

a.  Presbyopia. This condition is part of the normal aging process, which causes the lens of the eye to harden. 

b.  Night Myopia. Myopic individuals do not see distant objects clearly; only nearby objects are in focus for them. Because of this, slightly nearsighted (myopic) individuals will experience visual difficulty at night when viewing blue-green light that could cause blurred vision. Also, image sharpness decreases as pupil diameter increases. 

c. Astigmatism. Astigmatism is an irregularity of the shape of the cornea that may cause an out-of-focus condition. If, for example, an astigmatic person focuses on power poles (vertical), the wires (horizontal) will be out of focus in most cases. 

DARK ADAPTATION (TC1-204)
Definition- a biochemical process in which the eyes becomes more sensitive to lower light levels

Starting level- 

A “What you did during the day.”

1. exposure to 2-5hrs of bright sun may take up to 5hrs to fully dark adapt.

2. Cumulative effect- if you are exposed to more than 2-5hrs to high light levels in a day or consecutive days of 2-5hrs exposure, it may take consecutive days of up to 5hrs to fully dark-adapt.

3. If inside in a less light environment or protecting yourself from bright light exposure, the dark adaptation process is faster.

B. “Where you dark adapt.”

1. The lower the luminance, the faster the dark adaptation process.

Sensitivity-
-Rods are 1000 times more sensitive than cones.  

-When fully dark-adapted rods become 10,000 times more sensitive than at the starting level.*

-When fully dark adapted with pupils dilated, total eye** sensitivity becomes 100,000 times more sensitive than at the starting level.

Time to Dark Adapt- 30-45 min (depending on the individual and the starting level considerations)

Time to Readapt After NVGs- 2-3 minutes to regain the dark adaptation level that you were when you first looked through the goggles. (i.e. if you were 20 minutes into you dark adaptation process when you started looking though the goggles, when you put the goggles up, it will take you 2-3 minutes to return to that 20 minute dark adaptation level.)

Time to Readapt After High intensity Lighting- 5-45min (depending on duration and intensity)

* Starting level is the zero dark adaptation level at which dark adaptation starts.

** Total eye sensitivity… there are 125 million photo receptors in each eye. Only 5 million of those are cones. The other 120 million rods, each of which is 1000 times more sensitive to cones, thus makes the total eye sensitivity up to 100,000 times more sensitive that at the starting level.

NIGHT VISION PROTECTION (TC1-204,FM 1-301)
Red lens goggles and Red Lighting. If worn prior to flight they can start you into your dark adaptation process. They also can preserve up to 90 percent of your dark adaptation. Due to the “Perkinsie Shift” of white light through a lens, red light; a longer wavelength, is focused beyond the retinal wall, thus not effecting rods to a large degree, making red light; night vision friendly.

Oxygen supply. Unaided night vision depends on optimum function and sensitivity of the rods of the retina. You should use supplemental oxygen above 4,000’ PA, because you will start to lose night vision at that altitude. Lack of oxygen to the rods (hypoxic-hypoxia) significantly reduces their sensitivity starting in the indifferent stage (0-10,000’). This increases the time required for dark adaptation and decreases the ability to see at night. Rhodopsin, the chemical found in rods, is oxygen dependant.

Sunglasses. military neutral density 15 (ND-15) sunglasses or equivalent filter lenses when exposed to bright sunlight, they block 85% of visible light. The neutral lenses (neutral gray) still allow for all colors to be viewed. This precaution will increase the rate of dark adaptation at night and improve night visual sensitivity.

Precautions at airfields (LAMPS)
(1) Lanes for hovering- Marking the hovering lanes with good contrasting lines and minimal lighting will keep you from having to use the landing light.  Yellow lines painted on the asphalt are pre-measured to keep you a safe distance from hazards and contrast for better acuity. The blue lights in the taxi ways help preserve night vision because the blue wavelength is focused on the retinal wall, therefore predominant at night (seen better). Since this is the case, a very small luminance light source is placed under the blue lens. It is the low luminance that appears brighter, that preserves night vision.

(2) Airfield lighting-Should be reduced to the lowest intensity (i.e. pilot controlled lighting, or ask tower to dim the rheostat controlling the light level for the landing area).  

(3) Maintenance personnel-Should be briefed to practice light discipline with headlights, flashlights, and other maintenance functions.

(4) Preflight and preposition the aircraft- preflight the aircraft during day light hours so preflighting with a flashlight at night can be avoided. Position the aircraft on a part of the airfield where the least amount of lighting exists.

(5) Select  approach and departure routes- to avoid highways and residential areas where illumination can impair night vision.

Cockpit lighting- reduce to lowest readable level without having to stare, or strain to read the instruments.

Exterior lighting- use local directives to minimize exterior lighting.
Light flash compensation: (CAAT)

1. Close one eye- preserves the dark adaptation in that eye.

i. Lose part of your peripheral vision.

ii. Lose depth perception

iii. Now have both night and physiological blind spots because you are no longer compensating with binocular vision.

2. Auto weapons fire-

i. crew coordination, insure you announce

ii. use short bursts

3. Alter course-

i. Preplanned

ii. Plan around built-up areas

4. Turn away-

i. Unplanned

ii. Fly around flares and spot lights. If a flares is popped near by, turn away and fly around the peripheral of the illuminated area, then continue on course.

SELF-IMPOSED STRESS (TC1-204)
Night flight is more fatiguing and stressful than day flight. Many self- imposed stressors limit night vision. Crewmembers can control this type of stress. The factors that cause self-imposed stress are discussed below; crewmembers can remember them by the acronym DEATH IP.

a. Drugs (O PASS CIF). 

Over dose-  possibility exists. Aviators believe if two pills are good, four must be better, and so on.

Predictable side effects- Consult flight surgeon or read the labels for possible side effects prior to flight. Some drugs side effects cause drowsiness, etc.. 

Allergic reactions- Can be incapacitating, therefore after taking a new drug, or taking penicillin derivative drugs, for instance, you are grounded for 12 hours.

Synergistic effects-Taking two different drugs or taking drugs under stress; both can cause an abnormal, unwanted reaction.

Self medication- You must always consult a flight surgeon prior to medicating.

Caffeine- Good for keeping you alert, but high doses can cause crew-members to have the “jitters.”

Idiosyncrasies- Individual reactions to the same drug differ from crew-member to crew-member.

Flight restrictions-As per 40-8

Drugs can seriously degrade visual acuity during the day and especially at night. A crewmember that becomes ill should consult a flight surgeon.
b. Exhaustion. 

a. Inability to scan, gets the stares and becomes task oriented, unable to multi-task.

b. Poor judgment.
c. Adhearance to the crew rest policy will help.

d. Factored time  (1-hour NVG = 2-Hour “factored time” for 8 hour day (Ft. Rucker))

c. Alcohol. 

a. 1 ounce of alcohol = physiological altitude of 2000’
b. Possibility of encountering tunnel vision

c. Hystotoxic hypoxia.
d. Poor judgment
d. Tobacco.

a. 1-2 packs in a 24-hour period or 3 cigarettes in rapid succession prior to a flight = 5000’ of  physiological altitude 
b. at 5000’ PA humans lose 20% of night vision
c. Carbon monoxide blood saturation is 8-10%
d. Hypemic hypoxia.
e. Hypoglycemia 
a. DEF: a conditions of low blood sugar.
b. Avoid quick fixes (candy bars)
c. Caused by poor diet, when the liver runs out of the capability to raise blood sugar.

d. Vitamin A deficiency: rods depend upon the availability vitamin A to produced rhodopsin. Vitamin A is fat soluble, therefore what the body does not use, it gets stored in the fat. High doses of Vitamin A can poison and kill people. It is found in leafy green vegetables, peaches, carrots, apricots, animal organs, etc.

f. Illness (taken from Exhaustion)
a. Same basic effects as Exhaustion.
b. Fever burns more oxygen, and with our eyes and brain being highly sensitive to even slight decreases in the amount of oxygen in the blood, they experience decreased function and higher physiological altitudes can be expected.

g. Physical conditioning (taken from Exhaustion)
a. Same basic effects as Exhaustion, if in poor condition.
b. Poor physical conditioning. To overcome this limitation, crewmembers should participate in regular exercise program, and avoid overly strenuous work-outs. 
NIGHT VISION TECHNIQUES (TC1-204, FM 1-301)
a. Scanning.
b. Right to left or left to right
c. stop-turn-stop-turn method
d. 0.5-1.0 seconds is the optimal view time
e. No longer than 2-3 seconds view time (photochemical equilibrium occurs)
f. Scan an area 30 degrees wide
g. Use a 10 degree overlap while scanning.
h. 250m VOF @ 500m
b. Off-Center Viewing.

a. Compensates for the night Blind spot

b. This technique requires that an object be viewed by looking 10 degrees above, below, or to either side of the object.

c. Optimum view time is 0.5-1.0 second
d.  No more than a 2-3 second view time (photochemical equilibrium occurs)
c.  Shapes or Silhouettes- since visual acuity is reduced at night, objects must be identified by their shapes or silhouettes. To use this technique, the crewmember must be familiar with the architectural design of structures and the shape or silhouette of vehicles in the area covered by the mission (i.e. Church Steeples, tanks, etc.). Features depicted on the map will also aid in recognizing silhouettes.

DISTANCE ESTIMATION AND DEPTH PERCEPTION (TC 1-204)
Knowledge of distance estimation and depth perception mechanisms and cues will assist crewmembers in judging distances at night. These cues may be monocular or binocular. Monocular cues are more important for crewmembers than binocular cues.

a. Binocular Cues- we are born with them. Operate on a subconscious level. Best used when objects are  in close proximity to the viewer. Each eye must have a slightly different angle to view the object, so that the brain can triangulate the distance. When the object gets too far away, and the slightly different angle becomes so slight that each eye virtually has the same view of the object, the viewer is now using monocular cues.
b. Monocular Cues.  Viewing more distant objects; monocular cues, though experience in using them, can become more effective in estimating distance and depth. The monocular cues that aid in distance estimation and depth perception include: geometric perspective, retinal image size, aerial perspective and motion parallax.

c. Geometric perspective. An object may appear to have a different shape when viewed at varying distances and from different angles. Geometric perspective cues include linear perspective, apparent foreshortening, and vertical position in the field.

a. Linear perspective. Parallel lines, such as runway lights, appear to converge as distance from the observer increases.

b. Apparent foreshortening. The true shape of an object or a terrain feature appears elliptical when viewed from an angle at a distance. Water tower.

c. Vertical position in the field. Objects or terrain features farther away from the observer appear higher on the horizon than those closer to the observer. Vertical objects do not work well with this cue unless you can see the base of the object.

d. Retinal image size. The size of the image cast on the retinal wall is perceived by the brain, and can be used as cues to determine distance. 

(a) Known size of objects. By experience, the brain learns to estimate the distance of familiar objects by the size of their image cast on the retinal wall. 

(b) Increasing or decreasing size of objects. If the retinal image size of an object increases, the relative distance is decreasing. If the image size decreases, the relative distance is increasing. If the image size is constant, the object is at a fixed relative distance.

(c) Terrestrial associations. Comparing an known object, such as an aircraft, with an unknown object, such as a hanger, helps to determine the unknown object's apparent distance from the observer. 

(d) Overlapping contours. When objects overlap, the overlapped object is farther away than the overlapping feature.

(3) Aerial perspective. The clarity of an object and the shadow cast by it are perceived by the brain to be of a certain distance. 

(a) Variation of colors and shades. Subtle variations in color or shade are clearer the closer the observer is to the object. However, as distance increases, these distinctions become less apparent.  Perception of colors will change at a distance.
(b) Loss of detail or texture. As a person gets farther from an object, discrete details become less apparent. 

(c) Position of Lights and shadows. Every object will cast a shadow from a light source. The direction in which the shadow is cast depends on the position of the light source. If the shadow of an object is toward the observer, the object is closer than the light source is to the observer. 

(4) Motion parallax. The apparent rate of movement of an object as you the observer move across the landscape. Objects closer to the observer appear to move by more rapidly than objects further away. THIS IS THE MOST IMPORTANT ONE! View perpendicular to the flight course.
VISUAL ILLUSIONS (TC 1-204)
Reduced visual references also create several illusions that can induce spatial disorientation. (FFF CRASH SAR C)
a. Flicker Vertigo -  A light flickering at a rate between 4 and 20 cycles per second can produce nausea, vomiting, and in severe cases, convulsions and unconsciousness. It is normally causes by the anti-collision lights near clouds or near the ground at night. 

a. Solution-turn off light source
b. Fascination (Fixation). This illusion occurs when aviators ignore orientation cues and fix their attention on a goal or an object. This is dangerous because aircraft ground-closure rates are difficult to determine at night. This is sometimes called, target fixation. The other fixation problem comes from a lack of scanning.

a. Solution-refrain from staring at objects too long; scan
c. False Horizons. Tilted cloud formations or ridgelines may be confused with the actual or true horizon. Aviators will attempt to level the aircraft with what they believe to be the true horizon, and put the aircraft into a turn. While hovering over terrain that is not perfectly level, aviators might mistake the sloped ground in front of the aircraft for the horizon and cause the aircraft to drift while trying to maintain a stationary position.

a. Solution-Conduct a proper scan of instruments and other visual cues
d. Confusion with Ground Lights  A common occurrence is to confuse ground lights with stars. When this happens, aviators unknowingly position aircraft in unusual attitudes to keep the ground lights (believed to be stars) above them. Other occurrences can be confusing an aircraft lights for city lights in the background, or an automobile for an aircraft, or a tower for an aircraft, or vise versa.

a. Solution-Conduct a proper scan both aided and unaided
e. Relative Motion. Relative Motion is confusing other’s movements for your own. An aviator hovers an aircraft and waits for hover taxi instructions. Another aircraft hovers alongside. As the other aircraft is picked up in the first aviator's peripheral vision, the aviator senses movement in the opposite direction. This can also be dangerous is the first aviator notices the aircraft hover up alongside his aircraft and disregards the apparent relative motion illusion, when it is his aircraft backing up in the first place.

a. Solution-Proper scanning, experience and knowledge of the occurrence
f. Altered Planes of Reference. When approaching a line of mountains or clouds, aviators may feel that they need to climb even though their altitude is adequate. Also, when flying parallel to a line of clouds, aviators may tend to tilt the aircraft away from the clouds. Until the aviator can see the horizon on the other side of the feature, the feeling of being too low will persist.

a. Solution- Perform map recon to determine height of obstacle, and search for true plane of reference
g. Structural Illusions. Structural illusions are caused by heat waves, or rain and ice, on the wind screen, or a warped wind screen. NVG’s also can cause a structural illusion, along with other factors that may bend light. For example, a straight line may appear to be curved when seen through a desert heat wave or a wing-tip light may appear to double, move or appear broken when viewed with a structural illusion.

a. Solution-experience and knowledge
h. Height and Depth Perception Illusion. When flying over desert, snow, water, or other areas of poor contrast, crewmembers may experience the illusion of being higher above the terrain than they actually are. This is due to the lack of visual references on the ground.
a. Solution-trust instruments and scan horizon
i. Size-Distance Illusion. There are two standing definitions, they are: (FM 1-301-false perception of distance) The trees in Washington State grow to staggering heights compared with trees in the South. If the observer was used to seeing southern pines, then took a flight in Washington State, he could compare the size of the trees to the trees that he is used to, giving a confusing distance illusion. (FM 1-204-level of light intensity). Bright lights appear closer, while dim lights appear further away. So when an aircraft turns his position lights from dim to bright, it may appear as the aircraft jumped toward the observer. Or in an area where there are no other reference points around a slowly blinking light, it may appear that the light is growing in size, than receding as the light blinks.

a. Solution- experience and knowledge of the occurrence
j. Auto kinesis.  When staring at an object that is black on white or white on black (such as a black dot on white paper or white dot on black paper) for 8-10 seconds the object will appear to move. This is caused by the eye involuntarily searching for another reference point to associate with the object.

a. Solution- avoid fixating on objects that possess these characteristics for longer than 8-10 seconds, develop a good scan, increase the intensity of the light, or increase the amount of lights or reference points in the FOV.
k. Reversible Perspective Illusion. At night, an aircraft may appear to be going away when it is, in fact, approaching a second aircraft (can’t tell if object is coming or going). Since all that can be seen is a silhouette, details of the front or rear of the aircraft cannot be seen. Therefore, it is difficult to tell the direction of the aircrafts travel.

a. Solution-proper scanning technique and the 3-r’s: red on the right is returning.
l. Crater Illusion. This illusion gives the observer of the feeling of landing into a crater when he has his landing light on focus in the very front of the aircraft.
a. Proper use of landing and search light, knowledge of occurrence, and proper scanning 

OPERATIONAL THEORY OF THE ANVIS (TC 1-204)

The light enters into the I2 device, first passing through the LIF which will slightly degrade system gain. Then it passes through the objective lens which can focus the goggles from 28+/-3cm to infinity (about 33m)  On the backside of the objective lens is a special coating called a minus blue filter. This filters light waves below 625 nanometers (blue-green wavelength) from passing through the goggles. The objective lens focuses the image upside-down into the photo cathode. The photo cathode’s job is to turn the photons coming in, into electrons on a one for one basis. Bright Source Protection is also hooked up to the photo cathode so that it can protect the micro channel plate from damaging bright light sources. These electrons then travel through the micro channel plate at the speed of light. The micro channel plate is tilted about 8 degrees so that the electron will strike the side of one of the 6.3 million holes where other electrons are packed. The impact of the electron sends a cascading effect, and for every one electron coming in, up to 10,000 are coming out the other side. This is called the amplification feature. This mass of electrons then strikes the phosphorous screen which is made of toxic material. With each electron impact, a tiny glow appears. The combination of which produces an image, though still upside-down. The fiber optic inverter, which is nothing more than fiber optic cable, twisted so many degrees per inch, heated into a solid glass form, cut to fit, then polished on each end. This flips the image right side up and is more efficient than another lens. In order to use a lens and get the focal point correct, the goggles would need to be between 15 and 18 inches long. Next is the eye piece lens which focuses between +2 and –6 diopters. The image appears right side up, and 2000 to 3500 times more intense than the amount of ambient light that is available.
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NVG CHARACTERISTICS (TC 1-204, NVG –10) (DIALVP)

Definition- A helmet mounted, binocular, passive light-intensification device that allows aircrews to conduct operations at terrain flight altitudes during low ambient light levels.
Intensification- ANVIS operates by intensifying ambient light 2,000 to 3,500 times. 

Acuity- 20/40 in the central FOV, degrading to 20/70 in the periphery; under ideal conditions (high-illumination and proper focus). NOTE: Use of the light interference filters (LIF) reduces system gain. (visual acuity)   

Limited Field of View - 40-degree field of view (with a 30-40 degree head movement, the view of the field increases to 70-80 degrees) (best case) and can only be obtained when proper Optimum Sight Adjustment Point Procedure (OSAPP) is used.
Voltage Low Indicator- A red LED light on the helmet mount will come on when the voltage drops below 2.4vdc.  This signals that approximately 30 minutes of operational time remain.  NVG’s fail at approximately 1.9-2.1vdc.  G1 or G2 series battery packs have Steady Warning lights. G3 series- Blinking warning light. WARNING: if glasses are worn, the upper rim may block to warning light and a goggle failure may occur without seeing the indication of the voltage low indicator.

Power Supply - Power is supplied through one of three types of sources:

1.  The AA Alkaline 1.5v (two required for 3.0vdc in series) good for approximately 10-22 hours between 70-100F degrees, and 1-3 hours at –20F degrees.

2.  The AA Lithium L91 1.5v  (two required for 3.0vdc in series) good for 34.8 hours at 100˚ F, 34.2 hours at 70˚ F, 28 hours at 0˚ F, and 20.5 hours at -20˚ F.

3. The Clip-On Power Source uses the above batteries and allows the use of the binoculars without attachment to the mount or power source. 

 
4. The fourth source is the aircraft. 3.8vdc- electricity follows the path of least resistance, therefore the goggles will use the aircraft power first, and only use the goggle battery in a loss of aircraft electrical power.  Batteries will be installed in power pack while aircraft power is in use. 
NVG CONSIDERATIONS (TC 1-204) (CALM WWAD SOS)

Color Discrimination- no color discrimination. Cannot see a red car and tell that it is red. Only see green and shades of green. This is called monochromatic vision.

b. Monochromatic (single color). It has a green hue because of the type of phosphor used on the phosphor screen.

c. Chromatic adaptation occurs after becoming adapted to the singular color image, and is a normal physiological phenomenon where the eye’s red and blue cones cells over stimulate the brain when the goggles are removed and white light is seen. This over stimulus is perceived by the brain to be a pink, brown, or purple haze. The phenomenon will disappear in a relatively short time.

Air Ground Speed Limits- NEVER OUT FLY CAPABILITY of the NVGs! 

	Noe

	0-25 AHO

	40kts


	Contour

	25-80 AHO

	70kts


	Low level

	80-200 AHO

	VNE



	


Air/ground speed limits ultimately can be found in the TC 1-210 Commander’s Guide. This governs all Army aircraft operations. The airspeeds are maximums for training, and as conditions such as amount of ambient light decreases, poor visibly, or high winds are present, airspeeds should be lowered.

Lights- 
Performance Relations- 

a. directly proportional to the amount of ambient light available.

b. High ambient light-good performance-good visual acuity. -fixed pattern noise, honeycomb, and chicken wire

c. Low ambient light-poor performance-poor visual acuity. -scintillation 

Effects Bright Lights- 

d. ABC (automatic brightness control)-Reduces the voltage to the Micro-Channel plate to keep the image intensifiers brightness within a set limit. Protects the user, and operated when coming from a low illuminated area to a high illuminated area.

e. BSP (bright source protection)-Reduces the voltage to the Photo cathode when NVGs are exposed to bright lights such as flares and spotlights. Protects the goggles (micro channel plate) from damaging bright light sources. 

Tunnel Vision-
a. With a 40 degree FOV, tunnel vision all ready occurs, however an area lit by bright artificial lights such as the IR search light increases tunnel vision (user induced) because the performance in the illuminated area is better, therefore visual acuity is better in that area. Users tend to only look where they can see the best.

Magnification- 1:1, unity, or 1X

Weather- NVG's can see through thin obstructions, such as light fog, haze, or smoke, so it is easier to go inadvertent IMC during goggle flight.

Indicators of deteriorating weather conditions:

a. Fog over water means fog over land soon

b. Loss of stars and moon (celestial lighting)

c. Amount of ambient light decreases, acuity and contrast of terrain features decreases

d. Scintillation-sparkling effect due to low ambient light (video noise)

e. Shadows of clouds-degrade acuity

f. Halo effect increases during periods of deteriorating weather.

Weapons- use short bursts, crew coordination.
Aircraft Lighting- 

a. No red or white lights in the cockpit

b. Red or white lights in the cockpit can be corrected by…

a. Filtering it

b. Turning it off

c. Removing and replacing

d. Taping over it; only cracked instrument light bezels.

c. NOT an NVG consideration, but important to know for NVG A/C lighting taking AR95-1 into consideration. Landing and search light must be operational upon take off, but if fails afterwards, determine the impact of the mission and is further flight is advised. IR band pass filters must be installed.

Depth Perception and Distance Estimation- 

a. Due of a lack of visual acuity; some things that make visual acuity worse, and thus distance estimation and depth perception harder are… “DATE”


Degree of contrast; “apparent” loss of visual acuity


Amount of ambient light; performance relations


Type and quality of I2 device; poor quality, in need of servicing


Experience of the user; monocular cues made better with experience

Scanning Techniques- similar to unaided

a. Using cones, not rods so no photochemical equilibrium, though…  

b. You should scan every 2-3 seconds to prevent fixation 

c. No night blind spot (photopic vision)

d. No need for the use of Off Center Viewing technique.

e. Shape and Silhouette are still necessary because visual acuity is still poor.

Obstruction Detection- Obstructions that have poor reflective surfaces, such as wires and small tree limbs, are difficult, if not impossible, to detect. Treat shadows the same as a physical barrier.

Spatial Disorientation – More easily induced due to decrease of peripheral vision. The visual system being the most important of the three systems that keep us spatially oriented, when decreased from a 200 degree FOV to a 40 degree FOV, visual illusions are more apt to occur. Whenever the visual system disagrees with the vestibular system, incapacitating spatial disorientation may occur.
Prevention:

a. avoid rapid head movements

b. avoid drastic changes in attitude

c. avoid self imposed stresses

d. avoid bank angles of greater than 30 degrees and turns of greater than 60 degrees.

Any situation that involves fewer visual references, increases the onslaught of spatial disorientation. (i.e. poor degree of contrast, poor visibility, low ambient light, etc.)

NIGHT FLIGHT REQUIREMENTS: 

Day equipment: (F2A3C3)

Fuel Gauge

FAT Gauge

Anti-collision light

Altimeter

Airspeed Indicator

Compass

Clock

Communications 

NIGHT FLIGHT REQUIREMENTS (1-212TH SOP) (FLAP HIVIR)
*All equipment required for day flight, plus the following;

Flashlight- One operational flashlight per crewmember as per the SOP, (AR 95-1, one required). 

Landing light/Searchlight- Landing light or searchlight is required to be installed and operational. Both day and if unaided must be operational.
Attitude Indicator or Visible Horizon- Attitude indicator is required if using NVG’s as per 95-1. AR 95-1 also says you may substitute a visible horizon when flying unaided for an attitude indicator. Ft. Rucker SOP states, you must have an attitude indicator.

Position Lights- all lights must be operational. From official sunset to official sunrise.

Heading Indicator- Must be installed and operational; gyro driven.

Interior Lights- Must be functional

Vertical Speed Indicator- If part of normal or installed equipment, it must be operational

IR band-Pass Filters- must be installed, and operational for NVD flight. (can fail after take-off, crew must determine impact on mission and further flight) 

Radar Altimeter- If part of normal or installed equipment, it must be operational



       ( as per 95-1 not needed at night unaided)



       (is needed for NVG flight if installed)


WEATHER REQUIREMENTS:

1000’-3sm at ETA thru 1 hour

500’-1 for recovery

winds- 20kts max with 10 kt gust spread

VFR at night- 1sm vis, clear of clouds ½  sm vis (day) and speed to see and avoid

Class “E”- 3sm vis and cloud clearance1000’ above, 500’ below, 2000 horizontal
NIGHT USE OF LIGHTS (1-212TH SOP) (FLAPII)

Flashlight- Use clear lens for ramp, preflight, student change, refuel, or for walking in the RT. You must use a colored lens (blue-green) for interior use.
Landing or Searchlight - Used at crew discretion

Anti-collision light - Turned on before engines are started, remain on until blades stop turning, with the following optional exceptions: Refuel, parking for student change, or in terrain flight below 25 feet AHO.  As per 95-1 anti-collision lights will be on when engine is running, and as per the SOP, anti-collision lights will be on when blades are turning. AR 95-1 also states if you are experiencing flicker vertigo, or if safety is in question, the light should be turned off.

Position lights - On bright before the blades are swung until the blades are tied down, with the following exceptions: May by placed to dim for prolonged ground run such as refuel & parking or when at terrain flight less than 25 feet AHO in an RT to aid other aircraft.

Interior lights – Must be on bright for startup and shutdown.  Then as dim as possible to read instruments and continue to dim them as you continue to dark-adapt. 

IR band pass filter- Used at crew discretion.

AIRCRAFT AND NVG CURRENCY REQUIREMENTS (AR 95-1, TC 1-210)

Determine if aircrew member is current in aircraft- If aircrew member is current in the aircraft he must have recentcy:

a. Must have a flight (0.1hrs. min.) in the previous 60 days as PC or PI (at a position to take the controls) in the Mission, Type, Design, and Series of aircraft.

Determine if crewmember is current in NVG flight- 1.0 continuous hour flight, in the previous 45 days, at night, wearing NVG’s as PC or PI (at a position to take the controls) in the Mission, Type, Design, and Series of aircraft.

If you are flying an aircraft that has a compatible visual simulator, you may fly in the simulator to maintain currency, but you must have a least 1.0 continuous hour flight in the aircraft every 90 days, and all the conditions stated previously must be met.

Determine the minimum crew required for an NVG flight- 2 crewmembers with access to the flight controls and wearing the same type of goggles i.e. AN/AVS-6, not with a pair of 5’s and a pair of 6’s. MACCOM commander approval is required to fly a crew of one. Both crew members must be current and qualified with NVG’s or be flying with an IP or SP that is.

Continuation training- NVG RL 1 aviators assigned to an NVG-designated position or NVG PCs must maintain the semiannual flying-hour minimums and sustainment requirements.  These are:

1. .  Completion of an NVG standardization evaluation at night in the aircraft by an NVG IP or SP.

2. Completion of the commander’s tasks list (CTL) and iterations.

3. 9 hours of NVG flight at night from a crew position with access to the flight controls.  1/3 of which may be substituted in a compatible visual flight simulator. (the 9 hours is only required if you are in an NVG designated position or an NVG PC. Otherwise, if only RL1 NVG’s and not in an NVG position; no hour requirement is mandated. If the 9 hours shows up on your CTL, mandated or not, it is now required.)

