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AEROSPACE VISUAL PRINCIPLES AND PROBLEMS

INTRODUCTION

The most important of man's sense organs in performing aerospace flight are his eyes. Over 80% of the information input necessary for flying an aerospace craft is visual. Further, under the conditions of weightlessness, vision is the only sensory means for orientation in space. In performing its visual task, the eye senses the spatially discrete variations in brightness and/or hue, and these variations are then interpreted by the brain. Vision occurs in two steps -- the first occurring at the eye, the second at the brain. At the eye only a small portion of the total electromagnetic spectrum is transmitted through the organ unto the retina (380 - 760nm). Fig 1.
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The ultra violet (UV) portion of the spectrum is from 180mn to 380nm and Infrared (IR) are wavelengths longer than 760nm. Maximum light intensity at sea level is about 10,000 foot candles (FC). It is 12.000 FC at 10,000 feet (3000m) and 13,500 FC in extra terrestrial space. The most abiotic ultra violet wavelength is 270nm. The atmosphere cuts off all UV below 295nm. Ultra violet energy increases about 10% with every 5000ft (3000m) of increase in altitude. The photons striking
the retina initiate a

photochemical change in the receptors - the rods and cones. This initiates a nerve impulse traveling up the optic nerve through the optic tracts and radiations to the occipital area of the brain where the signals are interpreted as vision. Such interpretations made at the sensory level are called sensations. More

complicated interpretations can be made by the brain. Combining these sensations with learning or memory is said to occur at the perception level and are called perceptions.

VISION IN AEROSPACE FLIGHT

Vision is essential in all phases of flying. It probably is most important in the identification of distant objects and in perceiving detail of shape and color. The visual sense also allows one to judge distances and to gauge movements in the visual field In flying modern air and space craft, near vision is also exceedingly important since it is an absolute necessity to read the instrument panel, radio dials, charts, maps, etc. At night even though man's vision is reduced, he still must rely on his sense of sight in order to safely fly the aircraft. What are the visual capabilities necessary to overcome the visual problems arising

in aerospace flight?

The visual apparatus must primarily perform three basic functions: 1. It must be able to perceive an object by detection of the light emitted or reflected from it. This is known as light discrimination. 2. It must be able to perceive the details of an object This is known as visual acuity. 3. It must allow one to judge distances from objects and to perceive movement in the field of vision. This function is known as spatial discrimination. Obviously, all three of these functions are perceived simultaneously; however, we shall look at each one separately.

Light Discrimination

Light Discrimination consists of brightness sensitivity -- that is, the ability to detect a very dim light; brightness discrimination - the ability to detect a change or difference in the brightness of light sources; and color discrimination -- the ability to detect colors. If the illumination is below a certain intensity, approximately 10.6 log millilamberts, the eye will just not respond, and one sees only total darkness. As the level of illumination increases, one begins to see shapes and objects. This is rod or scotopic vision. As one increases the illumination -- to say, snow in a full moonlight or 10-2 log millilamberts, this is called mesopic vision, where both rods and cones are functioning. A further increase -- let us say to white paper under 100 foot-candles of illumination, approximately equivalent to 10' log millilamberts -- here the cones are functioning, and this is known as photopic vision. The cones are sensitive to color which now has become

apparent, and minute detail of an object can be appreciated. Increasing the illumination beyond this does not enhance the visual efficiency. The upper limit of tolerance for normal vision is felt to lie between 10` to 105 log millilamberts of luminance. Fig 2.
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The eye can adapt to this wide range of illumination because of the dual system of rods and cones in the retina. The rods contain the photosensitive pigment rhodopsin and are sensitive to minute quantities of light energy. They are also sensitive to motion but not to color. The cones contain the photosensitive pigments with maximum absorption at 445 (blue), 535 (green), 570 (red) nm. They must have much more light energy than the rods to be stimulated; however, the cones can perceive fine detail and discriminate colors. At night or under low levels of illumination, the fovea, containing all cones, becomes a relative blind spot; therefore. best vision is attained at night by looking 15 to 20 degrees off center so as to utilize the part of the retina containing the highest density of rods. Fig 3 (on next page).
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Visual Acuity

The second of the basic functions, visual acuity, is the ability to see very small objects, to distinguish separate details or to detect changes in contour. This is usually measured in terms of the reciprocal of the visual angle subtended by the detail. The central (foveal) visual acuity is high whereas the peripheral visual acuity is quite poor. This is so because of the retinal distribution pattern of the rods and cones. The cones are dense in the foveal and macular areas and even have a one to one nerve fiber to brain ratio in the fovea; whereas images outside of the macular area lose detail, becoming worse in the peripheral retina. Visual acuity is directly influenced by the refractive state of the eye. The measures of visual acuity are minimum visible - ability to see a point source of light; minimum separable - ability to see objects as separate, two point discrimination; minimum distinguishable acuity - (the Form Sense) this is tested by the Snellen and Landolt C acuity tests. In certain areas of the peripheral retina many hundreds of rods can be connected to a single nerve fiber. This is an excellent system for picking up a minimum of light energy but quite poor for perceiving detail. Fig 4. (on next page).
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Spatial Discrimination
The third important visual function necessary for aerospace flight is spatial discrimination. In military aviation this is required: In low altitude attack on ground targets, estimating distance to other aircraft, in formation flying, in landing operations, in take off, in avoiding taxing collisions, in judging distance to controls inside the aircraft, in air to air refueling operations. Distance judgment, or depth perception, is the ability to judge absolute distance, or more commonly, the relative distance of two or more objects. It is aided by conscious and subconscious cues learned from experience and can be monocular - retinal image size, overlay, texture gradient, linear perspective, apparent foreshortening, illumination perspective, aerial perspective and perhaps the most important monocular factor "motion parallax."

Binocular factors of convergence and stereopsis are also involved. Stereopsis being due to the disparity of images of the retina of the two eyes is the most important factor when judging the distance of near objects. In flying aircraft, it is felt that the maximum practical limit of stereopsis is 200 meters (600 feet).

Fig 5 (on next page).
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We see then that vision is a complex physiologic process that necessitates a decoding or interpretation of the signals coming from the sensor (eye) to the brain. Environmental stresses may disrupt the delicate physiologic balance necessary for maintaining clear vision. Several of these will be discussed in the following section.

Vision in the Aerospace Environment
Visibility

Factors that allow one to see objects in the aviators' environment are: The size of the target, which is relative to its distance, luminance or overall brightness, degree of retinal adaptation, brightness and color contrast between the target and the background, position of the target in the visual field. focus of the eye, length of time the object is seen, and atmospheric attenuation. Much of modem day flying is done in the cockpit and is also dependent on having adequate accommodations to allow clear vision both at near as well

as for distance. Fig 6. (on next page).
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Environmental Factors

Other factors affecting vision in the Aerospace Environment are hypoxia, decompression, empty field

(space) myopia, decreased luminance, acceleration, vibration and lag in visual perception.

Hypoxia

Hypoxia reduces peripheral vision, and accommodation, affects ocular motility (phorias) and impairs night vision. Excessive smoking or alcohol use have effects similar to hypoxia, but reduced in extent Sea level to 3000m = indifferent zone photopic vision is unaffected - slight impairment in scotopic vision​

3000-5000m = Zone of adaptation - loss of approximately 40% in night vision. 5000-8000m = Zone of inadequate compensation-reaction time increases heterophorias may become tropias, night vision is impaired - all changes are reversed by use of 02 or return to sea level. Above 8000m - Zone of

decompensation = lethal altitude.

Dysbarism

Effects due to altitude alone are known as dysbarism or decompression effects. Release of nitrogen bubbles into the blood stream at low atmospheric pressure may cause scintillating scotoma, transitory

visual field defects. rarely this may lead to permanent visual impairment.

Empty Field

Empty field (space and night myopia) may cause a decrease in central visual acuity. This is due to accommodation in an empty field. This is often in the range of 0.50 to 1.00 diopters of myopia. A small pupil or viewing objects in the far field will reduce this induced empty field myopia.

Decrease Luminance

The visual system does not work at its best efficiency at night (scotopic vision). The development of night vision devices has allowed us to fly more effectively at night However, in using NVG's one is not using his scotopic vision, but the instruments have amplified the light energy existing at night into the photopic or mesopic range where the visual system is more efficient. Fig 7
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Acceleration

Physical factors induced by acceleration may affect a pilot's vision. When G forces are increased in the head-to-seat direction, there is a decrease in the blood flow to the retina and brain. When pressure in the retinal arterioles falls below the intraocular pressure. (16 to 20 mm, Hg), there is an impairment of visual function. Peripheral vision begins to be lost at 4.0 to 4.5 +Gz, with a diminution or graying of peripheral vision which is called "grayout." At 5.0 to 6.0 +Gz, there is usually a total loss of vision commonly called "blackout" with the use of "G" suits and M and L breathing maneuvers blackout may not occur until in the range of 7 to 9 +Gz. Negative G forces (-Gz) affect a pilot in the opposite direction -- that is, seat to head

and will result in congestion of all vessels of the upper parts of the body. Visually, a sensation known as "redout" occurs. The actual cause of redout is still undetermined. Fig 8.
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Vibration

Vertical sinusoidal vibrations at frequencies above 15Hz degrade visual acuity.

Lag in Visual Perception

Time between when an event occurs and when a person sees it - depends on the speed of light and conduction time in the visual pathways and brain. At supersonic speeds this could be a factor in visual perception. Fig 9 (on next page).
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Distance traveled as a function of aircraft speed and visual processing.
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Aircraft Windscreens

A pilot must look through a number of layers of transparent materials.

Glass windscreens show minimal distortion, but have a low safety factor to breakage due to flying

objects, especially birds. Fig 10
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New multi-layered plastic windscreens can better withstand bird strikes, but have introduced another problem - optical effects caused by light ray displacement. deviation, distortion and multiple images.

Fig 11
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Careful attention to the manufacturing process of multi-layered plastic windscreens has reduced this problem significantly; while retaining the protective aspects of the plastic windscreens.

Disorientation/Illusions

Disorientation and sensory illusions due to stimulation of the inner ear/vestibular system are discussed in other parts of this course.

Visual Illusions

The perception of something existing objectively but in such a manner as to cause misinterpretation of its actual nature. Fig 12
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Learning and Perception

There is a large element of learning in our perception of the real world - one of these learned phenomenon that is important is the apparent unchanged size of the perceived image of an object as its distance from the observer changes - this is known as Size Constancy.
Aircraft Windscreens

Windscreens and canopies may cause refraction, magnification, and distortion of images. This is more apt to occur in newer laminated plastic windscreens. Rain on the windscreen can change the optical characteristics, it can act as a filter reducing the light intensity - may cause a dimming of lights so that they may appear further away than they really are.

Use of improper optical devices uncorrected refractive errors and improper use of spectacles and visors have been contributing factors in aircraft accidents.

Visual Illusions during Landing

Visual illusions can cause serious problems for the aviator during approach and landing. Landing is the most critical phase of flight, it is extremely busy phase with many distractions. Transitioning from instrument flight to the outside visual scene is the most important part of the landing operation.

Critical Factors:

- Runway and approach lights.

- The size and width of the runway.

- Sloping approach terrain or runways.

The Trapezoid

Pilot must try to keep a mental image of the trapezoid formed by the outline of the runway and the runway lights. Fig 13
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Establishes a glide path to make a 3 to 4 degree slope with the terrain. Fig 14
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. Runway Size and Width

If the runway is wider than expected, we perceive that we are closer or lower than we really are - this results in a high approach or "overshoot."

If the runway is narrower than expected, we perceive that we are further of higher than we really are'- results in a low approach or "undershoot." Fig 15

Sloping Terrain or Runways

Pilot may land short if:

Runway is up-sloping. Fig 16

Terrain at approach end of runway down-slopes. Fig 17
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Pilot may land long or "overshoot" if:

Runway is down-sloping. Fig 18

Terrain at approach end of runway up-slopes. Fig 19
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Minimal Visual Cues

Flights over featureless terrain makes altitude estimation much more difficult. This occurs in dessert terrain, over smooth or "glassy" water and over snow covered terrain. In arctic conditions this is known as White-Out and over water or unlighted terrain - black-hole approach.

Conclusions

No pilot can fly in IFR conditions without instruments.

The inner ear can give false positioned information unless there is also a visual reference.

Visual illusions, on the other hand, become manifest mainly when the pilot comes off his instruments and relies on his own visual apparatus.

A pilot should, therefore, always cross check his visual attitude with his instrument attitude and believe his instruments. Fig 20
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