USAF School of Aerospace Medicine

STEREOPSIS and DEPTH PERCEPTION

Stereopsis and Depth Perception 
Advantages of Binocularity

- Two sensors for Detection

- Enhanced brightness and contrast sensitivity (Square root of 2) 
- Safety factor against injury or disease

- Enhanced and overlapping visual fields

- Stereopsis (most important)

Disadvantages

- Ocular motor problems

- Diplopia

- Asthenopia (Eye strain)

Depth Perception Defined

Spatial localization

The ability to orient oneself in space in relationship to one's environment

To localize the position of an object in space in relationship to one's self or to another object

- Critical in Piloting an Aerospace Vehicle

Working in 3 dimensional space

- Dynamic or moving situation

- Very limited in time due to high velocities

Depth Perception needed in 
Aviation Taxiing and parking 
Landing the aircraft

Formation and rejoins 
Aerial refueling

Visual Cues to Depth Perception
Monocular cues (two dimensional cues that are learned from experience, but are susceptible to visual illusion)

- Motion parallax (speed and direction of objects across retina)

- Overlay (Interposition)

- Retinal image size (Apparent size of familiar object)

- Aerial perspective (atmospheric conditions)

- Illumination perspective

- Linear perspective (parallel lines converge in distance)

- Texture gradient

- Apparent foreshortening

- Binocular Cues (Based on horizontal separation of the two eyes, i.e., retinal image disparity)

- Corresponding retinal points

- Object strikes each retina in same position, i.e, same visual direction (single image)

- Non-corresponding points give diplopia (double vision)
Horoptor

- Imaginary line in space running through the point of fixation and encompassing the locus of corresponding points

- An object in front of or behind the horopter line should be perceived as double (physiological diplopia). However, an object located only slightly off this line will be fused and perceived as single because of Panum's area

Panum's fusional area

- An area in the retina of one eye, any point on which, when stimulated simultaneously with a single specific point in the retina of the other eye, will give rise to a single fused image

- This single fused image can be extremely accurately localized in space. This relative spatial localization is called stereopsis

Stereopsis

- Binocularly visual perception of 3 dimensional space based on retinal disparity i.e., third degree fusion; binocular parallax

- Innate direct simple sensation of the depth dimension

- Not subject to visual illusion, very important in certain flying situations

- Very accurate in depth perception of objects nearer than 200 meters (600 ft) (at greater distances monocular cues dominate)

- Stereopsis is the only form of depth perception tested on the USAF physical exam (Form 88)

Test of stereopsis gives great deal of information

- Must have good visual acuity in both eyes to perceive small retinal disparity (no amblyopia)

- Eyes must have relatively equal refractive error (no anisometropia)

- Must have good motor fusion i.e., (no tropias) or muscle problem with central fixation

- USAF tests of stereopsis

Vision Screener (test of choice)

Stereo-optical vision tester 2300 or old B&L orthorater (VTA-ND) Must be able to discern thru group D (25 sec disparity) Projected depth test at optical infinity
Measures to 15 sec of arc binocular disparity (group F)

Class I applicants must pass the vision screener (Distance stereo)

Howard Dolman (available at USAFSAM)

- Must be able to align the rods to an average error of 30mm for five trials - Real depth test at 20ft

- Approximately 11 see of arc binocular disparity

Verhoeff (a near test, no longer used by USAF) Must answer all 8 presentations correctly Real depth test at near (1 m)

Approximately 16 sec of arc binocular disparity
Failure of Depth Perception (Stereopsis)

Common UPT/UNT applicant problem

Not well understood in field

- Numerous records show deficiencies in depth perception testing
Applicant failures often have test done improperly
- Flight surgeon should alert optometrist to follow paragraph A6.11 Depth Perception in AFI 48-123
USAF Depth Perception (Stereopsis) Standards

- Class I and IA - pass VTA-DP (25 sec of arc) A thru D

- Class II - Same as I and IA VTA-DP failure requires evaluation

- Class III -No standards except for Air Traffic Controller, Inflight Refuelers (They must pass VTA-DP thru D (25 sec of arc)

