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Visual acuity of the human eye

* The eye has a visual acuity threshold below
which an object will go undetected. This
threshold varies from person to person, but as
an example, the case of a person with normal
20/20 vision can be considered. As light enters
the eye through the pupil, it passes through the
lens and is projected on the retina at the back
of the eye. Muscles called extraocular muscles,
move the eyeball in the orbits and allow the
Image to be focused on the central retinal or
HOCER




rirsocular musshes




Photoreceptors of the eye

* The retina is a mosaic of two basic types of
photoreceptors: rods, and cones. Rods are
sensitive to blue-green light with peak
sensitivity at a wavelength of 498 nm, and are
used for vision under dark or dim conditions.
There are three types of cones that give us our
basic color vision: L-cones (red) with a peak
sensitivity of 564 nm, M-cones (green) with a
peak sensitivity of 533 nm, and S-cones (blue)
with a peak sensitivity of 437 nm.
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Cones are highly concentrated in a region near the center
of the retina called the fovea region. The maximum
concentration of cones is roughly 180,000 per square mm
in the fovea region and this density decreases rapidly
outside of the fovea to a value of less than 5,000 per
square mm. Note the blind spot caused by the optic

nerve which is void of any photoreceptors.
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* The standard definition of normal visual acuity (20/20
vision) is the ability to resolve a spatial pattern
separated by a visual angle of one minute of arc. Since
one degree contains sixty minutes, a visual angle of
one minute of arc is 1/60 of a degree = 1 min of arc.
The spatial resolution limit is derived from the fact that
one degree of a scene is projected across 288um of the
retina by the eye's lens.

In this 288um, there are 120 color sensing cone cells
packed. Thus, if more than 120 alternating white and
black lines are crowded side-by-side in a single degree
of viewing space, they will appear as a single gray mass
to the human eye. With a little trigonometry, it is
possible to calculate the resolution of the eye at a
specific distance away from the lens of the eye.




® For the case of normal visual acuity the angle
® is 1/60 of a degree. By bisecting this angle

; ; : ® :
we have a right triangle with angle = that is

1/120 of a degree. Using this right triangle it is
easy to calculate the distance X /2 for a given
distance d

X/2 =dtan®/2




* When visually inspecting an object for a defect
such as a crack, the distance (d) might be
around 12 inches. This would be a comfortable
viewing distance. At 12 inches, the normal
visual acuity of the human eye is 0.00349 inch.

What this means is that if you had alternating
black and white lines that were all 0.00349 inch
wide, it would appear to most people as a mass
of solid gray.




Resolution

* The resolution of the eye is its ability to
distinguish two neighboring objects.

* The theoretical limit for the human eye
resolution is given by Rayleigh criteria

* It depends of the wavelength of light

Rayleigh Criterion




* Rayleigh Criterion estimates the angle ( hence
the resolution D) by the relation:

9—1ZZA
= 1225

* For A=587.6 nm D ranges from 2 — 8 mm 0.090
<6< 0.358 mrad 0.3 <6< 1.23 minutes of arc




Rayleigh Criteria

.6 mm Pupil

Contrast 14%4

-10 -5 D 5 10
Position {mitrars)




Visual acuity -Formal definition

* Visual Acuity is a measure of the smallest detalil
that can be resolved by the visual system. There
are different types of acuity measures.




Visual acuity- Types

* Point Acuity — “Binary Star” test — typically 1
arcmin resolution.

* Vernier Acuity — Two lines slightly offset from
each other. Finds smallest detectable offset —

typically 10 seconds of arc, see figure




Visual acuity- Types

* Grating Acuity — Sinusoidal* or Square** wave
gratings are used to determine the smallest
separation between peaks that can be resolved.
Typically 2 arcmin.
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What are Sinusoidal and square
waves ?

* Asinusoidal wave is a wave expressed by a sine
function

* A square wave is a wave expressed in terms of a
periodic step function, or infinite sum of
sinusoidal waves ( Fourier series)




Visual acuity- Types

* Letter Acuity — Different Letters or Symbols
need to be recognized Typically 5 arcmin.

Landolt C Tumbling Es Lea




Visual acuity- Charts

* Visual Acuity Charts are designed so the 20/20 line
subtends 5 arcmin. 20/40 subtends 10 arcmin
20/10 subtends 2.5 arcmin




Stereo Acuity

* Given one object slightly closer than the other,
find the smallest separation that is resolvable.
Typically - 5 seconds of arc.




Visual Preformance

* Aspects:

e Resolution Limit e Pattern Detection e Pattern
Recognition ® Contrast Level e Color e Temporal

Response

e Conditions :

e [[lumination ® Monocular vs. Binocular e
Distance ® On-axis vs. Off-axis ¢ Single or multiple
targets e Literacy & Verbal ability




End of Lecture Il

See you next week ! *®




