
Vision



Each sensory system responds maximally 

to a different form of physical stimulation.

Light is a particular form of electromagnetic 

radiation which produces in humans the 

sensory response called vision.

Light



The wavelength of electromagnetic energy 

can vary from trillionths of a centimetre to 

many kilometres in length.

The visible spectrum extends from violet at 

400 nm to red at 700 nm.

Light



The eye is capable of movements in 6 degrees of 

freedom (3 translations and 3 rotations), but most 

movement is limited to the three rotations of pitch, 

roll and yaw.

The Eye



Six striated muscles attached to the outside of 

the eye produce movement. Due to the geometry 

of the attachments, rotational movement about 

any one axis is accompanied by movements 

about the other two. We are not aware of these 

tilting movements of the view field because the 

brain cancels it from our consciousness.

The Eye



The eyes are spherical structures 

of about 20-25 mm in diameter.

The outer covering, which is seen 

as the white of the eye, is a strong 

elastic membrane called the sclera.

The Eye



The front of the eye contains a region 

where the sclera bulges to form a clear 

domelike window about 13 mm in 

diameter called the cornea.

The cornea acts as a simple fixed lens, 

gathering and focussing the light.

The Eye



Behind the cornea is a small chamber 

filled with a water-like fluid called the 

acqueous humor. This fluid is similar 

to the cerebrospinal fluid that bathes 

the inner cavities of the brain.

The Eye



A coloured membrane called the iris surrounds the 

central hole called the pupil.

In bright light the iris contracts until the pupil is as 

little as 2mm in diameter, while in dim light it will 

dilate to 8 mm. This is a sixteenfold change in the 

aperture area.

The Eye



Directly behind the pupil is the lens, the 

focussing element of the eye.

Since a single fixed lens would not be able 

to focus both near and far away objects, a 

process called accommodation varies the 

shape of the lens of the eye, thus varying 

the focal length.

The Eye



In the field of optics the distance from a lens to an 

object is normally specified in terms of its reciprocal 

called the diopter

where D is the distance in meters. Diopter values for 

some common viewing distances are given below.
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The ability to focus changes 

over time. From 16 years of 

age some cells of the inner 

layers of the lens die, making 

it less flexible. The resulting 

condition is called 

presbyopia, meaning old 

sightness. It consists of an 

increase in the minimum 

distance (the near point) at 

which an object can be held 

before becoming blurred.

The Eye

The eye of a 16 year old can normally accommodate a 

diopter range from 0 (lens in the relaxed flattened position) 

to about 10 (lens in the tensed rounded position). The 10 

cm near point of the 16 year old will gradually change until 

it reaches about 100 cm by age 60.



The lens of the eye is not perfectly 

transparent, it is tinted somewhat 

yellow and the yellowness increases 

with age. 

Differences between people in what 

is to be considered blue or green are 

often due to the yellowing of the lens 

with age.

The Eye



The example below illustrates how aging 

changes the the transmission of light 

through the eye. Since the nervous system 

adapts to the changing properties of the 

eye, the reduction in perceived luminance 

would be less than the pictures suggest. 

Nevertheless, the pictures give an idea of 

the amount by which the eye deteriorates.

The Eye
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The large chamber of the eye is filled with 

a jelly-like substance called the vitreous 

humor. This substance is clear, but some 

debris can seen floating in it when viewing 

a plain background.

The Eye



The back of the eye is called the retina. 

The word retina derives from the latin 

word for “ net”  because of the visible 

network of blood vessels.

The Eye



The retina contains about 130 million photoreceptors, 

special nerve cells that convert light energy into the 

energy of electro-chemical signals.

Of these, about 120 million are rods which respond to 

low-intensity light and provide black-grey-white vision. 

The remaining 10 million are cones which respond to 

coloured bright light.

The Eye



Rods and cones contain pigments which react with 

light releasing chemicals which open the receptor 

cell membrane to the inward flow of sodium ions.

This depolarisation creates the electro-chemical 

signal which is transmitted to the central nervous 

system.

Rods and Cones



The most important region of the retina is 

the fovea where the cone photoreceptors are 

located. It is the centre of colour processing.

The Eye



In order to transmit the image signals out of 
the eye, the axons of the retinal cells gather 
together at a single hole in the retinal and 
scleral walls. The axon bundle is called the 
optic nerve, and the point at which it exits is 
called the blind spot since there can be no 
visual response at that point.

The Eye



Photometry is the science of light measurement 

and photometric units are used to describe light 

stimuli. These units are based on the light emitted 

by a single standard candle whose nature and 

energy were fixed by an international body called 

the Commission Internationale de l’Eclairage (CIE).

Vision



Typical luminance levels 

experienced by humans.



At illuminance values above 0.1 lux colour is perceived. 

Vision in these conditions is called photopic and is 

mostly by means of the cone photoreceptors.

For illuminances from 0.01 to 0.1 lux we see colour from 

brighter objects (such as the sky) but only see shades 

of grey for the dimmer objects. This is called mesotopic

vision.

In light below 0.01 lux only black, white and shades of 

grey are perceived. This vision is called scotopic and is 

the work of the rod photoreceptors.

Vision



The differences between 

photopic and scotopic 

vision can be understood 

from the response 

thresholds of the 

photoreceptors.

Cone photoreceptors 

respond to the complete 

range of wavelengths but 

have a high threshold.

Rods respond to lower 

energy levels, but only 

function for long 

wavelengths in the violet-

blue-green region.
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Visual adaptation is the process by which 

the eye changes its sensitivity to deal 

with different intensities of illumination.

The process of adapting to a darker 

environment is called dark adaptation

while that to a brighter environment is 

called light adaptation.

Vision



Adaptation is accomplished by means of 

pupil adjustments, changes in the spatial 

summation of the photoreceptor signals 

and changes in the response properties 

of the individual rods and cones.

Vision



Adaptation from light to dark takes 

thirty minutes. People who suffer 

“ dark blindness”  have nonfunctional 

rods and can adapt only via cones.

Vision



If the horizon is void of visual clues the lens 

relaxes and focuses at a distance of about 1-2 

meters. This makes it difficult to notice far 

objects, a condition known as night myopia.

Night vision deteriorates with lack of oxygen. 

At 1,300 meters vision is reduced by about 5% 

while at 2000 meters the reduction is about 

20%.

Vision



When instrument panel illumination is restricted to 

wavelengths longer than 600 nm, it is mostly the 

photopic (cone) system which is exited. This leaves 

the scotopic (rod) system in its night adapted state 

for viewing objects outside the cockpit.

Red-yellow instrumentation was first used in night 

fighters during WWII and has since been adopted in 

many types of vehicles.

Vision



Adaptation to light is different from 

adaptation to darkness. Full adaptation 

to light is achieved within a few minutes.

Above 650 nm the spectral sensitivity of 

the cones is not very different during 

either dark or light conditions.

Light adaptation therefore consists of 

lowering the intensity of colours below 

650 nm from their night adapted state.
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Visual acuity refers to the ability of 

the eye to resolve details. The most 

common acuity test is the eye chart 

consisting of progressively smaller 

letters. The observer is asked to 

identify the letters, and the size of 

the smallest identifiable letter 

determines the acuity. A 6/6 acuity 

(20/20 vision) indicates that the 

observer is able to identify letters at 

a distance of 6 meters that a normal 

observer can also read at 6 meters. 

6/9 acuity means that the observer 

can read letters at 6 m that are large 

enough for a normal observer to 

read at a distance of 9 meters.



A more general means of specifying visual 

acuity is by means of the minimum visual 

angle that can be resolved.

A normal observer can resolve details of 1 

minute of arc, which is roughly the size of a 

coin at 80 meters distance.
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Visual acuity is not constant 

across the retina but is greatest in 

the fovea. Acuity is therefore best 

in the immediate direction of view.

Vision



Visual acuity is closely related to the brightness of 

the object. When illuminance is low (the scotopic

range) acuity is poor, and it improves only slightly 

with increasing intensity.

When the illumination shifts to the photopic range 

acuity improves rapidly. Improvement continues 

until the illumination is so high as to produce glare.
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Colour is not a unique property of the radiation 

energy of an object, but is rather a psychological 

interpretation experience.

A human looking at an object does not analyse 

the spectral composition of the light, and in fact 

what appears to be of identical colour may have 

different spectral contents.

The brain classifies the incoming signals from 

different groups of wavelengths and labels them 

as colours.

Colour



Colour-matching experiments have shown 

that the same perceived colour can be 

produced by mixing various combinations 

of three independent base colours (for 

example red, blue and green). For this 

reason human vision is called trichromatic.

Colour



In 1931 the Commission Internationale de 

l’Eclairage (CIE) standardised a procedure 

for specifying the colour of a stimulus. They 

used a colour space defined by the mixing 

of three primaries: red, blue and green.

Colour



Selecting colours actually existing in nature for the 

primaries would have made it impossible to 

represent any of the other pure tones. The problem 

was solved by selecting three artificial primaries

which are more saturated than any existing colour. 

This permits all real colours to be defined within 

the space of a colour triangle.

Colour



In the CIE system the proportions of red, green 

and blue must sum to 1.0 in any colour mixture.

If we know the proportions of green and red in a 

mixture we can subtract the sum from 1.0 to 

determine the proportion of blue. 
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Many people have problems discriminating 

colours. For example, there are three forms 

of dichromacy, depending on whether it is 

the red, blue or green responding cones 

which are inoperative. Such colour defects 

are genetically transmitted.

Just over 8% of all males show colour 

weaknesses whereas slightly less than 0.05 

percent of all females show similar defects.

Colour



While the colour of light can be precisely defined 

physically, the perception, interpretation and 

reaction to it is highly individual and variable.

Reaction to colours such as reds, oranges and 

yellows are usually “ warm”  and “ stimulating” . 

Violets, blues and greens are considered to 

generate sensations of “ calm”  and “ restfulness” . 

Weak colours are considered to be more distant 

than intense colours, etc.

For this reason, colour schemes are routinely 

applied to work objects and living areas.

Colour


