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The retina, like other parts of the body, gets tired when it is in opposite positions,
and in the meantime, red light makes the eye more tired than green and blue. If
we stare at a small colored spot for a while and then look at the white pages
instead of the colored spot, we will see the complementary color of the colored
spot. In this way, the eye that is tired of the green color will see the color of the
magenta instead of green, and if the spot is red, the eye will see the cyan when
changing. The view of two-colored areas adjacent to each other changes under
different conditions, for example, yellow and red on a dark background are much
more visible than on a light background. This phenomenon is reversed for green
and blue. A white spot appears on the yellow background as blue and if it is on
the red background green and finally on the green background a pale pink. During
the day, eye sensitivity to colors will vary depending on the food a person
consumes. For example, eating carrots enhances vision in low light.

Introduction

W

hen we enter a dark place from a
very bright place, the perception of
colors gradually decreases to the
point that in very low light, the eye
can not recognize other colors. The
maximum sensitivity of the eye in the green light
area is 5500 angstroms and in weaker light the
sensitivity will be higher in the 5000-angstrom

area. Experiencing this phenomenon is not very
difficult because it is well understood that in
relatively low light blue color can still be seen as
blue while red color will be suffocated. This
phenomenon is used in photography and
cinema, and in scenes intended to visualize the
night, a predominant blue color covers most
colors. For this reason, judging a color photo
should be done in sufficient and complete light
[1].
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Abnormal vision and congenital eye defects
A professional photographer, especially when
working in color photography, must have
excellent visual acuity and color recognition. In
this regard, there are a number of congenital
defects that need to be recognized. People who
are called "color blind" ACHROMATOPE do not
recognize colors at all and see the world only in
black and white, but fortunately this defect is
extremely rare. In the eyes of people with
DALTONISME, some colors are not visible or will
be seen relatively weakly. It has different names
depending on which of the main colors is
difficult to distinguish. If it does not see red, it is
"PROTANOPE", if it has a visual impairment in
green, it is "DEUTERANOPE", and finally, if it is
not sensitive to blue, it is "TRITANOPE".
Basically, a person with color blindness cannot
be a good color photographer or color
photographer. It is noteworthy that a large
number of people are more or less suffering
from this defect, they have some degree of color
blindness without knowing it, and this
complication is discovered during a general and
systematic examination of the body. In terms of
heredity, color blindness is also inherited and
transmitted by the mother, and is usually more
common in men [2]. Given this information, it is
thought that those who want to pursue a career
in photography and work in color and
laboratory work need to have their eyes
thoroughly examined by an ophthalmologist
before making any decision. If they have this
defect, they should refrain from choosing the
photography profession. In the end, we conclude
that everyone's vision is different from each
other in seeing colors, and in addition, the way
the colors are placed next to each other and the
amount of brightness, etc., changes the color
vision. Therefore, the judgment of different
people, who firstly have different tastes and
secondly may have some degree of color
blindness, is different [1].
Light and color
A- Spectrum of visible light and wavelengths
According to international standards, light is
defined as: Light is the radiant energy that a
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human observer perceives through the sense of
sight, which is produced by the stimulation of
the retina.
Therefore, if we use this definition as the basis
of our work, since from the set of
electromagnetic spectra our eye can only see
wavelengths of 720-380 nm, only this part of the
radiant energy is called "light" and it is the only
part that gives the visible attribute to It takes
itself. As a result, the use of the two words "light
and visible" for other parts of the
electromagnetic spectrum should be avoided.
For example, instead of ultraviolet light and
infrared light, it is better to use the terms
ultraviolet and infrared. For some rays outside
the visible spectrum, terms such as black light or
invisible light are sometimes used, which should
be avoided because they cannot describe what
kind of energy is intended and are confusing.
And used the term "light" with any reasonable
adjective only for the visible spectrum. Now,
with this precondition, we examine the "nature
of light." Despite all the advances in science,
scientists have not yet been able to come up with
a comprehensive theory that defines the nature
of light and justifies all the behaviors of light.
What is certain is that light moves, but the
fundamental question remains, how does it
move? And what does it take on when it moves?
Over the past few centuries, attempts to answer
these and similar questions have led to two wellknown theories about light:
Particle Theory and Wave Theory
The truth is that neither of these two theories
alone explains all of light behaviors and only
explains some of them, and to escape this
dilemma, scientists use a combination of both
theories to justify light behaviors. In order to
take a picture of the objects and landscapes of
this world, in addition to various possibilities,
we need two basic tools: emulsion and radiant
energy. All parts of the electromagnetic
spectrum can be used as radiant energy to
produce images, provided that appropriate
emulsions are produced and used. For example,
X-rays can record images of objects and subjects,
provided that an emulsion that is sensitive to X-
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rays is prepared and used, and other steps are
followed. This example also generalizes to
infrared radiation and special infrared-sensitive
emulsions, and images can be obtained with this
tool [2]. But the most important thing about a
typical photograph is that the image it presents
of the world around it corresponds to our visual
experience of seeing the world and its
phenomena. For example, if we see the sky blue,
we must see it in the photograph, and for that
reason. Visible light and emulsion that is only
sensitive to visible light are used to produce
common photographs. The human retina
responds only to visible light (780-380 nm) from
different rays of the electromagnetic spectrum.
That is why our visual experience of seeing
world phenomena is formed by the presence of
visible light. Conventional photography uses
visible light and emulsion to which it is sensitive.
Therefore, in order for the images obtained in
this way to be in exact accordance with our
visual experience, not only is it necessary to
make an emulsion that is sensitive only to visible
light, but it must also react to different parts of
the visible light spectrum with the reaction of
the human eye. Fully conform to these parts of
the visible light spectrum [3].
The visible light spectrum ranges from about
400 to 700 nanometers. This means that
between these two extremes there are infinite
waves with different wavelengths greater than
400 nm and smaller than 700 nm. If we divide
this spectrum into seven main parts and
determine the exact amount of their wavelength
with a spectrophotometer and then shine the
relevant part on the human retina alone, one of
the seven famous colors in the visible spectrum
will be perceived. These seven colors from the
short wavelength side (from the side of 400 nm)
are: purple, blue, blue-green. Green. Yellow,
orange, red. White light will be perceived when
all wavelengths between 400 and 700
nanometers are approximately equal to each
other. In order to better understand the
spectrum of visible light and its different parts,
we can do the process mentioned in the previous
paragraph in another way.
As we can see in the picture, if we pass a beam
of white light through a glass prism, the light is
decomposed into a set of colors that together
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comprise
the
visible
spectrum.
This
decomposition of colors occurs because the
different wavelengths of light each refract to
different degrees they find [3]. Shortwavelength blue light fails more than longwavelength green and red light. The result is a
rainbow of colors ranging from dark purple to
dark red. Experiments have shown that human
observers can detect nearly 100 different colors
within this range. To know the reaction of the
eye to different wavelengths of the visible
spectrum, it is enough to look at the following
curve. This curve shows the results of an
experiment on 100 observers with natural color
vision of light perception at different
wavelengths of the visible spectrum. This curve
is the average of all responses obtained from
observers and shows the sensitivity of the eye to
different wavelengths of light, and from this
curve the following results can be derived:
A. According to the curve, the sensitivity of
the human eye to wavelengths shorter
than 400 and longer than 700 nm is
almost zero, and therefore these parts
are invisible to the human eye.
B. The response of the eye to all
wavelengths of the visible spectrum is
not the same. This sensitivity has an
upward trend from purple to green and
a downward trend from green to red.
C. The reaction of the eye to light - green is
more than all other parts of the
spectrum, so if an equal physical number
of different colors of light is presented to
an observer, the middle part of the
spectrum (green) is perceived most
clearly. And at the end of the spectrum
(blue and red) is much darker.
What is presented in this curve as a type of eye
reaction to the visible spectrum. As an
international standard reaction in light
measurement
[3].
(Standard
Response
Function) is accepted. Therefore, any measuring
device used to measure light must have a
Response Function or in other words a
Sensitivity Function similar to this International
Standard, and emulsions have a similar
sensitivity to What is said in this curve about eye
sensitivity should be relative to the wavelengths
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of the visible spectrum so that the resulting
image is consistent with our visual experience of
world phenomena and landscapes.
B: The main color indicators
Color has three distinct properties: Hue, Value,
and Chroma. The "hue" of a color is its name,
such as green or purple. We can also define Hugh
by the location of the color in the visible
spectrum. "Value" refers to Hugh's relative
intensity, such as light blue compared to dark
blue or the relationship between light and
darkness of a combined color. Brighter values
are often called Tines, and darker values are
called Shades. "Pham" refers to the degree of
saturation of the hue. We use these qualitative
features to compare and select colors. Because
the color-receiving cone cells in the human
retina are only sensitive to light-primary colors,
the eye and brain only perceive colors by their
dynamic comparison and contrast. We
experience color because of its relationship to
other colors [4-6].
C: Types of light colors
Each of the wavelengths of the visible spectrum
is seen in one of the colors purples, blue, bluegreen, green, yellow, orange, red, and اما, but this
wide range can be summarized in three lightmain colors.
These three light-colors, called "light-primary
or primary colors," are:
➢ Red (Red)
➢ Green
➢ Blue
Which is called RGB for short.
These three light-colors can be combined in
pairs or all three together, this mixture is called
"mixed" or "additive". From the mixture of equal
blue and red, light-color "Magenta" is produced.
From the equal combination of blue and green,
light-color "cyan" is produced and from the
equal combination of green and red, light-color
"yellow" is produced. These three lights - the
new color - are called "light - secondary colors":
➢ Yellow
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➢ Magenta
➢ Syan (Cyan)
Which is called YMC for short.
These three light-colors can be combined in
pairs or all three together, this mixture is called
"subtractive" or subtractive [7-9].
If all three light-complementary colors are
combined with equal intensity, black is
produced. From the equal combination of cyan
and magenta, light-blue color is obtained.
From the equal combination of cyan and
yellow, light-green color is created, and from the
equal combination of yellow and magenta, lightred color is created. Thus these 4 lights
1- primary and secondary colors - are
complementary
in
pairs
(complementary colors to both light colors that produce light - white in
combination with each other, is called
white), "yellow and blue", "magnets and
"Green" and "Red and Cyan" are
complementary.
2- To better understand these 6 lightcolors, they can be designed on a triangle
called the "Maxwell Triangle" so that the
three lights - the primary color on the
three vertices of the triangle and the
three lights - the secondary color on the
three sides of the triangle.
3- The light-color on each side is
complemented by the light-color on top
of the opposite side. The figure below
shows this triangle.
4- The degree and purity of light - the
resulting colors relative to the degree of
purity of light - are dependent colors that
combine. Red and blue will not produce
magnets unless the ratio and purity of
these are equal and constant. By slightly
changing the volume of the primary
colors, a range of light-secondary colors
with different degrees of saturation is
obtained.
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Color temperature and color reproduction
The amount of color emitted by a hard object
source is highly dependent on temperature. In
fact, light emitted from such a source can be fully
explained by the temperature (in Kelvin) at
which the source operates. Such a criterion is
called "color temperature". That is, in this
measure we have a radiant black body
(Black Body Radiator) is gradually heated and
step by step at different temperatures of
radiation is analyzed by a spectrophotometer
and determine the spectral and color properties
of the emitted light (determine what
wavelengths and in the emitted light Thus, at the
end of our work, we have a list of different
temperatures in Kelvin, each of which
represents a type of light with a specific spectral
characteristic. Below the criterion of "color
temperature" is described in more detail and is
discussed We start with the introduction of the
radiant black body [10]. The test that
determines the "color temperature" criterion
has a simple method, as mentioned in the
previous paragraph. We heat a hard object. The
hard object heats up and emits light at any
temperature with a specific color and spectral
quality, so the temperature of the hard body per
Kelvin unit can indicate the spectral properties
and color quality of the emitted light. In this
experiment we need a kind of hard object that
absorbs all the energy that is induced in it to
eliminate any errors and inaccuracies in this
experiment. The best and most suitable hard
object for this purpose is a radiant black body.
The "black body" is a hollow black sphere made
of steel with a small hole on it. The sphere is
enclosed in a chamber of molten and boiling
material. In such a way that the molten material
enters from one side covers the entire surface of
the ball and exits from the other side and heats
the ball in a completely uniform manner. As the
sphere heats up, little by little radiation, either
invisible or visible, comes out of the small hole
on the sphere. Regarding the structure and type
of radiation of a black body, it is necessary to
mention a few points:
A. The black body is completely black. This
is because if light shines on its outer or
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inner surface, it will be completely
absorbed and will not be mistaken for
light emitted by the black body itself
during the experiment. In fact, since the
inner surface of the sphere (black body)
is completely concave and black, any
light beam that enters the sphere
through the hole will be absorbed
immediately or after one or more
reflections. As a result, the hole will be
completely black, so when the walls of
the sphere become hot, they emit radiant
energy, which radiates out of the orbital
hole. This output radiation, called
blackbody radiation, is undoubtedly selfemitting and is not accompanied by any
other unwanted radiation.
B. The rays emitted by an object (hard
object) depend exactly on the "absolute
temperature of the object" and the
"radiative power of the object".
Emissivity is the amount of radiation of
an object per unit area. The reason that
the black body is used to determine the
Kelvin criterion is that the black body
has full radiance and therefore the type
of radiation emitted from this object
depends solely on the "absolute
temperature of the black body".
C. As the temperature of the black body
increases, the properties of the radiant
energy that are produced change
systematically. This concept can be seen
in the image below that as the
temperature increases, the curves go
higher, which indicates that the amount
of energy emitted at each wavelength
has increased. It is also evident that as
the temperature increases, it forms the
energy that emits the most. The shorter
the wavelength (the peak of the curves is
directed
towards
the
shorter
wavelengths). As the temperature
increases, the position of the curved
peak changes from the end of the long
infrared wavelength to the end of the
short ultraviolet wavelength. That part
of the emitted energy that is perceived as
light is a small part of the curve.
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D. The black body produces continuous
visible spectrum due to heating. In fact,
there is a perfect relationship in this
body, which is called the relationship
between heat and light. According to this
relation, the more the black body heats
up, the lighter it produces, and the
resulting visible spectrum, although it
tends to radiate shorter wavelengths, is
still continuous. Therefore, temperature
numbers related to the color
temperature criterion can be used and
accurately used for those light sources in
such a way that the sources in question
are similar to a black body in terms of
heat to light, they emit a continuous
visible spectrum (such as tungsten
lamps, solar lamps).
E. But there are some light sources that
create a discontinuous visible spectrum
and the color of the light emitted by them
has nothing to do with their operating
temperature (such as fluorescent
lamps). In these cases, the concept of
"correlated color temperature" is used,
to determine the color temperature of
one of these sources, we look at the
temperature at which the black body
produces visible light almost similar to
the light from these sources, and as a
result We consider that temperature as
the "approximate color temperature" of
the source. This concept also applies to
monochrome light sources [11-14].
So, the concept of "color temperature" can be
summarized as follows: When we say, for
example, that the color temperature of this
tungsten lamp is 3200 degrees Kelvin, it means
that it emits a light whose spectral structure and
color quality are similar to light. It is emitted by
a black body at a temperature of 3200 degrees
Kelvin. That is, with a full understanding of
"color temperature", numbers such as 3200
degrees Kelvin, when applied to a light, will be
expressive symbols for the photographer,
indicating what kind of light he is facing, what
color quality and spectral structure, and to
produce a color photograph with accurate
translation. What kind of emulsion should the
paints use? When the "color temperature" of a
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light source increases, the color of the light
emitted from the source changes from red to
white and then to blue. In fact, the color
temperature of a light indicates the degree to
which it tends to light - red or light - blue. The
higher the tendency towards light-red color, the
lower the color temperature will be, and the
higher the tendency towards light-blue color,
the higher the color temperature of light will be.
Often the actual color temperature of sources is
different from their nominal temperature due to
the influencers, so it is often necessary to use the
actual color temperature of these sources using
a color temperature sensor known as Kelvin
Manter. (Color Temperature Meter = Kelvin
Meter) measured [16]. The most common
Kelvin meters are known as two-color Kelvin
meters, which when measuring the color
temperature of light, compare the water energy
in the light with the red energy in it, and measure
the result either directly as color temperature
numbers (Kelvin numbers) or They present
indirectly through charts. These types of Kelvin
meters work well in daylight and tungsten (i.e.,
sources that produce a continuous spectrum are
used), but to measure the approximate color
temperature of sources with a discontinuous
spectrum of three-color Kelvin meters that
determine the temperature. Is used by
comparing all three lights - red, green and blue
in the light. To create any color image in which
the colors are translated correctly, the lightsensitive surface must match the light used in
terms of color temperature. Otherwise the
colors are translated incorrectly. That is, if the
light used has a color temperature of 3200
degrees Kelvin, a light-sensitive surface should
be used that is set to record such light. Only the
human eye is an exception to this rule and can
adapt to the temperature of different colors at
any time, and as a result, the human eye in
different lights often recognizes colors correctly,
and even a combination of several lights with
different color temperatures. Does not cause eye
problems [15].
In photography, emulsions that are
proportionate to the light must be used. If we use
daylight, we must use emulsions that are set to a
color temperature of 5500 degrees Kelvin
(which is the temperature of daylight).
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Otherwise, incorrect translation of colors will
take place. For this reason, in color photography,
different emulsions are made, each of which is
set to capture an image with a specific light (light
with a specific color temperature). These
emulsions include:
A) Emulsion type A (Emulsion type A)
This emulsion is formulated for use with light
with a color temperature of 3400 degrees
Kelvin. This type of color film, which is used only
This emulsion is formulated for use with light
whose color temperature is 5500 degrees
Kelvin. Since the most famous light that has such
a color temperature is daylight, this type of
emulsion is called daylight emulsion. This type
of color emulsion is produced with little
difference for both photography and cinema. In
color filmmaking, another non-professional
scale emulsion was used in the past, known as
the G-type emulsion, which could provide
almost accurate color translation if used with
light at temperatures between 3200 °K and 5500
°K. In fact, this type of emulsion was designed to
cover a variety of "color temperatures" from
3200 to 5500 degrees Kelvin, but this type of
coating and adaptation was not perfect, and the
color translation seemed almost correct, and
therefore There was no professional application
of this type of emulsion. This type of emulsion is
not very popular today [17].
Conclusion
In various imaging systems (photography,
filming, video shooting, digital photography),
among the possible color temperature sets, two
color temperatures are accepted as two
standard color temperature bases, which are:
3200 degrees Kelvin basis and 5500-degree
basis.
Therefore, it is tried that the lamps and
projectors that are produced have a color
temperature commensurate with one of these
two bases and the light-sensitive surfaces that
are made (color emulsions for photography and
filming. They are adjusted from these two bases
(in video and digital cameras it is possible to
choose both bases) thus all the tools produced
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in photography, is mostly produced for working
with photographic flaps (Flood Lamp).
B) Emulsion type B (Emulsion type B)
This emulsion is formulated for use with light
whose color temperature is 3200 degrees
Kelvin. This type of color film is produced with a
slight difference for both photography and
cinema.
C) Day light emulsion -D
(lamps, cameras, emulsions, related devices
such as color correction filters and color in terms
of) in terms of There is a certain standard that
makes them very easy to work with. If there is no
color temperature match between the light used
and the emulsion used (emulsion or any kind of
light-sensitive surface), the resulting image with
color distortion and incorrect translation of
colors. Will be found. If the light we use has a
color temperature higher than the emulsion
color temperature, a layer of blue will be added
to all the colors of the resulting image, and if the
light used has a color temperature lower than
the emulsion temperature, an orange layer will
be added to all the colors of the resulting image.
So the first step in capturing a color image
correctly is to choose an emulsion that matches
the color temperature of the scene with the
existing light, but sometimes this is not possible
and we are forced to use an emulsion that is
disproportionate to the existing light or a light
that is disproportionate to the existing emulsion.
In these cases, color temperature filters can be
used to compensate for this inconsistency. These
filters fall into two families:
Blue family: These are blue filters that
increase the color temperature of light. For
example, if we use light with a temperature of
3200 degrees Kelvin and type D emulsion (5500
degrees Kelvin), use a blue filter on the light or
on the lens. The camera can ensure the correct
translation of colors.
Orange family: These are orange filters that
reduce the color temperature of light. For
example, if we use light with a color temperature
of 5500 degrees Kelvin and a type B emulsion
(3200 degrees Kelvin), using an orange filter on

354

2021, Volume 5, Issue 1

the light or on the camera lens can ensure the
correct translation of colors.
Of course, each of these two families includes
different types of filters with different
concentrations, some of which cause major
changes and some minor changes in the color
temperature of light sources.
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