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11.6. The Perception Spectrum 
* Preface

Vision is traditionally understood as a person's ability to perceive information about the world around him by registering electromagnetic radiation by the eye receptors and its subsequent processing by the brain . Given the existence of the esoteric point of view, this type of perception can be regarded as a physical aspect of vision, since it is about receiving information about the physical world through the physiological processes taking place in the receptors of the eye. 
At the same time, there are people called clairvoyants, psychics et al., for whom we use the collective name of Sensitives. They have the ability to perceive phenomena and processes occurring in the Subtle Planes, which is called the internal vision, since this type of perception is not associated with the use of the eye receptors.

According to modern concepts, the physical vision is realized by the eye-brain system. But in terms of describing the mechanism of identifying colours and images, as well as the principles of their "memorization" and "recollection", the processes taking place in this system are understood quite poorly. Even less is understood the mechanism of internal vision, especially since it is not recognized as a canonical science.

In this study, we do not set the task of proving the existence of inner vision; on this account there are convincing evidences, and the question is only the unwillingness of representatives of canonical science to recognize the relevant facts. Also we are not going to explain its mechanism, which is the topic for a special study.
With respect to the adequate interpretation of the aura by its colour, the question of presence of a spectrum of colours perceived by physical and internal vision, and its correlation with the physical spectrum is of current importance. In this respect, it is necessary to distinguish the spectrum from the gamut of colours. A gamut is any sequence of colours. But if they are ordered according to the parameter that in some sense  determines them, then we can talk about the distribution of colours, and about the spectrum of colours, if this distribution has a linear form, and the parameter reflects the energy characteristic of the colour. 

For example, in the physical spectrum, the colours are ordered in frequency, while in the greyscale, representing the shades of gray in the range from black to white, – in brightness, and both these parameters determine the energy of the radiation.

We note at once that according to the descriptions of the Sensitives {( 11.5 – 11.7}, with the internal vision the colours are perceived in the same gamut as in the case of the physical vision, although some perceive them only in the greyscale, while others – in colours; and this difference presents an individual feature, due only to the degree of development of the mechanism of internal vision. This applies to the perception of the colours of the aura as well. That is why the question consists not in correlating the colours as such - in physical and internal perception the gamut of colours is the same, but in correlation of spectra.
As for the inner vision, the colours perceived in the Subtle Planes are explicitly related to the height of the vibrations, by which is meant the analogue of the frequency of the vibrations of the medium of  the involved Subtle Planes. Similarly, in relation to a human, since in the Subtle Planes his consciousness and desires are reflected in the colour of his aura and chakras {( 11.7}, and the higher  (or "thinner") the vibration, the higher the Plane in which his consciousness functions (this situation is qualified as the "refinement" of consciousness), and the higher the energy level of the person regarding his spiritual development and occult effectiveness.
In this respect, the distribution of perceived colours by the height of vibrations forms the Spectrum of Subtle perception {( 11.5.5.3.1} in which the main colours perceived by inner vision are indicated in the order DROYGBIVPW (for short – the DR–PW): from Black to Red, then the colours of the physical spectrum – up to Violet, and then – the Purple and White. However, at the initial stage of development of internal vision, colours are often perceived only in a greyscale. Therefore, both physical and internal perception can occur both in colours and in a greyscale, and the difference in these scales is not principal, since the grey tones correspond to the pure colours, from which they could be obtained  by decreasing their saturation  (Figs. 11.36, 11.37).
At this, the problem of constructing the spectrum of perception is that the gamut of colours perceived by consciousness is substantially wider than those that are represented in the physical spectrum: not in terms of the frequency of radiation, but in terms of perception, since some combinations of spectral colours characterized by certain frequencies of electromagnetic radiation are perceived as a new colour. It follows from this, that

To represent the spectrum of perception by colours ordered in frequency is not possible.
However, the problem could be solved if the colours are considered from the viewpoint of their generation (in computer, printing, etc.) and identification (by human eye) according to the RGB model inherent in human vision; and in this case we obtain, in particular, namely the spectrum of subtle perception, and the associate greyscale.  
11.6.1. Formulation of the problem

There is a physical understanding of colour as the frequency (or wavelength) of radiation. From this point of view, we consider the "visible" spectrum, which we called the physical spectrum (( 11.5.5.3), so as not to confuse it with what a person sees (( 11.6.3 - 11.6.6), because colours, as perceived by humans, differ from how they are identified by devices. And although the generally accepted concept of the perception spectrum does not exist, attempts at their standardization are being undertaken with respect to colours of perception for their use in printing, computer images and mathematical ranking ((11.6.5). So: 
– the person initially perceives light by eye receptors, and not according to its frequency, but by mixing information from receptors of three types, perceiving three colours – red, green and blue, that is, in the RGB system {( 11.6.5.1}, and with a significant shift of their frequencies (( 11.6.3);

– at this, the perceived colour is not necessarily to be generated by radiation of respective frequency (i.e. by a pure spectral tone): it also may represent a mixture of other colours. For example, as the yellow a person perceives both the pure spectral yellow, and a mixture of pure spectral red and green (Fig. 11.12);

– moreover, a person perceives some colours  being absent in the physical spectrum as the separate ones having special meaning; for example, the purple - as a mixture of pure spectral red and blue (Fig. 11.12).





Fig. 11.12. Three pure primary colours (Red, Green and Blue) and some perceived colours, obtained as a result of their mixing in various combinations

– Besides, depending on the level of brightness or other reasons, a person can perceive radiation not only in colours, but also in a greyscale, although using the receptors which differ from those perceiving the colours. Nevertheless, the greyscale in a certain way consistent with the order of colours of the perception scale, though none of its gray tints is represented in the physical spectrum. At this, the transition of perception from greyscale to colour scale, and vice versa, is not discrete. Therefore, it is also important to correlate the spectra comprising the grey and colour tones.

– Last, not the least, is that a person perceives colours not only with his eyes, but can restore them using memory, and some (Sensitives) – even perceive images "by inner vision." 

In this case, as Sensitivities testify, the mechanisms of perception based on the receptors of the eyes and Subtle bodies can function separately and in parallel.

For clarity, the mentioned three spectra are shown in Fig. 11.13. Remind, that the Perception spectrum (in the broad sense) is understood as a combination of Greyscale and Colourscale, and in the narrow sense – as the Colourscale, which originated as the representation of the Spectrum of Subtle perception.


[image: image2]
Fig. 11.13. Physical Spectrum in comparison with the Perception Spectrum 

which, in a broad sense, comprises the Colourscale and the Greyscale
D – (Dark as indefinite hue, approaching Black), R – (Red), O – (Orange), 
– (
), G – (Green),

B – (Blue), I – (Indigo), V – (Violet), P – (Purple or Lavender), W – (
)
Due to these facts, it is necessary to take into account that the perception of the colour information occurs in the person's consciousness, with the use of the interacting elements of the physical brain and Subtle bodies, whereas the received information may be presented in any of the two matched spectra - greyscale and colourscale.

So, one should not equate the spectral colours recorded by physical instruments according to their specific frequencies, and the colours of perception, how they are perceived and processed in the mind of a person. Accordingly, the colours of the aura, how they are perceived by clairvoyants, should not be unambiguously associated with the colours of the electromagnetic spectrum.
Therefore, it is necessary to construct a perception spectrum in which all colours perceived by a human in colours and greyscale are ordered in a certain way. And it is shown below  that if this order is chosen according to the known RGB colour model {( 11.6.5}, consistent with the physical spectrum, then it will also correspond to the occult order of colours specified in the Spectrum of Subtle perception, which, in the perception of clairvoyants, determine the growth of vibrations and evolutionary development of the monad as specified by the colour of aura, that may lie in the colour band {( 11.5.5.3.1} from dark red to purple-white and white. 

In this case, the frequency order of colours of the optical spectrum corresponds to the colours of the perception spectrum, and the level of spiritual and intellectual development of an individual.

At this, when lighting changes, the perception in colourscale shifts to perception in the greyscale, and without loss of qualitative information (the colours of a higher level are perceived as lighter grey tints). Note that all these colours, including dark tones (brown, and the limiting black), are also noted in separate areas of auras.

It is for these reasons that the perception spectrum (in a broad sense), by the primary colour of an aura, allows us to assess the level of evolutionary development of the person, whereas its hues determine other features of this person, including the health.

Hence, for the interpretation of changes in the auras of operators, that have occurred as a result of the passage of the Portal, to present not just a statement of fact, but a qualitative significance, it is necessary, first of all, to consider the mentioned aspects of the colour perception of the aura and chakra. And this section is devoted namely to constructing and studying of this perception spectrum.
11.6.2. Physical interpretation of colours

11.6.2.1. Physical Spectrum

Remind that in this work the term “Physical Spectrum” is used as the substitute for the conventional notion of “visible spectrum” with the aim to exclude confusion, since the colours of the perception spectrum are also visible. But in this explanatory paragraph, we use the accepted terminology.

The visible spectrum is the portion of the electromagnetic spectrum that is visible to the human eye. Electromagnetic radiation in this range of wavelengths is called visible light or simply light. A typical human eye will respond to wavelengths from about 390 to 700 nm {( Figs. 11.16 – 11.18}. In terms of frequency, this corresponds to a band in the vicinity of 430–770 THz.



Fig. 11.14. Sunlight is dispersed by a prism into the colours of the visible spectrum.

This whole band of these frequencies is contained in the Sunlight which sometimes is called the “white” light, but improperly, because, firstly, this light, by itself, is actually invisible until it illuminate some surface, and (2) the conventional “white” colour is absent in the visible spectrum, but can be reproduced by a mixture of several colours. Visible wavelengths pass through the "optical window", the region of the electromagnetic spectrum that allows wavelengths to pass largely unattenuated through the Earth's atmosphere. An example of this phenomenon is that clean air scatters blue light more than red wavelengths, and so the midday sky appears blue. 

The spectrum does not, however, contain all the colours that the human eyes and brain can distinguish. Unsaturated colours such as pink, or purple variations such as magenta {( 11.6.5.5}, are absent, for example, because they can be made only by a mix of multiple wavelengths. Colours containing only one wavelength (monochromatic light) are also called pure colours or spectral colours.

The visible spectrum is continuous, with no clear boundaries between one colour and the next. But historically, it is often divided into 7 bands traditionally bearing the names of monochromatic colours:

	Red
	Orange
	Yellow
	Green
	Blue
	Indigo
	Violet

	    
	    
	    
	    
	    
	    
	    


It is estimated that the average human  can distinguish  up to seven million different colours. 

But any choice of the frequencies for the representatives of these colours, as well as a division into bands is arbitrary; besides, in many languages there are a lot of synonyms for the names of colours. That is why there are standards of colours for computer monitors, polygraphy and other spheres {( 11.6.5.5}. 

11.6.2.2. Greyscale 
In photography, computing, and colourimetry, a Greyscale (Fig. 11.13), or Greyscale image (Fig. 11.15),  is one in which the value of each pixel is a single sample representing only an amount of light, that is, it carries only intensity information. Images of this sort, also known as black-and-white or monochrome, are composed exclusively of shades of Grey, varying from black at the weakest intensity to white at the strongest. 

Greyscale  images are distinct from one-bit bi-tonal black-and-white images, which in the context of computer imaging are images with only two colours, black and white (also called bilevel or binary images). Greyscale images have many shades of Grey in between.

Greyscale images can be the result of measuring the intensity of light at each pixel according to a particular weighted combination of frequencies (or wavelengths), and in such cases they are monochromatic proper when only a single frequency (in practice, a narrow band of frequencies) is captured. The frequencies can in principle be from anywhere in the electromagnetic spectrum (e.g. infrared, visible light, ultraviolet, etc.).

A colourimetric (or more specifically photometric) greyscale image is an image that has a defined greyscale colourspace, which maps the stored numeric sample values to the achromatic channel of a standard colourspace, which itself is based on measured properties of human vision.

* Greyscale  as single channels of multichannel colour images
Colour images are often built of several stacked colour channels, each of them representing value levels of the given channel. For example {( 11.6.5.1},  RGB images (Fig. 11.15) are composed of three independent channels for red, green and blue primary colour components; CMYK images {( 11.6.5.2} have four channels for cyan, magenta, yellow and black ink plates, etc. 
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Fig. 11.15. Composition of RGB from 3 Greyscale  images

Thus, Fig. 11.15 gives an example of colour channel splitting of a full RGB colour image. The column at left shows the isolated colour channels in natural colours, while at right there are their Greyscale  equivalences. The reverse is also possible: to build a full colour image from their separate Greyscale  channels.

11.6.3. Mechanisms of human perception of light
11.6.3.1. The basic modes of colour perception: Photopic, Scotopic and Mesopic vision
* Photopic vision is the eyesight under well-lit conditions (luminance level 10 to 108 cd/m2). In humans and many other animals, photopic vision allows colour perception, mediated by cone cells which are most sensitive to wavelengths of light around 560 nm (green-yellow) – See Figs. 11.16,17; that is during photopic vision, people are most sensitive to light that is greenish-yellow. The rod cells in these conditions do not operate. As well, it provides the highest visual acuity.
* Scotopic vision is the eyesight under low light conditions. The term comes from Greek skotos meaning darkness and -opia meaning a condition of sight. In the human eye, cone cells are nonfunctional in low light (due to insufficiency of light intensity) – scotopic vision is produced exclusively through rod cells which are most sensitive to wavelengths of light around 510 nm (green-blue), and are insensitive to wavelengths longer than about 640 nm (red) – See Figs. 11.16,17. Therefore, in scotopic vision, people are more sensitive to light which would appear greenish-blue.





Fig. 11.16. Spectral dependencies of the relative sensitivity of the human eye for Photopic vision (red line) and Scotopic vision (blue line)

The maximum sensitivity of day and night vision is reached at 555 nm and 507 nm, respectively

* Mesopic vision occurs in lighting conditions  (luminance level 10−3 to 3 cd/m²)  intermediate re to the Photopic and Scotopic vision (at Twilight).

Twilight is the illumination of the sky, that is created since the Sun descends several degrees below the horizon until the Moon, in its half phase,  raises high in a clear sky. To the twilight vision the vision in a dimly lit room (e.g. by candles) is related as well.

There is not one single luminescence value where photopic vision and scotopic vision meet. To the contrary, there is a wide zone of transition between them. Because it is between photopic and scotopic vision, it is usually called the zone of mesopic vision. The reason that the zone of mesopic vision exists is because the activities of neither cones nor rods is simply switched 'on' or 'off'. There are reasons to believe that the cones and the rods both operate in all luminescence conditions. The effect of switching from cones to rods in processing light is called the "Purkinje shift". 

At this, the perception is provided by a combination of scotopic and photopic vision cells; however, this gives inaccurate visual acuity and colour discrimination.

* Advantages and disadvantages of different modes of vision

# Features of Photopic vision compared to Scotopic one:

* Low photosensitivity. Its value is about a hundred times lower than with night vision. Due to the lower photosensitivity of cones cells compared to rod cells.

* High resolution (visual acuity). It is achieved due to the fact that the density of the arrangement of the cones on the retina of the eye is much higher than that of the rods.

* Ability to perceive colours. It is realized due to the fact that on the retina there are cones of three types that perceive light only from the frequency range inherent in their type.

# Features of Scotopic compared to Photopic one:
* High photosensitivity: about a hundred times higher than with day vision. Due to the greater photosensitivity of rods compared with cones.

* Low resolving power (visual acuity). The reason is that the density of the rods on the retina is much lower than that of the cones.

* There is no ability to distinguish colours. In low-light conditions, a colour blindness may occur.

#  Features of twilight vision in comparison with day and night vision:

* Variability of perceptions; changing the brightness of the background triggers transient processes in the eye receptors and in the brain, that are caused by redistribution in contribution of rods and cones in  perception of  colours.
* Changing the colour perception with decreasing background brightness (Purkinje effect); for example, red colours at dusk seem darker than green, and at night – almost black, while blue objects "become" lighter.

* Short-term "blindness" with a sudden change in illumination: when bright light hits the eyes after being in the dark, and when you exit from a brightly lit room into darkness.

11.6.3.2. Receptors of light perception: cone and rod cells

* Cone cells: the physiology of Colour perception
Colour vision is the ability of an organism or machine to distinguish objects based on the wavelengths (or frequencies) of the light they reflect, emit, or transmit. Colours can be measured and quantified in various ways; indeed, a person's perception of colours is a subjective process whereby the brain responds to the stimuli that are produced when incoming light reacts with the several types of cone cells in the eye. 
In very low light levels, vision is scotopic: light is detected by rod cells of the retina. Rods are maximally sensitive to wavelengths near 500 nm, and play little, if any, role in colour vision. 

In brighter light, such as daylight, vision is photopic: light is detected by cone cells which are responsible for colour vision. Cones are sensitive to a range of wavelengths, but are most sensitive to wavelengths near 555 nm. 

Between these regions, mesopic vision comes into play and both rods and cones provide signals to the retinal ganglion cells. 

Cone cells, or cones, are one of three types of photoreceptor cells in the retina of mammalian eyes (e.g. the human eye). They are responsible for colour vision and function best in relatively bright light, as opposed to rod cells, which work better in dim light. Cone cells are densely packed in the fovea centralis, a 0.3 mm diameter rod-free area with very thin, densely packed cones which quickly reduce in number towards the periphery of the retina. There are about six to seven million cones in a human eye and are most concentrated towards the macula. 
Cones are less sensitive to light than the rod cells in the retina (which support vision at low light levels), but allow the perception of colour. They are also able to perceive finer detail and more rapid changes in images, because their response times to stimuli are faster than those of rods. Cones are normally one of the three types, each with different pigment, namely: S-cones, M-cones and L-cones. Each cone is therefore sensitive to visible wavelengths of light that correspond to short-wavelength (S), medium-wavelength (M) and long-wavelength (L) light.photopsins Because humans usually have three kinds of cones with different , which have different response curves and thus respond to variation in colour in different ways, we have trichromatic vision. At the same time, there have been some verified reports of people with four or more types of cones, giving them tetrachromatic vision. 
These three types do not correspond well to particular colours as we know them. Rather, the perception of colour is achieved by a complex process that starts with the differential output of these cells in the retina and it will be finalized in the visual cortex and associative areas of the brain.

Thus, while the L cones have been referred to simply as red receptors, microspectrophotometry has shown that their peak sensitivity is in the greenish-yellow region of the spectrum. Similarly, the S- and M-cones do not directly correspond to blue and green, although they are often described as such. 
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Fig. 11.17. Normalized response spectra of human cones to monochrome spectral stimuli: responsiveness of short (S), medium (M) and long (L) wavelength cones compared to that of rods (R)

Table 11.6. Colour sensitivity of cones of human eye 

	Type of cone
	Name
	Range of wavelengths
	Colour name

	S
	β
	400–500 nm
	Blue 

	M
	γ
	450–630 nm
	Green 

	L
	ρ
	500–700 nm
	Red 


The rods are most sensitive to wavelengths of light around 498 nm (green-blue), and insensitive to wavelengths longer than about 640 nm (red). This is responsible for the Purkinje effect: as intensity dims at twilight, the rods take over, and before Colour disappears completely, peak sensitivity of vision shifts towards the rods' peak sensitivity (blue-green).



Fig. 11.18. Photopic relative brightness sensitivity of human visual system as a function of wavelength

Mechanics of colour perception. For colour perception, the brain combines information from all types of receptors, but there several theories {( 11.6.4} which try to explain how this perception is realized.  

For example, within the opponent process of colour vision it is assumed that the difference in the signals received from the three cone types allows the brain to perceive a continuous range of colours. Thus, the colour yellow, for example, is perceived when the L cones are stimulated slightly more than the M cones, and the colour red is perceived when the L cones are stimulated significantly more than the M cones. Similarly, blue and violet hues are perceived when the S receptor is stimulated more. Cones are most sensitive to light at wavelengths around 420 nm. However, the lens and cornea of the human eye are increasingly absorptive to shorter wavelengths, and this sets the short wavelength limit of human-visible light to approximately 380 nm, which is therefore called 'ultraviolet' light. People with aphakia, a condition where the eye lacks a lens, sometimes report the ability to see into the ultraviolet range. At moderate to bright light levels where the cones function, the eye is more sensitive to yellowish-green light than other colours because this stimulates the two most common (M and L) of the three kinds of cones almost equally. At lower light levels, where only the rod cells function, the sensitivity is greatest at a bluish-green wavelength.
Cones also tend to possess a significantly elevated visual acuity because each cone cell has a lone connection to the optic nerve, therefore, the cones have an easier time telling that two stimuli are isolated. Separate connectivity is established in the inner plexiform layer so that each connection is parallel. 

While it has been discovered that there exists a mixed type of bipolar cells that bind to both rod and cone cells, bipolar cells still predominantly receive their input from cone cells.

* Rod cells: the physiology of Greyscale perception  

Rod cells are photoreceptor cells in the retina of the eye that can function in less intense light than the other type of visual photoreceptor, cone cells. Rods are usually found concentrated at the outer edges of the retina and are used in peripheral vision. A human rod cell is about 2 microns in diameter and 100 microns long. However, rods have little role in colour vision, which is one of the main reasons why Colours are much less apparent in darkness. Rods are much more common than cones, with about 100 million rod cells compared to 7 million cone cells. 

Mechanics of night perception. Activation of a single unit of rhodopsin, the photosensitive pigment in rods, can lead to a large reaction in the cell because the signal is amplified. Once activated, rhodopsin can activate hundreds of transducin molecules, each of which in turn activates a phosphodiesterase molecule, which can break down over a thousand cGMP molecules per second. Thus, rods can have a large response to a small amount of light.

* As the result, the rod cells are more sensitive than cone cells: a rod cell is sensitive enough to respond to a single photon of light and is about 100 times more sensitive to a single photon than cones. Since rods require less light to function than cones, they are the primary source of visual information at night (scotopic vision). Cones, on the other hand, require tens to hundreds of photons to become activated. Additionally, multiple rod cells converge on a single interneuron, collecting and amplifying the signals. 

* However, this convergence comes at a cost to visual acuity (or image resolution) because the pooled information from multiple cells is less distinct than it would be if the visual system received information from each rod cell individually.

* Rod cells also respond slower to light than cones and the stimuli they receive are added over roughly 100 milliseconds. While this makes rods more sensitive to smaller amounts of light, it also means that their ability to sense temporal changes, such as quickly changing images, is less accurate than that of cones. 

* As the retinal component of rhodopsin is derived from vitamin A, a deficiency of vitamin A causes a deficit in the pigment needed by rod cells. Consequently, fewer rod cells are able to sufficiently respond in darker conditions, and as the cone cells are poorly adapted for sight in the dark, night-blindness can result.

11.6.4. Colour vision Theories: scientific approach and esoteric considerations
Two complementary theories of colour vision are the trichromatic theory and the opponent process . 

The former states that the retina's three types of cones are preferentially sensitive to red, blue, and green. The latter states that the visual system interprets colour in an antagonistic way: red vs. green, blue vs. yellow, black vs. white. 

Both theories are now accepted as valid, describing different stages in visual physiology, visualized in Fig. 11.19. Green ←→ Magenta and Blue ←→ Yellow are scales with mutually exclusive boundaries. 



Fig. 11.19. The modern model of human Colour perception as it occurs in the retina, pertaining to both the trichromatic and opponent process theories introduced in the 19th century

It is estimated that the average human can distinguish up to seven million different colours. 

11.6.4.1. The opponent process theory

The opponent process is a colour theory that states that the human visual system interprets information about colour by processing signals from cones and rods in an antagonistic manner. The three types of cones (L for long, M for medium and S for short) have some overlap in the wavelengths of light to which they respond, so it is more efficient for the visual system to record differences between the responses of cones, rather than each type of cone's individual response. 
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Fig. 11.20. Opponent colours based on experiment (a) and Diagram of the opponent process (b)
Brightness, Hue и Colourfulness – are the coordinates in the HSV system {( 11.6.5.3}

The opponent colour theory suggests that there are three opponent channels:
red versus green,   blue versus yellow,   and  
 versus 

(the last type is achromatic and detects light-dark variation, or luminance). Responses to one colour of an opponent channel are antagonistic to those to the other colour. That is, opposite opponent colours are never perceived together – there is no "greenish red" or "yellowish blue".

Besides the cones, which detect light entering the eye, the biological basis of the opponent theory involves two other types of cells: bipolar cells, and ganglion cells. Information from the cones is passed to the bipolar cells in the retina, which may be the cells in the opponent process that transform the information from cones. The information is then passed to ganglion cells, of which there are two major classes: magnocellular, or large-cell layers, and parvocellular, or small-cell layers. Parvocellular cells, or P cells, handle the majority of information about colour, and fall into two groups: one that processes information about differences between firing of L and M cones, and one that processes differences between S cones and a combined signal from both L and M cones. The first subtype of cells are responsible for processing red–green differences, and the second process blue–yellow differences. P cells also transmit information about intensity of light (how much of it there is) due to their receptive fields. 

11.6.4.2. The Trichromacy theory

Trichromacy or trichromaticism is the possessing of three independent channels for conveying colour information, derived from the three different types of cone cells in the eye.

Humans and some other mammals have evolved trichromacy based partly on pigments inherited from early vertebrates. In fish and birds, for example, four pigments are used for vision. These extra cone receptor visual pigments detect energy of other wavelengths, including sometimes ultraviolet. Eventually two of these pigments were lost (in placental mammals) and another was gained, resulting in trichromacy among some primates. Humans and closely related primates are usually trichromats.

Most other mammals are currently thought to be dichromats, with only two types of cone; e.g. the domestic dog. Some species of insects (such as honeybees) are also trichromats, being sensitive to ultraviolet, blue and green instead of blue, green and red. 

The explanation of trichromacy is that the retina contains three types of colour receptors (cone cells) with different absorption spectra (Fig. 11.17). In vertebrates with three types of cone cells, at low light intensities the rod cells may contribute to colour vision. 

Each of the three types of cones in the retina of the eye contains a different type of photosensitive pigment, which is composed of a transmembrane protein called opsin and a light-sensitive molecule called 11-cis retinal. Each different pigment is especially sensitive to a certain wavelength of light (that is, the pigment is most likely to produce a cellular response when it is hit by a photon with the specific wavelength to which that pigment is most sensitive). The three types of cones are L, M, and S, which have pigments that respond best to light of long, medium, and short wavelengths respectively. 

Since the likelihood of response of a given cone varies not only with the wavelength of the light that hits it but also with its intensity, the brain would not be able to discriminate different colours if it had input from only one type of cone. Thus, interaction between at least two types of cone is necessary to produce the ability to perceive colour. With at least two types of cones, the brain can compare the signals from each type and determine both the intensity and colour of the light. For example, moderate stimulation of a medium-wavelength cone cell could mean that it is being stimulated by very bright red (long-wavelength) light, or by not very intense yellowish-green light. But very bright red light would produce a stronger response from L cones than from M cones, while not very intense yellowish light would produce a stronger response from M cones than from other cones. Thus trichromatic colour vision is accomplished by using combinations of cell responses.

11.6.4.3. Discussion

While the trichromatic theory defines the way the retina of the eye allows the visual system to detect colour with three types of cones, the opponent process theory accounts for mechanisms that receive and process information from cones. Though the trichromatic and opponent processes theories were initially thought to be at odds, it later came to be understood that the mechanisms responsible for the opponent process receive signals from the three types of cones and process them at a more complex level. 

Both theories are now accepted as reliable, but they are attributed to different stages of the physiology of vision, believing that they to some extent complement and exclude each other. But in fact both these theories describe which biological structures and in what sequence are involved in receiving radiation and colour perception, referring to the question of the functional transformation of input information into a colour image only indirectly, and generally speaking nothing about the formation and even more so - of storing the image. 

From the esoteric point of view, the brain processes the information conjointly with the Subtle bodies of a human; in particular, the visual information is stored in subtle Plans, and the consciousness accesses them  when "recalling" the required object.

At the same time, without considering a number of circumstances related to the perception of colour images on the basis of physical and internal vision, it is clearly premature to talk about the completeness of the theory of colour vision, even with respect to the composition of the visual system elements. The generalization of these features of human vision is formulated in the form of the following main provisions.

( The receptors, information from which in the upshot is perceived in colour, are represented not only by the cone and rod cells of the eye
FIRST, the existence of coloured dreams suggests that the person has other channels, besides the eyes, for obtaining of displayable information; at this, the existence of prophetic dreams and visionaries who receive their revelations in a dream (for example, E. Cayce), not allow to reduce such perceptions only to a "game of the mind" or to receiving information from the "memory of what has already been seen," although it does not deny such possibility. The author of these lines also has his own experience of verified telepathic transmission of information and a warning about the mortal danger under specific circumstances with the visualization of the scene of the incident that arose in a dream. But canonical science does not even consider such an opportunity.

Second, the existence of other channels, apart of  eyes, for obtaining of displayable information is evidenced by the testimony of Sensitives and clairvoyants who, through the inner sight, are able to visualize in their minds a wide range of phenomena – the past and the future, human organs and much more, which in many cases is easily verified.

From the esoteric point of view, both these situations are associated with the same process of interaction of consciousness with Subtle Planes. The difference is that in "ordinary" people these abilities manifest themselves almost exclusively in a sleep, whereas in the waking consciousness,  such perceptions are realized just partially, or not realized at all – because of the underdevelopment of the system of interaction of the Subtle bodies with the Subtle Planes.

Clairvoyants are most often capable of such interaction in a waking state, thanks to their ability to focus consciously on the interaction with the Subtle Planes, in which information about the past is stored, as well as an outlook for future development [37].

But in both cases, in order for these images, perceived in the Subtle Planes, to pass into the waking consciousness, it is seemingly necessary that the received information to come to the physical brain, more precisely - to that part of the visual system that is responsible for converting the information received from the receptors (in the case of physical vision, they are the eyes).

Meanwhile,  the literature relating to different types of yoga and healing tells that on receiving of information from the Subtle Planes  the so-called "third eye" (Ajna chakra associated with the pineal gland) may also act as a visual receptor. Moreover, in trustworthy esoteric sources it is pointed out that similar perceptions can occur due to operation of other chakras as well; in particular – owing to the parietal centre ("bell", or chakra Sahasrara), "chalice", etc. {( [23], 11.7}

( A person has a single centre of colour perception

But if there are different sources of input information, then should there be different organs of its final imaging? As the following shows, there are no obvious grounds to assert this.

First, the colours in which the Sensitives perceive the Subtle Plane images (from black to white, including the physical spectrum and purple tones), coincide with colours perceived by the person in a state of waking consciousness. Therefore, it would be unnatural if a person had several centres for perceiving colour, and each gave the same effect.

Third, while speaking on the perception of colours, we cannot leave aside the issue of storing information about them, since perception involves a mapping not only of what is happening at a given moment, but also  recalling of the past, and, sometimes, a vision of the future. 

And then immediately there is a fundamentally important question about where the information is stored about the images perceived in the state of wakefulness, as well as about dreams, the volume of which, given the data on colour and shape, and the dynamics of events, is really too large for it to be able be stored in the brain; in any case, there is no data on the physical organ of the brain, which would ensure its storage.

The Canonical science prefers not to raise these questions, and therefore does not give an answer to them.

From the Esoteric point of view, this "common centre" of processing colour information combines the work of the above-mentioned bodies of the physical brain, as well as some glands associated with the corresponding formations in the Subtle bodies (chakras, etc. {( 11.7}). The information to this centre can come through different channels (from eyes, chakras, etc.), and also "memorized" in the Subtle Planes (e.g. in the Akashic records), from where it can be read as necessary (what we perceive as "Recalling") and transmitted to the centre of perception, which can reflect it in a Subtle perception and in a state of waking consciousness.

And it would be strange to expect that for several channels of storing and recalling of the same information about colour patterns of wakefulness and sleep, and in broad terms - and contacts in the Subtle  Planes it was used not one centre of perception, but several, as this would require their coordination, which in essence means the creation of a single centre. From the impossibility of storing this information in the physical brain itself, it also follows that this centre itself cannot represented a physical part of the brain. In general, an interaction of the physical and Subtle elements of this perception system can seemingly be outlined as follows.

Even in the physical Plane of channels receiving information from the receptors apparently no less than two, as evidenced by the ability of some people to perceive colour by hands. Thin worlds are heterogeneous in their vibrations, and therefore it is quite natural that interaction with the Astral, Mental and Buddhic Planes is carried out with the help of those chakras that are tuned to the level of the vibrations that correspond to these Planes.

Besides, if we take into account that the opening of the chakras in a person occurs in the order of the height of the vibrations, it becomes clear why the majority of the Sensitives perceive the astral Plan, and only sometimes - the Mental one, while the people of high spirituality are able to perceive information, including colour, from the Buddhic Plane. Since the level of the Plane determines the accuracy and term of forecast [37], it also explains why only people of high spirituality are able to predict events most accurately and for the longest period.

( Colour information is perceived in several spectra

As it was shown above, already at the primary stage, a person perceives colours not in the frequency that corresponds to them in the physical spectrum, but through a colour model such as RGB, Greyscale, or their composition; moreover, as separate, non-spectral colours such as white and magenta are also perceived. Therefore, awareness of colours is a non-trivial process associated with the use of complex and  unclear algorithms for processing video data. And from this point of view, the existence of several centres of colour perception is more than doubtful, since it would require duplication of complicated colour data recognizing systems.

On the other hand, it is the unity of colour models for different perception channels that simplifies the work of such a centre. Therefore it is not surprising that when a human is sleeping or seeing internally, or keeping awake, a person perceives the world in the same colours; theoretically, these colours are subjective, but actually – they follow the universal colour model.

* Summary

As shown above, the perception spectrum contains colours of two types: "pure" colours of the physical spectrum and composite colours obtained by mixing the former. But this classification is too rough to be useful, since the depth of a tone, even in a spectral colour, can differ in saturation, giving rise, for example, to a gamut of colours ranging from bright red to pinkish white or grey. To this end we may remind that a person is able to recognize up to a million colours.

In this respect, the spectrum of colours, taking into account both the tone and shades reaching the greyscale, is not only not one-dimensional (from red to violet), but in general – three-dimensional. There are several mathematically equivalent formal descriptions (models) of such spectra, among which is the RGB model corresponding to the organization of human colour vision, which, in particular, gives all colours of the perception spectrum, i.e. all colours perceived by man, including grey tints.

In other words, the perception of colours and their tints by a man takes place not by one parameter, as  in case of physical instruments where the colour is identified by the frequency of the radiation, but by a mixture of colours or by shades of grey.

Moreover, at a bright illumination a colour spectrum of perception is used as the only one, at twilight – together with the Greyscale, and in low light conditions it should not be used at all, giving way to the Greyscale only.

From this point of view it would be wrong to deprive the independent significance of the colours (purple, white and other, including their shades), which are perceived by human as separate, only on the grounds that they are absent in the physical spectrum, and on this reason not to include them in the perception spectrum.

In support of the validity of this provision, colour models widely used in computers and in printing, which in essence represent the spectrum of perception, also testify. Therefore, in order to properly assess the structure of the perception spectrum in a broad sense, it is necessary to analyze these models and the considered features of visual perception of a person. To this end, we turn to the consideration of colour models.

11.6.5. Additive colour models
A colour model is an abstract mathematical model describing the way colours can be represented as tuples of numbers, typically as three or four values or colour components. When this model is associated with a precise description of how the components are to be interpreted (viewing conditions, etc.), the resulting set of colours is called colour space. 
11.6.5.1. The RGB colour model

The RGB colour model is an additive colour model in which Red, Green and Blue light are added together in various ways to reproduce a broad array of colours, actually – all the colours perceived by a human eye. The name of the model comes from the initials of the three additive primary colours: Red, Green, and Blue.

The main purpose of the RGB colour model is for the sensing, representation and display of images in electronic systems, such as televisions and computers, though it has also been used in conventional photography. Before the electronic age, the RGB colour model already had a solid theory behind it, based in human perception of colours.

Typical RGB input devices are colour TV and video cameras, image scanners, and digital cameras. Typical RGB output devices are TV sets of various technologies (CRT, LCD, plasma, etc.), computer and mobile phone displays, video projectors, and large screens such as JumboTron. 

On the other hand, colour printers and graphic arts equipment, which are intended to apply colours on a physical surface,  are not RGB devices, but subtractive colour devices that  typically use the CMYK colour model {( 11.6.5.2}. 

* Additive colours
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Fig. 11.21. Additive colour mixing: adding red to green yields yellow; adding red to blue yields magenta; adding green to blue yields cyan; adding all three primary colours together yields 

To form a colour with RGB, three light beams (one red, one green, and one blue) must be superimposed (for example by emission from a black screen or by reflection from a white screen). Each of the three beams is called a component of that colour, and each of them can have an arbitrary intensity, from fully off to fully on, in the mixture. 

By quantizing these intensity levels, we obtain the numerical presentation of any colour (Fig. 11.22)

* Subtractive colour model. The RGB colour model is additive in the sense that the three light beams are added together, to make the final colour. This is essentially opposite to the subtractive colour model that applies to paints, inks, dyes, and other substances whose colour depends on reflecting the light under which we see them. Because of properties, these three colours create white, this is in stark contrast to physical colours, such as dyes which create black when mixed.

Zero intensity for each component gives the darkest colour (no light, considered the black), and full intensity of each gives a 
. When the intensities for all the components are the same, the result is a shade of Gray, darker or lighter depending on the intensity. When the intensities are different, the result is a colourized hue, more or less saturated depending on the difference of the strongest and weakest of the intensities of the primary colours employed (See below).

* Secondary colour. When one of the components has the strongest intensity, the colour is a hue near this primary colour (reddish, greenish or bluish), and when two components have the same strongest intensity, then the colour is a hue of a secondary colour (a shade of cyan, magenta or yellow). A secondary colour is formed by the sum of two primary colours of equal intensity: cyan is green + blue, magenta is red + blue, and yellow is red + green.  

* Complementary colours. Every secondary colour is the complement of one primary colour; when a primary and its complementary secondary colour are added together, the result is 
:

cyan complements red,    magenta complements green,   and yellow complements blue.

* Physical principles for the choice of the primary colours (red, green, and blue)

The choice of primary colours is related to the physiology of the human eye; good primaries are stimuli that maximize the difference between the responses of the cone cells of the human retina to light of different wavelengths.
* Numerical representations of colours

A colour in the RGB colour model is described by indicating how much of each of the red, green, and blue is included. The colour is expressed as an RGB triplet (r, g, b), each component of which can vary from zero to a defined maximum value (Fig. 11.22).

If all the components are at zero the result is Black; if all are at maximum, the result is the brightest representable 
.
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Fig. 11.22. A typical RGB colour selector in graphic software. Each slider ranges from 0 to 255
In computers, the component values are often stored as integer numbers in the range 0 to 255, the range that a single 8-bit byte can offer. These are often represented as either decimal or hexadecimal numbers.

As a whole, it is a 256-cube presented in Fig. 11.23.b: 8 bits in three colour channels with values of     0 – 255 for each of the R, G, and B primaries.

* Web colours are colours used in displaying web pages, and the methods for describing and specifying those colours. Colours may be specified as an RGB triplet or in hexadecimal format (a hex triplet) or according to their common English names in some cases. A colour tool or other graphics software is often used to generate colour values. A colour is specified according to the intensity of its red, green and blue components, each represented by eight bits. Thus, there are 24 bits used to specify a web colour within the sRGB gamut, and 16,777,216 colours that may be so specified.
Sometimes a larger or smaller number of brightness values is used, but this only affects the number of gradations of colour; for example, double-byte colours are used. Thus, high-end digital image equipment are often able to deal with larger integer ranges for each primary colour, such as 0…1023 (10 bits), 0…65535 (16 bits) or even larger, by extending the 24-bits (three 8-bit values) to 32-bit, 48-bit, or 64-bit units. 

For example, brightest saturated red is written in the different RGB notations as:

	Notation
	RGB triplet

	Digital 8-bit per channel
	(255, 0, 0) or sometimes #FF0000 (hexadecimal)

	Digital 12-bit per channel
	(4095, 0, 0)

	…
	…


* A hex triplet is a six-digit, three-byte hexadecimal number used in HTML, CSS, SVG, and other computing applications to represent colours. The bytes represent the red, green and blue components of the colour. One byte represents a number in the range 00 to FF (in hexadecimal notation), or 0 to 255 in decimal notation. This represents the least (0) to the most (255) intensity of each of the colour components. Thus web colours specify colours in the True Colour (24-bit RGB) colour scheme. The hex triplet is formed by concatenating three bytes in hexadecimal notation, in the following order:

Byte 1: red value; Byte 2: green value; Byte 3: blue value.

* Geometrical representations of colours

Elementary area, painted in the desired colour, is a pixel, which is perceived by eye as a point. To give any colour to an arbitrary area, all its constituent pixels are to be coloured. Therefore, it is sufficient to consider how a single pixel is coloured.

To set the required colour tone in the pixel, three colours are simultaneously initiated on the screen - red (R) green (G) and blue (B), each of which can take one of the values in the specified range. Most often this range is defined by values from 0 to 255.
Thus, the colour in the RGB cube is given by the vector (i, j, k), which determines the brightness of  the red, green, and blue components of the model, respectively. In this case, the total number of colours and hues  is  2563 
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 17 million, which is quite enough for most practical needs.

If these numbers are considered as components of the vector (i, j, k), which determine the number of the interval within which the brightness retains a fixed value, then two such numbers in the plane define a square (a pixel with a side equal to the length of the interval), and three numbers in three-dimensional space defines an elementary "cube"; in both cases, the square and the cube are coloured in one colour, determined by the values (i, j, k).

Since the sizes of the cubes are small and their number is large, we can approximately assume that the triples of numbers (i, j, k) give points of three-dimensional space; in particular, it can be done for illustrative purposes when using the geometric concepts related to the coordinate system.

Such a coordinate system is shown in Fig. 11.23.a., the formation of one-colour cubes – at Fig. 11. 23.b, and the outward appearance of the colour cube for all values of the indices – in Fig. 11.23.c.


[image: image15]
Fig. 11.23. RGB coordinate system (a) and its reflection in discrete (b) and continuous (c) colour cube

The horizontal x-axis as red values increasing to the left, y-axis as green increasing to the right and the vertical z-axis as Blue increasing towards the top. The origin (0, 0, 0) is the vertex D (determining the black) being hidden from view; the farthest point from the origin with the coordinates (255, 255, 255) is the vertex W (determining the 
).

The diagonal DW, shown in grey dotted line, specifies a Greyscale (or a scale of "grey" colours);    in its vicinity inside the cube, the elementary grey cubes are coloured in tones of adjacent colours.

The main features of this colour cube are as follows.

* Greyscale 

1. The origin of the coordinates (0, 0, 0) corresponds to a black cube (D), since in all coordinates the brightness is equal to zero.

2. The point with the maximum coordinates (255, 255, 255) corresponds to a white colour cube (W), because in all coordinates the brightness coincide and have the maximum value.

3. The main diagonal DW (or more precisely – the elementary cubes located on it) corresponds to the Greyscale, because all the brightness coordinates coincide (i = j = k), but their values ​​ differ from the maximum; they are all the more light, the greater the values ​​of i, j and k. Near this diagonal are the hues of grey, more precisely – the tones of an unsaturated colour (Fig. 11.28).

* A set of synthetic colours

As a result of mixing the primary colours, both spectral colours and those that are absent in the physical spectrum are obtained. In addition to the grey, this is a group of purple tones {( 11.6.5.5}, resulting in a mixture of blue and red. In Fig. 11.23.b, c  they are visible in the upper left corner of the cube. 

* Note that the colour cube shown in Fig. 11.23, reflects the set and relationship of colours not only in the RGB model, but also their contiguity in the sense of the continuity of the transitions from tone to tone in other models {( 11.6.5.3}. In this respect, this cube represents not just a set of colours, but a kind of invariant characterizing the interrelation of the colours themselves, and in fact a three-dimensional perception spectrum, since the colours in it are ordered in respect with the growth of frequency of vibrations of  Subtle energies.

However, this distribution of colours can also be represented as a two-dimensional, and even a linear parametric distribution, which is an analogue of the physical optical spectrum. For this it is convenient to use the colour model HSV, which treats the same colour cube, but in a cylindrical coordinate system.

11.6.5.2. The CMYK colour model

The CMYK colour model  (process colour, four colour) is a subtractive colour model, used in colour printing, and is also used to describe the printing process itself. CMYK refers to the four inks used in some colour printing: cyan, magenta, yellow, and key (black). Although it varies by print house, press operator, press manufacturer, and press run, ink is typically applied in the order of the abbreviation.

The "K" in CMYK stands for key because in four-colour printing, cyan, magenta, and yellow printing plates are carefully keyed, or aligned, with the key of the black key plate. 
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Fig. 11.24. When CMY “primaries” are combined at full strength, the resulting “secondary” mixtures are red, green, and blue. Mixing all three gives an imperfect black or a perfect grey
The CMYK model works by partially or entirely masking colours on a lighter, usually white, background. The ink reduces the light that would otherwise be reflected. Such a model is called subtractive because inks "subtract" brightness from white.

RGB  vs. CMYK model. In additive colour models, such as RGB, white is the "additive" combination of all primary coloured lights, while black is the absence of light. In the CMYK model, it is the opposite: white is the natural colour of the paper or other background, while black results from a full combination of coloured inks. To save cost on ink, and to produce deeper black tones, unsaturated and dark colours are produced by using black ink instead of the combination of cyan, magenta, and yellow.

11.6.5.3. RGB model and its HSV and HSL representations

* Coordinate system
HSL (Hue, Saturation, Lightness) and HSV (Hue, Saturation, Value) are two alternative representations  of the RGB colour model (viz. other coordinate systems for the same cube in Fig. 11.25), designed by computer graphics researchers to more closely align with the way human vision perceives colour-making attributes. In these models, colours of each hue are arranged in a radial slice, around a central axis of neutral colours which ranges from black at the bottom to white at the top (Figs. 11.25, 11.27). 
The HSV representation models the way paints of different colours mix together, with the saturation dimension resembling various shades of brightly coloured paint, and the value dimension resembling the mixture of those paints with varying amounts of black or white paint. 

The HSL model attempts to resemble more perceptual colour models such as NCS or Munsell, placing fully saturated colours around a circle at a lightness value of 1/2, where a lightness value of 0 or 1 is fully black or white, respectively.
HSL and HSV are both cylindrical geometries (Fig. 11.26), with hue, their angular dimension, starting at the red primary at 0° (Fig. 11.28), passing through the green primary at 120° and the blue primary at 240°, and then wrapping back to red at 360°. At this, in both models the point D (Black) is, so to say, “extended” into the bottom disc, and in the HSL model  the point W (
) is also extended into the top disc). In each geometry, the central vertical axis comprises the neutral, achromatic, or gray colours, ranging from black at lightness 0 or value 0, the bottom point D, to white at lightness 1 or value 1, the top (point W).
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Fig. 11.25. The stages of conversion of the RGB cube into various forms of the HSL and HSV models
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Fig. 11.26. HSL cylinder (a) and HSV cylinder (b)
( In both geometries, the additive primary and secondary colours – red, yellow, green, cyan, blue and magenta – and linear mixtures between adjacent pairs of them, sometimes called pure colours, are       arranged around the outside edge of the cylinder with saturation 1. 
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Fig. 11.27. If we plot hue and (a) HSL lightness or (b) HSV value against chroma rather than saturation, the resulting solid is a bicone or cone, respectively, not a cylinder
Such diagrams often claim to represent HSL or HSV directly, with the chroma dimension deceptively labelled “saturation”. Confusingly, this is blurring or erasing the distinction between saturation and chroma.  
HSV and HSL are both widely used in computer graphics, particularly as colour pickers in image editing software. The mathematical transformation from RGB to HSV or HSL could be computed in real time, even on computers of the 1970s, and there is an easy-to-understand mapping between colours in either of these spaces and their manifestation on a physical RGB device.

* HSV Colour model in the cylindrical coordinate system
* The geometrical correlation between the RGB model and the models HSL and HSV. The HSL, HSV, and related models can be derived via geometric strategies, or can be thought of as specific instances of a “generalized LHS model”. The HSL and HSV model-builders took an RGB cube – with constituent amounts of red, green, and blue light in a colour denoted R, G, B 
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 [0, 1] – and tilted it on its corner (Figs. 11.25,28) so that Black (D) rested at the origin with 
 (W) directly above it along the vertical axis, then measured the hue of the colours in the cube by their angle around that axis, starting with red at 0°. Then they came up with a characterization of brightness/value/lightness, and defined saturation to range from 0 along the axis to 1 at the most colourful point for each pair of other parameters. 

* The cylindrical coordinate system (Fig. 11.28.a) is a three-dimensional coordinate system in which the coordinates of the point P in three-dimensional space are given by a triple of numbers (
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     – the distance from the origin O to the point P' – the projection of P onto the plane Oxy;
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<360º  – angle between the axis Ox and the segment OP';

z 

     – is equal to the z-coordinate of point P, i.e. its height above the plane Oxy.
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Fig. 11.28. The point P (a) and the colour cube (b) in cylindrical coordinates 
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a – the position of point P illustrates the cylindrical coordinates;  

b – the colour cube rests on its vertex D coinciding with the Origin О(
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). The axis Oz coincides with the cube’s diagonal DW. Below, the projections of the corners of the cube onto the base plane Oxy are indicated by respective coloured dots. The axis Ox passes through the vertex 
[image: image32] (255, 0, 0). The sections of this cube, apart from the shown hexagon, are presented in Fig. 11.29.
Thus without changing the colours and relative positions of elementary cubes of the RGB model (Fig. 11.23.b), you can specify their coordinates in a cylindrical coordinate system so that its origin O coincides with the point D (Black) having the RGB coordinates (0, 0, 0), and the axis Oz from point D is directed to point W (White) having the RGB coordinates (255, 255, 255).

Inversely, in RGB coordinates the position of the axis Oz is shown in grey dotted arrow in Fig. 11.23. 

*  The Colour cube in a cylindrical coordinate system HSV. In this coordinate system, the colours of the elementary cubes and their relative positions remain the same, only their coordinates will change: in the RGB system, each cube (elementary colour) is given by the brightness of the three colours forming it; in this case, the cube is given by the coordinates (
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, z), the physical meaning of which is as follows:

φ – colour (or H – from Hue); for example, red, green indigo-blue. Specifies the value of the angle lying in the range from 0 to 360°. However, sometimes it is reduced to other representation; for example, in the MS Paint palette the colour spectrum is divided into 240 shades.

ρ – saturation (or S – from Saturation). It is specified in absolute or relative units; accepting the second variant, we assume that the saturation continuously varies from 0 (on the axis Oz) to 1 (on the cube boundary). The closer the value to 1, the "cleaner" the colour. So, this parameter is called the colour purity; the closer the value to 0 (that is, to the axis DW), the closer the colour to the grey.

z – brightness (or V – from Value, or Brightness). It is specified in absolute or relative units; accepting the second option, we assume that the brightness continuously varies from 0 (at the point D) to 1 (at the point W). In fact, this parameter determines the energy level of the colour.

Correlation of the angle 
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 with colours is determined by specifying the direction of the axis Ox, which is related to the axis “red” of the RGB system. In this case, the primary colours are corresponded by the following angles (Figs. 11.28.b, 29):

for the RGB   system:  red - 0º, green - 120º, blue - 240º;
for the CMYK system: yellow - 60º, cyan - 180º, magenta - 300º
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               z = 0.75                                                z = 0.95
	The Colour box indicates the colour at the point located at the centre of the section: its brightness in the Oz scale is equal to the value of z; the composition of this colour is indicated by the shown brightness values of the primary colours (R, G, B).

The set of all such points distributed along the Oz axis forms a greyscale specifying the spectrum of grey tones from Black (at z=0) to White (at z=1)


Fig. 11.29. Cross sections of a colour cube by planes of equal brightness z

From the sequence of sections it is clearly seen how, as the integral brightness z increases, the brightness of all tones φ of the section increases, and also how their saturation increases as the distance ρ from the centre of the section increases. In the neighbourhood of the centre of each section we have "coloured" shades of gray, and a "pure" gray tone in the exact centre: in each section it is shown in the square at the bottom left. The set of these grey colours forms the greyscale – as the transition from black to white, theoretically – continuous, but practically – discrete, as the sequence of colours the       respective elementary cubes lying on the axis DW.

* Cross-sections of the RGB colour cube by planes, determining greyscale levels. To illustrate the significance of the HSV coordinates, consider the cross-section of the colour cube by planes perpendicular to the Oz axis; these cross sections (Fig. 11.29) describe the distribution of colours as a function of saturation for a given brightness z (defining the level of grey). We take the brightness at the levels 0.05, 0.25, 0.5, 075 and 0.95, which determine the colours at the beginning of the spectrum (after the point black, D), in its middle part, and at the end of the spectrum (before the point white, W).

* Axial feature of the HSV/RGB colour model. As it is just explained in the note to Fig. 11.29, the        diagonal of the RGB cube, which in HSV coordinates determines the vertical axis DW, represents the greyscale, the continuous analogue of which is shown in Fig. 11.30.
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Fig. 11.30. The Greyscale formed by elementary cubes lying on the diagonal DW of RGB colour cube
In the HSV presentation of the same cube this scale lies on the axis of brightness, connecting the same points D and W  

11.6.5.4. Other geometric models of HSV
Since the use of polygonal cross-sections in some cases are inconvenient, the colour cube in the direction of the coordinate 
[image: image42.wmf]r

 is sometimes stretched to the cone (Fig. 11.31.a) or the cylinder (Figs. 11.31.b, c). This distorts the distance between colours, if measured in units of the RGB system or (
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, 
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, z), but gives the spectrum geometric visibility. As above, the Hue (H) changes as you move along the circumference of the cylinder, the saturation (S) – along the radius, and the brightness – along the height (V).
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Fig. 11.31. Representation of the HSV colour cube by cone (a) and cylinder (b, c)

In  Figs. a, b, the share corresponding to the purple is removed from the cone and cylinder,  and 

in Fig. c – the green one; in fact, these colour cone and cylinders represents the regular geometric bodies

The cross-section of such cone or cylinder by a plane parallel to the base corresponds to fixation of the brightness level. The resulting colour distribution is called the colour disc – Fig. 11.32.a. Removing from it the middle part containing grey tones, we will receive a colour wheel (or colour circle) – Fig. 11.32.b.
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Fig. 11.32. The colour disc – as the section of HSV cylinder (a) and a colour wheel (b)

If the wheel is narrow enough, then in the radial distribution of colours, the change in saturation is almost imperceptible. In this case, if we cut it at a point 
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 = 0 along the radius, and then "straighten out", we get a linear colour distribution (Fig. 11.33).



Fig. 11.33. The perceived colours as they are located on the periphery of the HSV cylinder 

But this distribution of colours is neither a spectrum in the physical sense, since it contains non-spectral purple colour, nor this is a perception spectrum, since it lacks the white and black.

11.6.5.5. Naming the colours

On the one hand, the presence of colour models, for example – RGB, based on the generation of colours by numerical codes, contributes to solving the problem of standardizing colours in relation to both the colour itself and its name.

On the other hand, due to the variety of colour models, the size of codes and technical means of displaying colours (in electronic form, on paper, etc.), it became impossible to solve this problem uniformly for all types of applications.

Therefore, the standards are developed for different classes of applications , but all of them, like the perception of colours by humans, are based on the mixing of the three basic colours; in electronic media - using the RGB model.

At this, the problem of naming the colour is solved by correlating the colour name with the digital code, although it should be noted that this decision is largely oriented towards the use of English colour names. To this end, for example, the following methods of digital colour setting can be mentioned.

* Alphabetical List of colours
The following are the fragments of the lists of colours. A number of the colour swatches below are taken from domain-specific naming schemes such as X11 or HTML4. 
RGB values are given for each swatch because such standards are defined in terms of the sRGB colour space. It is not possible to accurately convert many of these swatches to CMYK values because of the differing gamuts of the two spaces, but the colour management systems built into operating systems and image editing software attempt such conversions as accurately as possible.

The HSV colour space values, also known as HSB (hue, saturation, brightness), and the hex triplets {( 11.6.5.1} are also given in the following table. 

Table 11.7. Colours in alphabetical order A-F (Fragment)
	Colour name
	Hex
(RGB)
	Red
(RGB)
	Green
(RGB)
	Blue
(RGB)
	Hue
(HSL/HSV)
	Satur.
(HSL)
	Light
(HSL)
	Satur.
(HSV)
	Value
(HSV)

	Absolute Zero
	#0048BA
	0%
	28%
	73%
	217°
	100%
	37%
	100%
	73%

	Acid Green
	#B0BF1A
	69%
	75%
	10%
	65°
	76%
	43%
	86%
	75%

	Aero
	#7CB9E8
	49%
	73%
	91%
	206°
	70%
	70%
	47%
	91%


.

.

.
* The list of web "X11 colours", along with their hexadecimal and decimal equivalents.
Table 11.8. A fragment of the list of web "X11 colours"
	HTML name
	R      G       B
	HTML name
	R      G       B

	
	Hex
	Decimal
	
	Hex
	Decimal

	Purple, violet, and magenta colours (abbreviated)
	Grey and black colours

	Violet
EE 82 EE
238 130 238
Orchid
DA 70 D6
218 112 214
Magenta
FF 00 FF
255   0 255
MediumOrchid
BA 55 D3
186  85 211
MediumPurple
93 70 DB
147 112 219
BlueViolet
8A 2B E2
138  43 226
DarkViolet
94 00 D3
148   0 211
DarkMagenta
8B 00 8B
139   0 139
Purple
80 00 80
128   0 128
Indigo
4B 00 82
 75   0 130

	Gainsboro
DC DC DC
220 220 220
LightGray
D3 D3 D3
211 211 211
Silver
C0 C0 C0
192 192 192
DarkGray
A9 A9 A9
169 169 169
Gray
80 80 80
128 128 128
DimGray
69 69 69
105 105 105
LightSlateGray
77 88 99
119 136 153
SlateGray
70 80 90
112 128 144
DarkSlateGray
2F 4F 4F
 47  79  79
Black
00 00 00
  0   0   0



* Purple
Purple is a colour intermediate between blue and red. The complementary colour of purple is yellow. It is similar to violet, but unlike violet, which is a spectral colour with its own wavelength on the physical spectrum of light, purple is a composite colour made by combining red and  blue. 

Table 11.9. Violet vs. Purple 
	Violet
	Purple

	 
	                     

	Colour coordinates
	

    Colour coordinates

	Hex triplet
	#8F00FF
	Hex triplet
	#800080

	sRGBB  (r, g, b)
	(143, 0, 255)
	sRGBB  (r, g, b)
	(128, 0, 128)

	CMYKH   (c, m, y, k)
	(44, 100, 0, 0)
	CMYKH   (c, m, y, k)
	(50, 100, 0, 0)

	HSV       (h, s, v)
	(274°, 100%, 100%)
	HSV       (h, s, v)
	(300°, 100%, 50%)




          


a                            b 

Fig. 11.34.The hues of violet (a) and purple (b)

According to surveys in Europe and the U.S., purple is the colour most often associated with royalty, magic, mystery and piety. When combined with pink, it is associated with eroticism, femininity and seduction. Purple was the colour worn by Roman magistrates; it became the imperial colour worn by the rulers of the Byzantine Empire and the Holy Roman Empire, and later by Roman Catholic bishops. Similarly in Japan, the colour is traditionally associated with the Emperor and aristocracy.  

11.6.6. The Model of the Perception Spectrum
11.6.6.1. Statement of the problem
The main task is to find out whether there is a Perception Spectrum in which a person perceives video information in the same set of colours which are arranged in the same order as in the Spectrum of Subtle perception {( 11.5.5.3.1}, which the clairvoyants associate with the colours of the aura, and through them – with the level of evolutionary development of the individual. In this case, it is not just about the collection of colours and the order of their succession, but the set in which colours follow in the order determined by the energy characteristic.

An example of the spectrum is set of colours (Fig. 11.x), obtained by decomposition of sunlight, because they are ordered in frequency, i.e. the physical spectrum. However, this spectrum does not contain all the colours that are perceived by a person by eyes, in memory, or by internal vision; for example, there are no purple and grey tones in it.

With respect to the coverage of all colours perceived by human and the mechanism of their identification in consciousness - through a combination of three colours, the most interesting is the RGB model, in which, like in a human, any colour is parameterized by the brightness levels of red, green and blue. This same model is also relevant for night vision (and perception of Subtle planes) - from the viewpoint of modelling the Greyscale, since in the RGB model it is represented by the diagonal of the colour cube.

At the same time, the colour parameterization in the RGB model has a number of features that, directly, do not allow it to be viewed as a spectrum. Thus:

1. Parameterization of a colour cube in the RGB, HSV or other coordinate system can be considered as a distribution, but not as an energy spectrum, because the order of colours is not directly related to any energy indicator. So, although that part of this distribution which coincides with the physical spectrum can be energetically ordered in frequency, in general this model contains colours (purple, white, black) and even a range (greyscale) that do not have neither a direct analogue in the physical spectrum, nor  their inherent frequency.

2. In each of the variants of the RGB model, the colour parameterization is three-dimensional, which makes it impossible to represent all the colours in the form of a linear structure {( 11.5.5.3.1} of colourscale type.

3. In general, the perception spectrum should include the perception of both in colourscale, and in greyscale.

Therefore, in light of the fact that the perception of light, both in the case of physical and internal vision, occurs in colours and grey tones, the perception of which in the case of physical vision is realized by the mechanisms of day and night vision, and under conditions when the gamut of perceived colours goes beyond gamma of the physical range, the spectrum of perception is naturally to understand in a broader sense than the physical spectrum in which only monochromatic colours are represented (which are ordered in frequency). So, to obtain the searched energy-ordered full spectrum of perception, it is proposed:

1. As the main model, take the colour model defined by the multidimensional distribution of RGB colours in the HSV format.

2. Arrange the colours by the energy parameter – brightness (V).

3. A specific spectrum of perception (colourscale, greyscale or otherwise) is obtained for the conditions under consideration, by reducing the dimensionality of the colour model from three-dimensional to linear by eliminating colours that are unimportant under the conditions considered. From this point of view, one can speak of a family of conditional distributions (spectra).

To obtain such a spectrum, for purposes of clarity, it is convenient to consider the HSV coordinate system in the form of the Bicone colour model, since in contrast to the RGB system, whose coordinates are specific colours, the points of the colour space in the HSV system are given by the coordinates having the energy and photometric significance: Hue (angle 
[image: image55.wmf]j

) , Saturation (radius 
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) and brightness (Value z).

11.6.6.2. Bicone colour model
W. Ostwald presented all colours of RGB cube in the form of a Bicone colour model (Fig. 11.35.1) – a body consisting of two cones, united by a common base: the lower one  is similar to the cone shown in Fig. 11.31.a, but it reflects only the lower half of the colour cube relative to the average cross section, and the upper one is similarly obtained, and reflects the colours of the upper half of this cube.
The Bicone model represents one of the simplest transformations of a colour cube into a body of revolution – a double cone, which is constructed on the basis of a triangular model along the same grey scale – the V axis (Value) in the HSV system (axis Oz of the cylindrical coordinate system).

For us, this circular model is more convenient, than a cube, due to continuous and symmetric presentation of the colours which we would like to order with respect to their energy parameter so that they exactly correspond to Spectrum of Subtle perception {( 11.5.5.3.1} considered in analysis of aura colours.


[image: image57]
Fig. 11.35. The Bicone colour model (1) and the trajectory of the Perception spectrum (5, 6)

1 – Bicone colour model with the marked pure colour points: red (R, 
[image: image58.wmf]j

 =  0º), Purple, (P, 
[image: image59.wmf]j

 = 300º),       Black (D), and 
 (W); Q – is the break point, and C is the midpoint of the axis DW.

2 – Bicone colour model section diagram along the common base of the cones and along the plane passing through the axis and the direction to the red point R (
[image: image60.wmf]j

 = 0º), whose colour coordinates are R (255, 0, 0).

3, 4 – The distribution of colours in the sections, specified in 2, is shown on the colour disc 3 and triangle 4, which shows the transition from saturated Red (R) to Grey (C ) and to Black (D).

5, 6 – The trajectory of the true colour range (viz. colourscale) of the perception spectrum is shown by the blue line on the colour model (5) and its scheme (6). The trajectory of the greyscale of the perception spectrum is given by the DW axis. In more detail, these and the intermediate spectra, through which these trajectories may be transformed within the Bicone one to the other, in compliance with the tuning of the human eye to illumination, are discussed below.

* Discussion

Each point of the Bicone model represents a separate colour with the coordinates (
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, 
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, z). At the same time, for a number of reasons, these colours can be divided into classes, colours in which can be regarded as “equivalent”. For the subsequent consideration, we define these classes as follows.

* A pure colour is any point on the surface of the Bicone. All such colours have coordinates (
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, z), where z – is the brightness, 
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 – the angle, 
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, which defines the hue, and 
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 – the saturation, equal to the maximal value of coordinate l for the brightness z. 

( The pure colours represent not only all colours of the physical spectrum, but also the non-monochromatic colours including the purple group, as well as white and black, except the greyscale.

* The hue (of pure colour) defined by the given angle 
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, is the one-parametric set of colours with coordinates (
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. For example, the hue of the pure red, which is corresponded by the angle 
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 = 0, in Fig. 11.35.4 defines the points that lie on the segments DR and RW. They differ from each other only by the brightness z. How it can be seen from this Figure, as the brightness increases, the colour changes from black to saturated red, and, at last, then turns into white. At this,

( any pure colour belonging to some hue has the same proportion of RGB components. In particular,      if some pure colour from a hue belongs to the physical spectrum and thus can be assigned some frequency f, then all the colours from this hue present the colours of the physical spectrum with frequency f, but  different brightness. 

Therefore,

( all pure colours belonging to some hue 
[image: image74.wmf]*
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 are equivalent in the sense of defining the same colour and differ just in brightness. That is why with the aim to construct a linear spectrum of colours, viz. the colourscale,  for a representative of each hue any of its pure colours can be chosen. 

To adequately represent the perception spectrum, these colours are further chosen in the neighbourhood of the average cross section, that is along the circular trajectory (from R to P)  shown in Fig. 11.35. 6.
* By a tint (l, 
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,  z) of a pure colour (
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,
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, z) we call any colour with the same values of hue 
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 and intensity z, the saturation l of which may take the value in the range from 0 to 
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l

, that is from “pure” grey (lying on the axis DW) to pure colour (lying on the surface of the Bicone). In Figs. 11.35.2,4,6 for the pure colour R  this set of the tints lies on the segment  CR.

So, the tints of one set define the colours differing in saturation from the pure colour (
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,
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, z)  to the “pure” grey (0, 
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, z), or vice versa, while all these tints have the same brightness; in this case, when approaching the axis, the domination of grey is caused by the increase in the contribution of other primary colours (from the set of RGB).
On the other hand, the similar effect of the transition to grey along the line of pure colour (or rather to Black and White along the segments like DR and RW) is caused by increase or decrease in brightness while maintaining the proportion of RGB colour mix unchanged.

( Therefore, as far as the transition to the true grey is caused by decrease in saturation, without loss of brightness, this effect may be qualified as an “equipotential weakening of colour”. 

On the contrary, the transition to the coloured grey and white, within the set of the same hue, is caused by increase of brightness, and therefore this effect may be qualified as “energy-strengthening of the colour”. Note that this corresponds to the fact that in occult interpretation of aura the light and dark tones of the same hue are considered as having higher and lower energy, as well.  

In the former case the grey and colour tints representing the same pure colour (in the sense of its energy level), which, visually, may be perceived both as a grey and as a coloured tint – according to the level of illumination. But in the latter case the situation, if considered from the viewpoint of energy of light, is different, since  lighting  of the hue corresponds to increase in its energy.  

From this point of view, at day and night, in a human works the colourscale and greyscale spectra, respectively, and at each particular moment of the transition from one of them to the other, we have a Mesopic vision with a "mixed" perception spectrum which represents the trajectory passing inside the Bicone, continuously approaching its axis, with decreasing illumination, and to its surface – with increasing brightness of illumination.

( Hence, along with the colourscale (of pure colours), pertaining to Photopic vision, and greyscale for Scotopic vision, the perception spectrum (in a broad sense) has to take into account the variety of scales of grey tints – for Mesopic vision. 

Thus, the spectrum of perception in a broad sense should be understood as the totality of all types of spectra, dealing from pure colours to grey tones, including the spectra of unsaturated colours. Its most important special cases are the limiting spectra: the colourscale and the greyscale. And all these types of spectra can be constructed as actual spectra, because the colours can be ordered by the energy parameter – by brightness.

11.6.6.3. Constructing the Perception spectrum (in a broad sense) 
Consider now how from the multidimensional spectrum, determined by the colour cube, we can proceed to a linear spectrum in which the colours are ordered in terms of brightness.

*A trajectory of a spectrum is a line on the surface or inside the Bicone, which is represented by a sequence of adjacent "elementary colour cubes", starting at point D and terminating at point W, and so that their brightness coordinates (determined by the height z) and the colour (determined by the angle 
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) increase monotonically. Assuming that the number of such cubes is sufficiently large, this trajectory can also be regarded as a continuous line.

Under the conditions of this definition, neither the saturation 
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 is defined, nor how fast the values of z and 
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 can increase. By specifying these conditions, we can obtain three trajectories based on the RGB cube model, whose linear representation will define the main types of spectra: Greyscale, Colourscale (spectrum of saturated pure colours), and Unsaturated scale (spectrum of unsaturated colours).

* Greyscale
If saturation 
[image: image86.wmf]r

 is set to zero, then only colours (having equal parts of R, G and B) that are on the diagonal DW, that is, "pure" grey tones Gz, are defined, each of which is uniquely determined by the brightness value z, the relative value of which varies from 0 (minimum) to 1 (maximum). For 256-cube, having 256 gradations of R, G and B, this scale has 256 gradations of grey – from black (0, 0, 0) to white (256, 256, 256).

Hence, at 
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 = 0, the three-dimensional HSV colour model engenders a greyscale, that is, a spectrum of grey tones from black to white, ordered in brightness z.
( Notice that in this greyscale, all pure gray tones are presented, from black to white, which are perceived by a person in the mode of Scotopic vision. It also describes the colours in which an aura is perceived at the initial stage of development of inner vision.

* Colourscale

* Two-dimensional distribution of pure colours. If for the given value of brightness z to set the saturation by maximal value 
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 = 
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, then the three-dimensional model degenerates into the surface of Bicone, on which each combination of the values of the angle 
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 and brightness z corresponds one pure colour with the coordinates (
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,
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, z).

In this case, the surface of Bicone describes the two-dimensional distribution of all perceived colours except unsaturated, in which both the physical spectrum in pure tones and synthetic colours (purple, etc.) are represented, but the greyscale - is only partially, since in the vicinity of the black and white ends of Bicone (Figure 11.35), the gray tones are not "pure" because, due to the unequal shares of R, G and B, they bear the respective hues.

The spectrum pertaining to this trajectory describes the colour perception in the mode of Photopic vision.

At the same time, in terms of spectrum construction, this two-dimensional distribution is redundant, since, as stated above, each Hue class defined by an angle 
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 specifies the same colour relative to the RGB-ratio composition, but at different brightness levels. 

Concerning the average cross-section of the Bicone, the colours of the Hue class are located on the generating of the cones (for red (
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 = 0) – on the segments of the DR and RW, Fig. 11.35.4.

Hence, to move to a one-dimensional (linear) spectrum, from the Hue class determined by the angle 
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 we must choose only one colour corresponding to some brightness z, which we may call the Colour tone Bz.  

* The Colourscale as a one-dimensional spectrum of pure colours. Thus, if only one tone Bz is selected for each class 
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), then it becomes possible to go over to a one-dimensional distribution, which, like in the case of the physical spectrum, describes the same colours as the two-dimensional distribution, but only at one level of brightness z. But this must be done in such a way that while keeping the order of the colours of the physical spectrum (which is determined by the frequency), this gamut also includes the other perceived colours, such as purple tones, as well as white and black with adjacent gray tones.

With the aim to take all colours into the spectrum, including white and black with adjacent gray tones, we may construct a line on the surface of two-dimensional distribution that passes through all Hues (i.e. intersects each generatrix of Bicone at only one point) and is parameterized by brightness z, as the energy parameter common to all colours; in this case an increase in the brightness value corresponds to an increase in the frequency of colours belonging to the physical spectrum. This line represents the searched trajectory of the spectrum.

Meanwhile, the choice of such a trajectory is ambiguous: for its unambiguous assignment it is necessary to specify the rule for the increment of coordinates.

Draw this line in this way (Fig. 11.35.5,6), that from point D it rises rapidly to the point R, the angle 
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 of which is equal to 0º, but from the left (i.e. from the area of angles close to 360º), not reaching its height by a small amount 
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D

. Then it goes along the perimeter of the middle cross-section, marking all the colours to purple P (
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 = 300º), increasing the height by a value 
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D

, and then – rapidly increasing to the point W. 

In this case, the spectral colours are ordered in terms of brightness in exact accordance with their location in the physical spectrum (viz. by frequencies). The difference is that in this case the bandwidth (in Hz) for the strip of colours may not coincide with the width determined by the brightness. For our purposes, it does not matter, although the width of such bands can be coordinated by increasing the parameter 
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 and squeezing the transition areas from black to red and from purple to white.

To obtain the spectrum in the traditional representation, it is sufficient to unfold the obtained spectral trajectory into a segment, and then stretch it in the transverse direction to obtain a strip, as shown in Fig. 11.36. The resulting spectrum for short is called colourscale, in accordance with the fact that its gamut covers all colours (except pure gray tones), which a person with normal vision perceives in the mode of Photopic vision.
( By construction, in the colourscale, at approximately one average level of brightness, all the colour hues are represented, which are perceived by physical vision in the mode of Photopic vision (as well as internal vision), including "coloured" grey, but except for pure grey from the greyscale perceived  by a person in the mode of Scotopic vision.

( In fact, the Colourscale coincides with the Spectrum of Subtle perception {( 11.5.5.3.1}, in which the set of colours and their order are determined from occult considerations, reflecting the evolutionary level.

( By the construction of Greyscale and Colourscale, the colours in them are ordered in increasing brightness, and therefore they can be considered as spectra, the colours of which have an energy significance.

The correlation of the obtained limiting spectra - the Colourscale and the Greyscale - with the physical spectrum is illustrated by Fig. 11.36. 


[image: image103]
Fig. 11.36. Greyscale and Colourscale perception spectra in comparison with the Physical spectrum
D – Black, R – Red, O – Orange, Y – Yellow, G – Green, B – Blue, I – Indigo, V – Violet, P – Purple, W – White
As for the width of the colour bands in the Colourscale, then according to the procedure for its construction, they correspond to the distribution of colours in the physical spectrum, as well as their brightness. Therefore, in the optical range, the brightness can be considered as a linear frequency conversion. 

* Unsaturated (colour) scales

Thus, Colourscale and Greyscale fully determine two types of spectra for both physical and internal human vision – Photopic  (daytime) and Scotopic (night time). 

However, in addition to these two types of spectra, there is a third, albeit less deterministic, Unsaturated (colour) scale which corresponds to Mesopic vision in conditions of twilight illumination; in case of internal perception, it corresponds to a transitional state, when the inner perception in greyscale begins to perceive colours.

In the Bicone colour model, such a spectrum is given by a trajectory that connects points of three-dimensional space (unsaturated tints) lying in the interiority of the Bicone, while maintaining the condition of monotonic growth of brightness and angle. These trajectories define a continuous family of spectra of unsaturated colours, which for brevity we call Unsaturated scales.

The variety of positions of such trajectories allows to describe the entire range of pure tones and gray tints, primarily due to varying their remoteness from the Bicone axis. They can be continuously shifted in Bicone so that the spectra determined by these trajectories vary from Colourscale to Greyscale.

It is obvious that the spectra corresponding to these trajectories describe the colour perception in the mode of Mesopic vision, when, depending on the level of illumination, some colours are still perceived in the colourscale, while others are already in the greyscale.

* On the choice of trajectories
* The position of black and white on the edges of the greyscale and colourscale is quite understandable, since they determine the darkest and lightest tone for any colour, and also because in energy terms (in brightness) they represent as the weakest and strongest colour.

* Gray tones. The fact that the spectrum of perception (colourscale) does not represent "all" gray tones from the gray scale (greyscale) can be considered unimportant, since the Photopic vision is colour, and in this case the gray is represented by unsaturated shades of colours of this spectrum, which are represented in the vicinity of its black and white tips. Conversely, in Scotopic vision the colours are not recognized, but all the gray tones are manifested as pure tones of the greyscale, i.e. by brightness.

* The position of the purple. One may wonder why in the perception spectrum the purple is located behind a rather dark violet, and not in front of the red one.

First, since purple represents a mixture of violet (or blue) and red, then in a gamut of colours matched to the frequencies, it should be located to the right of the violet.

Second, the upper limit of the violet range is set at a frequency of 790 THz, which is twice the lower limit of red (405 THz). Therefore, the right border of violet with an insignificant error of 2% coincides with the harmonic of red, the combination of which gives the purple.

*  On the choice of the break point of the ring distribution of colours. In the middle section of the double cone we have a colour disc (Fig. 11.32.a), while the colour wheel adjacent to its outer border (Fig. 11.32.b) defines the spectrum of all perceived colours except their unsaturated shades and their extremes – the D and W. In this respect, colours along this boundary, when stretched in the transverse direction, give a gamut of colours (Figure 11.33), ordered by angle, and in the area of physical spectrum – by frequency. But it cannot be regarded as a spectrum, due to its ring structure, where the angle is only a formal parameter, and the frequency is not defined for all colours.

That is why the question arises as to in which point the ring should be broken in order to obtain a linear representation of the spectrum of the perceived colours. For the reasons given, it is natural to split this ring not according to the formal characteristic – at point 
[image: image104.wmf]j

 = 0, as shown in Fig. 11.33, but at the point Q lying between purple and red (in Fig. 11.35).

Besides, in order to preserve the continuity of colour distribution concerning the physical spectrum, when transferring from the circular to linear gamut, we must take this spectrum in full; that is why in the gamut in question the physical spectrum is included entirely, beginning with pure red, the point R of which corresponds to the angle 
[image: image105.wmf]j

 = 0.

At this, the rupture of the ring has been made not at the point R, but to the left - at the point Q located between the point R and the centre of the Purple P. In this case, from the left part of the gamut the hues containing the low-frequency red are truncated: these are the red tones following the purple (with additions of blue) which are absent in the visible spectrum.

Meanwhile, in a close neighbourhood of the pure red they form a range of dark red, turning into dark grey tones and then to black (D). At the other end of the spectrum, a similar situation unfolds with a transition from purple, through light gray tones, to white W.

As a result, on the fragment of the constructed spectrum, from red (R) to violet (V), we have the Physical spectrum, whereas before and after it – in the regions of D-R and V-P-W – non-spectral colours and unsaturated gray tones.

* Perception spectrum as a composition of the Colourscale, Greyscale and Unsaturated scales
So, the three gamuts, associated with these three scales: 

– in common, represent the Three-dimensional RGB colour model;

– situationally, represent the colours of physical and intuitive perception in conditions of Photopic, Scotopic or Mesopic vision;

– within each gamut the colours are not only energy-ordered by brightness, but may be ordered synchronously: so that in any of these scales the colours Bz, B’z, … , Gv (Fig. 11.37) correspond to the same value of brightness z, but, according to the condition of illumination, represent the tints of the same hue, differing  only by saturation.

Remind also that according to the mechanism of physical perception of three colours (Red, Green and Blue) and use of colour and greyscale perception spectra (with respect to the level of illumination), the proposed scales correspond to that how the visible and internally perceived colours and grey tones are identified by a human.


[image: image106]
Fig. 11.37. The phases of transformation of colourscale to greyscale and vice versa, 

through the unsaturated scales. The colours along the Saturation axis – are the tints 

Bz, B’z, … , Gz  with the same level z of brightness
Therefore, all three types of the considered spectra (Fig. 11.37) have a similar parameterization by brightness, and, to within the level of illumination (development of internal vision, resp.), are equivalent in relation to hue and energy; their difference is only in the saturation of the perceived tones. This allows us to conclude the identity of the perception of energy characteristics, even if they are perceived in different spectra, as we have no problem with perception of the same transmission via a colour and greyscale TV. Hence,

( The Perception spectrum has to be understood in a broad sense – as the coordinated unity of three types of spectra (Colourscale, Greyscale and Unsaturated scales) engendered by the RGB model, which, individually, fully correspond to the modes of human’s physical vision; in a narrow sense, the Perception spectrum is represented by the Colourscale.

Besides, the unity of the same three spectra describe the colour and greyscale perception of the Subtle Planes. Hence, the same Perception spectrum presents adequately the Spectrum of Subtle perception as well, both in a broad, and in a narrow sense. 

11.6.7. Conclusion
* Perception spectrum in a broad and narrow sense. In physical vision, what we call colour does not necessarily reflect the frequency of electromagnetic radiation. Namely, every set of frequencies uniquely determines some colour, but the converse is not true, because the perceived colour, including grey tones, can be engendered not by a separate frequency, even if this colour is spectral, but by mixing colours; yet, even when mixing, different combinations of colours can be used.

Therefore, in terms of human perception of colours, the physical spectrum does not provide either the completeness of the colour description or the unambiguous identification by frequency, which is the main parameter of this spectrum, and therefore this model can not be used to analyze the colours of the aura.

This ambiguity in the identification of frequency according to the perceived colour indicates the subjective nature of the perception of colours, but at the same time – its objective nature  as well, in view of the total spread among people of the same colour perception. In the same is the main and unique difference between the perception of colours by the person from the measuring device, which gives rise to the problem of constructing the perception spectrum, since it is impossible to build a linear spectrum of perception based on the use of the physical spectrum the colours of which are ordered in frequency.

At the same time, there are the Spectrum of Subtle perception with the gamut DROYGBIVPW  {( 11.5.5.3.1}, the greyscale and intermediate unsaturated colours, which the clairvoyants associate with the perception of Subtle Planes and auras, all the tones of which  are ordered by  the height of vibrations in Subtle Planes.  And these spectra coincide in composition and order of colours with the spectrum of perception, the components of which are mathematically determined by the colour RGB cube in the form of colourscale, greyscale and group of unsaturated scales, all the tones of which are also ordered according to energy parameter, this time – by the brightness.

Besides, although these colour models are based on heterogeneous concepts – on occult knowledge, mathematical considerations and direct awareness of colours by humans, their commonality is determined by the fact that the generation of colours and their identification by a person are performed, as in the case of RGB-models, by processing of three primary colours – red, green and blue.

Therefore, there is every reason to believe that the obtained Perception Spectrum fully reflects the occult significance of the order of colours of the Spectrum of Subtle perception {(11.5.5.3.1}, and these colours (including grey and unsaturated tones) are inherent in human consciousness as having their own significance, although they are not represented in the physical spectrum.

( In general, this means that the constructed Spectrum of perception (in the broad sense) should be understood as a coherent system of perception spectra (in the narrow sense) of the type Colourscale, Greyscale and Unsaturated scales, generated by the same RGB model, which are inherent in both physical and internal vision.

At this, depending on the lighting, the same image can be perceived by physical vision in greyscale, in unsaturated tints and in pure colours; depending on the ability of a clairvoyant, the same situation takes place with inner vision. The peculiarity of the Colourscale is that it allows a person to perceive the images with the greatest completeness - in pure colours.

* On the possible organization of colour perception in a human. The findings that colours may be perceived in three spectra (Colourscale, Greyscale and Unsaturated scales), both by physical and internal vision (in dreams, recollections, clairvoyance, etc.) inevitably lead to the question of how the work of consciousness relative to  perception of colour information can be organized. And although the mechanics of this process is understood not fully, it is an objective manifestation of work of consciousness, and therefore it is natural to analyze what it can be based on.

From a materialistic point of view, with regard to physical vision, the process of perceiving colours is usually defined as a single-channel unidirectional system of the following type

{the eye (as a receptor)} ( {the brain (as the centre of perception)}.

But due to the above reasons, this structure is clearly incomplete and should be of the form

{the system of receptors} (( {the centre of awareness of perceptions},

where receptors are both physical organs (eyes), and chakras, which are connected with physical organs by means of glands related to them; they represent channels for the primary reception of colour information from Subtle Planes, as well as for its storing  and recalling, including the data that were obtained through the eyes. At this, in view of the enormous amount of information a person can remember and vagueness of where it can be stored in the physical brain, from the esoteric point of view it is natural to assume that some receptors, most likely chakras, are able not only to receive information from Subtle Planes, but also to transfer it there for storage. Therefore, the colour perception system must be bidirectional and multichannel.
Accordingly, the centre of awareness of perceptions organizes the interaction of the brain, which is required to realize information in the waking consciousness, and Subtle bodies – both for perception of colour information, and for its storing  and recalling.

Undoubtedly, in its details the second system of colour perception is much more complicated. By this scheme, we merely emphasize that, for the above reasons, it should be recognized that in the Subtle Plane a person must have a colour perception centre, information in which, depending on the observation conditions, is interpreted in one of the three types of spectra (for both physical and subtle data) and can be transmitted to it, or from it, through different channels, including the eyes and chakras. At the same time, however, it is by no means excluded that this centre itself is an element of the system providing perception of a wider range of phenomena; but these questions are already beyond the scope of this paper. Indeed:

FIRST, the existence of colour and halftone dreams suggests that the person also has other, than the eyes, channels for getting an information which is  visualized in the images peculiar to the waking consciousness; and what is important, through these channels it may come a previously unknown information – the situation about which there are enough evidences. In particular, the existence of such channels is demonstrated by the clairvoyants who, through internal vision, are able to visualize a wide range of phenomena related to the past and the future, to the state of the internal organs of man and much more, and in many cases these testimonies are easily verifiable.

Second, speaking about the perception of colours, it is impossible to leave aside the question of storing information about them, since perception involves the mapping not only of what is happening at a given moment, but also the recollection of the past. And then immediately there is a fundamentally important question about where this colossal information is stored, to which, unlike the Esoteric Teachings, canonical science cannot give any definite answer.

Thirdly, it is possible that the presence of the centre of colour perception in the Subtle Plane is the reason why the colours are perceived  by physical sight synthetically, and not as in the device - in frequency, in order to coordinate information coming from different Planes of being – physical, astral, et al.

Besides, if we assume the existence of only the physical (in the brain) vision, then it becomes incomprehensible why the mechanism of metamerism is integrated into the consciousness, which provides that in the perception of man the same colour can be produced both by the spectral colour, and by the combination of spectral and/or non-spectral colours, and a man can even perceive  the colours (purple, grey tones, including white and black) that are absent in the physical spectrum.

Therefore, it can be assumed that purple, like white, is perceived by physical vision to establish correspondence with the spectrum of inner perception, since the matter of the physical Plan is coarser and secondary. In particular, because after its separation from a physical body (in a dream or after death), the monad does not lose the possibility of colour perception, but uses it with the help of Subtle bodies. In addition, the relevance of purple and white colours is determined by the fact that they represent the higher colours of chakras and auras, towards which the consciousness develops for mental and spiritual perfection.

But in the spectrum of inner perception the purple and white are located behind the violet, while the light with such a frequency the eye no longer perceives. From this point of view, these colours are not merely a mixture of colours of the physical spectrum, but that how vibrations in the physical and Subtle Plans are reflected in consciousness.

This is indicated by the fact that purple and then white tones are associated with the highest levels of evolutionary and occult development that are recorded in aura, and after them follows the interval of vibrations that sometimes encounter in some people, but the aura Imaging device no longer records them. 

Still further is the white-iridescent glow, which is sometimes visible by ordinary vision in a form of glow around the head which, for example, was observed around Christ, and in daylight.

Therefore, the spectrum of perception constructed in this section should be viewed as a universal colour representation of the vibrations of various planes of being in the human's consciousness, which is realized in the mechanism of physical vision (with the use of RGB-cones and rods of the eyes) and is adequately reflected in the RGB colour model that describes perception in three coordinated spectra: colourscale, greyscale and unsaturated scales.

As a result, this allows consciousness not only to "colour" what is happening in the various planes of being into the same "colours", but also to reflect the energy properties of the observed auras in the same spectrum.
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