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Abstract  
Color is particularly associated with electromagnetic radiation of a specific wavelength 
range visible to the human eye. Color perception depends on vision, light, and individual 
interpretation, and understanding color involves physics, physiology, and psychology. This 
paper, analyzes the interaction between color perception and light, i.e., the emission of 
light energy. The light spectrum consists of many different wavelengths of energy 
produced by a light source. There are some significant differences between natural 
daylight and artificial light. Intensity and spectrum are most important here. The entire light 
spectrum is found only in daylight. Visible light is a portion of the spectrum from 380 nm to 
780 nm. The spectral distribution of the light spectrum produced by a lamp depends on the 
brightness and significantly influences human color perception. The paper explains how 
the relative intensities of energy emission at each wavelength affect color perception. This 
paper can contribute to luminaire selection, i.e., human perception of color both outdoors 
and indoors. Human centric lighting expresses the positive effect of light and lighting on 
human health, well-being and performance, and thus has both short and long term 
benefits. The "ideal" lighting spectrum depends on the type of lighting and the desired 
effect on people, nature and objects. 
 
Keywords: color, light spectrum, energy emission, color perception 
 
1. Introduction  
According to the International Lighting Vocabulary, the definition of light is: 'Any radiation 
that can directly produce a visual sensation. Light or visible light is electromagnetic 
radiation that is visible to the human eye and is responsible for the sense of sight (CIE, 
1987). Visible light has a wavelength in the range of about 380 nanometres (nm) to about 
740 nm, with a frequency range of about 405 - 790 THz. In physics, the term light 
sometimes refers to electromagnetic radiation of any wavelength, visible or not. A light 
source is one of the three components necessary to see or measure colours. Removing or 
changing any of the three components, namely a light source, an object and a receiver, 
has a significant impact on how our brain perceives colour. All three factors influence the 
colour and appearance perceived by the viewer. A light source illuminates the object and 
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is characterised by the energy emitted at different wavelengths, which is referred to as 
spectral distribution. When light falls on an object, the light beam is modified by absorption, 
scattering and other physical processes, depending on the physical and chemical 
construction of the object. Ultimately, the light reaches the viewer's eye in the form of 
reflected or refracted light. Photosensitive pigments in the eye absorb the light energy. 
This triggers nerve impulses that are transmitted to the brain. The human eye-brain 
mechanism provides a quick and continuous assessment of the appearance and colour of 
an object. The light that enters our eyes contains the characteristic imprints of both the 
light source and the object [1-3]. 
The influence that light has on colour perception is significant and often overlooked. A light 
source emits different visible wavelengths of light, which are then absorbed or reflected by 
an object. The reflected wavelengths lead to the perception of colour. Colour and light 
interact in our environment in very diverse and complex ways. However, in practise, colour 
and light are still treated separately and linguistic concepts to describe colour and light in 
spatial contexts are still being developed. Colour and light mediate and construct our 
experience; we experience the world visually through colour and light. All senses 
contribute, but our vision enables us to make an immediate judgement of the spatial 
whole. Our perception of colour and light changes as we move through space. The 
direction of light influences the shape of shadows and creates foreground and 
backlighting. Different light sources create illumination with different light colours, while the 
colour of daylight varies constantly throughout the day. This affects the colour we see in 
the objects around us. So the external spatial world is constantly changing. Our visual 
system compensates for the physical changes in our surroundings, which helps us to 
perceive the external reality as relatively constant. However, not all light sources are the 
same. The wavelengths emitted by the light source can vary significantly, altering the 
perception of colour. The colour of light refers to the colour (hue) that light generally has in 
a given space. The colour of light does not correspond to the colour of the light source, nor 
does it correspond to the surface colours we can perceive in a space. The most common 
terms to describe a perceived colour of light are 'warm' and 'cool'. The colour of light is 
most clearly perceived when juxtaposed with another colour of light. Imagine you are 
standing in a room lit by a light source and it is dusk outside. If you look out of the window, 
you can clearly see the cooler blue tone of daylight compared to the warmer yellow tone of 
incandescent light. In combination with light distribution and luminous intensity, the colour 
of light plays an important role in setting the mood and thus noticeably contributes to how 
we experience a room [1-3]. 
When selecting and defining a luminaire, three aspects must be taken into account: the 
luminaire as a light source, the optical nature of the light emitted by the luminaire and the 
interaction of the light with the surface to be illuminated.  
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2. Luminar – light source 
Insufficient light or its total absence creates a feeling of insecurity - a lack of information. 
Artificial light therefore increases the feeling of security. The average European spends 
90% of their time indoors, so the importance of artificial lighting is irreplaceable [2]. 
Artificial lighting is a versatile tool that you can use to transform a space. It can be used in 
public areas to enhance performances and worship or in private settings as a functional or 
decorative lighting solution. A survey of lighting professionals found that colour plays a 
critical role in all lighting applications and is usually more important than light output. 
Similar to how physical colour affects psychology, lighting colour also has a physiological 
effect on people. While many people know that colour in our daily lives, such as wall colour 
and decoration, has a psychological impact on our mood, some may not be aware of how 
much the colour of lighting affects our health. All light affects us, the wavelengths of 
coloured lighting can affect our psychological and physiological systems in different ways.  
Artificial luminaires can be defined by the following key parameters (Figure 1., Equations 
1-4): luminosity (the amount of light emitted by a light source), luminous intensity 
(describes the amount of light emitted in a particular direction), luminance (the amount of 
light falling on a surface) and luminance - the only basic lighting parameter perceived by 
the eye [2, 3]. 
 

     
 

Figure 1. Basic parameters used in lighting [3] 
  

(1) (2) 

(3) (4) 
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3. The optical nature of light 
Quantum or corpuscular theory, i.e. the absorption and emission properties of light, are 
best explained by the concept that light exists as a series of energy packets called photons 
and its inherent energy can be expressed as follows: 

E = h · ν = h · 1/λ  (5) 
where h is Planck′s constant (6,6260701 · 10−34 Js), ν is frequency and λ is wave number. 
In wave theory, i.e. physical optics, however, light is regarded as a wave that propagates. 
In defining light, it is important to emphasise that radiometry is the study of optical radiation 
(light, ultraviolet radiation and infrared radiation). Photometry, on the other hand, is 
concerned with the human visual response to light. Radiometry is concerned with the total 
energy content of radiation, whereas photometry studies only the radiation that humans 
can see. Thus, the most common unit in radiometry is the watt (W), which measures the 
radiant flux (power), while the most common unit in photometry is the lumen (lm), which 
measures the luminous flux [1, 2]. 
 
4. Interaction of light with objects 
In the interaction of light and surface, the properties of both the luminaire and the object 
are important. Proper lighting is important because the appearance of an object is 
significantly influenced by the light source and the environment in which it is viewed. When 
light strikes an object on its path of propagation, a number of physical phenomena take 
place simultaneously, the most important of which are (Figure 2): 
1. secular reflection at the surface of the object (associated with gloss), 
2. scattering within the material (associated with diffuse reflection and sometimes with 
diffuse transmission), 
3. absorption within the material (largely responsible for the colour), 
4. straight line transmission or refraction directly through the object in the case of a 
transparent or translucent object (associated with clarity) [1, 2]. 
 

 
 

Figure 2. Specular, spread, and diffuse reflections from a surface [2] 
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The emission of light energy in the visible wavelength range and its influence on human 
colour perception is usually assessed on the basis of two important parameters: color 
temperature and colour rendering. 
 
4.1. Color temperature  
Colour temperature (CCT) is an important aspect of colour appearance that refers to how 
"cool" (bluish) or how "warm" (yellowish) nominally white light appears (Figure 3). The CCT 
of a light source, given in Kelvin (K), is the temperature at which the heated black body 
comes closest to the colour of the light source in question. It characterises the appearance 
of the emitted light, not the colour of the illuminated objects (Table 1) [3, 4]. 
 

 
Figure 3. Color temperature graph [4] 

 
 

Table 1. Some examples of CCT [4] 
Source Temperature 
Overcast sky 7500 K  
Daylight or fluorescent light 5000 K 
Sunlight at noon 4200 - 5500 K 
Metal halide 4200 - 5500 K 
Incandescent light 2000 - 3000 K 
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More specifically, CCT is a metric that relates the appearance of a light source to the 
appearance of a theoretical mass, called a blackbody, if it were heated to high 
temperatures. As a blackbody gets hotter, it turns red, orange, yellow, white and finally 
blue. A blackbody is an idealised material that absorbs all incident electromagnetic 
radiation regardless of frequency or angle of incidence and is also a perfect emitter of all 
wavelengths (Figure 4) [3, 4].  
 

 
Figure 4. Spectral comparison between black body radiation and daylight illuminate [3] 

 
4.2. Colour rendering 
Colour rendering is the ability of a light source to reproduce the colours of a surface as 
faithfully as possible compared to a reference light source (Table 3). It is indicated by the 
colour rendering factor (Ra). The best colour rendering is Ra = 100. The lower the Ra 
factor of the source, the worse the colour rendering of that source. The colour rendering is 
calculated as an average value for 15 standardised colour samples (Figure 5). 
 
Table 2. Some examples on the color rendering factor  [4] 

Ra Example 
100 Closest to natural light 

85-90 Standard metal halide 
55-65 Standard metal halide 
52-65 Fluorescent light 

22 High-pressure sodium 
0 Low-pressure sodium 
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Figure 5. Standardized color samples for color rendering definition [4] 
 
4.3. The influence of the characteristics of LED lighting on the perception of color 
Table 3 shows a comparison of the remission spectrum of LED with colour temperature 
and colour rendering as well as a simulation of the colour experience of the human eye for 
surfaces of different colours and structures. 
 
Table 3. Influence of LED energy emission in the visible waveband on CCT, Ra, and the 
subjective perception of colour [4] 

   

CCT: 2792 K 
Ra: 87 

CCT: 4547 K 
Ra: 98 

CCT: 6525 K 
Ra: 88 
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In Table 3, it can be seen that LED luminaires with the most uniform radiation distribution 
over the entire wavelength range have the CCT values most similar to daylight and the 
highest Ra value. This is because they produce white light with the fullest spectrum, 
rendering colours with the highest degree of accuracy and efficiency. However, as the 
proportion of yellow and red components (wavelengths above 580nm) increases, CCT 
decreases because colour energy is inversely proportional to wavelength. Following the 
same principle, if the cold component of the blue and green remission (wavelength below 
580 nm) is increased, the CCT increases, i.e. people experience warmer colours. In both 
cases, the dominance of one part of the spectrum has the effect of lowering Ra. It can be 
observed that lighting can be adapted to the intended purpose by the targeted remission of 
LED luminaires. 
 
5. Conclusion 
Modern standards for light sources require strict specifications in terms of colour quality, 
light intensity, uniformity of illumination, viewing/illumination geometry and environmental 
conditions. Differences in any of these conditions can affect the appearance of colours. 
Luminars are the key element of any viewing environment. Modern luminars are designed 
for use in specific situations and must conform as closely as possible to standard curves. 
This is because light has a very important effect on people: visual functions, emotional 
perception and biological effects. From the point of view of visual function, light is essential 
for: standard-compliant illumination of the working area and must be glare-free and 
practical. In addition, architecture that improves lighting and influences the creation of 
scenes and effects is important for emotional perception. Light creates biological effects by 
stimulating people's circadian rhythms and having a stimulating or relaxing effect. In 
addition to standard parameters such as watts and lumens, light sources must also be 
defined by new parameters such as colour temperature and colour rendering. By 
comparing these parameters, the importance and quality of the lighting of LED becomes 
visible, which can be defined according to the needs of the situation. 
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