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Introduction.  

Currently in connection with widespread use 

of artificial lighting in all spheres of human 

life the increasing urgency is got by 

questions of light influence of lighting on a 

psychosomatic condition of the human. It 

demands more balanced approach to a 

choice of parameters and an estimation of 

modes of lighting systems. 

Well known [1,] that light influences work 

not only of the visual analyser, but also an 

organism as a whole. Light supervises 

circadian rhythms, mood, and accordingly 

human behaviour. Therefore in lighting 

installations of utilitarian and, especially, art 

lighting these factors not only "play" on 

perception of the human, but also 

complicate perception of objects, exteriors 

or compositions in whole, and in specific 

case in a certain way influence health of the 

human. 

 The most profound effect on the 

human condition is rendered by colour of a 

composition and its dynamics. It was most 

pronounced at the reflexion in installations 

with light-emitting diode light sources in 

connection with possibility of creation of 

special, focused on concrete conditions and 

tasks colored light dynamic lighting 

systems. Therefore in modern conditions the 

light source should be considered not only 

as a source of certain length of a wave of 

radiation, from the point of view of 

distinction of illuminated object and an 

evaluation by eye of its colored light 

characteristics, but also from the point of 

view of complex reaction of an organism on 

colored light irritants, and also dynamics of 

their change. In connection with this lighting 

installations cannot be considered in the 

form of simple set of electric networks, 

lighting electro receivers and protectively-

switching equipment any more..  

It demands, representation of lighting 

installations in the form of difficult 

bioengineering systems by corresponding 

developing of methods and technical 

facilities of lighting. 

 Dynamic systems of artificial 

lighting adapted for conditions and modes of 

the natural lighting are more completely 

correspond to reviewed conditions. 

  The publication analysis. The 

question condition. 

 Well known [1] that one of factors of 

human life and activities is lighting. It is 

proved that in December-January when it is 

not enough sunlight, depression and grief is 

more often appeared. About importance of 

lighting in vital activities processes testifies 

presence of the illnesses, caused by surplus 

of dark blue colour (tumour) - ultragreen, 

the illnesses caused by surplus of red colour 

(inflammation) - infragreen[2] etc. 

The elementary example of materialization 

of light influence on a human body is 

realisation of the sleep-wake system with 

participation of a material component - the 

melatonin, which is a product of epiphyses , 

on the one hand, and result of change of 

information property of a light stream, on 

the other hand. So, the electromagnetic 

signal causing a certain picture on the screen 



of the televisor and the computer, can cause 

essential changes of psychological 

characteristics of the human who is looking 

through either the television program, or 

subjecting to electromagnetic emission from 

the computer screen. The civilised human 

cannot leave a zone of electromagnetic 

effect. We are not capable to refuse 

computers, radio telephones, televisors, 

refrigerators, electric plates and the other 

technological benefits. 

Also light devices wind their "lines" into 

genetic "texts". By means of engineering 

systems it is possible and important to start 

safeguarding mechanisms of our genetic 

apparatus and to enter new wave programs 

which will repeatedly strengthen our spare 

capacities. It is confirmed by numerous 

researches of scientists-lighting technicians. 

The theme of psychophysiological influence 

of the colored light space on the human was 

always interested to scientists and was 

central on all Light forums including 

«European lighting congress - Lux Europe» 

[3] and composite conference of lighting 

societies of Germany, Austria, Switzerland 

and the Netherlands [4]. The analysis of the 

scientific works presented at the 

conferences, specifies the mass data, 

concerning qualitative assessment of the 

specified influence. At the same time issues 

of a quantitative assessment of influence of 

the colored light environment on a human 

body also methods and technical facilities of 

its correction, at the specified conferences 

were not considered. In the present work [5] 

emotional reaction of the human to colour 

stimulus is considered for the first time and 

also physiological reaction of an organism to 

colour according to dermal-galvanic 

resistance is taken into account. In the 

present work [2] authors have addressed to 

recording of change of electric activity of a 

brain under the influence of the colour, 

however the given researches have been 

directed on revealing of interrelation of the 

electroencephalogram form and colour 

preference. Besides it, a comprehensive line 

of the works directed on studying of 

electroencephalogram form as a result of 

colour agnosia and some brain disorders is 

known. Along with the specified researches 

in scientific sources a lot of works also 

based on electroencephalogram [6] are 

concerned with photochemotherapy and its 

technical implementation, . In series of 

works, change of electric activity of a brain 

under the influence of flicker light [7] and 

possibility of improvement of its psycho-

emotional condition is noted. Issues of the 

combined colored light influence on the 

human are investigated and the model of 

quantitative assessment of this influence is 

developed in works [1,8]. Results of 

experimental researches in groups of 

humans are put into a modelling base. As 

experts virtually healthy people at the age of 

20 to 60 years of male and female sex were 

involved. As the higher mental functions of 

a brain in men and women are not identical 

[2], division of test group on the basis of sex 

and age providing quantitative determination 

of influence of the given factors on 

psychophysiological influence of colored 

light space is carried out. The algorithm 

of experimental researches provides change 

research: pulse frequency; systolic and 

diastolic pressure and electroencephalogram 

patterns depending on colorimetric 

characteristics of light space. Mathematical 

models of influence of the above mentioned 

factors on parameters, characterising human 

condition are developed by authors [8] for 

quantitative assessment of influence of 

colored light environment on the human. 

They used the orthogonal composite design 

for the problem solution, and as і-output 

parameters are accepted: 

Y1 - pulse frequency change; Y1, Y2 - 

change of systolic and diastolic pressure 

accordingly; Y4 ÷ Y11 - values of 

electroencephalogram patterns (8 patterns - 

value of frequency and amplitude  of 

electroencephalogram of four lobes of a 

brain - on each of five groups). 

Varied parameters were: Х1 - chromaticity 

coordinate a; Х2 - chromaticity coordinate 

b; Х3 - chromaticity coordinate с; Х4- 

colour brightness; 

Х5 - Time of colour influence on the human; 

Х6 – human age; Х7 - a sex of human. 

The description of the response 

surface in investigated area is received in the 



form of model of colored light influences for 

each age group of the men and female: 

Yі(x1, x2, x3) =a11x1
2
+a22x2

2
+ 

a33x3
2
+a12x1x2+ a13x1x3+ a23x2x3+ a01x1+ 

a02x2+ a03x3+ a00. 

The developed models of the colored 

light influences on a human body allow to 

define optimum area of factorial space in 

which the human is in the most comfortable 

conditions, and also to identify a condition 

of the  human in the given point of factorial 

space. Their use opens possibility for 

optimum control of colored light space on 

the basis of application of controlled 

dynamic lighting systems. 

Dynamic light-emitting diode 

lighting system. 

The developed dynamic lighting 

system can work with various light sources 

including with light-emitting diode lamps 

[9] which have optical feedback of 

regulation of light temperature and 

brightness. It consists of reducing 

transformer T, phases L1, L2, L3 and neutral 

wire N. A transformer neutral is solidly 

earthed and light-emitting diode lamps are 

connected on line-to-earth voltage 220В 

under the scheme «a star with zero». 

 Feature of the considered lighting 

system is possibility of regulation of colour 

temperature and brightness, and creation of 

the colored light dynamic effects on their 

basis. The system can take into account 

physiological influence of lighting on the 

human, and also degradation of light-

emitting diodes and allows to optimise on its 

basis colored light parameters for whole 

time period of operation. Set task in 

work is solved by means of use in the 

lighting system of the power supply, which 

had been performed on the basis of three-

phase balancing thyristor power regulator 

with output voltage 50V, DC [13], n-

quantities of groups with light-emitting 

diode lamps with RGB-light-emitting 

diodes, ganged regulators of colour 

temperature and brightness which consist of 

gauges and setting device of colour 

temperature, the microcontrollers of colour 

connected to RGB-drivers of light-emitting 

diode lamps. The block diagramm of the 

combined dynamic system of electric 

lighting with light-emitting diode light 

sources with dynamic regulation of colour 

temperature and brightness and load 

compensation is represented on Figure 1. 

 

 

 

 
 

 

Figure 1. The block diagramm of the 

combined dynamic system of electric 

lighting. 

 

The structure diagram of a light-emitting 

diode lamp ЛСД11 (position 11) is shown 

on figure 2.  

 

 

 
Figure 2. The structure diagram  of a light-

emitting diode lamp ЛСД11 (position 11). 

 

The diagram of the regulator of colour 

temperature and brightness ( position 2) is 

shown on figure 3. 



 
 

Figure 3. The diagram of the regulator of 

colour temperature and brightness ( position 

2) 

 Offered combined dynamic systems 

of electric lighting contains following blocks 

(figure 1-3): 1 three-phase power supply - 

balancing thyristor power (voltage) regulator  

for single-phase electrical receivers with 

input voltage АС/380V, 50 Hz, and output 

voltage - DC/50V; 2, 3, n-ganged regulators 

of colour temperature and brightness of the 

light-emitting diode lamps corresponding to 

groups - 2-gr.1, 3-gr.2, n - gr.n (gauge of 

colour temperature and brightness accepted 

by ADJD-j823 with the microcontroller of 

colour ASSP and the four-channel gauge of 

colour temperature and brightness ADJD-

S371-QR999 [10,11]; 11-16, 21-26, n1 - n6 - 

light-emitting diode lamps, for example, 

ЛСД16 (the first figure of an index means 

group number - gr.1, the second - number of 

a position of a lamp - pos.6)). On figure 2 is 

shown, as an example, the structure of light-

emitting diode lamp ЛСД11, others are 

carried out similarly; 4, 5, 6 - drivers DR, 

DG, DB; LEDR, LEDG, LEDB accordingly: 

10-diffuser; ЛП23n, ЛП3n, ЛПn - supply 

power lines of the regulator of colour 

temperature and brightness; W11-W16, 

W21-W26, Wn1-Wn6 - light fluxes of white 

colour from corresponding light-emitting-

diode lamps to gauges of colour temperature 

of corresponding ganged regulators of 

colour temperature and brightness; Σ W – 

Total light flux from all light-emitting-diode 

lamps and reflected from a ceiling, a floor, 

walls, the equipment, etc.; 11
/
 - the 

integrated four-channel gauge of colour 

temperature ( Red, Green, Blue, White); 12
/
 

- RGBW- four-channel light filters; 13
/
 - 

four-channel transducer RGBW, light-

voltage (or the gauge of colour temperature 

of RGB-colour); 14
/
- colour microcontroller  

ASSP; 15
/
- setting device of colour 

temperature RGB (figure 3). 

Developed combined dynamic 

systems of electric lighting operates as 

follows. All elements of the scheme (fig. 1-

3) receive power from the power supply 1, 

with voltage 50V, DC. Power supply 

represents three-phase symmetric thyristor 

power regulator for single-phase electrical 

receivers , which thyristors are switched on 

under Larionov's scheme and are energized 

from existing system 380/220V, АС, or 

from three-phase system 380V, AC with the 

isolated neutral. Thus, the requirement for 

use of fourth wire N falls away in the first 

case. Because groups of electric lighting are 

carried out similarly, in work as an example, 

the group №1 and ЛСД11 is considered. 

 Three-colour optical feedback, that is 

a regulator of colour temperature 2, ADJD-

j823 [10] into which structure enters the 

integrated four-channel colour gauge 11
/
 

with RGBW-colour light filters 12
/
 and the 

gauge of colour temperature 13
/
, colour 

microcontroller ASSP 14
/ 
and setting device 

of colour temperature 15
/
 (fig. 1,3) is applied 

in scheme of combined dynamic systems of 

electric lighting. 

The corresponding colour 

temperature and the law of its variation for 

each colour RGB by following voltage UR 

back, UG back, UB back, UW back is given by 

means of setting device of colour 

temperature 15
/.
.     

 In light source of a light-emitting-

diode lamp ЛСД11 (figure 2) different 

colours of light from LEDR, LEDG, LEDB 

accordingly 7, 8, 9 are mixed and  white 

colour W11 with the corresponding colour 

temperature and brightness comes out. 

White colour W11- W16 from all light-

emitting-diode lamps ЛСД11 - ЛСД16 and 

reflected from a ceiling, a floor, walls, the 

equipment and etc., mixes, averages in space 

of a premise and the average total light flux 

ΣW(ΣW=W11+W12+W13+W14+W15+W16+W

пот+Wст+Wп+Wоб+Wдр) comes on 11
/
. ΣW, 

passing through RGBW - light filters, are 



filtered on certain average colour light 

fluxes ΣR, ΣG, ΣB, ΣW which enter to 

corresponding RGBW gauges of colour 

temperature 13
/
 where occur transformation 

of RGBW-colour to electric signals of 

voltage accordingly UR, UG, UB, UW which 

enter to the colour transducer of system 

ASSP 14
/
. The photo sensor of white colour 

ΣW, and accordingly, light filter are 

intended for brightness regulation. 

  At designing of lighting system the 

colour temperature gauge 11
/
 houses 

together with the colour microcontroller 14
/
 

or separately, it is making in such a manner 

so that on it falls as much as possible light 

fluxes from all light sources of given 

lighting group including reflected light. The 

colour temperature gauge can be produced 

in the form of any three-dimensional 

structure, for example, in the form of a 

circle, a cube, a parallelepiped and others 

but in such a manner that placement of 

photo sensors has been carried out on all 

surface to capture as much as possible total 

average light fluxes from object that is 

projected. Therefore to placing of the colour 

temperature gauge give particular attention.

 Low pass filters do "averaging" of 

sensor signal in such a manner that the 

constant level of measured voltage 14
/ 

Umeasured is transferred to the comparison 

element of controller. The error signal 

• U=Umeasused-Uback is fed to the block of 

colour processing algorithm  14/ where are 

processed and enter to the Pulse Width 

Modulation-GENERATOR of the block 14 / 

which controls factor of memorization of the 

Pulse Width Modulation-SIGNAL of control 

and of drivers 4, 5, 6 of ЛСД11 of 

corresponding channels RGB (figures 2,3). 

After drivers the control current IR, IG, IB 

enters to light-emitting diode light sources 

LEDR, LEDG, LEDB accordingly 7, 8, 9. 

 The feedback system ASSP [10] will 

regulate the output data until there will come 

dependence ΔU≈0. In this case 

Uback≈Umeasured, that means that constant 

value of the pre-set colour temperature and 

brightness depending on degradation of 

crystals of light-emitting diodes will be 

supported on an exit from a light source . 

Thus the current of RGB-light-emitting 

diodes will grow both service life of light-

emitting diode lamps and systems as a 

whole will be continued.   

 It is important to remember that in 

process of ageing of light-emitting diodes 

intensity of their light emission decreases. 

Then, brightness of light-emitting diode 

RGB-system, will go down in course of 

time. In the majority of the data from 

literary sources gradual decrease in 

brightness is admissible, but change of 

colour of light emission of RGB - light-

emitting diodes is not admissible. 

Microcircuit ASSP controls decrease in 

brightness of light-emitting diode RGB-

system in such a manner that chromaticity 

remains constant (within tolerance) even at 

reduction of maximum admissible 

brightness. 

 Key takeaways 

 1. Application of the developed 

dynamical optical system with feedback for 

RGB-system will allow to improve quality 

of lighting in connection with possibility to 

establish value of colour temperatures and to 

change them on a daily interval under any 

set law. 

 2. The combined dynamic systems 

of electric lighting  can be easily controlled 

remotely under the set program which 

considers dynamics of change of light within 

24 hours and any annual changes, and also 

to tune on increase of efficiency of work in 

the end of working shift when fatigue of 

workers is felt, by increasing of colour 

temperature and brightness for example. 

 3. It is possible to apply combined 

dynamic systems of electric lighting where 

there is a necessity of regulation of colour 

temperature and brightness for continuous 

dynamic process. 
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