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Abstract 

In the article the method of disinfection of water, based on the use of LED light sources for generating ultraviolet 

radiation. The technique and algorithm for calculating the light distribution of LED light sources that provide efficient 

use of electricity in the disinfection of water. Proposed the multistage system of water disinfection, which ensures high 

level of energetic efficiency and quality of water neutralization owing to application of energy efficient light sources 

and automation of technological process management and control. 

 

 

Keywords: ultraviolet radiation, UV-technologies,  LED light sources, structure, methods, algorithm, light distribution. 

 
INTRODUCTION 

    Presently an increased interest for UV 

technologies for neutralizing drinking and 

waste waters is being observed. It is 

conditioned by absence of side effects and by-

products having a negative effect on human 

health and water medium.  Development and 

wide application of germicidal plants, in 

which high-pressure mercury-ultraviolet 

lamps and low-pressure argon-mercury lamps 

are used as generators of UV rays, are a huge 

stimulus for UV technologies development. 

Although in practice such lamps have an 

essential disadvantage – reduction of radiation 

dose in the UV reactor because of frequent 

failure of lamps and lowering of their 

intensity in service because of contamination 

after operation in high-temperature mode. 

Absence of consequences of ultraviolet 

radiation in case of repeated water 

contamination in the water supply network 

and absence of automatic control systems of 

the process are drawbacks of the existing UV 

technologies. In the aggregate it results into 

reduction of efficiency and purification 

quality.  

      The stated problem requires development 

and introduction of new, more efficient UV 

water neutralization technologies. Technology 

of drinking and waste waters neutralization 

using germicidal plants made on the basis of 

LED lamps is the most efficient among them. 

However neutralization of a liquid medium 

with UV radiation is a complicated process, 

which efficiency depends not only on size of 

the volume radiation dose, but on the 

spectrum, in which inactivation of pathogenic 

germs occurs.  For this reason in calculation 

of germicidal plants with LED lamps a 

traditional approach based on calculation of 

light distribution of a single luminous element 

in air medium cannot be used, because it 

requires calculation of the whole area, within 

which luminous elements are located, as well 

as consideration of cooperation in creation of 

total luminous flux and cooperation with 

surrounding medium. It requires carrying out 

additional investigations with consideration of 

the main peculiarities examined. However as 

regularities of light distribution of LED lamps 

on the distribution structure in terms of 

variability and high density of the 

transmission medium have not been 

discovered properly, solution of the above 

problem is followed by some difficulties. It 

explains a detailed description of light 

distribution and characteristics of lighting 

instruments, low efficiency and quality of 

operation of plants based upon such 

instruments.  

    Analysis of publications dedicated to 

simulation of light space created by LED 

luminaries, as well as description of 

calculation techniques of LED luminaries and 



lighting instruments (LI) has shown that most 

of publications are devoted to their 

description in respect of conditions of 

particular task [1], which does not permit to 

apply them to any type of luminary and 

conditions of their application. Real lighting 

instruments consist of multiple LEDs being in 

the medium with different properties, which 

explains existence of a large variety of 

structural and technical solutions in their 

designing. Therefore to determine the optimal 

LEDs quantity and their mutual arrangement 

in the LI, considering properties of the 

transmission medium, it is necessary to 

improve scientific and methodological 

foundations of simulation processes in such 

plants and creation of synthesis technique of 

the plants with specified properties on their 

basis.    

 
EXPOSITION 

    Result of the investigation. To find out 

common regularities of creation of the light 

medium by LED lighting instruments of 

various designs and conditions of use on the 

basis of the investigation of light intensity 

distribution curves (LIDC) of the existing 

LED lamps a mathematical model of LED SI 

has been developed, which ensures light 

distribution calculation in any their 

arrangement and different properties of the 

transmission medium and also the technique 

of lighting instruments synthesis based on the 

known light intensity distribution curve 

(LIDC) of a single LED luminary.  To form 

the light intensity distribution curve of a 

LED-based instrument a model of the 

following kind is used [2]: 
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where -  /I   is light intensity distribution of 

LI; I (λ) – is distribution of light intensity of a 

single LEDs (LED); N – is number of LEDs 

in the instrument; I0 – is axial light intensity 

of a single LED; 2θ0,5 – is a beam angle of a 

single LED; К – is coefficient, taking into 

account light intensity distribution of the 

lightning instrument optical element  and 

transmission medium properties.  

    Light distribution of LEDs is simulated on 

the basis of Lambert type curves using spline 

approximation as the most efficient 

description of this process [2]. Finding of the 

required spline function, which describes 

distribution of light intensity of a LED 

luminary in space, is reduced to solution of a 

set of linear algebraic equations. For this 

purpose software Light Power has been 

developed, which provides calculation of 

LIDC LED instruments of arbitrarily arranged 

and oriented relative to the determined center 

of LED and also for any state of the 

transmission medium. Algorithm of 

calculation parameters and characteristics of 

LED-based lighting instruments is given in 

Fig.1. 
 

 

Fig. 1. Algorithm of calculation parameters and 

characteristics of LED-based lighting instruments 
 

    The result of the calculation is a graph of 

light distribution in the plane, where 

observation points are located. The graph is a 

light intensity distribution curve (LIDC) in an 

arbitrarily selected plane passing through all 

LED blades. Value of light intensity in this 

dependence is the result of composition of 

light intensities from all LEDs in the 

observation point. The value of the angle has 

been determined as the angle between axis of 

the blade and the ray drawn to the point of 

observation [3]. To calculate the light 

intensity the law of squared distance is used  

I = E · L
2
. To compute LIDC of LED lamp 

the LIDC of single light-emitting diodes 

(LED) was used. In the examined conditions 

LIDC of LED is a cubic spline approximation 

obtained proceeding from experimental 

measurements for a single LED. LIDC of the 

LED lamp being simulated is calculated in 

two stages.  

     At the first stage a catalogue of LIDCs of 

single LEDs of different modifications is 

created, from which it is offered to design the 

LED lamp. At the second stage the light 



intensity of from all LEDs in observation 

points is calculated.  

The second stage of the task is performed 

according to the developed technique:  

- Calculation of coordinates of 

observation points depending on the 

observation angle for specified pitch of 

change of angle;  

- Calculation of coordinates of points 

of foundations of LEDs for specified 

luminous points of LED and slope angle 

of the light-emitting-diode axis of the 

blade axis;  

- Calculation of angles between light 

vectors from every LED and the vector 

specifying the light-emitting-diode axis.  

     Application of the developed technique 

permits to calculate LIDC for LED lamp for 

any conditions of use. Calculation of LIDC 

for LED lamp is reduced to computation of 

the light intensity in any point of the 

transmission medium Ai with coordinates (xa, 

ya, za), in the coordinate system, in which axis 

OZ coincides with the blade axis. The point of 

the origin is an imaginary center of the blade 

luminosity, which can be arbitrarily selected 

in the area of plane of diodes arrangement. 

Plane XOY is perpendicular to axis OZ, as 

well as to axis OZ, passing through zero 

point. Direction of axis OX is selected 

arbitrarily. The algorithm applied in the task 

for calculation of observation points Ai of the 

transmission medium is based upon the 

statement that these points are in plane XOZ. 

    Calculation technique of coordinates of 

luminous points of the transmission medium. 

For calculation of coordinates of transmission 

medium luminous points the coordinates 

calculation algorithm is used, which is based 

on finding equidistant points of the 

transmission medium when they rotate around 

the point of origin. To use this algorithm the 

following values shall be specified [2]:  

   - calculate the distance to the points R from 

the zero point of the coordinate system; 

   -  a step change in the angle at the point moves 

around a point for calculating the zero axis OZ. 

Based step calculates the angle between the point 

of calculation and the negative direction of the 

axis OZ. 

   Under the cosine theorem distances to 

calculated points and their coordinates are 

determined.  
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   A geometrical interpretation of getting 

coordinates of calculated points as a result of 

rotation of the calculated point around the 

pointy of origin is shown in Fig.2.  
 

 

Fig. 2. Determination of coordinates of the 

calculated point  

 

   Specification of the slope angle of LED axis 

to blade axis. Coordinates of two points in 

space indicated in a definite order specify a 

single vector. Thus, if two points lying on a 

beam of LED axial light intensity are given, it 

will be enough to specify direction of the 

LED axis. The point of LED vector end shall 

be specified as coordinates of the LED optical 

center. The point of LED vector origin may 

be chosen randomly, but it must belong to the 

beam of LED axial light intensity. The angle 

obtained after brining the plane through axis 

OZ and the point of LED optical center is 

calculated in order to determine coordinates 

of the point of the LED vector origin in the 

specification using the angle between axes of 

LED and blade. A perpendicular from the 

point of the LED vector origin to axis OZ is 

reconstructed. A segment of the geometrical 

beam from point of the LED vector origin to 

axis OZ will be hypotenuse of this triangle. 

The angle between the hypotenuse and axis 

OZ shall be specified during reconstruction of 

the blade and is the slope angle of the LED 

axis to the blade axis. Proceeding from this 

structure the point of intersection of the 

hypotenuse and axis OZ shall be the point of 

the LED vector origin. Having denoted the 

point of the LED optical center with 

coordinates DS (xs, ys, zs) and using the law 

of tangents for a right triangle, the length of 

the leg belonging to axis OZ will be found as 

follows: 
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   where a – length of the leg, which can be 

obtained proceeding from coordinates of the 

point of the LED vector origin.  

    In the plane XOY projection of the point of 

the diode optical center has coordinates xs 

and ys respectively, the length of the vector 

from the optical center to axis OZ equals  
22( ysxs  . Consequently, leg b is 

determined as: 

 

)( 22 ysxstgb    (4) 

 

    Coordinates of the point of intersection of 

the hypotenuse with axis OZ shall be (0, 0, zs  

+ b). A geometrical interpretation of the 

resulting coordinates of points of LEDs 

foundations is shown in Fig.3.  
 

 

 

Fig. 3. Determination of coordinates of the 

point of LED foundation 

     Coordinates of the point of the diode 

vector origin can be specified simply 

proceeding from the geometrical 

representation of the blade. In the 

specification the calculation of coordinates of 

the point of the diode vector origin for every 

diode of the blade following the described 

algorithm, if coordinates of the point of the 

diode optical center and slope angle of the 

diode axis to the blade axis are given. When 

coordinates of points of diode vector origin 

and end are specified from geometrical 

construction of the blade, there is no need to 

specify the slope angle of the diode axis to the 

blade axis. 

   Determination of the angle between 

the LED axis and the vector to the calculated 

point. To calculate light intensity from the 

diode optical center to the calculated point the 

angle between the vector, which specifies the 

LED axis, and the vector from the point of 

LED optical center to the calculated point 

shall be acknowledged.  

The angle between vectors in space 

shall be found by means of scalar 

multiplication of vectors. According to that a 

sum of multiplications of correspondent 

coordinates of vectors: ab = xa * хb + уa * уb 

+ za * zb is a scalar achievement of two 

vectors а (Ха, yа, zа) and в (Xв, Yв, Zв). On 

the other hand, scalar achievement of these 

vectors is achievement of lengths of vectors 

multiplied by cosine of the angle between 

them: 
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   To find the angle between the LED axis and 

the vector from the LED optical center to the 

observation point the points of origin and end 

from each of vectors shall be determined. A 

geometrical interpretation of getting the angle 

between the vectors is shown in Fig.5. These 

vectors specify the LED axis and the vector 

from the LED optical center directed to the 

observation point (observation vector). The 

first vector specifies the LED axis and 

belongs to the beam of the LED axial light 

intensity. The vector put from every point 

lying on the beam of axial light intensity of 

LED Do to the optical center of LED Ds. The 

second vector – from the point of the optical 

center of LED Ds to the observation point Ai. 
 

 

Fig. 4. Determination of the angle between the 

LED axis and the calculated vector 

  

    Coordinates of points, which determine 

both vectors: Ds (xs, ys, zs) – is point of LED 

optical center; Dо (xo, yo, zo) – is point of 

LED foundation; Ai (xi, yi, zi) – is calculated 



point (point, in which total light intensity of 

LEDs from LEDs arranged on the blade is 

calculated).    

   Coordinates of the vector of LED D (Dо, 

Ds) and the calculated vector A (Ds, Ai) are 

determined using coordinates of the vector 

origin and end: 

D(xs - xo, ys - yo, zs - zo) 

A(xa - xs, ya - ys, za - zs) 

   After calculation of lengths of vectors: 
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the scalar achievement of vectors is calculated 

using their coordinates:  
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   The scalar achievement of vectors is 

computed using scalar multiplication: 

)cos( ADDA  

   Having equaled scalar achievements of 

vectors obtained by different methods, the 

angle between vectors shall be obtained: 
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    Using previously obtained lengths of 

vectors and function arcos, the required angle 

shall be found. The obtained angle between 

vectors, specifying the LED axis, and the 

vector from the point of LED optical center to 

the observation point the LED is used. Having 

carried out interpolation using function of 

approximation of cubical spline for the 

selected LED, light intensity from the 

particularly selected LED in the selected 

observation point shall be calculated. Having 

summarized the value of the resulting light 

intensities from all LEDs of LED lamps, light 

intensity in this observation point is obtained.  

    It shall be noted that the developed method 

of finding the angle between the vector, 

which specifies the LED axis, and the vector 

from the point of the LED optical center to 

the observation point does not depend on 

calculation methods of coordinates of 

observation points and points of LEDs 

foundations. Therefore it can be used for any 

arbitrarily selected observation points, 

foundations of LEDs and their arrangement 

medium, which makes the algorithm suitable 

for calculation of light distribution from LED 

systems of germicidal water neutralization.  

    In Fig. 5 experimental (-) and calculated  

(---) LIDC at a distance of 0.1m from the 

luminous point located in the water medium.  

Calculated curves do not differ from real ones 

by more than 10% and it is explained by 

difference of parameters of separate LEDs of 

LI and of their fluxes and thermal modes.  
 

 

Fig. 5. Result of LIDC calculation  

 

    Application of the developed method 

permits to calculate intensity of LEDs of the 

germicidal plant necessary for efficient and 

high quality neutralization of water.  

    To eliminate the repeated contamination of 

water by bacteriological parameters the 

multistage system (Fig.6) may be applied, 

which excludes ingress of pathogenic germs 

in the water supply and disposal network.  
 

 

Fig. 6. The multistage system of water disinfection 
 

    In the aggregate use of this scheme in 

combination with germicidal plants with LED 

lamps, except for efficiency of technological 

process of water neutralization, permits to 

create conditions for automation of 

neutralization process and quality control of 



water in all areas of the water supply and 

disposal network, ensuring its quality 

management.   

 

CONCLUSION 

1. The program and method of lighting 

calculation of germicidal plants based upon 

LED lamps, providing accounting of 

distribution of LED lamps and properties of 

the transmission medium.  

2. Calculation and experimental 

investigations of light distribution of UV LED 

lamps in water medium were made, which 

confirmed serviceability of the developed 

calculation algorithms and programs and their 

sufficiently high accuracy. 

3. The multistage water neutralization 

technology based upon LED lamps was 

offered, which ensures high level of energetic 

efficiency and quality of water neutralization 

owing to application of energy efficient light 

sources and automation of technological 

process management and control. 
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