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Statement of the problem. LEDs have a peculiar light distribution. Developing and 

manufacturing LED luminaires with a standardized luminous intensity distribution curve is difficult 
task: it is necessary to use the reflecting and focusing elements or solve the problem by changing 
the geometry of the luminaire to provide the necessary spatial distribution of light [1; 4]. 

Numerous options that solve the most complex esthetic and lighting problems are reduced to 
describe the shape of LED module and the calculation of LEDs quantity. However, to solve such 
problems it is expedient to use specialized computer methods. Therefore, the problem of modeling 
lighting characteristics of LEDs and LED modules in the initial stage of designing of LED lighting 
devices using software is topical today. 

Research and publications analysis. The main objectives of modeling and designing of 
lighting systems are the creation of the most efficient light output in a certain direction, which 
involves the calculation of the spatial and angular distribution of light intensity on the output side of 
the device. 

Program that automates the process of modeling the luminous intensity distribution curve and 
calculates the illumination distribution of plane LED modules with arbitrary shape was designed in 
research laboratory of Pavel Sukhoi State Technical University of Gomel [2; 3]. 

Well-known article [7] is based on engineering task to calculate the shape of the specular 
reflector which provides some indispensable luminous intensity distribution curve. 

In a publication [8] a system for optical modeling SPECTER developed in the Department of 
Computer Graphics of Keldysh Institute of Applied Mathematics of Russian Academy of Sciences 
is examined. This system is a software tool for modeling complex optical systems and devices 
based on optical effects such as scattering of light by surface microroughness (stochastic or 
regular), volumetric light scattering on microparticles of material, polarization of light scattering in 
thin films, etc. 

Methods of modeling the optical system of LED street lights with lenses of arbitrary shape are 
described in [5; 6]. Some of these methods can be implemented in software packages such as Excel, 
Matlab, Mathematica or MathCAD, but there are so many methods solving narrowly focused tasks for 
which it is necessary to use a more powerful and sophisticated features, which are discussed below. 

Formulating of the problem. Describe the typical program for modeling the spatial 
luminous intensity distribution of LED luminaires of various configurations. Focus on basic 
mechanisms, methods and algorithms of the program, give a brief description of some of the most 
important concepts. 

Basic material presentation. Computer design of modern lighting systems requires the use 
of physically accurate and efficient models of light distribution in these devices, and ensuring a 
visual representation of the data obtained in the course of optical simulation [8; 9]. Is necessary to 
understand how the output result was obtained, that is how the light from the light source gets to the 
measuring instrument. So to get the full information about the light distribution in an optical system 
it is convenient to use visualization of ray trajectories in the optical system. 
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Various methods of ray-tracing are used for getting complete information about the light 
distribution in an optical system. The most effective of them, that solves complex problems in 
optical systems with surface and volume scattering, is a Monte-Carlo method. This method allows 
to simulate all of the physical effects of ray propagation (diffuse scattering on surfaces, specular 
reflection, refraction, alternation of polarization state, double refraction, etc.), as well as to analyze 
the effect of individual components of the system on the light distribution. 

It is necessary to discriminate and select only the rays that meet certain criteria during ray-
tracing. Criterion of ray propagation in the optical system can be used both for visualization of ray 
trajectories and for the calculation of the distribution of light characteristics on the radiation 
detector. Using criteria of ray trajectories helps to illustrate the influence of the individual effects 
and the components of the optical system on the propagation of light in an optical system. 

Visualization of ray trajectories in optical modeling system typically consists of three main 
components: formation of ray trajectories, selection of rays required for visualization, and rendering 
of ray trajectories. 

Ray trajectory is a set of rectilinear segments that connect the points where the change of the 
straightness of the beam propagation or beam parameters (such as color or polarization state) 
occurs. The variation of the straightness of the beam propagation can occur on the surfaces of the 
optical system or in its environment of spread. That is, each segment of the beam path is the result 
of any events occurred with the beam. 

Events that occur on the beam during its propagation in an optical system are the 
indispensable attribute of the beam trajectory and allow the benefit the selection on the basis of ray 
tracing using the criteria. 

The final component of visualization of beam trajectory is actually its visualization (fig. 1). 
Visualization is usually performed by computer graphics hardware (Direct-X or OpenGL).  

 

 
 

Fig. 1. Visualization of light distribution in a LED luminaire model 

Ray visualization tool is focused on qualitative analysis of the model. Incorrect situation can 
arise because of defects and errors in the representation of the geometry of the optical elements or 
due to the incorrect assignment of their optical properties. The visualization tool shows statistics of 
such rays due to wich the developer can infer how critical the existing defects are. Therefore, ray 
visualization allows identifying and correcting the errors that could be made in the description of 
the device model, show to the developer the source of inconsistency of the criteria of design. 

Method of formation the spatial distribution of luminous intensity distribution curves. 
Algorithm of modeling the light distribution of LED luminaires by means of specialized software is 
shown on fig. 2. 
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Fig. 2. Algorithm of modeling the spatial distribution of luminous intensity distribution curves 

Input data are the basic photometrical and electrical characteristics of the projectible LED 
luminaire. This stage identifies the destination of the luminaire that is the choice of the shape of the 
spatial light distribution. 

Luminaire design is generated by change of elements of the model geometry in interactive 
mode: geometry of the luminaire’s body, shape of reflective or focusing elements, including surface 
microgeometry. During design process is needed to repeatedly change the parameters of the 
different elements of the model until it be found the optimum in terms of specified criteria option. 
So the system supports the ability to modify the components of the device according to the set of 
parameters of the developer. 

Calculation of the luminaire's solid of light distribution is implemented for research and 
analysis of different types of light energy distribution in the model, such as the spatial distribution 
of light over the surface of the output device and the angular distribution of the light produced by 
the device. This process is achieved in four steps: definition of the criteria, formation of the ray 
trajectories, selection and visualization of rays. 

Intermediate stage of the simulation is to verify the conformity of the designed models and 
curves of the spatial light distribution to the criteria of designed luminaire. If some of the 
parameters of the criterion are not fulfilled the algorithm is repeated again, but the geometry of the 
luminaire’s body and its optical system or LED quantity are changed. 

Smoothing of the photometric distribution data occurs due to data filtration in the frequency 
domain that is represented by continuous periodic function in spherical coordinates after using the 
fast Fourier transform. 

Next stage of the design is to create a photometric computer model of luminaire needed for 
modeling the lighting systems. These models are represented as a file describing the photometric 
characteristics of the device, which is used by the lighting program for the calculation of lighting 
indicators and to create as close to reality projects [9]. 

Last stage of modeling of LED lighting devices is the production of the final product, which 
is unthinkable without the production the luminaire prototype and measuring its performance. There 
is no significant quantity of qualified and certified laboratories for conducting such measurements 
and they are also very expensive. Therefore, one should not neglect the use of specialized software 
in the development of LED lighting devices to save money and time. 
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Conclusion. Given algorithm is indispensable to solve the problems associated with 
acceleration of the design and technological preparation of production, increment of the competitive 
ability and the conquest of new markets. In addition, this computer method allows obtaining 
independent visual confirmation of the results of theoretical and experimental explorations and 
promoting relieved perception of the results, giving the opportunity to explore the complex physical 
processes. But it is necessary to make significant improvements in the optimization of those 
algorithms, evaluation methods and user interfaces, determination and presentation of complex 
optical elements. 
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А. Б. Зюзина-Зинченко 
Моделирование светораспределения светодиодных световых приборов с исполь-
зованием программного обеспечения 
Исследованы основные механизмы работы программных пакетов для формирования 
пространственного светораспределения. Предложен алгоритм моделирования распределения 
силы света светодиодных световых приборов с помощью специализированного 
программного обеспечения. 
А. Б. Зюзіна-Зінченко 
Моделювання світлорозподілу світлодіодних світлових приладів з використанням 
програмного забезпечення 
Досліджено основні механізми роботи програмних пакетів для формування просторового 
світлорозподілу. Запропоновано алгоритм моделювання розподілу сили світла світлодіодних 
світлових приладів з використанням спеціалізованого програмного забезпечення. 


