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Abstract

Creation of indoor lighting systems with the possibility of changing its parameters in space and time
is a promising direction within the framework of the intellectual environment system. The aim of this work
was to create a methodology for calculating the illumination created by LED matrices which does not require
the use of specialized software products and is adapted to the possibility of varying the parameters of LEDs
and illuminated rooms.

The urgency of creating a room lighting system that simulates the conditions of natural lighting taking
into account the need to change its spectral composition in time, in space taking into account the physical
and psychological state of a person is substantiated. The possibility of using well-known computer programs
to calculate the distribution of illumination in the room is analyzed.

A method has been developed for calculating the distribution of illumination on a plane using both a flat
LED matrix and a matrix with an inclined arrangement of the planes of individual LEDs. It is shown that
the distribution of illumination is a function of the indicatrix of the light intensity of the LED, its location
in space, the number of LEDs in the matrix.

[lumination distribution has been calculated for various light sources consisting of RGB LEDs both for
desktop and ceiling lighting was calculated. It is established that when using matrices containing the same
LEDs distribution of illumination is very nonuniform. The inclined arrangement of LED planes slightly
increases uniformity reducing the maximum illumination. For ceiling lighting the option of uniform distri-
bution of LEDs within the ceiling plane provides more uniform illumination than when the same number
of LEDs are arranged in groups of matrices.

Results of LED sources modeling indicate the need to modernize simple orthogonal matrices contain-
ing the same type of elements with the same power modes for all elements in order to increase the uni-
formity of illumination and efficiency. Such modernization can be carried out by changing the geometry
of matrices differentiating the power modes of individual LEDs. The developed calculation program can be
supplemented with options for introducing the above changes, as well as options for analyzing the spectral
distribution of light in space.

Keywords: mathematical modeling, RGB LED, light intensity distribution indicatrix, led matrix,
illumination distribution.
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AHaJm3 pacnpeaeJeHnss 0CBEIEHHOCTH, FTeHepUupyeMou
CBETOAUOJHBIMHM MATPULIAMHU

II.C. bornamn, E.I'. 3aiiueBa, I1.0. bapanos, A.!. CtenaneHko

benopycckuii nayuonanvHulil mexHuuecKkul ynugepcumen,
np-m Hezasucumocmu, 65, 2. Munck 220013, benapyco

Tocmynuna 11.02.2022
Ipunama k nevamu 18.03.2022

Co3zmanvie CCTEM OCBEIICHHUS IIOMEIICHUH ¢ BO3MOYKHOCTHIO N3MEHEHHS €0 ITapaMeTPOB B MIPOCTPAHCTBE
1 BO BPEMCHHU SABJIACTCA NMEPCICKTUBHBIM HAIIPABJICHUEM B paMKaX CHUCTEMbI «MHTCIUICKTYyaJIbHasA OKpPYKaro-
mast cpema». Llempto maHHONW paboOTHI OBUTO CO3MAHWE METOMWKHA pacuéTa OCBEHMIEHHOCTH, CO3IaBacMOM
CBETOJIMOIHBIMIA MaTpPHUIIAMH, KOTOpas He TpeOyeT MpUMEHEHHs CIEIHaIM3UPOBAHHBIX MPOTPAMMHBIX IPO-
JAYKTOB M alaliITUPOBaHa K BO3MOXXHOCTH BaPbUPOBAHUS ITapaMETPOB CBETOAMNOI0B U OCBCIIAEMBIX HOMGH.[CHI/IfI.

O0ocHOBaHA aKTyaJIbHOCTh CO3MIAHUS CHCTEMBl OCBCIICHUS ITOMEIICHUH, WUMUTHPYIOIMEH YCIOBHS
©CTECTBEHHOTO OCBCIICHUS C YYETOM HEOOXOMUMOCTH €ro W3MEHCHHSI IO CIIEKTPaTbHOMY COCTaBY
BO BPEMCHH, B TMPOCTPAHCTBE C YYIETOM (PHU3UICCKOTO M TICHXOJOTUYECKOTO COCTOSHHUS YeIOBEKA.
HpoaHaﬂmeOBaHa BO3MOXHOCTE HMCIIOJIb30BaHUSA HM3BCCTHBIX KOMIIBIOTCPHBIX IIpOorpamMm IJIsd pacrléTa
pacrpeneneHus] OCBEIIEHHOCTH B TIOMEIIICHU.

PazpaboTtana metoauka pacuéTa pacupeIeeHIs OCBEIEHHOCTH Ha INTIOCKOCTH MTPH UCITOJI30BAaHUH KaK
TIOCKOM CBGTOJII/IOIIHOﬁ MaTpulibl, TAK U MaTPUIbl C HAKJIIOHHBIM PAaCIIOJIOKCHUEM IIOCKOCTEN OTACIBbHBIX
cBetoano0B. [Tokazano, 4To pacmpeneneHue OCBEMIEHHOCTH SBISICTCS QyHKITMEH HHINKATPUCKHI CHITBI CBETA
CBETO/IN0/1a, PACTIONOKECHHS €ro B IPOCTPAHCTBE, KOJIMYECTBA CBETOIUOIOB B MaTPHIIE.

TlpousBenén pacué€r pacnpezesieHds OCBEHIEHHOCTH JJiA Pa3jMYHbIX HCTOYHMKOB CBETA, COCTOAIIMX
n3 RGB cBeTommomoB, Kak I HACTOIHLHOTO, TaK W JUIS MTOTOJIOYHOTO OCBEIICHUS. Y CTAaHOBJICHO, UTO TPH
HCIOJIB30BAHUU MaTpUll, COACPXKAIUX OAMHAKOBBIC CBETOAUOABI, BEJIMKA HEPABHOMEPHOCTDL PACIIPCACICHUA
ocBenéHHocTd. HakioHHOE pacrosiokeHHe MIOCKOCTEN CBETOJAMOI0B HE3HAYUTENIBHO YBEIMYMBAET PaBHO-
MEPHOCTbH, YMCHbBIIIasds MaKCUMAJIbHYIO OCBeHIéHHOCTI). JIJBI IMOTOJIOYHOI'O OCBCUICHUA BapUaHT paBHOMEP-
HOTO pAacCIpeesIeHUs] CBETOIMOIOB B IIpeleiax IMOTOJIOYHOM TUIOCKOCTH obecredunBaeT Oojiee paBHO-
MEpHOE OCBEICHHUE, YeM TIPH PACIIONIOKEHUH TAKOT0 YK€ KOJIMUECTBA CBETOAMOIOB B BUC TPYIIIT MATPHIL.

Pe3yHBTaTBI MOACIUPOBAHUA CBETOAMOAHBIX HCTOYHHUKOB CBHIACTCILCTBYIOT O HCO6XOJII/IMOCTI/I
MOACPHU3aUU IIPOCTBIX OPTOTOHAJIBHBIX MaTpull, COACPXKAIINUX OAHOTUITHBIC 3JICMCHTBI C OJMHAKOBBIM
IJI1 BCEX DJJIEMEHTOB PEXHUMOM IIUTaHWA, C ILCJIIBIO IIOBBIIICHHA PABHOMEPHOCTHU OCBeIHéHHOCTI/I u
SKOHOMUYHOCTH. Taxkas MOACPHU3aIA MOXKET OCYHIECTBIIATHCA 3a CYET M3MEHEHHUS reoOMETpUN MaTpull,
nuddepeHIany  peXXUMOB TUTAaHHUS OTAENBHBIX CBETOAMOAOB. Pa3paboranHas mporpamMma pacuéra
MOXET IONOJJHATHCA ONUUAMU JJid BBCACHUA IICPCUHCIICHHBIX BBIIIC I/I3MeHeHI/II\/’I, a TakKXeE OIIIIuiAMH
IUIST aHAJTA3A CTIEKTPAITLHOTO paCTIPEACIICHNS N3ITYICHHSI B TIPOCTPAHCTBE.

KiioueBble cjioBa: MareMatuyeckoe mojenupoBanue, RGB cBetonuona, muaumkatpuca pacrpeneieHus
CHUJIBI CBETA, CBETOAMOIHAS MATPUIIA, PACTIPECIICHUE OCBEIIEHHOCTH.
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Introduction

Lighting has a significant effect on the human
body. According to [1] light radiation determines
many physiological and behavioral reactions ran-
ging from hormonal rhythms and pupil reactions,
ending with sleep, alertness, cognitive abilities and
mood. In particular, it was found [2] that patients
who experienced a stay of at least 48 hours in an in-
tensive care unit without windows had a disturbed
idea of the duration of their stay in the department
and their orientation in time worsened, as well as the
frequency of hallucinations and delusions increased
more than 2 times compared to patients in similar
departments with translucent windows. To eliminate
these phenomena, the authors [2] proposed using a
system to simulate the daily cycle of natural light in
a medical hospital. Since natural lighting is not al-
ways optimal for human life (seasonal changes in the
duration of daylight, individual characteristics and
preferences of a person), the urgency of creating a
combined (natural and artificial lighting) system is
obvious, which should quickly adapt to both changes
in the natural component and individual characteris-
tics and preferences of a person.

The parameters of the lighting system elements
must comply with regulatory documents and comfort
conditions. The requirements for lighting and radia-
tion sources are set out in regulatory documents' ™.
The main normalized parameters are illumination
and its uniformity in space. In addition, in the stan-
dard’® of the Association of Manufacturers of LEDs
and systems based on them, the criterion for choo-
sing parameters is the comfort of the light environ-
ment for different age groups, taking into account the
need to change these parameters over time. Hence,
the need to develop adaptive lighting systems is ob-
vious, and the change in illumination in space should
be determined by the age of a person, as well as
his physical and psychological state. Therefore, the
lighting system must contain not only the source it-
self, the power supply circuit, the unit for measuring
the parameters of the natural component of lighting,

" GOST ISO 8995-2002. Principles of visual ergo-
nomics. Lighting of working systems indoors (in Russian).

2 GOST R 55710-2013. Lighting of workplaces insi-
de buildings. Norms and measurement methods (in
Russian).

3 STO. 69159079-05-2020. LED lighting devices.
Requirements for a comfortable light environment (in
Russian).

but also devices for monitoring the human condi-
tion, appropriate software.

To the greatest extent, the adaptability require-
ment is satisfied by LED light sources, whose bright-
ness and spectral composition are quite easy to con-
trol. Their important advantage is also the low power
consumption. At the same time, the use of LEDs as
light sources revealed two significant drawbacks: the
small angular size of the light beam and the excessive
brightness when the source enters the field of view.
To get rid of these shortcomings, optical ele-
ments (lenses, reflectors [3—8]) and scattering fil-
ters [9] are used in the lighting device. A large
number of proposed architecture options for LED
lighting systems complicates the process of optimal
selection of lighting systems, taking into account
compliance with the requirements of current stan-
dards and the need for dynamic lighting. Therefore,
for such optimization, it is necessary to be able to
computer simulate the distribution of illumination in
the room in the function of the LED radiation indica-
trix and the coordinates of its placement in the room.

Currently, several packages of computer calcu-
lation of optical system parameters are used: Zemax,
Code V, Oslo, DEMOS, SARO, OPAL, etc., the ad-
vantages and problems of their application are given
in [10]. Some of them are focused on foreign ele-
ment base, norms and standards, the main purpose of
these programs is modeling and analysis of various
optical systems. In [11], optimization of secondary
lenses for LED lamps is performed using ray trac-
ing using the Monte Carlo method without image
processing. A program has been developed using the
particle swarm algorithm (PSO) in order to optimize
the layout of lamps for the general lighting scheme
of premises [12]. The last two methods are closer to
solving the problem of optimal illumination, but the
algorithms used in them are quite complex and re-
quire significant technical resources. The aim of the
work was to create a methodology for calculating
the illumination created by LED matrices, which
does not require the use of specialized software pro-
ducts and is adapted to the possibility of varying
the parameters of LEDs and illuminated rooms.

Mathematical modeling of the illumination
distribution generated by the LED matrix

As the initial data for calculating the illumina-
tion on the plane, the light intensity distribution of
the source, the coordinates of the source relative to
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the plane are used. The result of the calculation is
the dependence of the illumination on the plane as a
function of its orthogonal x and y coordinates.

Let us first consider the location of the source 4
relative to the illuminated plane P, when the axis of
symmetry of the indicatrix 40 is perpendicular to the
plane P (Figure 1).

A

e

0 B

Figure 1 — Scheme for the transition to the dependence
of illumination on the spatial coordinate x in the plane P

The ray of the indicatrix in the plane 40X, direc-
ted to the axis of the indicatrix at an angle vy, inter-
sects the illuminated plane at point B. In accordance
with the Methodological Guide® for the design of
artificial lighting of public and residential buildings,
the illumination E of point B on the illuminated
plane P depends on the angle y between the per-
pendicular to the plane P, the direction of the light
beam from the source at point 4 and the distance /,
between points 4 and B:

(1

Expression (1) can be used for calculations in
the case of a perpendicular arrangement of the axis
of the light intensity of the LED relative to the il-
luminated plane. But when choosing the optimal
arrangement of the LEDs in the lighting device, an
inclined position of the axis of the indicatrix relative
to the illuminated plane is also possible. In Figure 2
the axis of the LED’s indicatrix forms angles ¢, and
¢, with a perpendicular to the illuminated plane xOy
in the planes z0x and z0y, respectively.

*Design of artificial lighting of public and residential
buildings. Methodical manual. Ministry of Construction
and Housing and Communal Services of the Russian Fe-
deration. Federal Center for Standardization, Standardiza-
tion and Conformity Assessment in Construction. Mos-
cow, 2016, 141 p. Access mode: https://www.faufcc.ru/
upload/methodical materials/mp15.pdf. Date of access:
28.01.2022 (in Russian).

Figure 2 — The direction of light rays at an inclined posi-
tion of the AF axis of the light intensity indicatrix relative
to the illuminated plane xOy

In this case, the distribution of illumination on
the illuminated plane x0y is a function of the angle
B of the inclination of the beam AG to the axis AF
of the symmetry of the light intensity indicatrix for
the LED, the angle of inclination y of the beam 4G
to the perpendicular 40 to the illuminated plane x0y.
The specified dependency has the form:

£y =1,

1

2

where /() is dependence of the intensity of the
angle B of inclination of the beam AG to the axis AF
of symmetry of the indicatrix; /; is the length of the
path of the light beam from the LED to the illumi-
nated surface.

Let’s move from the distribution of illumination
in the function of the angles P and y to the distri-
bution in the function of the coordinates x; and y
of the points of the illuminated surface and the dis-
tance » between the LED at point 4 and the illumi-
nated plane x0y.

From the triangles A0G and EAG it is obvious

that:
[ 2 2
+
yzarctan—xG yG; 3)
r
B = arccos : };+xG ta121¢x+yG tanq); : @)
\/r +(xg)" +(yg) \/l+(tan¢x) +(tan¢y)
_ _ |2 2 2 %)
L =AG=\|r +(xG) +(yG) .

Taking into account the expressions (3, 4, 5),
the formula (2) for calculating illumination will take
the form:
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1| arccos

r+xg tan¢, + y; tan q)y

2 2
V&G + 6

arctan

COS

U2+ )+ \/1+(tan¢x)2 +(tang,,)

r

(6)

E(x,7,0,.0,) =

As a rule, not one source is used for lighting,
but a matrix of LEDs. In this case, it is necessary to
sum up the illumination values calculated for each
LED, taking into account their displacement relative
to each other.

Examples of using the developed
mathematical model to calculate

the distribution of illumination generated
by LED matrices

[llumination in the premises is regulated by
regulatory documents. For example, in accordance
with GOST R 55710%, workplaces with video termi-
nals on a given surface, as well as those intended for
writing, typing, reading, and data processing, should
have an illumination of 500 lux with an illumination
uniformity of 0.6, and canteens — 200 lux with a uni-
formity of 0.4.

Using the developed mathematical model,
lighting modeling was carried out for the two above
options, and the distance between the LED matrix
and the illuminated surface in the first case was as-
sumed to be 0.5 m (table lamp), in the second case
2.5 m (ceiling lamp). For the calculation, the indica-
trices of the components of the COTCO three-crystal
RGB-SMD LED L1-P1-01 TQ with a delta-shaped
arrangement of crystals inside the case were used,
shown in Figure 3 [13].

The introduction of information about the graphs
in Figure 3 in numerical form into the calculations
involves the use of two options. First, it is possible to
apply approximations of the form:

(7

where [ is the value of the luminous intensity, cd;
B is the angle between the perpendicular to the il-
luminated surface and the direction of the light beam
on the indicatrix, deg; d is the value of the luminous
intensity at 3 equal to 0, n is the exponent.

Selecting the parameter n for the different parts
of the indicatrix, it is possible to obtain a sufficiently
high accuracy of the approximation, for example,
for the blue led when maximum # is equal to 1 for all
B, the relative error was 0.07 % (Figure 4).

I=d(cosP)",

P+ (x6) ()

[
N
0.5
. a
SR ZZER
/ \
/ \
(A \\&
-90 0 90
A

Figure 3 — The indicatrix of the light intensity / as a func-
tion of the angle B between the perpendicular to the il-
luminated surface and the beam direction for the three-
crystal RGB-SMD LED LMI-TPP1-01 TTQ for total
inclusion in white balance mode (black upper graph), for
red, green, blue components (respectively red, green, blue
graphs) [13]

[13]
d-cos'B

d-cos’

B.°

-90 0 90

Figure 4 — The indicatrix of the luminous intensity / in
relative units as a function of the angle § between the per-
pendicular to the illuminated surface and the beam direc-
tion for the blue component of the RGB-SMD LED LM1-
TPP1-01 TTQ [13] and its approximation by formula (7)
for different exponents

The second option for introducing the indica-
trix in numerical form is to use the method of spline
approximation by the pspline and interp functions
in Mathcad packages, where the entered numeri-
cal values are connected by straight segments. In
this case, the deviation of the actual and calculated
values is practically reduced to zero, the error be-
tween the entered values depends on their number,
the approximation formula is not presented in an
analytical form. Figure 5 shows a graph of such an
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approximation and the actual values for the light
intensity curve of the blue component of the LED
LMI-TPP1-01 TTQ. The second option is more
preferable due to less labor intensity.

0.1
3
o
_

0.05r

0 .
-90 0 90
B

Figure 5 — The light intensity indicatrix / as a function of
the angle B between the perpendicular to the illuminated
surface and the beam direction for the blue component
of the RGB-SMD LED LMI-TPP1-01 TTQ [13] (red
icons) and its approximation using the Mathcad package
(blue line)

The maximum illumination of the plane is a
function of the number of LEDs in the matrix. In
order to determine the required number of LEDs in
the matrix to provide the required illumination for a
table lamp and a ceiling lamp, the corresponding de-
pendencies were obtained for both cases. The LEDs
were arranged orthogonally in 9 mm steps. Calcula-
tions have shown that these dependencies are linear
in nature and differ in the angle of inclination of the
straight line to the horizontal axis.

Based on the comparison of the illumination
values regulated by GOST R 55710 for some types
of activities of 500 lux (table lamp) and 200 lux (ceil-
ing lamp) with the obtained dependencies, square
matrices of 12x12 and 4040 LEDs were selected
for further calculations. For these matrices, the de-
pendences of illumination on the plane on spatial
coordinates are calculated by formula (6). The corre-
sponding graphs of the dependence of the illumina-
tion £ on the x coordinate are shown in Figures 6 (red
curve) and 7 (red curve).

Analysis of the graphs in Figures 6 (red curve)
and 7 (red curve) shows that the illumination
varies significantly from the center to the peri-
phery. In the first case (table lamp), in accordance
with GOST R 55710% on a given surface uniformity
of lighting should be 0.6, and the second (ceiling

lamp) — 0.4. As a given surface in the first case, we
consider the area of visual work, the radius R which
is in accordance with the Methods of hygienic as-
sessment of indicators artificial light environment
in the premises of buildings and structures’ is cal-

culated as:
R=12a, 3

where a is the distance from the eyes of the obser-
ver (employee) to the work surface, m.

600

400 |

E Ix

200

0 1 1 1
-1 -0.5 0 0.5 1

x, m
Figure 6 — Graphs of the dependence of the illumination
of the E plane on the x coordinate for the distance between
the matrix 12 x 12 and the plane equal to 0.5 m (table lamp):
red curve for a flat matrix; blue — for a matrix with a grad-
ual rotation of the LED planes from +45° to -45°; green —
for a matrix with a gradual rotation of the LED planes
from -45° to +45°

When working with the monitor, the distance
to the conditional working surface is about 0.5 m,
when writing, reading — about 0.4 m, then the radius
of the working area is up to 0.6 m. According to the
graph in Figure 6, at the boundaries of the working
area, the uniformity is about 0.14, which is signifi-
cantly less than the regulated value of 0.6. Therefo-
re, it is necessary to modernize this lamp in order
to increase the uniformity of illumination. This can
be achieved by using more powerful LEDs on the
periphery of the lamp, changing the location of the
LEDs in the matrix.

To investigate the possibility of increasing the
uniformity of illumination due to the rotation of the

>Methods of hygienic assessment of indicators of
artificial light environment in the premises of buildings
and structures. Instructions for use. Republican unitary
Enterprise “Scientific and practical center of hygiene”.
Reg. No. 007-1217. Minsk, 2018, 14 p. Access mode:
http://med.by/methods/pdf/007-1217.pdf. Access date:
28.01.2022 (in Russian).
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LEDs in the matrix, each LED was rotated relative to
the plane of the matrix from one edge to the other by
an increasing value with a constant step in the range
from -45° to +45° in the directions along the x and y
axes, as well as in the range from +45° to -45°.The
calculation was performed using the expression (6)
for the 12x12 matrix and the distance to the illumi-
nated plane of 0.5 m (table lamp).

3001
X
200 |-
100 -
0 1 1 L
710 0 10
X, m

Figure 7 — Graphs of the dependence of the illumination
of the £ plane on the x coordinate for the distance between
the matrices and the 2.5 m plane (ceiling lamp): red curve
for the 40x40 matrix; green — for nine 40 x40 matrices
evenly spaced on the ceiling; blue — for the 120x 120 ma-
trix with a uniform step along the ceiling plane

The graphs for both rotation options are shown
in Figure 6 (green and blue curves, respectively).
The analysis of the graphs in Figure 6 allows us to
conclude that when the planes of the LEDs are rota-
ted, the maximum illumination decreases, and when
turning from -45° to +45° more than when turning
from +45° to -45°. There is no significant increase
in the uniformity of illumination within the specified
rotation angles. A similar result was obtained for a
40x40 ceiling lamp.

The developed methodology made it possible
to analyze the possibility of increasing the unifor-
mity of illumination due to the use of several LED
matrices. For a table lamp, the illumination distri-
bution was calculated using three 12 % 12 matrices
located at the vertices of an equilateral triangle
with a side of 0.5 m. The graph of the dependence
of the illumination £ on the x coordinate passing
through the vertex of the triangle and the mid-
dle of its opposite side is shown in Figure 8 (red
curve). The analysis of this graph shows that such
a three-matrix option increases the uniformity of
illumination, but the required uniformity value is
still not achieved. At the same time, the maximum
illumination increases and the power consumption
increases three times.

The use of a square matrix with a total of 288
LEDs and an “empty square” 6x6 inside (Figure 8,
green curve) has the same disadvantages as the pre-
vious version.

1x103

800

= 600
x
400

200

X, m
Figure 8 — Graphs of the dependence of the illumina-
tion of the E plane on the x coordinate for the distance
between the matrices and the plane of 0.5 m (table lamp):
red curve for three 12x 12 matrices located at the vertices
of an equilateral triangle with a side of 0.5 m; green curve
for a square matrix of 288 LEDs with an “empty square”
6% 6 inside

For a ceiling lamp, the permissible uniformity
level of 0.4 according to GOST 55710% in accor-
dance with Figure 7 (red curve) is achieved for a
room measuring 3.6x3.6 m. To increase the size of
the illuminated room with acceptable uniformity, a
variant with nine lamps arranged in the form of an
orthogonal 3x3 matrix with a step of 4.4 m was
used, and each matrix was square, containing 40 x40
elements. The corresponding light distribution graph
is shown in Figure 7 (green curve).

According to the graph in Figure 7 (green curve),
the permissible level of uniformity is achieved for
a square room measuring 12.18x12.18 m. At the
same time, the distribution of illumination on the
plane has a wave-like character. As an alternative,
a variant of orthogonal arrangement of all LEDs
in a room of 12.18x12.18 m, i.e. for a
120x 120 matrix with a uniform pitch, was ana-
lyzed (Figure 7, blue curve). A comparison of the
green and blue graphs in Figure 7 allows us to con-
clude about the advantage of the uniform arrange-
ment of all LEDs in relation to the arrangement in the
form of separate matrices.

The use of a large number of RGB LEDs re-
quires significant power consumption for their power
supply. Therefore, it is promising to use combined
matrices consisting of RGB and more powerful
white LEDs.
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Conclusion

A methodology has been developed for calcula-
ting the illumination distribution on the plane when
using LED matrices as a lighting source. Illumina-
tion is a function of the indicatrix of the light inten-
sity of the LED, the number and location of LEDs in
space. The results of modeling LED sources indicate
the need to modernize simple orthogonal matrices
containing the same type of elements with the same
power mode for all elements, in order to increase the
uniformity of illumination and efficiency. Such mo-
dernization can be carried out by changing the geo-
metry of the matrices, differentiating the power
modes of individual LEDs. The developed calcu-
lation program can be supplemented with options
for introducing the changes listed above, as well
as for analyzing the spectral distribution of radia-
tion in space.
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