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OHTAVIHI:! MOHOEPIE KOJ XETKI3Y YLUIH BOJNIMEHIH
X¥MbIC KEHICTII'I AEHIEUIHAE XXAPbIKTAHObIPYAbl TAPATYAbIH KONIAAHBICTAFbI
ONICTEPIH 3EPTTEY

MCCNEOOBAHUE CYLLECTBYIOLWWUX METOOOB PACINPEAENEHNA
OCBELLUEHHOCTU HA YPOBHE NOBEPXHOCTW PABOYEIO NMPOCTPAHCTBA
NMOMELUEHUA AnA AOCTUXEHUA ONTUMAIbHbLIX 3HAYEHUA

Abstract. This article analyzes the current state of functioning and development of LED lighting technol-
ogy. The article explores the main methods: the luminous flux utilization factor method, the point calculation
method, and also presents the method for controlling the modes of LED lighting devices through a micro-
processor device as an opportunity for further research. The most efficient method for maintaining optimal
illumination in the room has been chosen. As a result of the study, it was revealed that the chosen method
allows additionally saving electricity and providing the required illumination with a uniform distribution pattern
in accordance with the Building Codes and Rules of the Republic of Kazakhstan. On the basis of the studied
methods, computer modeling of the lighting system was carried out, a 3D model of the distribution of illumi-
nation on the workspace surface level of the room was obtained. The state of illumination of the room was
investigated. The article reveals the problem of the uniformity of the distribution of illumination on the work-
space surface level of the room. As a result of the study, an idea was proposed to develop a system for
correcting the illumination of an LED lighting system that would provide the required level of illumination at
given points.

Keywords: Light-emitting diode (LED), light distribution curve, lighting, computer simulation, distribution
uniformity, level of illumination, workspace surface level of the room, illumination correction.

AHOamna. byn makanada xapbikOUOOMbI XapblKMaHObIPY MEXHOM02USICbIHbIH XYMbIC icmeyi MeH
OamybiHbIH Ka3ipei xardalibiHa manday xacanobl. Makanada Hezisai e0icmep 3epmmenzeH: XapbiK afbiHbIH
natidanaHy koaghguyueHmi adici, Hykmerik ecenmey 8dici, COHbIMEH Kamap api Kapal 3epmmey MyMKiHOiei
pemiHOe MUKDOMNPOUECCOPIIbIK KypPbllFbl apKblibl XXapblKOUOOMbI XapbiKmaHObIpy KypbifFblnapbiHbIH
pexumdepiH 6ackapy adici ycbiHblnFaH. 3epmmenemid 80icmepdiH apmbIKWbIbIKMapbl MeH KeMuwinikmepi
aHbiKkmandel. benimede oHmalinbl xxapbiKmaHObIpyObl Kammamackl3 emyOiH eH muimdi adici maHOanobI.
3epmmey HoamuxeciHOe maHOanfaH 90iC 3neKmp 3SHepausiCbiH KOCbIMWa yHemoeyze XoHe Kaxemmi
JXapbIKmaHObIpyObl KazakcmaH PecrybnukacbiHbIH KypbiibiC HOpMarnapbl MEeH epexeriepiHe calkec
bipkenki mapamy KepiHicimeH Kammamacbl3 emyee MyMKiHOIK ©6epemiHi aHbiKmandbl. 3epmmeneeH
a0icmepdiH Hezi3iHOe xapbiKkmaHObIPY XYyUeCiH KOMIbromepiiik Moderboey Xypeaisindi, XyYMbIC Xa3bIKMblfbl
OeHeelliHOe benme KeHicmiziHOe xapbiKmbIH mapasnybiHbiH 3d Modesii anbiHObI. benmeHriH xapbiKkmaHObIpy
XarOalbl 3epmmendi. Makanada 6enmeHiH XymbICc KeHicmiai OeHeeliHOe xapbiKmbiH 6ipkesnki mapany
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npobriemacs! aHbikmarnodbl. 3epmmey HomuxeciH0e xapbiKk OUOOMbI XapblKmaHObIPY XYUECIHIH XapbiK-
maHyblH my3emy XyUeciH xacay udesiCbl yCbIHbIIObI, 0n1 bepineeH Hykmenepoeai xapbiKmaHObIpyOblH
Kaxxemmi 0eHaelliH KaMmamachki3 emeoi.

Tytin ce30ep: )Kapbik OuOObI, XKapbiK KyWIiHiH KUCbIfbI, XapblKmaHObIpy, KoMbromepsik mMmodensoey,
mapamyObiH bipKernkKiniei, xapbiKmaHObipy OeHeeli, 66erMeHIH XYyMbIC KeHicmigiHiH 6emi, xapblKmaH-
Obipydbl my3emy.

AHHOmMauyus. B 0aHHOU cmambe rnposedeH aHasu3 co8PEMEHHO20 COCMOSIHUST (bYHKUUOHUPOB8aHUS U
paszsumusi ceemoOuodHol mexHono2uu oceeweHusi. B cmamse uccredosaHbl OCHO8HbIE MemMOoObI: Me-
mo0 KoaghghuyueHma ucrnob308aHUsi C8emMo8020 M0OMOoKa, MoYeyHbIl Memod pacyema, a makxe npeo-
cmaeneH Memod yrnpaeneHusi pexumamu ceemoduoOHbIX oceemumersibHbIX Mpubopos Yepes MUKpPOrnpo-
ueccopHoe ycmpolcmeo Kak 803MOXHocmb OarnbHeliweeo uccredosaHus. OnpedernieHbl npeumyuiecmesa
u Hedocmamku uccriedyembix Memodos. BeibpaH Haubosiee aghgpbekmugHbili Memod obecriedeHusi nood-
OepxxaHusi onmumalsibHol oceeweHHocmu 8 rnomeuwieHuUU. B pesynbmame uccrnedo8aHuUs 8bis8/1€HO, Mo
8bI6paHHbIl Memod no3gosnsiem O0MOHUMEbHO COKOHOMUMb 3MIEKMPO3Hepauro U obecrnedums mpeby-
eMyl0 0C8elEeHHOCMb C pasHOMEPHOU KapmuHoU pacrpedesieHUss 8 coomeemcmeuu co cmpoumersib-
HbIMU HOpMamu U ripasunamu Pecnybnuku KasaxcmaH. Ha ocHose uccriedosaHHbIx Memodo8 rnposedeHo
KOMIblomepHoe MoOesuposaHuUe cucmeMbl 0C8eW,eHUs nosydeHa 3D-modenb pacripedesieHusi oceeueH-
HOCMu 8 npocmpaHcmee roMelweHuUs1 Ha yposHe paboyeli niockocmu. MccrnedogaHo cocmosiHue ocee-
weHHocmu niomeuwjeHusi. B cmamee ebisisnieHa rnpobrema pasHoMepHoCcmu pacripedesieHUs 0C8eUWeHHO-
cmu Ha yposHe rnosepxHocmu paboyez2o rpocmpaHcmea rnomeweHus. B peaynsmame uccnedosaHus
npednoxeHa udesi paspabomku cucmeMb! KOPPEKUUU 0C8eUEeHHOCMU c8emoOUOOHOU cucmeMbl oceeue-
Husi, kKomopasi 6ydem obecreqyusame mpebyembil ypo8eHb 0C8eUEHHOCMU 8 3a0aHHbIX MOYKax.

Knroyeenlie cnosa: Ceemoduod, kpusasi cusibl ceema, oceeuleHue, KOMLIMepHoe ModernuposaHue,
pasHoMepHoCcmb pacripedeneHusi, ypoe8eHb 0C8EUEHHOCMU, MTOBEPXHOCMb paboyeao npocmpaHcmea ro-
MeUWeHUs, KOPPEeKYUs 0C8EWEHHOCMU.

Introduction. In modern society, there is a problem of providing uniform indoor lighting, es-
pecially for educational institutions.

The purpose of this article is to determine the most effective method of illuminance distribu-
tion on the workspace surface level of the room with optimal values.

To achieve this goal, it is necessary to solve the following main tasks:

1) Conduct an analysis of existing research methods

2) Conduct a computer simulation of the illumination of the room using LED lamps using the
studied methods.

3) Determine the most optimal method of illuminance distribution.

4) Propose a development to solve the identified problems for research in the next stages.

Relevance. Energy saving is one of the most serious tasks of the 21st century. The position of
our society in a number of economically developed countries and the standard of living of citizens
depend on the results of solving this problem. The need for energy is constantly increasing with
the growth of the population and the acceleration of technological progress. Therefore, the effi-
cient use of energy and energy saving have become one of the most acute problems in recent
years. Since the global energy crisis and the problem of natural resources are particularly acute
today, a huge number of scientists have directed their efforts to the use of alternative energy
sources and to the construction of energy-saving systems based on existing and newly developed
technologies.

An analysis of the current state of energy-efficient LED lighting in office spaces reflects tech-
nological progress and the exponential growth in the number of ongoing research permits to in-
crease the efficiency of lighting devices and, as a result, reduce energy consumption. Scientists
are developing systems to improve the energy performance of lighting installations and increase
their energy-saving capabilities. However, to date, a number of issues have not been resolved to
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achieve uniform illumination of the working plan [1-2].

Materials and methods of research. The computer simulation of an LED lighting system was
performed on the example of a classroom in order to conduct the research in this article.

Several types of methods are used to model an LED lighting system.

The luminous flux utilization factor method is used when it is necessary to calculate the total
uniform illumination of horizontal surfaces with luminaires of any type. It is the most applicable
for calculating the general uniform illumination of premises in the operating conditions of office
premises and industrial enterprises.

This method permits to take into account the reflected flows from the enclosing surfaces,
which include: the ceiling, walls, floor and equipment installed in the room. Since in cases where
these surfaces have high values of reflection coefficients, the reflected component of illumination
can be comparable to the direct one, and its underestimation can lead to significant errors in the
calculations.

In the process of carrying out calculations by this method, it is necessary to select a lighting
system, a light source, a type of lamp for the room in question and perform directly the calculation
of the general lighting of the room.

During the calculation according to this method, the number of necessary fixtures for the con-
sidered room is determined by the formula (1) [3]:

E_. -Sk-z
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where Emin — minimum illumination level, Im/m2; S — area of a room, m2; k — safety factor; z —
factor taking into account the uneven illumination; F1 — luminous flux of the light source, Im;
Noy — luminous flux utilization factor.

Within the constraints of this article, the luminous flux utilization factor method is necessary
to determine a sufficient number of luminaires.

The point method for calculating lighting is used to calculate general uniform and localized
lighting, local lighting, regardless of the position of the illuminated surface with direct light fix-
tures. This method permits to determine the illumination at any point of the considered surface,
relative to each lamp [4].

The sequence of calculations by the point method:

a) the minimum normalized illumination is determined;

b) the selection of types of lamps and the placement of lamps in the room,;

¢) control points are selected;

d) the illumination at each control point is calculated;

e) the total illumination at each control point is found by summing the illumination from all or
the nearest lamps;

f) if necessary, the selected fixtures are adjusted.

The point method is based on equation (2), which relates illumination and light intensity:

I, -cos’a-pu
=« — —
k-h,
where Ia — the luminous intensity in the direction from the source to a given point on the working
surface (determined from the luminous intensity curves or from the tables of the selected type of

luminaire), Cd;
o — angle between the normal to the working surface and the direction of the light intensity to

; @
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the calculated point, degrees;

p — factor taking into account the effect of luminaires remote from the design point and the
reflected light flux from walls, ceiling, floor, equipment falling on the work surface at the design
point (taken within p=1.05 ... 1.2);

k — safety factor;

hp — hanging height of the luminaire above the work surface, m.

In the course of performing the necessary calculations and computer simulation of the illumi-
nation of the room in this research, the main programs such as DIALux, MATLAB, MS Excel
are used.

A distinctive feature of LED lighting technology is the angle of dispersion of the light flux
emitted by the light fixture [5]. The task of designing the optimal arrangement of selected
luminaires in order to reduce energy consumption with uniform illumination becomes rele-
vant.

The article deals with the classroom of D. Serikbayev East Kazakhstan technical university
(EKTU), long - 9 m, wide - 4 m and high - 2.8 m. There are light openings in the amount of 2
pieces. The normative illumination of the room is assumed to be 300 lux, which corresponds to
the B1 category of visual work with a high-precision visual work characteristic in accordance
with SP RK 2.04-02-2012 "Natural and artificiallighting". Illumination values are determined on
the workspace surface - 0.8 m from the floor level [6].

For modeling, at first, LEDEL L-school 32 LED luminaire recommended for lighting office,
residential, public, school, preschool and vocational institutions was selected. The body of this lu-
minaire has a patented mounting system that significantly reduces installation time down to one
minute. An integral LED driver is installed in the housing. Lighting prismatic plastic is used as a
diffuser - a diffuser that gives soft diffused light. The light distribution diagram or luminous intensity
curve (LCU) is shown in figure 1, and the main technical parameters are given in table 1 [7].

From how the light of the lamp is distributed in space, its purpose depends. Thus, along con-
centric circles, numerical values of the intensity of light in "Cd" are plotted (Candela is a unit of
light intensity). By light distribution curve (LDC), it can be determined the intensity of light in
any direction. To do this, it was drawn a radius at a given angle until it intersects with the luminous
intensity curve [8]. Then a concentric circle was drawn from the found point on the luminous
intensity curve to the axis 0-180°, which calculates the light intensity for the angle [9]. Thus, from
figure 1 it can be seen that this luminaire emits a luminous intensity in the vertical downward
direction, approximately equal to 420 cd.



«BECTHUK BKTVY» 92 Ne 1, 2022
1057 105®
o0° 90°
75° 75°
60° 60°
45° 452
500
30° 15° 0° 15¢ 30°
cd/klm = 89%
C0 - 180 €90 - C270
Figure 1. Diagram of the light distribution of the LEDEL L-school 32 luminaire
Table 1. LEDEL L-school 32 luminaire parameters
Parameter Value
Supply voltage / frequency, V / Hz 140-265 / 50
Power consumption, W 32
Luminous flux of the lamp, Im 3000
Color temperature, K 5000
Color rendering index Ra 85
Lamp weight, kg 2
Overall dimensions of the luminaire, mm 56,5 x 1200 x 200
LED resource, h > 50 000
Working temperature range, °C from +1 to +35
Degree of protection 1P30
LDC type and optics angle, ° cosine, 120

To reduce the routine work and to ensure more accurate results in further calculations, the
capabilities of the DIALux 4.12 Light program will be used. Based on lighting calculations using
the luminous flux utilization factor and the point method, as well as this program, it permits to
determine the optimal location of luminaires, estimated by the standard coefficient of uniformity
of the distribution of illumination, subject to the restriction in the form of a minimum standard
illumination [10]. Finding the optimal location is carried out by a gradientless search method for
solving optimization problems - by scanning the region of change of independent variables with
restrictions in the form of inequalities. The scanning method consists in sequentially viewing the
values of the objective function (in this case, the value of the coefficient of uniformity of the
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distribution of illumination) at a number of points belonging to the area of change of independent
variables (illuminance values at control points), and finding among them points with the minimum
value of the objective function [10]. Since this method is laborious, especially when carrying out
manual calculations, it is certainly advisable to use a ready-made software product - DIALux 4.12
Light.

The DIALux 4.12 program permits to calculate artificial lighting for a given type, number and
location of various types of fixtures, taking into account the color and texture of the surface, as
well as the interior and geometric parameters of the room [11]. As a result of data processing, we
can get a full-fledged general 3D view of the illuminated room and a graphical representation of
the distribution of light over a given surface. Using this program, a 3D model of the classroom
was built (figure 2).

Figure 2. Model of LED lighting of the classroom using LEDEL L-school 32 luminaires

Thus, further calculations will be given in the work using the DIALux 4.12 Light program.

To perform calculations in the DIALux 4.12 Light program, the following parameters were
entered: luminaire type; geometric parameters of the room: length, width, height; reflection coef-
ficients: ceiling - 70%, walls - 50%, floor - 20%; workspace surface height; the required value of
the illumination level. According to the standards of the International Commission on Lighting,
the minimum illumination of an office space should be 500 lux, therefore, in the first research,
the required illumination value of 500 lux was introduced in the first research using computer
simulation [12].

The result of the calculation shows that with the selected LED lamp, the number of necessary
lamps is 12 pieces, the optimal arrangement of lamps is as follows, as shown in figure 3.

The capabilities of the program permit to determine the values of illumination at different levels
of the surface of the room. The indicators associated with are given for consideration (table 2).
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Figure 3. Optimal arrangement of LED lamps LEDEL L-school 32

Table 2. Illumination values on various surfaces in the room with
LEDEL L-school 32 luminaires

Surface

Eav, lux

Emin, lux

Emax, lux

Emin/ Eav

Work plane

520

331

639

0,636

Floor

415

263

510

0,633

Ceiling

117

98

167

0,836

Walls (4)

279

110

584

The table shows that the uniformity coefficient of illumination distribution on the workspace
surface level of the room is 0.636. This value satisfies the minimum threshold value equal to 0.500
[12].

To visualize the distribution of illumination on the workspace surface level of the room in
order to show the nature of the illumination pattern, a 3D model was built (figure 4). The illumi-
nation values of the control points were processed in Microsoft Excel. There are 1056 control
points in total, of which 33 points are along the length of the room, 32 points along the width.

As can be seen from figure 4, a hilly lighting pattern was obtained in the office space, accord-
ing to which it is observed that in the center of the room there is a strong overexposure, the value
of which reaches almost 700 lux, and in the area around the center, there is also a significant
excess of illumination in size about 600 lux, and blackouts are observed in the corners of the
room.

Thus, it can be concluded that the introduction of LEDEL L-school 32 LED lamps is inefficient
within the research premises, since a significant excess of overexposure to the illumination of the
room, a strong uneven illumination disturb the comfortable light environment. It will be very
uncomfortable for students researching in this room and teachers to be and work in such condi-
tions, the consequences of using this type of lamp will lead to eye fatigue, headaches, deterioration
in mood and productivity, irritability, fatigue and, of course, deterioration of vision. In addition,
the research shows that lamps consume a large amount of electricity, so the introduction of such
devices is not only inefficient in terms of comfort, but also it is an inappropriate use of electricity,
which leads to significant costs [13].
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Figure 4. 3D model of the distribution of illumination of the workspace surface level of the room

At the next stage, the second research of the same room was carried out, but other LED lamps
were selected: PLANT 02-25-3000-31 (120), manufactured by AtomSvet LLC, Moscow, the light
distribution diagram of which is shown in figure 5, and the main technical parameters are given
in table 3 [14].
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Figure 5. Diagram of light distribution
From figure 5 it can be seen that this lamp emits a luminous intensity in the vertical downward

direction, approximately equal to 380 cd.

Table 3. Lamp parameters PLANT 02-25-3000-31 (120)

Parameter Value
Supply voltage / frequency, V / Hz 150-265 / 50
Power consumption, W 31
Luminous flux of the lamp, Im 3120
Color temperature, K 5000
Color rendering index Ra >80
Lamp weight, kg 2,2
Overall dimensions of the luminaire, mm 270x200x 110
LED resource, h > 50 000
Operating temperature range, °C from -60 to +60
Degree of protection P67
LCU type and optics angle, ° cosine, 120

In the research, other fixtures were chosen because the former, as mentioned above, were in-
efficient in use. In addition, it was decided to introduce a normalized level of illumination accord-
ing to the norms of the Republic of Kazakhstan. According to SP RK 2.04-02-2012, the minimum
level in office premises is 300 lux, therefore, when performing this computer simulation, the nor-
malized illumination level is set at 300 lux [15].

Further, using the DIALux 4.12 Light program, it was built a 3D model of the classroom on

the base (figure 6).

Figure 6. Model of LED lighting of the classroom

The optimal location of the luminaires is shown in figure 7. The figure also shows isoluxes
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(lines with constant illumination values on the workspace surface level of the room) and the co-
ordinates of the location of the luminaires in the room. The coordinates are given in table 4.
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Figure 7. Optimal location of PLANT 02-25-3000-31 (120)
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Table 4. Coordinates of the location of PLANT 02-25-3000-31 (120)

in the space of the room

Coordinates
LED position x — length, m y — width, m z — height, m

1 1,5 1,0 2,8
1 2 3 4

2 1,5 3,0 2,8
3 4,5 1,0 2,8
4 4,5 3,0 2,8
5 7,5 1,0 2,8
6 7,5 3,0 2,8

The capabilities of the program permit to determine the values of illumination at different
levels of the surface of the room. The indicators associated with the workspace surface level of
the room are used (table 5).

Table 5. Illumination values on various surfaces in the room

Surface Eav, lux Emin, lux Emax, lux Emin/ Eav
Work plane 340 177 463 0,519
Floor 285 171 353 0,601
Ceiling 69 49 81 0,709
Walls (4) 164 51 357 -

Table 5 shows that the coefficient of uniformity of illumination distribution on the workspace
surface level of the room is 0.519. This value satisfies the minimum threshold value equal to
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0.300, indicated in the SP RK 2.04-02-2012 State standards in the field of architecture, urban
planning and construction "Natural and artificial lighting" [15].

The final stage of the simulation was the mapping of the illumination of the entire room by control
points with a fixed step along the length of the room 9 cm, width - 4 cm based on the calculation data
obtained in the DIALux 4.12 program. There are 8192 control points in total, of which 128 points are
along the length of the room, 64 points along the width. A room illumination map is compiled to
visualize the distribution of illumination on the workspace surface level of the room, which permits to
show the nature of the illumination pattern, for example, peak, uniform, undulating, etc.

Thus, according to the illumination map in the MATLABR2012b program, a 3D model of the
distribution of illumination in the space of the room on the workspace surface level of the room
was built using the surf () function. The resulting 3D model is shown in figure 8.
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Figure 8. 3D model of the distribution of illumination in the space
of the room on the workspace surface level of the room

As can be seen from figure 8, a wavy lighting pattern was obtained in the office space, which
is the most improved result in comparison with the hilly pattern obtained in the previous research.
It is also worth noting that it is impossible to obtain an ideal picture of illumination provided that
lamps are used to one degree or another, as in the case of covering the entire ceiling with individ-
ual LEDs, which, of course, is not used in practice. In our case, the main central field of the room
is sufficiently illuminated, however, with the presence of areas of overexposure, while there are
“dips” along the edges, which is acceptable, but not entirely favorable for comfortable working
conditions.

Results and discussion.

Achieving uniform illumination on the workspace surface level of the room is crucial for
creating a comfortable environment for students. Among the lighting factors, the greatest attention
is usually paid to the photoperiod (duration of daylight), the quantity (intensity) and quality (spec-
tral composition) of light. The uniformity of the flux distribution over the illuminated surface is
often ignored, despite the importance of this factor.

In the article [16], the authors also explore the methods of distribution of illumination, as a
result, the need to ensure the uniformity of the distribution of illumination for growing crops in a
controlled environment is determined. This reflects the need and relevance of this study in various
spheres of life of modern society.
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When providing lighting with the required value of illumination in accordance with the Build-
ing Codes and Rules of the Republic of Kazakhstan, the uniformity of light is no less important
than other factors. The uniformity of lighting has a great impact on the health and psychological
state of students, since human eyes perceive a light flux of varying intensity.

To sum up, there are two main methods to ensure the optimal distribution of illumination on
the workspace surface level of the room. The first method is to self-place LED lamps. This re-
quires an individual approach to each room: lamps will be placed depending on all existing pa-
rameters. This method is inappropriate at the architectural and construction level, since not all
parameters are stable and, if one of the parameters changes, it will be necessary to recalculate the
optimal location of the fixtures and place them in accordance with the new calculation.

The second and most effective method to ensure that optimal illumination is maintained in the
classroom is to control the LED modes through a microcontroller. This will further save energy
and provide the required illumination with a uniform distribution pattern.

Based on the results obtained, it is planned at the next stage to develop a system for correcting
the illumination of the LED lighting system, which will provide the desired level of illumination
at given points. The basis of the control system will be performed using the Arduino Uno R3
microcontroller. All software development for the microcontroller will be done in Visual Studio
2015 and Arduino IDE 1.8.3 in C #, and a webcam will be used as a light sensor.

As a result of the study of existing methods of distribution of illumination at the level of the
surface of the working space of the room, this article defines the problem of distribution of illu-
mination and presents a way to achieve optimal values. This is the subject of discussion and one
of the directions of our further research.

Conclusions.

This article analyzes the existing methods for studying the distribution of illumination. The
article defines the most effective method of distribution of illumination on the workspace surface
level of the room with optimal values. The studied methods were applied in computer simulation
of room illumination using LED lamps. The computer simulation carried out in the article allows
to assess the degree of uniformity created in the classroom, as well as to compare it with the
energy efficiency of the lighting installation. The article reveals the problem of the uniformity of
the distribution of illumination at the level of the surface of the working space of the room. Based
on the results of the work, a system for controlling the illumination of an LED lighting system by
means of a microcontroller was proposed to ensure uniform lighting in educational institutions.
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