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ABSTRACT

Context. In the context of the rapid development of technologies and the implementation of the concept of smart cities, smart
lighting becomes a key element of a sustainable and efficient urban environment. The research covers the analysis of aspects of the
use of sensors, intelligent lighting control systems with the help of modern information technologies, in particular such as the Internet
of Things. The use of such technologies makes it possible to automate the regulation of lighting intensity depending on external con-
ditions, the movement of people or the time of a day. This contributes to the efficient use of electricity and the reduction of emissions
into the atmosphere.

Objective. The purpose of the paper is to analyze the procedures for creating an information system as a tool for monitoring and
evaluating the level of illumination in a smart city with the aim of improving energy efficiency, safety, comfort and effective lighting
management. The implementation of a smart lighting system for Lviv will help improve energy efficiency and community safety.

Method. A content analysis of scientific publications was carried out, in which the results of research on the creation of street
lighting monitoring systems in real urban environments were presented. The collection and analysis of data on street lighting in the
city, such as energy consumption, illumination level, lamp operation schedules, and others, was carried out. Machine learning meth-
ods were used to analyze data and predict lighting needs. Using the UML methodology, the conceptual model of the street lighting
monitoring information system was developed based on the identified needs and requirements.

Results. The role of data processing technologies in creating effective lighting management strategies for optimal use of re-
sources and meeting the needs of citizens is highlighted. The study draws attention to the challenges and opportunities of implement-
ing smart lighting in cities, maximizing the positive impact of smart lighting on modern urban environments. The peculiarities of the
development and use of an information system for controlling street lighting in a smart city are analyzed. The potential advantages
and limitations of using the developed system are determined.

Conclusions. The project on the creation of an information system designed to provide an energy-efficient lighting system in a
smart city will contribute to increasing security, particularly, ensuring the safety of the community through integration with security
systems, reducing energy consumption, through minimizing the electricity usage in periods when the need for lighting is not neces-
sary.

It has been determined that to implement an information system for remote monitoring and lighting control in a smart city, it is
advisable to consider the possibility of using a complex lighting control system. Calculations were made on the example of Lviv for
the city’s lighting needs. The use of motion sensors to determine the need to turn on lighting was analyzed. A conceptual model of
the information system was developed using the object-oriented methodology of the UML notation. The main functionality of the
information system is defined.

KEYWORDS: information system, lighting system, smart city, remote monitoring, forecasting.

ABBREVIATIONS W, is a width of the road or the considered section;
IoT is an internet of things;

UML is an Unified Modeling Language;

RNN is a recurrent neural networks; .

LSTM is a Long Short-Term Memory; L is a total number of lamps;

MQTT is a Message Queue Telemetry Transport. k is a number of lamps at the intersection;
P is a number of intersections;

n is a number of measurement points in the
transverse direction;

NOMENCLATURE

) ) ) m is a number of lamps on the street;
D is a distance between measurement points;

n is a number of measurement points in the trans-
verse direction;

V is a number of streets;

S is a distance between lamps in meters;

N is a number of measurement points in the longitu-
dinal direction;

| is a shading coefficient;

E,p is an illumination level with trees;

E is a total consumed energy;
P is a lamp power;

. . o . T is a working time per day;
Epp 18 an illumination level without trees; W & P Y

© Vaskiv R. 1., Hrybovskyi O. M., Kunanets N. E., Duda O. M., 2024
DOI 10.15588/1607-3274-2024-3-18 OFEN (g ) ACCESS

212



p-ISSN 1607-3274 PagioenextpoHika, iHpopMaTuka, ynpasiainss. 2024. Ne 3
e-ISSN 2313-688X Radio Electronics, Computer Science, Control. 2024. Ne 3

D(t) is a lighting dynamics;
I(t) is an intensity of lighting on the street;

k is a positive attenuation coefficient of the lighting
intensity;
a is a positive influence coefficient;

R(t) is a traffic level on the street;
X 1s an input vector;
h_; is a hidden state in the previous step;

ft is a forgetting vector, which determines which in-
formation from the previous state of the cell ( h_;) should

be “forgotten”;
i, 0; are input and output vectors;

C; is a state of the cell;
W, are weight matrices;
by are displacement vectors;

C is a sigmoid function;
tanh is a hyperbolic tangent.

INTRODUCTION

A smart city is a concept that is based on the use of in-
formation and communication technologies to increase
work efficiency, exchange information with the public
and ensure better quality of public services and citizens’
well-being. The main goal of a smart city is to optimize
city functions and promote economic growth, as well as
improve the quality of life of citizens with the help of
smart technologies and data analysis, in the field of street
lighting.

Street lighting is the main part of city infrastructures.
In addition to the main function of controlling and regu-
lating street lighting, smart lighting can have other impor-
tant functions that contribute to the functioning of a smart
city. The development of intelligent street lighting sys-
tems is one of the topics that interests many researchers
around the world. Therefore, the creation of an informa-
tion system for quality control of street lighting in a smart
city is an important and relevant topic.

The purpose of the paper is to analyze the procedures
for creating an information system as a tool for monitor-
ing and evaluating the level of illumination in a smart city
with the aim of improving energy efficiency, safety, com-
fort, and effective lighting management. The implementa-
tion of a smart lighting system for the city of Lviv will
help improve energy efficiency and community safety.

The object of research is the street lighting system of
smart cities.

The subject of research is methods and means of
building a smart lighting system in a smart city.

The scientific novelty of the obtained results lies in
the development of a unique system that is a part of a
local, wireless, decentralized network for collecting data
from sensors on lampposts, processing them to ensure
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energy efficiency and safety of public lighting, which,
unlike existing solutions, provides an opportunity to take
into account the features of the urban infrastructure of
Lviv and effectively manage the lighting system in the
city.

1 PROBLEM STATEMENT

In the context of a smart city, the street lighting man-
agement information system plays a crucial role in ensur-
ing the efficiency, safety, and comfort of residents’ lives.
Formalizing this task involves determining the optimal
distribution of lighting resources, taking into account
various factors such as energy efficiency, safety, comfort,
and economic feasibility.

Input Variables: S; N; E,p; Epy; Wy n; k; P
m; Vi PyToH); ks a; R,

Desired outcomes (output variables): D; |; L; E;
D().

D dependson S and N . For S<30m itis N=10,
and for S>30m, it is the smallest integer that gives
D<3m.

| depends on E,, and Epy. In turn, D depends on

W, and n. n which is equal to 3 or more and is an inte-

ger, which gives d <1.5m.

L dependson k, P, m, | and V. And E depends
onlL,Pand T.

D(t) dependson k, I(t), a and R(t).

Mathematical modeling of these parameters will allow
for the development of optimal solutions for street light-
ing management in a smart city, ensuring efficient re-
source utilization and meeting the needs of the popula-
tion.

2 REVIEW OF THE LITERATURE

Public lighting infrastructure, according to research-
ers, offers not only smart lighting, but also several other
functions and benefits for cities. Using lampposts to inte-
grate sensors from other smart city systems, such as air
quality monitoring, Wi-Fi provision, video surveillance
for public safety and electric vehicle charging. Research-
ers believe that high-quality street lighting significantly
increases the productivity of smart cities and the quality
of life of its citizens. The use of innovative lighting sys-
tems is characteristic of smart cities in Europe, Asia, and
North America, which have already created the concept of
a smart city, many others are developing detailed plans
and conducting analysis to reach this stage of develop-
ment and in the context of the lighting system [1].

The authors of the paper [2] believe that the field of
lighting management creates opportunities for the use of
sensor technologies with information and communication
technologies. This approach contributes to the efficient
use of electricity for lighting the city and reducing its
negative impact on the environment. Semiconductor light
sources, in particular Light Emitting Diode, and LED
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technologies, such as organic LEDs or solid-state light
sources, are used to implement the intelligent lighting
system. Researchers believe that the development of new
relations in this field is mainly focused on the creation of
modern lighting control information systems that provide
dynamism, controllability and interactivity, adaptability
of control procedures. The use of intelligent solutions for
lighting ensures automatic detection of failures and effi-
cient use of energy.

Researchers [3] believe that in a smart city, when im-
plementing intelligent lighting systems, it is advisable to
combine lighting systems and communication channels
with advanced intelligent functions. To ensure lighting
control procedures, the authors proposed several IoT us-
age scenarios [4]. The authors believe that to build an
ecosystem of a smart city, it is advisable to use individual
systems and solutions taking into account the unique re-
quirements of each city [5], while four conditional catego-
ries are distinguished such as citizens, mobility, govern-
ment and environment [6]. And in order to increase the
efficiency of lighting systems, it is necessary to conduct
interdisciplinary research to solve many problems, in par-
ticular, the features of connecting components using a
protocol with IoT support to ensure energy efficiency in a
smart city [7].

According to the authors of the paper [1], street light-
ing is important for ensuring the comfort and safety of
road traffic for its participants. At the same time, it is
noted that a properly designed and properly executed in-
stallation of street lighting will contribute to the creation
of safe traffic conditions for drivers, cyclists, and pedes-
trians in the dark season. In many countries, for economic
reasons, the lighting of all streets and roads is not used
when there is no traffic on them, but some places and
areas are determined that must be lit constantly [8].

A smart lighting system is an automated intelligent
lighting control system that involves the use of Internet of
Things technologies, devices, and sensors for lighting
public places, which are an important part of the urban
environment. The use of an intelligent information system
of smart lighting contributes to the general feeling of
safety and comfort of pedestrian movement in the dark [9,
10]. Factors affecting the feeling of security in the dark
time of the day include not only the concept of “illumina-
tion”, but also other attributes, such as uniformity, light-
color transmission, and color temperature of light [11].

Considerable research in the field of neural networks
is conducted by Ukrainian scientists. So, there is an inten-
sive search for an evolutionary approach for the structural
synthesis of neural networks [12, 13, 14].

3 MATERIALS AND METHODS
A content analysis of scientific publications was car-
ried out, in which the results of research on the creation of
street lighting monitoring systems in real urban environ-
ments were presented. The collection and analysis of data
on street lighting in the city, such as energy consumption,

illumination level, lamp operation schedules, and others,
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was carried out. Machine learning methods were used to
analyze data and predict lighting needs. Using the UML
methodology, a conceptual model of the street lighting
monitoring information system was developed based on
the identified needs and requirements.

Using the method of recurrent neural networks (RNN)
and Long Short-Term Memory (LSTM), modeling of
temporal dependencies in time series was carried out,
which made it possible to create a model for predicting
street lighting needs.

The project development for the creation of innovative
public lighting control systems was carried out by a vir-
tual team consisting of territorially distributed members,
among whom are highly co-specialized experts in various
fields of knowledge. This approach made it possible to
work in different time zones. It is undeniable that manag-
ing a virtual team required not only a review of the man-
agement strategy, but also ensuring effective interaction
between team members, despite their physical distance
and dispersion in time zones. The key factors for improv-
ing the productivity of members’ work were determined
to establish team interaction (Fig. 1).

Conflict resefnthon
Frocen Mo gamTt.

Figure 1 — The key factors to improve virtual team performance

The goals of the project are presented in Fig. 2.

The goals of the project (Fig. 2) in general can be pre-
sented as increasing the level of public lighting manage-
ment, reducing maintenance costs, remote control of each
lamp separately, the ability to change the brightness of the
light stream depending on the length of a day and weather
conditions, energy conservation, due to fluctuating light-
ing levels depending on traffic, increasing the city’s secu-
rity level, using Internet of Things technologies to im-
prove the city’s technological development, the ability to
find the safest routes for city residents and guests.

Various algorithms for measuring illumination levels
are used for the effective work of the information system,
by receiving data from sensors and processing them in
real time. Measurements are carried out horizontally on
the road surface according to requirements. The location
of the measurement points depends on the distance
between the lamps and the width of the strip. [llumination
measurement in the information system will be carried out
on each investigated area, choosing two consecutive
lamps in one row in the longitudinal direction, and in the
transverse direction it is chosen the width of the area with
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the same illumination class, if the road, adjacent sidewalk

or bicycle path have the same illumination class, they can

be treated as one area during measurements. The

measurement points must be evenly distributed within the
lighting control

measurement field.
/'
information
’/ T4

Figure 2 — The key goals of the street lighting control
information system

f

The key goals
of the street

The distance between measurement points (D in (m)
in the longitudinal direction should be calculated using
the formula 1:

D= (1)

In the case of the presence of elements (trees, build-
ings) that shade certain areas, it is necessary to take this
into account when calculating the illumination. It is sup-
posed that there are trees between a light source (like a
lamp) and the measurement points. It is advisable to de-
termine how these trees affect the level of illumination at
these points by means of computer simulation.

Using light modeling software, it is created a 3D
model of our environment with trees and a light source.
After that, it is set parameters such as the height and
width of the trees, their location from the light source, the
light intensity of the source, as well as the properties of
the environment (for example, air transparency).

First, it is simulated the illumination at the measure-
ment points without shading by trees. This gives us a
baseline light level that will be used to compare with the
light level after shading. Then trees are added to our
model, and it is restimulated the illumination at the same
measurement points. With the help of software, the level
of illumination at each point is measured and compared
with the base level without shading.

This will determine the shading coefficient. The shad-
ing coefficient can be defined as the ratio of the illumina-
tion level with trees to the illumination level without trees
according to Formula 2:
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Therefore, it is obtained the shading coefficient, which
reflects how much the trees affect the level of illumina-
tion at the measured points. This coefficient is used in the
formula to determine the illumination according to your
initial formula.

The distance between measurement points D in me-
ters in the transverse direction should be calculated using
the formula 3:

D=—". 3)

The distance between points and edges of the surface
under consideration should be D/2 in the longitudinal
direction and d /2 in the transverse direction.

Territory of implementation of the information system
is the city of Lviv and adjacent territories.

The system objects are streetlights and lamps, motion
and lighting sensors, a central server for data collection
and processing.

Functional capabilities are automated adjustment of
lighting brightness, motion detection, adaptation of light-
ing to the needs of the city at certain hours and its zones,
integration with other city systems.

One of the ways to adjust brightness in a smart light-
ing system can be through setting the optimal number of
lighting control sensors. It will be calculated the number
of sensors for the city of Lviv, using the following input
data:

The area of the city is about 182 square kilometers.

The number of streets and intersections in Lviv is 500
streets and 1000 intersections.

The type of lighting involves the use of LED lamps,
which are an energy-efficient and long-lasting option for
street lighting.

Lighting intensity is regulated by lighting standards,
which may vary depending on the type of streets. Main
roads are expected to have a higher intensity of light
compared to residential streets. Let’s focus on the average
lighting intensity of 20 lux.

The working hours of the lighting system will be 10
hours a day (for example, from 6:00 p.m. to 4:00 a.m.).

Sensors and switch-off conditions take into account
the possibility of using motion sensors or other conditions
to automatically switch off the light in places where there
is no traffic.

It will be calculated the approximate number of LED
lamps and the energy they will consume for lighting in
Lviv. It is supposed that there are LED lamps at each in-
tersection and along each street. Thus, the total number of
lamps will be equal to the number of intersections and

streets:
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L=kP+mV . @)

Taking into account the shading coefficient. The shad-
ing coefficient is considered as a multiplier that reduces
the number of lamps depending on the level of shade
caused by any objects or structures in the city. Thus, the
modified formula for calculating the number of LED
lamps, taking into account the shading coefficient, will
be:

L=kP+mV xI.

It is supposed that there are 4 lamps at each intersec-
tion, and lamps are installed every 20 meters on each
street.

L =kP+mV =1000x 4lamps +500x1000: 20 .

Total number of lamps = 4000 + 25000 = 29000
lamps.

The energy calculation will depend on the power of
each lamp and the time of their operation. It is assumed
that each lamp has a power of 30 W.

E=LxPxT. 5)
E =29000%30x10 =8700000Wh = 8700kWh .

The information system for monitoring the level of il-
lumination in a smart city is designed to provide compre-
hensive and effective control of the level of illumination
in the urban environment to improve energy efficiency,
safety, and comfort of residents. The information system
is designed to collect, process, and analyze data on the
level of illumination on streets and other public places.
The Internet of Things technology and protocols to ensure
stable communication are used to implement data trans-
mission in the smart lighting system.

The functional requirements for the lighting control
information system in a smart city (Fig. 3) can be pre-
sented as follows:

1. Monitoring and data collection. The ability of the
system is to measure and record the level of illumination
in real time. The ability is to collect data from sensors that
measure light levels on different streets and at different
times of the day.

2. Dynamic adjustment of lighting. The ability is to
automatically adjust the brightness of the lighting depend-
ing on the time of a day, weather conditions, the presence
of pedestrians and traffic.

3. Energy saving. There is an implementation of en-
ergy saving algorithms and modes to optimize the use of
electricity.

4. Emergency modes. There is an ability to switch to
emergency lighting modes in case of accidents, poor visi-
bility, or other unforeseen situations.

5. Analytics and reporting. Analytical tools are for de-
termining optimal lighting parameters in different areas of
the city and at different times of the day. Reports are
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available on electricity consumption, efficiency, and other
parameters.

6. Integration with other systems. There is a possibil-
ity of integration with other smart city systems to coordi-
nate lighting with other infrastructural systems.

7. Control of lighting zones. The ability is to group
street lighting into different zones and independently con-
trol each zone.

8. Remote control. There is a possibility of remote
monitoring and control of the system through a web
interface or a mobile application.

9. Automated scripts. It is to set up automated
scenarios depending on the city’s needs and conditions.

Zones
management

Scalability

Security and
data
protection

Remote
control

Functional
requirements

Automated
scripts

Figure 3 — Functional requirements for the lighting control
information system

10. Warning system. There is notification and warning
system in case of problems or accidents.

11. Security and data protection. There are
mechanisms for protection against unauthorized access
and ensuring data confidentiality.

12. Scalability. There is a possibility of expanding the
system by increasing the number of sensors and lighting
points.

These functional requirements serve as the basis for
the further development of a detailed technical task for a
system for evaluating the level of illumination in a smart
city.

Having decided on the list of functional requirements
for the lighting control information system in a smart city,
it is created a use cases diagram (Fig. 4). The diagram
shows the actor as a user who uses the interface produced
by the information system.

After choosing a location, you can evaluate the level
of illumination, analyze the results, and use scenarios to
control lighting devices. Scenarios make it possible to
quickly respond to changes in lighting and to perform
specified sequences of actions when pre-defined condi-

tions are met.
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services

Device
management
interfaces

provide
services

provide

provide data services

interact:
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@ on illumination
use use data
produces
User Information system

External
systems

Figure 4 — Functional requirements for the lighting control information system

In this diagram, the Information System is highlighted
as a separate actor because it consumes lighting data, pro-
duces the user interface, and provides interfaces to light-
ing control services.

Actors of External systems provide additional inter-
faces for lighting control services, analytical and visuali-
zation tools.

One of the key advantages of the information system
is an ability to quickly respond to changes in environ-
mental conditions and adjust lighting, accordingly,
thereby ensuring the safety and comfort of citizens.

To achieve the goal of the project, it is envisaged to
create and implement an integrated information system
for assessing the quality of lighting in a smart city.

The information system for assessing the quality of
lighting in a smart city will function with the aim of im-
proving the quality of life of residents and optimizing
energy saving management in the city of Lviv. The
prolject aims to use advanced technologies to create an
effective, safe, energy-efficient, and intelligent lighting
system that considers the needs of different areas of the
city and ensures their integration into the general infra-
structure of a smart city.

The information system facilitates the possibility of
improving the street lighting system, including different
modes of operation, sensors, automation capabilities and
other functions. The entire system of interconnected lights
allows you to quickly identify areas with faulty lights,
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which will be immediately displayed in the information
system.

The UML Activity diagram for the main flow for an
ordinary user is presented in Fig. 5. Launching the system
determines the beginning of the assessment of the illumi-
nation level and provides that:

— Reading light data involves obtaining relevant data
from sensors or other sources.

— Determining the level of illumination includes proc-
essing the received data to determine the level of illumi-
nation.

— The illumination level is evaluated according to cer-
tain criteria.

— Light condition detection determines if the light
level is acceptable or if intervention is required.

— Interaction with other systems of a smart city in-
volves the possibility of communication with other sub-
systems to coordinate actions.

— Starting automatic lighting control modes involves
activating automatic modes according to lighting re-
quirements.

— Completing the assessment and saving the results
describes completing the assessment process and saving
the results for later use.

This diagram illustrates the sequence of steps that the
system takes when estimating the illumination level in a
smart city.
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Figure 5 — UML activity diagram of the main sub-processes and actions of the street lighting control information system

To implement an information system for remote moni-
toring and control of lighting in a smart city, it is advis-
able to consider the possibility of using a complex light-
ing control system.

The information system of remote monitoring and
control of lighting in a smart city provides for the pres-
ence of many elements and several functions.

Sensors and actuators. It is expedient installation of
lighting, temperature, movement and other sensors on
illuminated objects and areas of the city. Actuators for
remote lighting control are used to change the state of the
lighting system from a remote location. The information
system provides the possibility of turning on and off the
lighting remotely. The command to turn on or off is
transmitted through the network from the central system
to the actuators. The system will allow you to remotely
adjust the brightness of the lighting.

To control actuators in smart lighting systems, it is
advisable to use general algorithms, such as:

Remote on/off. The algorithm will provide the possi-
bility of turning on and off the lighting remotely. The
command to turn on or off is transmitted through the net-
work from the central system to the actuators.

Brightness adjustment. The system will allow you to
remotely adjust the brightness of the lighting. The algo-
rithm can consider the parameters specified by the user or
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automatically react to changes in lighting conditions (for
example, a change in the time of a day). To monitor the
level of illumination, light sensors are installed that meas-
ure the level of illumination in certain areas of the city.

Definition of user parameters. The user can set their
own parameters, such as the desired level of illumination,
the schedule of changes in brightness during the day,
automatic adjustment of illumination. The system auto-
matically adjusts the brightness of the lighting depending
on the received sensor measurements and user parameters.
If the level of illumination deviates from the one set by
the user, the system issues a command to the actuators to
change the brightness.

The system will have built-in scripts that respond to
certain conditions. For example, there is turning on a
bright light in the morning or when natural light is re-
duced. The user can remotely control the brightness of the
lighting through a mobile application or the web interface
of the system (Fig. 6). The system can store data about the
mode selected by the user and the reaction to various con-
ditions. This data can be used to improve algorithms and
train the system. These values may vary depending on
specific parameters such as lamp efficiency, light inten-
sity, and other factors. The possibility of using energy
saving and optimization technologies to reduce energy
consumption is also considered. To adjust the brightness
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05-002 umdposni 2.8 12
05-003 umposmi 2.7 13
DS-004 undposunin 3.2 13
D5-005 wbposni 31 13
D5-006 umdposmi 2.6 13
05-007 umdposmi 28 12
DS-008 undposmni 2.7 12
D5-009 umbpopmin 3.0 12
05-010 umdposmi 29 12
D5-011 wsdposnit 29 11
0S-012 undposmi 33 11
D0s-013 usdposmi 29 12
Ds-014 umdposnin 31 12
D5-015 undposni 31 13
DS-016 undposmi 28 12
05017 umdponmi 3.1 12
Ds-018 umdposmin 3.0 14
05-019 undposmni 29 14
DS-020 updposuni 31 13

Temneparypa, (..

Figure 6 — Information system interface

1 — Lviv; 2 — map; 3 — documentation; 4 — profile; 5 — settings; 6 — sensors; 7 — lighting control; 8 — emergency modes; 9 — en-
ergy consumption; 10 — reports; 11 — main page; 12 — sensors; 13 — sensors and transmitters; 14 — name; 15 — signal type; 16 — volt-
age; 17 — temperature; 18 — add sensor; 19 — add transmitter; 20 — delete element; 21 — digital; 22 — personal account; 23 — a system
for evaluating lighting in a smart city; 24 — find; 25 — Halytskyi district; 26 — Settings; 27 — documentation

of the lighting in a smart city, you can set the lighting
schedule according to the needs of the city. For example,
you can set the brightness to be increased during peak
traffic hours and decrease it at night, when there are fewer
people on the streets. In addition, it is necessary to con-
sider that weather conditions, seasons, the presence of fog
have a direct impact on the formation of lighting sched-
ules.

4 EXPERIMENTS
It will be calculated the lighting schedule in accor-
dance with the needs of the city. For example, you can set
the brightness to be increased during peak traffic hours
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and decrease it at night, when there are fewer people on
the streets.

It will be conducted a scenario with variable lighting
brightness according to the needs of the city, taking into
account peak traffic hours and nighttime.

Lighting schedule:

Peak traffic hours: 18:00 — 22:00 (4 hours).
Night time: 22:00 — 04:00 (6 hours).
Lighting intensity:

Peak hours: 20 lux.

Night time: 10 lux.

Number of lamps:
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Peak hours: 29.000 lux = 580.000

lamps*lux.

Nighttime: 29.000 lamps-10 lux = 290.000 lamps-lux.

Consumed energy:

It is assumed that each lamp has a power of 30 watts.

Energy consumption during peak hours: En-
ergy=580,000 lamps-lux-30 W-4 hours=69.600.000 Wh or
69.600 kWh

Energy consumption at night: Energy=290.000
lamps-lux-30 W-6 hours=52.200.000 Wh or 52.200 kWh
hours

Therefore, the total energy consumption per day for
this scenario would be approximately 121.800 kWh.

These calculations are used for further optimization
and analysis of the efficiency of the lighting system in a
smart city and for the development of lighting schedules.

Let’s consider an example of the response of the in-
formation system to changes in the intensity of traffic
using a differential equation. It is supposed that the street
lighting intensity |(t) depends on the traffic on the street

lamps-20

and reacts to its changes at different times of the year. It
can be used the equation to describe the lighting dynamics
(Formula 6):

D(t)=kx I(t)+axR(). (©6)

The decrease in lighting intensity depends on the cur-
rent level of lighting (attenuation) and increases with in-
creasing traffic, the influence of the season, and the pres-
ence of fog.

It is appropriate to use Euler’s method to solve this
equation. Let’s consider this on an example.

Initial conditions are 1(0)=100 (initial illumination
level), k =0.01 (attenuation coefficient), a =0.05 (mo-
tion influence coefficient), R(t) is the level of movement

that can change over time. R(t)=[5,10,15,8,12] and

changes over time. It will be considered the array for sav-
ing the lighting intensity values I(t)=[l,..0],t=1 isasa

time step. It can be simulated the change in lighting inten-
sity for 5 hours provided changing traffic levels on the
street (Fig. 7).

The time of a year and the presence of fog can greatly
affect the lighting schedule and the overall light level in
the environment. Depending on the season, the factors
that affect the duration and intensity of illumination in the
dark time of a day change:

Duration of daylight. Depending on the season, the
day can be shorter or longer, which leads to a change in
the length of daylight and the hours with illumination at
night.

Solstice angle. The angle of the solstice in the sky also
changes with the season, which can affect how light falls
on the ground and objects in the environment.
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Light intensity. Sunlight can be more or less intense
depending on the season, for example, in winter the light
can be less bright due to more clouds or below the setting
sun.

The presence of thick fog requires adjustment of the
lighting intensity, which consists in the need to consider:

Scattering of light. Fog can scatter light, which leads
to a decrease in its intensity and a decrease in the level of
illumination in the environment.

Shading. Fog can also obscure lighting objects and re-
duce the amount of light that reaches the surface.

Lighting schedules are optimized to reduce energy
consumption during low-traffic periods. Dynamic changes
are displayed in graphs with the ability to adapt lighting
schedules in real time based on changes in weather condi-
tions, increase or decrease of activity in the lighting area,
etc. The basis of the developed information system is an
algorithm for monitoring and analyzing lighting data in
different parts of the city, which provides for the continu-
ous collection and processing of data for further im-
provement of schedules.

5 RESULTS

With the help of one of the methods of deep learning
of recurrent neural networks (RNN) [15], particularly the
Long Short-Term Memory (LSTM) layer for modeling
temporal dependencies in time series made it possible to
create a model for predicting street lighting needs. The
information system starts forecasting LSTM uses a forget-
ting mechanism to avoid overloading its memory with
unnecessary information.

1. Update login:

Forgetting: f; = o(Wys x X; +Wys xhe_; +b¢ ).
Input: i = oWy x X +Wyi xhe_; +1).

Output: 0p = Wyg x X + W xh_; +bg) .

2. Status update:

State candidate: ¢; = tanh(W, x X + Wy, xh_; +b;).

New state: C; = fy xC_y + 1y XC; .
3. Exit Update:
Hidden state: hy =0¢ x tanh(c;),

where tanh is hyperbolic tangent.

An example of lighting calculations in a smart city us-
ing LSTM:

Conditional data:

The city is divided into 100 squares.

For each square we have data on:

Time of a day: 0-23 hours;

Day of the week: 0—6 (Sunday-Saturday);

Weather: sunny, cloudy, rainy;

Number of people: 0-1000;

Lighting level: 0-100 (lux).
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Problem is to predict the required level of illumination
for each square for the next hour.

LSTM model:

Input data: time of a day, day of the week, weather,
number of people.

Output data: predicted lighting level.
Number of layers: 2.

Number of neurons in layers: 128, 64.
Activation function: sigmoid.

Studies:

The model is trained on 70% of the data.
30% of the data is used for testing.
Results:

The model can predict the level of illumination with
an accuracy of 90%.

The model can dynamically adjust the lighting de-
pending on the environmental conditions and the number
of people in each square.

A calculation example: Square: 50; Check-in time:
22:00; day of the week: 5 (Friday); Weather: cloudy;
Number of people: 200.

Projected lighting level is 45 lux.

The conducted experiments demonstrate the effective-
ness of the developed information system in planning and
managing street lighting for different geographical zones
of the city. Energy efficiency indicators and satisfaction
levels of the population were balanced to achieve an op-
timal level of illumination.

We received the lighting schedule.

intensity
intensity
intensity =

intensity

intensity

intensity =

Figure 7 — Generated lighting schedule

The experiment results confirm the ability of the in-
formation system to effectively manage lighting, leading
to a reduction in electricity consumption and promoting
sustainable urban development. The experiments validate
the improvement in residents’ quality of life by providing
optimal street lighting levels according to their needs and
the time of day. Additionally, a decrease in pedestrian-
involved accidents and crimes due to increased visibility
on the streets has been observed.

The experimental research also includes an analysis of
technical system indicators such as reliability, respon-
siveness to changing conditions, compatibility with exist-
ing city infrastructure, and more. Therefore, the experi-
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ment results confirm the effectiveness and benefits of
implementing the street lighting management information
system in a smart city in terms of energy efficiency,
safety, and economic viability.

6 DISCUSSION

The advantages of using LSTM for lighting calcula-
tions are the ability to predict the level of illumination
with high accuracy; dynamically adjust the lighting de-
pending on the conditions of the surrounding environment
and the number of people moving on the street; save en-
ergy by using lighting only when it is needed.

Monitoring and data collection takes place with the
help of sensors located in different parts of the city to
measure energy consumption and collect data on the state
of lighting and with the help of the Internet of Things and
fog technologies. The implementation of the information
system was carried out in the Python language using the
library for working with the MQTT protocol.

The written code uses a simple MQTT client to con-
nect to the central system via the MQTT protocol. The
client subscribes to the “ligh-ing/commands” topic to re-
ceive commands from the central system and publishes
lighting status reports to the “lighting/report” topic. The
reports contain information about the lighting area and the
current brightness level.
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CONCLUSIONS

The project on the creation of the information system
designed to provide an energy-efficient lighting system in
a smart city will contribute to increasing security, in
particular, ensuring the safety of the community through
integration with security systems, reducing energy
consumption, through minimizing the use of electricity in
periods when the need for lighting is not necessary.

It was determined that in order to implement an
information system for remote monitoring and control of
lighting in a smart city, it is advisable to consider the
possibility of using a complex lighting control system.
Calculations were made on the example of Lviv for the
city’s lighting needs. The use of motion detectors to
determine the need to turn on lighting is analyzed. A
conceptual model of the information system was
developed using the object-oriented methodology of the
UML notation. The main functionality of the information
system is defined.
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Hyna O. M. — kaHa. TeXH. HayK, AOLEHT Kadeapyu KOMII I0TepHUX HayK TepHOMiIbCHKOro HAllIOHAIBHOTO TEXHIYHOTO YHIBEPCH-
tety iMm. L. ITymtost, TepHomisib, YkpaiHa.

AHOTAULIA

AKTyaJIbHICTB. Y KOHTEKCTI CTPIMKOTO PO3BUTKY TEXHOJIOTIH Ta BIIPOBAKCHHS KOHIEMIII CMapT-CiTi, pO3yMHE OCBITICHHS
CTa€ KITIOYOBHM €JIEMEHTOM CTaJIOTO Ta e)eKTHBHOTO MICBKOTO CepeRoBHINA. JJOCTIIKEHHS OXOIIIIOE aHai3 aCIIEeKTiB BUKOPUCTaHHS
JlaBadiB, IHTEJIEKTyaIbHUX CUCTEM YIPABIiHHS OCBITJICHHS 3 JOIMOMOTOI0 CydacHHUX iH(OpPMaLiiHUX TEXHOJIOT1H, 30KpeMa TaKHX SIK
IuTepHeT peyell. 3acTocyBaHHS TAKMX TEXHOJIOTIH 103BOJISIE aBTOMATU3YBAaTH PETYIIOBAHHS IHTEHCUBHOCTI OCBITJICHHS B 3QJIS)KHOCTI
BiJl 30BHIIIHIX YMOB, pyXy Jrojeil un dacy no6u. Lle crnpusiec epeKTHBHOMY BUKOPHUCTAHHIO €IEKTPOCHEPTil Ta 3HIKCHHIO BUKHIIB B
aTMocdepy.

Merta poGoTH nojsirac B aHaji3i Mpoueayp CTBOPEHHs 1H()OPMALIHOT CUCTEMH, SIK IHCTPYMEHTY MOHITOPHHTY Ta OLIIHIOBAaHHS
PiBHS OCBITIICHOCTI B pO3yMHOMY MICTi 3 METOIO TMIOKpPAIIEHHs eHeproeeKTUBHOCTI, Oe3MeKu, KOMPOpTy Ta e(heKTHBHOTO yIpaBIliH-
HsI OCBITJICHHsM. Peajizallis CHCTEMH PO3yMHOTO OCBITJICHHS A1 Micta JIbBOBa CIPUSTHME HMOKPAIICHHIO eHEproe(heKTHBHOCTI Ta
0e3neKn rpoMaIi.

Merton. I[IpoBejeHO KOHTEHT-aHaJi3 HAyKOBUX MyOJIiKalliif, B IKMX MOJAHO Pe3yJbTaTH JOCIHIUKEHHS LIO00 CTBOPEHHS CUCTEM
MOHITOPHHTY BYJIMYHOT'O OCBITJICHHS B PEJIbHUX MICBKHX cepenoBuilax. [IpoBeneno 30ip Ta aHaji3 JaHUX MIPO BYJIMYHE OCBITICHHS
B MICTi, TAKHX SIK CHEPTrOCIIOKUBAHHS, PIBEHb OCBITJICHOCTI, rpadiku poOOTH CBITHIBHHUKIB Ta iHII. BUKOpHCTaHO METOIM MAIlUH-
HOTO HABYAHHS U1 aHaJIi3y JaHUX Ta IPOTHO3YBaHHS MOTPeO B OCBITIICHHI. 3 BUKOpUcTaHHAM Metoznoiorii UML po3po6ieHo koH-
LeNTyaabHy MOJEINb iH(GOpMaiiHOT CHCTEMU MOHITOPHHTY BYJIHYHOTO OCBITJIICHHSI HA OCHOBI BHSIBICHUX ITOTPEO 1 BUMOT.

Pe3ysibTaTu. BUCBITIIOETECS POJIH TEXHOJOTIH ONpaIOBaHHS JaHUX Y CTBOPEHHI €)EKTUBHUX CTpATEriid ynpaBIiHHS OCBITIEH-
HSIM JUTsl ONITHMAJIbHOTO BUKOPHUCTaHHS PECYPCIB Ta 3aJJ0BOJICHHS IOTPe6 MICTSH. Y JOCIIDKEHHI 3BEPTAEThCS yBara Ha BUKJIUKU Ta
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MOJXKJIMBOCTI BIPOBAXKEHHS PO3YMHOI'0 OCBITJICHHS y MicTax, MaKCHMi3allii II03UTHBHOTO BILUTMBY PO3YMHOI'O OCBITJICHHS Ha Cydac-
Hi MicbKi cepenouina. [IpoananizoBaHO 0COOIMBOCTI PO3POOIIEHHS Ta BUKOPUCTAaHHS 1H(OPMALiHHOT CHCTEMH ISl KOHTPOJIIO BY-
JIMYHOTO OCBITJICHHS B PO3YMHOMY MicTi. BuzHaueHO moTeHwiiiHi nepeBaru Ta 00MEKEHHsI BUKOPHCTAHHS PO3POOIICHOT CHCTEMH.

BucHoBku. [TpoekT i3 cTBopeHHs iHpOpMaLiiiHOT CHCTEMH, 1110 NOKJINKaHA 3a0€3MEUYUTH CHEProe()eKTUBHY CHCTEMY OCBITICHHS
B PO3yMHOMY MICTi, COPUITHME MiJABUILICHHIO 0€3MeKH, 30KpeMa, 3a0e3neueHHs Oe3Mekn TpoMan Yepe3 iHTerpalio 3 CHCTeMaMH
0e3reKky, 3MEHIICHHSI €HEPrOCIIOKUBAHHS, Yepe3 MiHIMI3alil0 BUKOPUCTAHHS CIIEKTPOCHEPTii B MepioTy, KOJIH HOTpeda OCBITICHHS
HE € HEOOXiHOIO.

Busnaueno, mo s peanizanii iHGopMamifHol cHcTeMy JUCTaHIIHHOTO MOHITOPUHTY Ta YIPABIiHHS OCBITIEHHAM B PO3YMHOMY
MiCTi, JOLIIBHO PO3IIISTHYTH MOXJIMBICTh BUKOPHUCTAHHS KOMIUIEKCHOI CHCTEMH YIPAaBIiHHS OCBITICHHAM. [IpOBEICHO pO3paxyHKH
Ha npukiani JIeBoBa noTpebu ocBiTiIeHHI MicTa. [IpoaHaizoBaHO BUKOPUCTaHHS JaBadiB pyXy Ul BU3HAYEHHs HEOOXiTHOCTI yBi-
MKHEHHSI OCBITJICHHS. P0o3po6iicHa KOHLENTyalbHa MOJEIb iHOPMALiHHOT CHCTEMH 3 BUKOPUCTAHHSM 00’ €KTHO-OpPi€HTOBAHOI Me-
tozgosorii HoTawii UML. Busnaueno ocHoBHU#A GyHKLiOHAT iHPOPMALIitHOT CHCTEMH.

KJIIOYOBI CJIOBA: indopmaiiiiiHa cicteMa, CHCTEMa OCBITIICHHS, pO3yMHE MICTO, AWCTAHLIHUA MOHITOPHHT, IPOTHO3Y-
BaHHS.
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