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In this article, we propose a system for controlling street lighting to ensure
the comfortable and safe movement of people on the street at night time using the
geofencing function in a mobile application. The modern loT approach of remote
control of street lighting by the simplified network protocol MOTT working on TCP
/ IP is considered. The publisher-subscriber model for exchanging data between
street lights and a mobile app is implemented through the Mosquitto broker. The
street lamp control unit is implemented on the LuaNode32 WI-FI ESP-WROOM-32
1oT platform. The main goal is to create a full-fledged application that combines
the use of a cloud server, lighting devices, and a database for remote control of the
lighting system. The development of the software part was carried out in high-level
languages Python, Lua, Javascript. To get a system that can be easily supported
in the future, popular frameworks and libraries were used, such as Flask, paho-
mqtt, jQuery, which are characterized by their open-source code. The hardware and
software implementation of the loT-based street lighting control system and their
relative functions are also clarified.
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Problem statement. Currently, the lighting industry market is undergoing a
transition to a new generation of solutions that widely use the principles of the
Internet of things (IoT). This was made possible by the availability of powerful
and relatively cheap microcontrollers, smart street lights, receivers with wireless
interfaces, and the introduction of energy-saving wireless communication
standards [1].

Smart street lights represent a cost-effective solution for cities and towns that
work to reduce energy consumption, increase public safety, and promote the further
development of intelligent infrastructure [2].

Street lighting is a modern necessity. The problem of untimely turned-on street
lights in the dark often occurs in private residential sectors, remote neighborhoods,
and localities. Thus, at night, there is complete darkness in this area, which creates a
certain risk of street crimes, road accidents, and injuries to pedestrians.

The second problem occurs during the night mode of street lighting systems,
when the traffic intensity drops and some of the lighting devices are turned off, which
leads to certain risks of injury to pedestrians with impaired vision.

The main problem to be achieved in our work is the development of a system that
can remotely control a group of street lights to ensure the comfort and safety of people.
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Analysis of the latest research. With the rapid development of IoT, intelligent
or smart lighting systems based on IoT are becoming more popular. And recent
advances in smartphones and affordable open-source cloud platforms have enabled the
development of low-cost architectures for loT-enabled lighting systems. The following
is the contribution of various researchers in the field of the Internet of things.

The paper [3] proposes the development of a smart control system for urban street
lighting to improve the lives of residents. To implement this scheme, the ESP8266
module with Wi-Fi support, a light-dependent sensor, and an ultrasonic sensor are
used, which is used ON-OFF street lighting based on the analysis of the ambient
intensity level. This approach allows you to save electricity at night.

In [4], a lighting system for optimizing the energy consumption of street lamps
based on the MQTT protocol is proposed. The control unit uses a sensor combined
with a controller that connects a group of lamps via an MQTT broker. The operation
also provides a real-time clock to control the intensity of the lamps following the time.

The paper [5] proposes a smart controlled home automation device with a
basic function that helps residents and organizations remotely control devices using
WiFi technology. The system is controlled by a mobile application that is used in
smartphones, tablets, laptops, and PCs that have a WiFi module. The control unit is
the Arduino Uno microcontroller, which interacts with the Android application with an
encrypted message, after the message is successfully decrypted by the microcontroller,
the PIR sensor is activated and the lighting and fans are remotely controlled.

The purpose of the article. Development of an IoT approach for managing street
lighting to ensure comfortable and safe movement of people on the street at night.
The development of a real-time lighting system that provides access to city residents
to temporarily turn on street lights through a specialized application based on the
MQTT broker Mosquito with customized related themes, it allows city residents to
temporarily turn on street lights in low visibility conditions.

Summary of the main research material. The proposed street lighting system
uses the concept of an IoT-enabled service platform, which uses an infrastructure
consisting of a street light control unit implemented on the LuaNode32 IoT platform,
a Wi-Fi gateway, Figure 1. The gateway implements a communication channel
between the street light control unit and the user application as a transit, the cloud
MQTT broker Mosquito is selected.

The principle of operation of the developed system of smart street lighting is
that the user installs the Smart City program on his gadget. Part of this package
is a custom-developed “Illuminator” application based on an MQTT broker with
customized related themes to provide access to city residents services to temporarily
turn off street lights in low visibility conditions in real-time.

In order for the system to know which lights to turn on, the user shares their
coordinates with it for a while. “Illuminator” processes the geo-location of a city
resident and sends a control signal to the desired lights. This approach allows you
to save energy costs for street lighting in remote and sparsely populated areas of the
city while creating a way for residents to safely get to their homes in the dark.
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Fig. 1. Block diagram of the street lighting system
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The control unit. The street lamp control unit, implemented on the
LuaNode32IoT IoT platform with an integrated Wi-Fi controller, operates under the
real-time operating system Lua RTOS. The microcontroller connects to the MQTT
broker in the cloud via a WiFi module.

Since the high level at the output of the microcontroller is 3.3 V, and the relay is
designed for a voltage of 5 V, the Sparkfun level matching module is present in the
circuit. The Relay Module High / Low-Level Trigger control relay with integrated
optical isolation is used to turn on and off the street lamp.

To control the internal temperature and intensity of the glow of the street light
lamp, a thermal sensor is enabled, which is built into the LuaNode32 IoT platform.
Given the presence of the level matching module, other sensors and measuring devices
can be connected to the microcontroller: the light flux from the lamp, the ambient light
sensor, the motion sensor, an external wattmeter for the lamp. The values collected by
the sensors are processed in the LuaNode32 IoT platform and can be sent to the main
server via MQTT. The lamp is powered by an external power supply [6].

Designing the application UL “A mobile client can be not only a program on
smartphones running on modern operating systems: Android, i0S, Windows Phone,
but also any device with Internet access - a tablet, a laptop. In conditions of poor
connection or lack of access to the global network, sending coordinates can be
implemented by sending an SMS message to a special number.

As part of this work, a mobile client is implemented in the form of a separate web
application “Illuminator”. Access to the page can be obtained by any resident who, in
turn, has access to the Internet. That is why the block diagram also contains a street
WiFi router, which provides such access to everyone.

A public cloud server. The cloud IoT platform provides a “Cloud Server”
service, which allows you to use a virtual machine in the provider’s cloud.

In operation, the Mosquito cloud server serves to store and process information from
users and street lights, and in turn, includes a web server and an MQTT broker. The web
server performs the function of hosting the developed web application “Illuminator”
and controlling the street light control unit, by receiving commands from the user and
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applying software logic to send control signals over the MQTT channel. Street lights
can be combined with users in a common network or exist in a separate network. The
block diagram shows that the central control module is the LuaNode32 IoT platform
with an integrated Wi-Fi controller. The control unit connects to an available outdoor
WiFi network, gets Internet access, and accordingly connects to the MQTT broker
Mosquito in the cloud. Once connected, the lamp control unit subscribes to certain
topics and publishes information about its status (on or off lighting), its coordinates,
and internal temperature, and can also control the glow of the street lighting lamp.

Algorithms of the system operation. Figure 2. shows the algorithm of the
designed system. It consists of three main routines: processing requests to the HTTP
server, processing messages from the MQTT broker (since it plays a passive role in
message processing), and checking the lamp activity.
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Fig. 2. Algorithm of opera- Fig. 3. Query processing subroutine
tion the projected system to the HTTP server

The algorithm of the subroutine for processing requests to the server is the most
complex in terms of the structure of features. 3. However, it only checks the path sent
by the user and performs appropriate actions, such as sending the user data about
available lights for display in the web application and processing the signal about the
inclusion of lights in the geolocation zone.

As a handler for the path received from the user, Flask is a micro-framework [7]
for creating web applications and sites in Python, based on the WSGI interaction
standard, the Werkzeug utility, and the Jinja 2 template engine. The algorithm of the
message processing routine from the broker is shown in Figure 4.

To detect malfunctions of the lights, as well as to be able to monitor their status,
the main program contains a subroutine for processing the activity of the lights. It
checks whether too much time has coincided with the last activity of the lamp (which
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sends its state every few seconds to the broker and so updates the activity time) and
if so, it can notify interested subscribers (operator) on topics about the malfunction,
and for the user, this lamp becomes unavailable for use. The algorithm for checking
the activity of street lamps is shown in Figure 5.
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The results of the research. Figure 6 shows the operation of the user
application “Illuminator”. On the side of the street lights controlled by the
LuaNode32 IoT platform, a WiFi network is implemented through the program
interface. In order for the system to know which lights to turn on, the user shares
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Fig. 6. Navigation of the user application «Illuminator» - a) the main screen of the application,
b) the settings screen, c) the control screen of the lights, d) the event screen



COMPUTER TECHNOLOGIES OF PRINTING 2021/1 (45) 31

their coordinates with it for a certain time using geofencing technology. In mobile
applications, it uses the user’s position and determines the moment of entering the
specified virtual perimeter. For geofencing, the app uses GPS or Wi-Fi data. The
geofencing coverage radius is up to 500 meters. To reduce power consumption, it is
recommended to set a minimum zone of 100 meters and the frequency of updating
the user’s position no more than twice every 1 minute. Geolocation in the mobile
app improves customer interaction. Thanks to it, the information comes to the
user in the right place at the right time. The developed application “Illuminator”
processes the geo-location of a resident of the city and sends a control signal to
turn on the desired lamp.

Conclusions. The proposed system offers to use specialized streetlights under the
control of intelligent platforms to improve the image of traditional street lighting man-
agement and consists of three main nodes: the user application “Illuminator” with sup-
port for geofencing, the cloud broker Mosquitto MQTT and street lights controlled by
the IoT platform LuaNode32 via the WiFi interface. Through a cloud broker, residents
of the city are provided with access to the service to temporarily turn off street lights in
conditions of insufficient visibility in real-time, which will ensure the comfortable and
safe movement of people on the street at night. The GPS and Wi-Fi functions enabled
on the mobile device determine the user’s location and the active Wi-Fi network.

The development of the software part was carried out in high-level languages
Python, Lua, Javascript. To get a system that can be easily maintained in the future,
popular frameworks and libraries were used, such as Flask, paho-mqtt, jQuery. They
are characterized by open-source code and a meaningful user community.

A study was conducted on the effective lighting modes for implementing them
in the developed mobile application. Verification experiments have shown that the
average time to create a single message using the MQTT protocol does not exceed
589 microseconds.
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CUCTEMA JJUCTAHIIMHOTO YIIPABJIHHS BYJITMYHUM
OCBITJIEHHSIM HA OCHOBI TEXHOJIOTI IHTEPHETY PEUYENR

I'anuna Brnax-Burpunoscbka, Oner IBaniok, Mimens BurpuHoBcekuit

Hayionanvruii ynisepcumem «JIbgiscbka nonimexuika»
eyn. Cmenana banoepu, 12, 79013, m. Jlvgis, Ykpaina
Halyna.i.vlakh-vyhryovska@lpnu.ua

Y cmammi nponomyemvcs cucmema YApAGNiHHA GYIUYHUM  OCGIMIEHHAM ONisl
3a6e3neyeHHs KOMGOPMHO20 ma 6e3neUHO20 NEPECy8aHHs 8YIUYeEI0 T00el 8 MEMHUL 4ac
000U 13 3acMOCY8aAHHAM PYHKYIT 2e0(EHCIH2Y 8 MOOLIbHOMY 000AMKY. 3anpoOnoH08ara
cucmema BUKOPUCIOBYE KOHYenyilo cepgicnoi niamgopmu 3 niompumkoro loT, sxa
BUKOPUCMOBYE  THPPACMPYKIYPY, WO CKIA0AEMbCS 3 ONOKY KepyBaMHS G)IIUYHUM
qaixmapem peanizoéanoco Ha LuaNode32 ma wrosy Wi-Fi. [Jucmanyiiine ynpaeninms
BYIUUHUM TIXIAPeM 30IUCHIOEMbCA NO chpoujeromy mepedcesomy npomoxorny MOTT, wo
npayroe na TCP/IP. Mooenv sudaseiyb- nepeoniamuuk oiist 0OMIHY OaHUMU MIdC OIOKoM
KEpYBAHHsL GYIUMHUM JIXIMApeM ma MOOLTbHUM 3ACMOCYHKOM Peaizo8ana uepes Opoxkep
Mosquitto. Kmouosum € cmeopentsi ROBHOYIHHO20 000amKa, SKull, NOEOHYE 8 cobl 3a-
CMOCYBAHHSA XMAPHO20 CEPBEPA, NPUCMPOIB 0CEIMAeHHs Ma 6a3u OaHUX 0J18 8I00AIEHO20
VApANiHHA cucmemoro ocsimienns. Pospobka npospammnoi yacmumu npogoounocs
Moeamu ucokoeo piens Python, Lua, Javascript. [[is ompumanns cucmemu, sika mooice
bymu iecko niOmpuMyeana 6 MauoOymubomy 0 6UKOPUCMAHI NONYJIAPHI (petimeopKu
ma Oioniomexu, maxi sx: Flask, paho-mqtt, jQuery, sxi xapakmepu3yromocsi GIOKpUmum
suxionum xooom. Taxooic 3’8c08aHO anapammuy ma HPOSPAMHY peani3ayiio cucmemu
VAPAGIIHHA 8YIUYHUM OCEIMAeHHAM Ha 0cHosE 10T ma ix 6i0HOCHT (yHKYil.

Kanrouoei cnosa: cucmema ocsimnenns, loT, MOTT, Java, Lua, mobinbruil 3a-
CMOCYHOK.
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