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Abstract: 

Introduction: The energy consumed for street lighting is a major expenditure 
in urban environments. According to the World Bank, it constitutes up to 
65% of cities' electricity costs and 10% of their overall budgets. The demand 
for lighting is growing significantly due to rapid urbanization, thus eating up 
even more energy and money - unless smarter solutions are deployed to 
reduce costs. 

Method:  In this paper, a model for street lighting was established, 
consisting of several lamp posts on both sides of the street. The model was 
the exact replica of the street lighing system inside the city of Kirkuk, Iraq. 
The number of objects passing along the street was monitored, both during 
and out of rush hours.This all was taken into account in the energy 
consumption calculation. The controller used for this model is Arduino UNO. 
The Arduino receives signals from 3 IR sensors, processes these signals, 
and then sends the action to the lamp posts. Fuzzy logic was applied in two 
cases: the first one is during the daylight, the second one is during the 
sunrise and the sunset, to control the intensity of the light of the lamp posts. 

Results:  Both cases showed significant results regarding the reliability, 
efficiency, and countability of the system in decreasing the level of energy 
consumption. 

Conclusion: The system can be applicable for smart city projects. It is 
efficient, cost effective and shows reliable results in saving energy.  

Keywords: fuzzy logic, arduino, smart street lighting, energy 
consumption, road lights. 

Introduction  

City authorities see street lights as one of the largest portions of 
energy costs. Overlit streets waste energy and generate a high level of 

http://orcid.org/
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CO2 emissions and costs. There are some major challenges in street lights 
that need to be resolved. Sometimes road lamp posts remain ON during 
the daylight.  To manage and reduce that cost, they  have to be like hubs 
of smart technology while helping provide the community with significant 
energy savings and a safer environment. Some previous studies dealt with 
smart systems for lights. Several studies regarding smart systems have 
been implemented. E.M. Diaconu (2021) implemented a basic design for 
an electronic circuit to a smart system. The system is controlled using an 
android application and the communication is maintained using the 
Bluetooth HC-05 module. Kumar et al (2021) came up with an idea to use 
a PIR sensor to detect motion and an LDR sensor to reduce unnecessary 
waste of power during the daytime. The idea was good; however, it is only 
restricted to turning the light ON and OFF. Chenwei et al also designed a 
system to control lighting using an android application that communicates 
with the system using the Bluetooth Technique (Feng et al, 1976). The 
design was easy, efficient and of low cost.  Dankan et al used the SLS 
(Smart Lighting System) based on the IoT technique in order to fully control 
the system. The main idea of the system is to save more dissipated energy 
(Gowda et al, 2021). The energy saved reached up to 40 %. A smart 
system of calibrating energy consumption inside the building was 
presented by Yerbol et al (Aussat et al, 2022). This system measures 
illuminance and occupancy from sensors located at each workstation 
inside the building. The system compares between the illuminance and the 
dimming level inside the workstation and depending on that the control 
system will specify the desired illuminance of the bulb. Leo et al used the 
PIR sensor to detect the occupancy of a room so the system can determine 
whether the lights are ON or OFF for the purpose of saving energy inside 
the house or a building (Botler & Sadok, 2016). Arun et al presented a work 
of full setup for the hardware required for a lighting system inside the room. 
His idea deals with a system capable of varying light intensities using an 
Android App which provides better visual comfort for the user (Kumar et 
al, 2019).  Amit et al  (Sikder et al, 2018) presented an overview of IoT-
based systems for smart lighting for energy-saving enhancement. They 
review different IoT-enabled communication protocols that can be used in 
the SLS; the result was the IoT-enabled SLS in both indoor and outdoor 
settings which can reduce power consumption percent up to 33%. The 
interesting work of Bozanic et al (2021) in the fuzzy system presents 
neuro-fuzzy as a method of decision making to support the selection of 
construction machines. Precup et al (2020) poposed a network control 
problem solution using fuzzy logic. Some studies regarding the smart 
lighting system SSL have been established. Francis et al (Montalbo & 
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Enriquez, 2020) used a PIR sensor and NodeMCU V3 with Wi-Fi to detect 
the occupancy of a classroom, so that the lights will be turned ON and OFF 
to save more energy. Nursyazwani and his team (Adnan et al, 2019) used 
IoT technology to control the light in illumination-based human activity. The 
system measures the intensity of ambient light and controls artificial lights 
for the comfort of the eye. However, the system controls illumination 
manually. Another study was conducted by Bevek et al  (Subba et al, 
2020). The system used Both LDR and PIR sensors to detect the presence 
of people inside the room and as result, they control the light bulb ON and 
OFF.  

The communication between the sensors and the controllers was 
achieved using the ZigBee transmitter and the receiver. The system was 
a traditional one that does not involve fuzzy logic. A description of a smart 
street lighting system (SSL) as an approach of massive function for smart 
cities was presented by Vasja Roblek (Subrahmanian & Shastri, 2018). 
With the use of Temp, Dampness, and Lights of the ambient conditions, K. 
Pargash et al controlled lamp posts ON and OFF  (Poongothai et al, 2018). 
LoRa (Long Range) Technology can be used in SSL, and that is what Ezgi 
and his team (Bingöl et al, 2019) established in their work (A LoRa-based 
Smart Streetlighting System for Smart Cities) - the idea is to control and 
monitor the road remotely so that the ON-OFF function of road lights is 
executed. Zhang et al (2022) combined the Narrow Band Internet of 
Things (NB-IoT) with the LoRa communication technology to demonstrate 
the design of a smart street lighting system. By adopting an optimized 
street lamp control algorithm, the system can realize the automatic control 
of street lights according to the real-time traffic flow information. 

This paper will focus on enhancing the control of a street light system 
by applying a fuzzy logic algorithm in order to control the ON-OFF status 
and the intensity level of the light itself in order to save more energy. The 
idea of using fuzzy logic is based on its easiness in use, program, and 
uploading to the system with very good results. 

The overall view of the system 

The intelligent street lighting system introduced in this paper consists 
of a model for a street with lamp posts on each side. The control system 
ensures efficient control of the light and is energy saving. Figure 1 shows 
the basic overview of the model.  
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Figure 1 –Design of a street lighting system 
Рис. 1 – Проект уличного освещения 

Слика 1 – Пројекат система уличног осветљења 

System structure 

The system was constructed using several parts shown in Table 1 
below. 
 

Table 1 – System components 
Таблица 1 – Компоненты системы 
Табела 1 – Компоненте система 

 

 Part Description 

1 Arduino 
An open-source controller, easy to install, connect and 
control 

2 IR Sensor 
An electronic device using Infrared to sense the 
surrounding 

3 LED 
A semiconductor that produces light when a current 
flows through it 

4 LDR 
A cell that decreases resistance when receiving light on 
the component sensitive surface 

5 PIR 
An electronic device that senses the radiation of the 
ambient environment 

6 Extra Parts Wires, Batteries, Breadboard. 
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Fuzzy logic and its application to the problem of 
saving electricity 

Using fuzzy logic inside the control system enables controling the 
intensity of road lights with respect to the intensity of daylight in the sunrise 
and sunset periods of the day. Fuzzy logic is one of the strongest tools in 
complex problem solving since this approach to computing is based on 
“Degrees of Truth” rather than on the usual “true or false” Boolean logic on 
which modern computers are based. Figure 2 shows the basic difference 
between Boolean and fuzzy logics (Ghosh & Haldar, 2014; Yusuf et al, 
2020; Htwe et al, 2020). Power Saving System Using LDR And PIR 
Sensor.   

 
 

Figure 2 – Boolean logic Vs fuzzy logic 
Рис. 2 – Булева логика против нечеткой логики 

Слика 2 – Болеанова логика и фази логика 

 
The idea was first introduced by Lotfi Zadeh in 1960 (AL-Forati & 

Rashid, 2020; Saputra et al, 2020; Hameed et al, 2021; Madrigal et al, 
2019). Zadeh was working on the problem of computer understanding of 
natural language. Natural language -- like most other activities in life and 
indeed the universe -- is not easily translated into the absolute terms of 0 
and 1. Whether everything is ultimately describable in binary terms is a 
philosophical question worth pursuing, but in practice, much data is 
required  to feed a computer is in some state in between and so, frequently, 
are the results of computing. It may help to see fuzzy logic as the way 
reasoning really works and binary, or Boolean, logic is simply a special 
case of it (Huangwei et al, 2021; AL-Forati & Rashid, 2020; Saputra et al, 
2020; Hameed et al, 2021; Madrigal et al, 2019).  
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The architecture of fuzzy logic is shown in Figure 3 below. 
 

 
 

Figure 3 – Fuzzy logic 
Рис. 3 – Нечеткая логика 

Слика 3 – Фази логика 

 
From Figure 3, there are four main parts of fuzzy logic which will be explained 

in this section. 

Fuzzification 

It is the method of transforming a crisp quantity into a fuzzy quantity. 
This can be achieved by identifying various known crisp and deterministic 
quantities as completely nondeterministic and quite uncertain in nature. 
This uncertainty may have emerged because of vagueness and 
imprecision which then lead the variables to be represented by a 
membership function as they can be fuzzy in nature (Sofian & Rambely, 
2020; Lah & Arbaiy, 2020; Abdul-Adheem, 2020). 

 
For example, if the temperature to be said is 45° Celsius, the viewer 

converts the crisp input value into a linguistic variable like favorable 
temperature for the human body, hot or cold. 

Rule base 

It contains all the rules and the IF-THEN conditions offered by experts 
to control the decision-making system. The recent updates in the fuzzy 
theory provide various methods for the design and tuning of fuzzy 
controllers. These updates significantly reduce the number of the fuzzy 
sets of rules. 
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Inference engine 

It helps to determine the degree of match between a fuzzy input and 
the rules. Based on the % match, it determines which rules need 
implementing in accordance with the given input field. After this, the 
applied rules are combined to develop the control actions. 

Defuzzification 

It is the inversion of fuzzification where mapping is done to convert 
crisp results into fuzzy results while in defuzzification mapping is done to 
convert fuzzy results into crisp results. 

This process can generate a nonfuzzy control action which illustrates 
the possibility distribution of an inferred fuzzy control action. 

The defuzzification process can also be treated as the rounding off 
process, where a fuzzy set having a group of membership values on the 
unit interval is reduced to a single scalar quantity. 

Applying fuzzy to the system 

The system model shown in Figure 4 is the actual system 
experimented with within this work. It consists of several lampposts on both 
sides of the road; IR sensors are mounted between them to detect the 
motion of objects. Besides, the road lights are switched on and off. In 
addition, light intensity changes during the sunrise and the sunset. The 
intensity of daylight changes due to the sun’s movement; in these periods, 
the road light’s intensity does not have to be on to the fullest. This is useful 
for saving energy. In order to achieve that, fuzzy logic is applied since 
fuzzy logic is based on the “degree of truth” as mentioned before. The 
sunlight intensity is counted as levels of lighting. These levels are 
explained in Tables 2 and 3. 

 

 
Figure 4 – Smart lighting system 

Рис. 4 – Умная система освещения 
Слика 4 – Паметни систем осветљења 
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 Table 2 represents the inputs (Sun Light SL and Cars or Object C) and 
the output ( LEDs light)  linguistic variables for the system. 
 

Table 2 – Input and output parameters 
Таблица 2 – Входные и выходные параметры 

Табела 2 – Улазни и излазни параметри 

 

Parameter 
Linguistic 
variable 

Symbol Fuzzy set 

Input 

Sun Light SL 

V Low 

Low 

Medium 

High 

V High 

Car or Object C 
Pass 

Not Pass 

Output LEDs Light L 

High 

Medium 

Low 

 
The output indicated in the table above as High, Medium, and Low 

means the percent of light intensity. The Low output value is 25 %, the 
Medium value is 50% and the High value is a full 100%. 

Table 3 represents the fuzzy rule base.  
 
 

Table 3 – Fuzzy rules 
Таблица 3 – Фаззи правила 
Табела 3 – Фази правила 

 

No Rule 

1 

IF SL 

V Low 

AND C 

Pass 

THEN L 

High 

2 Low Medium 

3 Medium Low 

4 High Low 

5 V High Low 

6 V Low 

Not 
Pass 

Low 

7 Low Low 

8 Medium Low 

9 High Low 

10 V High Low 
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The inputs for the system are shown in Figure 5.  
 
 

 
 

 
Figure 5 – Input variables for the system 

 
Рис. 5 – Входные переменные системы 

 
Слика 5 – Улазне варијабле за систем 

Research results and discussion 

 The results of the system are shown in Figures 6, 7 and 8. Figures 6 
and 7 show the output of the fuzzy system, while Figure 8 shows the 
comparison of the energy consumption between the system with and 
without using fuzzy logic.  
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Figure 6 – Fuzzy output of smart street lighting 
Рис. 6 – Нечеткий вывод умного уличного освещения 
Слика 6 – Фазни излаз паметног уличног осветљења 

 

 
 

Figure 7 – 3D Plot of the fuzzy output of  smart street lighting 
Рис. 7 –3Д-график нечеткого вывода умного уличного освещения 
Слика 7 – 3Д приказ фазног излаза паметног уличног осветљења 
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Figure 8 – Difference of SSL energy consumption with and without applying fuzzy logic 
Рис. 8 – Разница в энергопотреблении умной системы уличного освещения  с 

применением нечеткой логики и без нее 
Слика 8 – Разлика у потрошњи енергије паметног система уличног осветљења 

са применом фази логике и без њене примене  

 
As it can be seen in the figure above, the system shows good results 

in energy consumption since the system takes into account the two 
important factors, the object (Pass or not Pass) and the intensity level of 
sunlight. With comparison to the result established by (Gagliardi et al, 
2020), the work calculates the daily consumption of energy. The saved 
energy percent for 10 lamps was about 42 %. The model used in this paper 
was the exact replica of an actual street with the same number of lamps 
and the average number of cars that passed in the street during three days 
of observation. The energy percent saved in this work was 44% for 6 
lamps. 

Conclusion 

 The objective of this work has been accomplished. Depending on 
both types of IR sensors and the application of fuzzy logic which is less 
used in the research of smart lighting, the problem of energy consumption 
was solved. The saved energy can be used for lighting other streets or for 
any other application requiring power supply. From the economic angle, 
dissipated energy costs a lot - more energy requires more oil for power 
plants which then leads to more money paid by citizens. The most 
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important advantage of this idea is that lights can be controlled at two 
levels: level one is the ON-OFF control based on passing objects and level 
two is the control during the sunrise and sunset hours when there is no 
need for the full intensity of light bulbs. In third world countries, electric 
power is consumed randomly due to a lack of understanding of power 
distribution from the station as well as lack of awareness among people to 
save energy. That is why a smart system is the most valuable option. In 
the future, the system can be updated by adding more sensors such as 
cameras and by using image processing in order to monitor the flow of 
objects inside the street.   
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УМНАЯ СИСТЕМА УПРАВЛЕНИЯ УЛИЧНЫМ ОСВЕЩЕНИЕМ, 
ОСНОВАННАЯ НА НЕЧЕТКОЙ ЛОГИКЕ 
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Обудский университет, факультет машиноведения и безопасности,  
г. Будапешт, Венгрия 

 
РУБРИКА ГРНТИ: 27.47.00 Математическая кибернетика;  
                               27.47.19 Исследование операций 
ВИД СТАТЬИ: оригинальная научная статья 

Резюме:  

Введение/цель: Потребление электроэнергии для уличного 
освещения является основным расходом в городской среде. По 
данным Всемирного банка, потребление электроэнергии на 
уличное освещение составляет 65% от общего потребления 
электроэнергии в городах и 10% от общего городского бюджета. 
Потребность в освещении значительно возрастает из-за 
стремительной урбанизации, которая требует все больше и 
больше электроэнергии, а соответственно и финансовых 
средств.  В данной связи необходимо разработать разумные 
решения по сокращению расходов. 

Методы: В данной статье представлена разработанная модель 
уличного освещения, состоящая из нескольких фонарных 
столбов, размещенных по обе стороны улицы. Модель является 
точной копией системы уличного освещения в городе Киркук в 
Ираке. При расчете потребления электроэнергии учитывалось 
количество объектов, проходящих по улице, как в часы пик, так 
и в другое время. В качестве контроллера для данной модели 
использовался Arduino UNO. Arduino получает сигналы от 3 ИК-
датчиков, обрабатывает их, а затем отправляет их 
светильникам уличного освещения. Нечеткая логика 
применялась в двух случаях: первый − при дневном освещении, 
второй – во время восхода и заката солнца, с целью управления 
интенсивностью света уличного освещения. 

Результаты: Оба случая показали значительные результаты в 
отношении надежности, эффективности и снижении уровня 
энергопотребления. 

Выводы: Система может быть применима в осуществлении 
проектов "умные города". Она эффективна, надежна и выгодна, 
а также способствует электросбережению. 

Ключевые слова: нечеткая логика, arduino, умное уличное 
освещение, энергопотребление, освещения автомобильных 
дорог. 
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ПАМЕТНИ СИСТЕМ ЗА УПРАВЉАЊЕ УЛИЧНИМ ОСВЕТЉЕЊЕМ 
ЗАСНОВАН НА ФАЗИ ЛОГИЦИ  

Ихаб Абдулрахман Сатам 

Северни технички универзитет, Одсек за електронске технике,  
Мосул, Нинива, Република Ирак; 
Универзитет Обуда, Факултет безбедносних студија,  
Будимпешта, Мађарска 
 
ОБЛАСТ: математика, рачунарске науке 
ВРСТА ЧЛАНКА: оригинални научни рад 

Сажетак 

Увод/циљ: Потрошња електричне енергије за осветљавање улица 
представља знатан трошак у урбаним срединама. Према Светској 
банци, та потрошња чини 65% свеукупне потрошње електричне 
енергије у градовима и 10% њиховог укупног буџета. Потреба за 
осветљавањем у знатном је порасту услед брзе урбанизације, што 
изискује све више енергије и финансијских средстава – осим ако се 
не примене паметна решења за смањивање трошкова. 

Методе: Представљен је модел уличног осветљења који се састоји 
од неколико уличних лампи постављених с обе стране улице. Модел 
представља верну реплику система уличног осветљења у граду 
Киркуку у Ираку. При израчунавању потрошње електричне енергије 
узет је у обзир и број објеката који су пролазили улицом у шпицу и 
ван њега. Контролер за овај модел је Arduino UNO који прима сигнале 
из три ИЦ сензора, процесира их и шаље до уличних светиљки. Фази 
логика је примењена у два случаја: у време дневног светла и током 
изласка и заласка сунца како би се контролисала јачина светлости 
уличних светиљки. 

Резултати: Оба случаја су показала значајне резултате када је реч 
о поузданости, ефикасности и сигурности система да смањи ниво 
потрошње електричне енергије.  

Закључак: Систем може бити примењен у пројектима паметних 
градова. Ефикасан је, исплатив и сигурно штеди енергију. 

Кључне речи: фази логика, Arduino, паметно улично осветљење, 
потрошња енергије, путна светла. 
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