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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.

Pe sowMme

Beeacnue/ueab: [TorpebacHrE 3ACKTPOIHEPTHU AAS YAMYHOTO OCBCICHHUS SIBASICTCSI OCHOBHBIM PACXOAOM B TOPOACKOH CpPEAE.
I'To panubiM BeemupHroro 6anka, moTpebacHne IACKTPOIHEPIUH HA YANTHOE OCBEIIEHHE cOCTABASIET 65% OT 061ero norpebacHus
3AEKTPOIHEprun B ropopax u 10% or obmero ropoackoro 6moaxera. [TorpeGHOCTS B OCBEIICHNU 3HAYUTEABHO BO3PACTACT U3-
32 CTPEMHUTEABHON ypGanusanmy, Kotopas Tpebyer Bee 6oablIe B GOABLIC IACKTPOIHEPTHH, & COOTBETCTBEHHO M (PHUHAHCOBBIX
cpeacTB. B AaHHOI CBsI3n HEOOX0AMMO PaspaboTaTh PasyMHbIC PELICHHS IO COKPALICHHIO PACXOAOB.

Meroabr: B AaHHOII cTaThe mpeACTaBACHA pa3pabOTaHHASI MOACAD YAMMHOTO OCBELICHHS, COCTOSIAS U3 HECKOABKHX (OHAPHBIX
cTOAGOB, PasMEILCHHBIX N0 06¢ CTOPOHBI yAHLIBL. MOACAD SBASICTCS TOYHOM KONHMEH CHCTEMBI YAUMHOTO OCBEILCHUS B TOPOAE
Kupxyk B Mpake. [ Ipu pacdere moTpebacHNs IACKTPOIHEPIUH YIUTHIBAAOCH KOAUIECTBO O0BEKTOB, IPOXOASIIIUX 110 YAULIC, KAK B
9achl MK, TAK M B APyroe BpeMsL. B kasecTBe KoHTpOAsepa AAst AaHHOI MoAean ucnoabsoBaacs Arduino UNO. Arduino moayyaer
curnaabt o1 3 MIK-aaT4nkos, o6pabaTsiBact ux, a 3aTeM OTIPABASICT MX CBETHABHUKAM YAMMHOTO ocBeimeHnst. Hederkas aoruka
IPUMCHSAACh B ABYX CAYYasX: IIEPBBIA — HPU AHCBHOM OCBELICHHH, BTOPOI — BO BPEMs BOCXOAQ M 3aKATa COAHLA, C IICABIO
YIIPaBACHHUS HHTCHCUBHOCTBIO CBETA YAUYHOTO OCBELICHHUSL.

Pesyabrars: O6a caydas OKa3asd 3HAIUTEABHBIC PE3YABTATHI B OTHOLICHUH HAACKHOCTH, 3¢ PEKTUBHOCTH 1 CHUXKCHUU YPOBHS
SHEPronoTpebAcHU.
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BriBoabi: Cuctema MoeT ObITh IPUMEHHMMA B OCYILIECTBACHUH IIPOEKTOB "yMmHBIE ropoAa". Ona a¢p$pexTrBHA, HAIACKHA U BBITOAHA,
a TAKKe CIIOCOOCTByeT 3AeI<Tpoc6epe>KeHmo.

KnwduyeBb e c 10 B a: HeyeTKasd AOI'MKa, arduino, YMHOC YAHYHOC OCBCHICHUC, 3HCPI‘OHOTPC6ACHI/IC, OCBCIICHUA
aBTOMOOHABHBIX AOpOT.

ABSTRACT:

VBoa/num: IToTpomma eAeKTpUYHE CHEPIHUje 32 OCBETAABAbE YAHLIA IPEACTABAA 3HATAH TPOIIAK Y ypOaHuM cpeansama. [Ipema
CBeTCKoj 6aHIy, Ta IIOTPOLIKA YMHU 65% CBEYKYITHE ITIOTPOILIbE EACKTPUYIHE EHEPIUjE ¥ TPAAOBUMA U 10% muxosor YKYIHOT
Oyuera. ITorpeba 3a ocBeTmaBambeM y 3HATHOM je MOPAcTy ycaea Op3e ypGaHusalmje, IITO M3HCKyje CBE BUIIE CHEPrUje U
QUHAHCHjCKUX CPEACTABA — OCHM aKO CE HE IIPUMEHE NAMETHA PEIICHHa 32 CMABUBAE TPOIIKOBA.

Merope: ITpeacTaBmeH je MOACA YAMYHOT OCBETACHA KOjH CE CACTOJU OA HEKOAMKO YAMYHMX AAMITH [OCTABACHHX ¢ 06 cTpaHe
yaune. Moaea npeacraBsa BEPHY PEIAMKY CHCTEMA YAUYHOT OCBeTArerba y rpasy Kupxyky y Mpaxky. I'lpu uspauynasamy norporume
EACKTPUYHE E€HEPTHUjE Y3€ET jE ¥ 063Hp u 6poj o6jeKaTa KOJU Cy IPOAA3HAH YAHILIOM y INMHUIly U BaH mera. Konrpoaep sa OBaj
moaea je Arduino UNO Koju mpuma curHase us Tpu ML censopa, mpouecupa ux u mame A0 yAudHuX cBetunku. Pasu aoruxa je
IIPUMCHCHA Y ABA CAY4aja: Y BDEME AHCBHOT CBETAA U TOKOM H3AACKA M 33AACKA CYHI}a KAKO OH Ce KOHTPOAMCAAA jaMHA CBETAOCTH
yAI/I'*IHI/IX CBE€TUMKHU.

Pesyaratn: O6a cayyaja cy mokasasa sHa4ajHE PE3YATATE KAAA j€ PEY O IIOY3AAHOCTH, €PUKACHOCTH H CUTYPHOCTH CUCTEMA AQ CMAU
HMBO [OTPOLIE CACKTPHYHE CHEPIHjC.

3akayuak: Crcrem MOXe GUTH NPUMEIbEH Y IIPOjEKTHMA [IAMETHHX IrPasoBa. EQukacaH je, HCIIAQTHB M CUIYPHO LITEAH CHEPTH)Yy.

KEYWORDS: nbasn AOTHKa, Arduino, MMaMETHO YAMYHO OCBETACHE, IOTPOLIbA eHeerje, ITyTHA CBETA.

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 CO; 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 casy, 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 [oT-based systems for smart lighting for energy-saving enhancement. They review different [oT-
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
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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 & 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 (Poongothaietal, 2018). LoRa (Long Range)
Technology can be used in SSL, and that is what Ezgi and his team (Bingol 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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LED

220 ohm Resistor

System structure

e

g

IR SENSOR

FIGURE 1
Design of a street lighting system

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

TABLE 1
System components

Fart Description
1 Arduino An open-source confroller, easy to install, connect and control
2 [E Sensor An electronic device using Infrared to sense the surrounding
LED :ﬁt. sermiconductor that produces light when a current flows through
1
4 LDE & cell that decree_ls_es resistance when receiving light on the
Cormponent sensitive surface
5 PIR Anl a_alectronic device that senses the radiation of the ambient
SIVITONIMEnt
=3 Extra Parts Wires, Eatteries, BEreadboard.

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.

300



IHAB ABDULRAHMAN SATAM. FUZZY-BASED SMART SYSTEM FOR CONTROLLING ROAD LIGHTS

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; Hewe et al, 2020).
Power Saving System Using LDR And PIR Sensor.

Boolean logic Fuzzy logic

Yes/1 Very much/0.9
Fairly so/0.75
Is it hot? Is it hot? Moderately/0.5
Somewhat/0.25

No/0 Very little/0.1

FIGURE 2
Boolean logic Vs fuzzy logic

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).

The architecture of fuzzy logic is shown in Figure 3 below.

[ Rules l
Crisp : Crisp
gt [ Fuzzifier ] [ Defuzzifier b Outnut
Fuzzy ) i Fuzzy
Input Qutput
Set Intelligence Set
FIGURE 3
Fuzzy logic
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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.

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.
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FIGURE 4
Smart lighting system

Table 2 represents the inputs (Sun Light SL and Cars or Object C) and the output (LED:s light) linguistic

variables for the system.

TABLE 2
Input and output parameters

Parameter hngmstu: Symbol Fuzzy set
variable
Y Low
Lowr
Sun Light sL Medium
Input High
W High
. Fass
Car or Object C Mot Pass
High
Output LEDs Light L Medium
Lowr

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.
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TABLE 3
Fuzzy rules

No |[Rule

1 V Low High
2 Low Medium
3 Medium Fass Low
4 High Low
5 V High Low
6 IF | SL V Low AND |C THEN |L Low
7 Low Loxw
g Medium ?::s Low
9 High Low
10 V High Low

The inputs for the system are shown in Figure 5.

SL=0.5 C=05
N | ——
& | — ]
s | | —
s | | ———
5 | | ——
s [ | —
r [ | ——
o | | ——
o | J ——
o [ | —

FIGURE 5
Input variables for the system

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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L=0.798

|

VY

0.75 1

FIGURE 6
Fuzzy output of smart street lighting
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FIGURE 7
3D Plot of the fuzzy output of smart street lighting

Without Fuzzy ®with Fuzzy

9 A E [

2 3 4 - b

FIGURE 8
Difference of SSL energy consumption with and without applying fuzzy logic

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
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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 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 alack 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.

REFERENCES

Abdul-Adheem, W.R. 2020. Design and simulation of a normalized fuzzy logic controller for the quadruple-tank
process. Indonesian Journal of Electrical Engineering and Computer Science, 18(1), pp.227-234, 2019. Available
at: hteps://doi.org/10.11591/ijeecs.v18.il.pp227-234.

Adnan, N., Kamal N. & Chellappan, K. 2019. An IoT Based Smart Lighting System Based on Human Activity.
In: IEEE 14th Malaysia International Conference on Communication (MICC), Selangor, Malaysia, pp.65-68,
December 2-4. Available at: https://doi.org/10.1109/MICC48337.2019.9037601.

AL-Forati, LS.A. & Rashid, A. 2020. Multi-Robot Localization System using an Array of LEDs and LDR Sensors.
International Journal of Computer Applications, 176(10), pp.9-12. Available at: https://doi.org/10.5120/ijca20
20920001.

Aussat, Y., Rosmanis, A. & Keshav, S. 2022. A Power-Efficient Self-Calibrating Smart Lighting System. Energy and
Buildings, 259(art.ID:111874). Available at: https://doi.org/10.1016/j.enbuild.2022.111874.

Bingol, E., Kuzlu, M. & Pipattanasompom, M. 2019. A LoRa-based Smart Streetlighting System for Smart Cities. In:
7th International Istanbul Smart Grids and Cities Congress and Fair (ICSG), Istanbul, Turkey, pp.66-70, April
25-26. Available at: https://doi.org/10.1109/SGCF.2019.8782413.

Botler, L.H. & Sadok, D.H. 2016. A presence sensor for smart lighting systems. In: IECON 2016 - 42nd Annual
Conference of the IEEE Industrial Electronics Society, Florence, Italy, pp.6001-6006, October 23-26. Available at:
https://doi.org/10.1109/IECON.2016.7793173.

Bozanic, D., Tesi¢, D., Marinkovi¢, D. & Mili¢, A. 2021. Modeling of neuro-fuzzy system as a support in decision-
making processes. Reports in Mechanical Engineering, 2(1), pp.222-234. Available at: https://doi.org/10.3118
1/rme2001021222b.

Diaconu, E.M. 2021. Smart Lighting System. The Scientific Bulletin of Electrical Engineering Faculty, 21(1), pp.6-9.
Available at: https://doi.org/10.2478/sbeef-2021-0002.

Feng, C., Wang, X.,Li, Z., Lin, W., Ji, H. & Shen, S. 1976. Smart lighting system based on Bluetooth. Journal of Physics:
Conference Series, 1976(art.ID:012028). Available at: https://doi.org/10.1088/1742-6596/1976/1/012028.

Gagliardi, G., Lupia, M., Cario, G., Tedesco, F., Gaccio, F.C., Scudo, F.L. & Casavola, A. 2020. Advanced Adaptive
Street Lighting Systems for Smart Cities. Smart Cities, 3(4), pp.1495-1512. Available at: https://doi.org/10.3
390/smartcities3040071.

Ghosh, S. & Haldar, N. 2014. Solar tracking system using AT89C51 microcontroller and LDR. International Journal
of Emerging Technology and Advanced Engineering, 4(12), pp.403-407.

Gowda, D.V., Annepu, A., Ramesha, M., Kumar, K.P. & Singh, P.2021.IoT Enabled Smart Lighting System for Smart
Cities. Journal of Physics: Conference Series, 2089 (art.ID:012037). Available at: https://doi.org/10.1088/1742
-6596/2089/1/012037.

Hameed, M.S., Mukhtar, S., Khan, H.N., Ali, S., Mateen, M.H. & Gulzar, M. 2021. Pythagorean Fuzzy N -Soft Groups.
Indonesian Journal of Electrical Engineering and Computer Science, 21(2), pp.1030-1038. Available at: htep://d
oi.org/10.11591/ijeecs.v21.i2.pp1030-1038.

307


https://doi.org/10.11591/ijeecs.v18.i1.pp227-234
https://doi.org/10.1109/MICC48337.2019.9037601
https://doi.org/10.5120/ijca2020920001
https://doi.org/10.5120/ijca2020920001
https://doi.org/10.1016/j.enbuild.2022.111874
https://doi.org/10.1109/SGCF.2019.8782413
https://doi.org/10.1109/IECON.2016.7793173
https://doi.org/10.31181/rme2001021222b
https://doi.org/10.31181/rme2001021222b
https://doi.org/10.2478/sbeef-2021-0002
https://doi.org/10.1088/1742-6596/1976/1/012028
https://doi.org/10.3390/smartcities3040071
https://doi.org/10.3390/smartcities3040071
https://doi.org/10.1088/1742-6596/2089/1/012037
https://doi.org/10.1088/1742-6596/2089/1/012037
http://doi.org/10.11591/ijeecs.v21.i2.pp1030-1038
http://doi.org/10.11591/ijeecs.v21.i2.pp1030-1038

VOINOTEHNICKI GLASNIK/MILITARY TECHNICAL COURIER, 2022, VvOL. 70, NO. 2, APRIL-JUNE, ISSN: 0042-8469...

Htwe, T.Z., Tun, A.T. & Aung, C.S. 2020. Power Saving System Using LDR And PIR Sensor. lconic Research and
Engineering Journals, 4(2), pp.51-55.

Huangwei, C., Rongjian, T., Fuan, N,, Jihua, Z., Bin, S., Zhongyong, L., Can, C. & Liming, C. 2021. A New PCR/
LDR-Based Multiplex Functional Molecular Marker for Marker-Assisted Breeding in Rice. Rice Science, 28(1),
pp-6-10. Available at: https://doi.org/10.1016/j.rsci.2020.11.002.

Kumar, A., Shareef, A., Harn, K.T., Kar, P. & Panda, SK. 2019. A Complete Hardware Setup for Smart
Lighting System. In: IEEE International Conference on Sustainable Energy Technologies and Systems (ICSETS),
Bhubaneswar, India, pp.297-301, February 26 - March 1. Available at: https://doi.org/10.1109/ICSETS.2019
.8744873.

Kumar, V., Sharma, P. & Kamaldeep, K. 2021. Smart Lighting System Using Arduino. In: IEEE 8th Uttar Pradesh
Section International Conference on Electrical, Electronics and Computer Engineering (UPCON), Dehradun,
India, pp.1-5, November 11-13. Available at: https://doi.org/10.1109/upcon52273.2021.9667610.

Lah, M.S.C. & Arbaiy, N. 2020. A simulation study of first-order autoregressive to evaluate the performance of
measurement error based symmetry triangular fuzzy number. Indonesian Journal of Electrical Engineering and

Computer Science, 18(3), pp.1559-1567. Available at: https://doi.org/10.11591/ijeecs.v18.i3.pp1559-1567.

Madrigal, G.A., Cuevas, K.G., Hora, V., Jimenez, K.M., Manato, ].N., Porlaje, M.J. & Fortaleza, B. 2019. Fuzzy
logic-based maximum power point tracking solar battery charge controller with backup stand-by AC generator.
Indonesian Journal of Electrical Engineering and Computer Science, 16(1), pp.136-146. Available at: https://do
i.org/10.11591/ijeecs.v16.il.pp136-146.

Montalbo, F.J. & Enriquez, E. 2020. An IoT Smart Lighting System for University Classrooms. In: International
Symposium on Educational Technology (ISET), Bangkok, Thailand, pp.3-7, August 24-27. Available at: https:/
/doi.org/10.1109/ISET49818.2020.00011.

Poongothai, M., Subramanian, P. M. & Rajeswari, A. 2018. Design and implementation of IoT based smart laboratory.
In: Sth International Conference on Industrial Engineering and Applications (ICIEA), Singapore, pp.169-173,
April 26-28. Available at: https://doi.org/10.1109/IEA.2018.8387090.

Precup, R-E., Preitl, S., Petriu, E., Bojan-Dragos , C-A., Szedlak-Stinean, A-I., Roman, R-C. & Hedrea, E-L. 2020.
Model-Based Fuzzy Control Results for Networked Control Systems. Reporss in Mechanical Engineering, 1(1),
pp-10-25. Available at: https://doi.org/10.31181/rme200101010p.

Saputra, M.M., Yudhawati, D. & Aminda, R.S. 2020. Pengaruh loan to deposit ratio (LDR) dan non performing loan
(NPL) terhadap return on asset (ROA). Manager: Jurnal Ilmu Manajemen, 3(1), pp.85-93, 2020. Available at:
https://doi.org/10.32832/manager.v3i1.3836.

Sikder, A.K., Acar, A., Aksu, H., Uluagac, A.S., Akkaya, K. & Conti, M. 2018. IoT-enabled smart lighting systems
for smart cities. In: IEEE 8th Annual Computing and Communication Workshop and Conference (CCW<C), Las
Vegas, NV, USA, pp.639-645, February 27. Available at: https://doi.org/10.1109/CCWC.2018.8301744.

Sofian, S.S. & Rambely, A.S. 2020. Measuring perceptions of students toward game and recreational activity using
fuzzy conjoint analysis. Indonesian Journal of Electrical Engineering and Computer Science, 20(1), pp.395-404.
Available at: https://doi.org/10.11591/ijeecs.v20.i11.pp395-404.

Subba, B., Wangchuk, C., Ghalley, S., Jigmi, L.J. & Chedup, S. 2020. Design and Simulation of IoT and Zigbee
based Smart Lighting System. IARJSET - International Advanced Research Journal in Science, Engineering and
Technology, 7(9), pp.31-37. Available at: htps://doi.org/10.17148/iarjset.2020.7908.

Subrahmanian, R.R. & Shastri, A. 2018. Sustainable development of a historic town: preserving the past to sustain the
future. In: AMPS Proceedings Series 15.2, Tangible — Intangible Heritage(s), pp.168-179 [online]. Available at:
http://architecturemps.com/wp-content/uploads/2021/07/Amps-Proceedings-Series-15.2.pdf [Accessed: 20
February 2022].

Yusuf, S.D., Nmezi, S.N., Loko, A.Z. & Lumbi, W.L. 2020. Design and construction of an automatic streetlight
controller using microcontroller and LDR. International Journal of Academic Research and Development,
5(3), pp.-50-56 [online]. Available at: hetps://www.academicjournal.in/archives/2020/vol5/issue3 [Accessed:
20 February 2022].

308


https://doi.org/10.1016/j.rsci.2020.11.002
https://doi.org/10.1109/ICSETS.2019.8744873
https://doi.org/10.1109/ICSETS.2019.8744873
https://doi.org/10.1109/upcon52273.2021.9667610
https://doi.org/10.11591/ijeecs.v18.i3.pp1559-1567
https://doi.org/10.11591/ijeecs.v16.i1.pp136-146
https://doi.org/10.11591/ijeecs.v16.i1.pp136-146
https://doi.org/10.1109/ISET49818.2020.00011
https://doi.org/10.1109/ISET49818.2020.00011
https://doi.org/10.1109/IEA.2018.8387090
https://doi.org/10.31181/rme200101010p
https://doi.org/10.32832/manager.v3i1.3836
https://doi.org/10.1109/CCWC.2018.8301744
https://doi.org/10.11591/ijeecs.v20.i1.pp395-404
https://doi.org/10.17148/iarjset.2020.7908
http://architecturemps.com/wp-content/uploads/2021/07/Amps-Proceedings-Series-15.2.pdf
https://www.academicjournal.in/archives/2020/vol5/issue3

IHAB ABDULRAHMAN SATAM. FUZZY-BASED SMART SYSTEM FOR CONTROLLING ROAD LIGHTS

Zhang, J-j., Zeng, W-h., a, Hou, S-1., Chen, Y-q., Guo, L-y. & Li, Y-x. 2022. A low-power and low cost smart streetlight
system based on Internet of Things technology. Telecommunication Systems, 79, pp.83-93,2022. Available at: h
teps://doi.org/10.1007/511235-021-00847-1.

ADDITIONAL INFORMATION

FIELD: Mathematics, Computer science
ARTICLE TYPE: Original scientific paper

ALTERNATIVE LINK

hteps://scindeks.ceon.rs/article.aspx?artid=0042-84692202297S (html)
https://aseestant.ceon.rs/index.php/vtg/article/view/36670 (pdf)
https://doaj.org/article/4b083ab425¢74f3b803¢226ab448b998 (pdf)
hteps://www.elibrary.ru/item.asp?id=48140909 (pdf)
http://www.vtg.mod.gov.rs/archive/2022/military-technical-courier-2-2022.pdf (pdf)

309


https://doi.org/10.1007/s11235-021-00847-1
https://doi.org/10.1007/s11235-021-00847-1
https://scindeks.ceon.rs/article.aspx?artid=0042-84692202297S
https://aseestant.ceon.rs/index.php/vtg/article/view/36670
https://doaj.org/article/4b083ab425e74f3b803e2a6ab448b998
https://www.elibrary.ru/item.asp?id=48140909
http://www.vtg.mod.gov.rs/archive/2022/military-technical-courier-2-2022.pdf

