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Keywords Abstract: Traditional lighting systems have many disadvantages such as energy efficiency, failure
Internet of tracking and lack of remote control. These disadvantages cause unnecessary energy consumption,
Things, Smart extra labor, security threats and lack of follow-up. To overcome these problems, in this study,
City, LED instead of traditional lighting, an loT-based smart lighting prototype was developed and computer-
Lighting, assisted control was performed. In order to ensure energy efficiency, the light intensity of the street
Smart Street lamps was adjusted according to the intensity by taking data from the motion sensors. Data such as
Lighting, fault tracking and density obtained from LED armature sensors were transferred to the cloud and
Lora, controlled independently of the venue. Thus, the data on the cloud can be easily tracked through
ThingSpeak the ThingSpeak platform. With the visualized ThingSpeak web interface, the electrical power,
current drawn, temperature value, ambient light value, location information, motion detection and
remote switching of the LED armature can be done independently of the location. This study
contributes to the literature on the usability and infrastructure of smart street lighting, both
theoretically and practically.
IoT Tabanh Sokak Aydinlatmasi ve Bilgisayar Destekli Kontrolii
Anahtar Oz: Geleneksel aydinlatma sistemlerinin enerji verimliligi, ariza takibi ve uzaktan kontrol eksikligi
Kelimeler gibi bircok dezavantaji bulunmaktadir. Bu dezavantajlar gereksiz enerji tiiketimine, ekstra is
Nesnelerin giiciine, giivenlik tehditlerine ve takip eksikligine neden olmaktadir. Bu sorunlarin iistesinden
Interneti, gelmek icin bu caligmada geleneksel aydinlatma yerine IoT tabanli akilli aydinlatma prototipi

Akialli Sehir,
LED
Aydinlatma,
Akilli Sokak
Aydinlatmast,
Lora,
ThingSpeak

gelistirilmis ve bilgisayar destekli kontrol gergeklestirilmistir. Enerji verimliligini saglamak i¢in
hareket sensorlerinden veri alinarak sokak lambalarinin 151k siddeti yogunluga gore ayarlanmustir.
LED armatiir sensorlerinden elde edilen ariza takibi ve yogunluk gibi veriler buluta aktarilarak
mekandan bagimsiz olarak kontrol edilmistir. Bdylece bulut iizerindeki veriler ThingSpeak
platformu tizerinden kolaylikla takip edilebilmektedir. Gorsellestirilmis ThingSpeak web arayiizii
ile LED armatiiriin elektrik giicii, ¢ekilen akim, sicaklik degeri, ortam 11k degeri, konum bilgisi,
hareket algilama ve uzaktan anahtarlama, mekandan bagimsiz olarak yapilabilmektedir. Yapilan bu
calisma akilli sokak aydinlatmalarinin kullanilabilirligi ve altyapisinin olusturulmasina yonelik
gerek teorik gerekse de uygulama olarak literatiire katki saglamaktadir.

1. INTRODUCTION

technological developments day by day due to reasons
such as people's demands, global warming, increasing
population and increasing needs, and limited resources

With the development of technology, the planning,
infrastructure  systems and modern urbanization
understanding of cities have begun to change and
develop. Network connections, the internet of things,
sensors and the first stages of the concept of smart city
have started to come to the fore since the 1990s [1]. The
concept of smart city is shaped by more innovative and

[2]. According to research by Anthopoulos, it is stated
that there are more than 300 smart cities [3]. Cities that
have been transformed into smart cities from scratch are
Lusail (Qatar), Lavasa (India), Songdo (South Korea),
Masdar (United Arab Emirates) [4].
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Internet of Things (lIoT) is expressed as the decision of
the data collected by computers with their own
calculation algorithms [5]. In this context, loT
constitutes the system that enables the communication of
computers, digital machine systems, and elements
expressed as objects to be transmitted over the network
without the need for human interaction. In the concept of
loT, the phenomenon characterized as a thing is devices
and sensors. In order for an thing to be accessible from
anywhere in the world and to be considered an thing, it
must contain a unique identity name, communicate with
other devices, and also contain a sensor [6]-[8]. The
advantages of 10T are space-time independent device
tracking, use in places where there is a risk of life safety,
database connection and cost savings. The disadvantage
is that the data has security and privacy problems [9].
0T, which provides low power consumption, generally
uses Wi-Fi, Bluetooth, RFID, NFC, UWB and LTE
technology as communication protocol [10], [11].

Another technology that provides data transmission
between long distances is LoRa (Long Range). Long
Range Wide Area (LoRaWAN) is a wireless
communication technology with low power consumption
and wide transmission distance (5 km ~ 15 km) for the
realization of LoRa network connections. The transfer of
the data received from the LoRas to the server is carried
out through the multi-channel gateway. The gateway
processes the data by capturing the broadcast radio
frequencies, thereby extending the LoRaWAN coverage
[12].

Light-emitting diodes (LED) are seen as a very
important solution for the future as a light source due to
reasons such as climate changes in the world, limited
resources, and rapid increase in energy prices. Halogen
lamps, fluorescent lamps and high-pressure mercury
lamps with high energy consumption and low efficiency
are gradually removed from the market and replaced by
LED lighting. Unlike existing light sources, LEDs are
not lamps, but consist of electronic chips made of special
semiconductor material. In the 2000s, the development
of LED as an alternative to traditional light sources has
accelerated [13]. The color rendering value, which
ensures that the colors of the LEDs are perceived as real
as possible, is 85 and above, and the objects are
illuminated in a realistic way when compared to
traditional light sources [14]. Compared to traditional
lighting elements, LED lamp lighting is more
advantageous in terms of high power and efficiency [15],
[16]. LED lighting consumes less energy at the same
power value [17]. The disadvantages of LED lighting are
the high initial installation costs when used for street
lighting. LEDs operating in the range of voltage values
do not light when this operating voltage is low, and they
are damaged if the operating voltage is high. These
voltage adjustments require external current regulators
and resistors in series. Considering the effects on
environmental pollution, while the light source obtained
from the diodes in the LEDs provides harmless lighting
to the environment, the creation of a light source with
fluorine gas and mercury vapor in fluorescent lighting is
harmful for the environment.
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Collins et al. [18], provided the dimming of the armature
depending on the number of vehicles passing per hour on
a road that provides real-time lighting control in
England. According to the report obtained at the end of
one year, it was revealed that 24% of electrical energy
was saved. Even though there is a high installation cost
of making street lighting smart with sensors, energy
consumption will decrease [19]. In the 'Smart City
Roadmap' report, which Deloitte and Vodafone work
together, it is aimed to use resources economically and to
achieve efficiency in smart city studies. In the smart
street lighting application, the saving in electricity
consumption in Oslo is expressed as 70% [20]. With the
'‘GrowSmarter' project within the scope of the Horizon
2020 program, smart city solutions have started to be
implemented in 12 different areas such as smart street
lighting and smart electricity method with an investment
of 24.8 million Euros in the cities of Cologne,
Stockholm and Barcelona [4]. According to the
comprehensive 'Smart City Market Entry' report for the
GrowSmarter project, it has been stated that the sensors
placed in certain parts of the city in the smart street
lighting system have an important share in energy
efficiency and economic returns [21]. In the smart street
lighting work of the GrowSmarter project, which was
invested with the goal of sustainable urban mobility and
low energy zone, pedestrian paths illuminated with
LEDs were built. In the study, remote control was
provided with motion and light sensitive sensors based
on loT. The sensors, which are active when motion is
detected, provide 50% electricity savings through LED
lamp lighting [22].

This study aimed to contribute to smart lighting systems
in smart city applications. For this purpose, an loT-based
smart lighting prototype has been developed and by
making the data received from the sensors meaningful, it
can be remotely controlled with a wireless network
structure, monitored instantly and data is stored. The
motion density, malfunction and electricity consumption
status, location information obtained thanks to the
sensors were recorded with 10T and remote control was
provided with the ThingSpeak [23] web interface. This
study contributes to the literature on the usability and
infrastructure of smart street lighting, both theoretically
and practically.

In the next section of the study, the materials and
methods used for the development of the prototype are
given. In the third section, the results obtained because
of running the prototype are included. In the last section,
there is a discussion section in which the outputs
obtained, and traditional methods are compared.

2. MATERIAL AND METHODS

In this study, loT-based smart lighting prototype was
developed and computer-assisted remote control was
provided. Using a 100W SMD LED panel, temperature,
motion, light intensity sensors placed on the lighting and
fault status information were transferred to the cloud
over long distances via LoRa, a wireless network
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technology. Since the high temperature will reduce the
life of the LED lighting, the temperature value of the
lighting can be read instantly and monitored over the
system. Energy efficiency is planned by controlling the
lighting with PWM. The created prototype was
controlled remotely via the ThingSpeak web interface.
The following sections detail the materials and methods
used for prototyping and computer aided control.

2.1. Atmega328P Microcontroller

Since Atmega microcontroller has Harvard and Reduced
Instruction Set Compute (RISC) architecture, the
processing speed is high. This microcontroller, which
has low power consumption, contains SRAM, flash,
EEPROM in different sizes. It has an operating speed of
up to 20MHz. While it draws 1.5mA during active
operation, it draws a minimum of 0.1pA in sleep mode.
It can be programmed with UART, SPI, 12C
communication protocols. Atmega328p, which has 28
pin outputs, 23 are input output pins. More than one
command can be controlled with an Atmega. It has an
operating voltage of 1.8V~ 5.5V [24].

2.2. LoRa

With 10T, wireless sensor network is widely used.
LoRaWAN is a free network protocol regulated by the
LoRa Alliance company [25]. This network acts as a
gateway for LoRa data transmission. LoRa technology is
suitable for use over long distances. Transmission speed
and energy consumption are relatively lower than other
wireless communication chips [26].

LoRa used for the prototype is E32-TTL from Ebyte
Company. It provides data transmission over the UART
communication protocol in the 433MHz frequency band
with an operating voltage range of 2.8V~5.5V DC. This
LoRa is preferred because it transmits data over long
distances compared to other wireless transmission
protocols due to the large distance between each lighting
in street lighting.

2.3. Esp8266 (Wi-Fi Module)

ESP Wi-Fi Module is a module that can connect to the
internet wirelessly via serial communication. It is often
preferred in 10T applications. The ESP8266 can connect
to an existing internet network, and it also spreads its
own internet network and allows things to connect to this
network. UART communication protocol is used with
RX/TX pins on this Wi-Fi module with ceramic antenna
with an operating voltage of 3V~3.6V. ESP8266, which
has low power consumption like LoRa, consumes 20pA
in sleep mode and 80pA during normal use. It has 32 Bit
80MHz processor, 4MB flash, 40KB RAM [27].

2.4. LED Panel

In the prepared prototype, a 100 W LED panel with an
operating voltage of 30V~36V, shown in Figure 1, was
used. The LED panel consists of 200 SMD LED:s,
20X10. To prevent overheating, the LED panels placed

Tr. J. Nature Sci. Volume 10, Issue 2, Page 265-274, 2021

on the printed circuit boards called aluminum PCBs
provide some distribution of the heat on the luminaire.

Figure 1. LED panel used in prototype
2.5. MOSFET

In the prototype, P-type mosfet with incremental channel
is used for the 32 V voltage applied to the power input of
the electronic circuit board. The reason for using the
incremental channel P type mosfet is that it is a type of
mosfet that does not pass current when it is closed,
which is the opposite of the working logic of the
reducing channel mosfet. That is, as long as no voltage is
supplied from the gate terminal, there is no current flow
from the drain and source terminals. Thus, the mosfet
does not transmit. For this mosfet to conduct, when the
voltage is applied positively, the area where the current
will flow expands and thus, current flow is ensured
between the drain and the source [28]. Mosfets are used
to dim the lighting panels on the circuit because they
control the voltage entering the input. In the electronic
circuit, 6.6A P-channel mosfet with 100V input voltage
with product code IRFR9120NTRPBF is preferred.

2.6. Sensors Used in Prototype

Motion sensors, also known as Pyroelectric Infra-Red
(PIR), work with the logic of reflecting signals from the
body heat radiation of humans and living things, and
signals of different wavelengths hitting the object and
reflecting [29]. The HC-SR501 PIR motion detector with
an operating voltage of 5V -20V and a power
consumption of 65mA was used to determine the
dimming levels of the LED panels depending on the
motion in the prototype.

For the prototype, ACS712 current sensor was preferred
in accordance with the electrical current values. It will be
used to control the faults caused by the fault status of the
LED panels or the excessive current draw in the system.
It acts as a protection in electronic circuits by preventing
damage to other electronic elements in high current or
voltage values applied to its input. This sensor, which
has an operating voltage of 4.5V ~ 5.5V, measures
current up to +5A. This sensor has a sensitivity of
185mV and the voltage value measured at idle (O
ampere) is 2.5V [30]. In line with this information, the
voltage value measured at no-load is subtracted from the
measured value via this current sensor, which gives an
analog output. The value of each 185mV obtained
corresponds to a value of 1A.
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Light Dependent Resistors (LDRs) are frequently used in
street lamps, control equipment, night lighting lamps.
The LDR sensor is used in the prototype to open and
close the LED panel sensitively to daylight, depending
on the light intensity.

Real Time Clock (RTC) is used to turn the LED panel on
and off at desired times. With RTC, the time zone can be
followed instantly and continuously. DS1302 RTC
integrated with 2V ~ 5V operating voltage belonging to
Maxim company is used. It works over the 12C
communication protocol. RTC ICs are used with an
external battery so that the time data stored in SRAM is
not deleted when the power is cut. An external
32.768KHz crystal should be used to prevent time shifts
in the DS1302 IC [31].

Voltage regulators are preferred to adjust the voltage on
the electronic circuit board to the operating voltage of
the electronic component to be used. Since the voltage
supply of the PCBs is realized through the 32V
transformer, this voltage must be adjusted on the board.
For this reason, regulators that are suitable to be used are
LM2576 Adj (adjustable voltage voltage) and
AMS1117. While selecting the regulator, the PCB
design was carried out considering the amount of current
to be passed over it and the auxiliary electronic
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Figure 2. Smart Lighting Sensors and Lora PCB Module Schematic
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components (resistor, capacitor) required for the
adjustment of the appropriate voltage. Negative
Temperature Coefficient (NTC) thermistor is used to
determine the temperature of the LED panel.

Measuring the voltage on the electronic board is based
on the voltage divider principle. Monitoring the voltage
value applied to the system ensures the correct operation
of the electronic system and at the same time, it ensures
that possible situations and malfunctions are prevented
by controlling the excessive voltage draw over the power
supply, and the detection of power cuts. In the prototype,
voltage sensing is realized by means of a resistor.

2.7. Design Stages

Smart lighting prototype PCB boards are drawn as 2
layers. The prototype consists of three separate PCBs.
These are the main electronic board, the sensor board
and the SIM808 GSM electronic board. Figure 2 shows
the schematic of the sensor PCB in the KiCad [32]
program. There are Atmega328p microcontroller,
voltage regulator, current sensor, RTC, LDR and
MOSFETSs and other electronic elements on this board.
Figure 3 shows the footprint and 3D design of the PCB
with the sensors.
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Figure 3. Smart Lighting Sensors and Lora PCB Module Footprint and 3D Design

The Wi-Fi module given in Figure 4 is designed to mathematical calculations for the voltage to be 4.2V
receive the data from the sensors and transfer them to the were considered, considering the rules in the information
server wirelessly. The 32V voltage received from the sheet, and the appropriate auxiliary resistance values
transformer was wused in the necessary voltage were determined and included in the system. Figure 5
adjustments for the LoRa and ESP8266 module. An shows the footprint and 3D design of the wi-fi module.
adjustable LM2576 regulator is used to reduce the In Figure 6, application images of the prototype are
voltage from the transformer to the appropriate operating given.

voltage of LoRa. In this regulator, the necessary
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Figure 6. Images of the Smart Lighting Prototype

2.8. Transmission and Control of Data to the Server

Message Queuing Telemetry Transport (MQTT), which
stands for telemetry transport, provides machine-to-
machine communication and is an important messaging
protocol for 10T. In other words, MQTT provides the
opportunity to control the data it receives from the things
that need to be remotely controlled via the server [33].
The LoRa module, which acts as a transmitter card,
transmits the collected data to the wi-fi module. The
electronic card is connected to the MQTT server with the
ESP8266 internet module on it. Thus, the data received
from devices such as computers, phones, tablets, and
sensors can be accessed and controlled from anywhere.
The necessary codes for programming the ESP8266 wi-
fi module and Atmega328 processor were written in the
arduino integrated development environment.

After the prototype development stage, it was ensured
that the electronic cards communicate with each other
and be followed over the server. The data obtained from
the sensor networks were recorded in the database via
the cloud based ThingSpeak platform and checked
online. The reasons why ThingSpeak application is
preferred are being able to follow the data in real time
and instantaneously, reporting the obtained results, and
being able to analyze it through MATLAB graphic
designs. The data received from the sensors on the
realized smart lighting prototype can be followed
instantly on this platform.

By adding APl Keys and channel ID to the software on
ThingSpeak, each sensor can be matched to a different
area and controlled with an appropriate graphical
interface design. These different fields are called 'Field".
In each opened channel, data obtained from eight sensors
at the same time is visualized. The general view of the
values obtained from the sensors assigned to the fields is
given in Figure 7.

The data saved in the database can be stored in
ThingSpeak free of charge or exported in XML, JSON,

CSV formats, which are different standards where
objects are used to share data among themselves.

3. RESULTS AND DISCUSSION

In the smart lighting prototype, which is the subject of
the study, LoRa was used as the most suitable wireless
network structure due to its advantages such as
transmission speed, affordable cost, unlimited message
reading capacity, and wide coverage. The developed
prototype has been designed as close to reality and can
be used easily in all areas.

Among the problems encountered in traditional street
lighting, problems such as the lighting that comes on
before its time, the lack of sufficient lighting level during
the time when the movement is high, the failure of the
malfunctioning street lighting not to be noticed from afar
have been solved with the developed prototype. With the
PIR sensor included in the system, energy is saved by
performing full efficiency or dimming depending on the
intensity of movement. Another energy-saving area is
the use of LED panels, which are formed by combining
more than one LED, which creates high luminous flux
with  minimum energy consumption, instead of
traditional lighting. Thus, a brighter illumination level
has been achieved at low cost. With the system being
made smart, the LDR sensor is activated, and lighting is
provided in the time periods when lighting is required
depending on the ambient light.

With the loT, the data collected from the wireless
network structures are transferred to the server and can
be easily accessed at the desired time interval. The
values obtained from the sensors can be controlled with
the 10T infrastructure via ThingSpeak, which is a cloud-
based web interface. Thus, a smart lighting system in
accordance with the smart city concept that can decide
on its own has been realized.
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The software of the processors on the modules are made
with the arduino application written in C and C++
languages. The data coming from the sensors were also
checked on the arduino virtual screen and it was
determined that there was no data loss in the data
transferred to ThingSpeak.

The control of the LED Panel is followed by the ID
number assigned to it and the instantaneous flashing
control with the visuals given in Figure 8. The LDR
sensor activates and illuminates when the operating time
of the LED Panel, which is included in the operating
logic of the system and is included in the software, is
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active and at the same time, in cases where early lighting
should be provided due to the darkening of the air.

Overheating of LED panels both damages the LEDs and
poses a danger to other electronic components. The
temperature value at which the LEDs will fail is 70°C,
and when it exceeds this value, the system switches to
protection and automatically stops working. Therefore,
the instantaneously controlled temperature value changes
between 40°C and 42°C at the highest when the LED is
active. During the daytime, the temperature values are
around 26°C. In Figure 9, the visual of the temperature
status of the LED panel is given.

271



Tr. Doga ve Fen Derg. Cilt 10, Say1 2, Sayfa 265-274, 2021

LED Temperature [ KT 2 § Field 5 Chart

N

TC

Tr. J. Nature Sci. Volume 10, Issue 2, Page 265-274, 2021

[N =T

LED Temperature Z o &%

Temperature
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The instantaneous and weekly measurement results of
the temperature values of the LED lighting are given in
Figure 10.

The current values given in Figure 11 show the current
drawn by the prototype from the electronic circuit.
Values controlled instantly or in the desired date range
via the ThingSpeak web interface indicate how much
current the system draws in which time. ACS712 current
sensor measures the current drawn from the system and
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protects the system against high current draw in case of
failure. The voltage graph given in Figure 12 shows the
voltage value drawn by the LED lighting.

Working depending on daylight, the LDR sensor
controls the darkening of the air and the early darkening
in bad weather conditions. Thus, the system works even
in the time when lighting is mandatory before the clock
arrives. Images of the LDR status are given in Figure 13.
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Figure 13. ThingSpeak LDR Status

PIR

Motion

22:30 22:45 23:00

Time

ThingSpeak.com

Figure 14. ThingSpeak PIR Status

In the prototype prepared, the LED lighting level
changes according to the motion situation. In cases
where there is no movement, it is aimed to save energy
by providing 50% dimming between 00:00 and 04:00 at
night. In this time range, only when motion is detected,
LED lighting works with 100% efficiency. Thus, LED
lighting, which is intended to be used for street lighting,
is included in the system when it detects a vehicle or
living thing outside. Images of the motion state are given
in Figure 14. Thanks to the location adding feature in the
ThingSpeak web interface, the location of the LED
lighting has been added to this platform.

4. DISCUSSION

The aim of the study is to obtain a good light source with
low energy consumption. The developed LED smart
street lighting system has been made self-deciding with
sensors and electronic components. The targeted
findings for smart lighting have been successfully
realized. Electronic hardware and software areas of the
prototype were followed instantly and for a long time
and no problems were encountered.

With the LoRa wireless communication network, even
from very long distances, the data from the sensor is
transferred to the cloud base without loss. The use of the
ThingSpeak application, which provides the opportunity
to access the recorded data either instantly or in the past,
has made the smart lighting prototype more useful and
understandable.
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Figure 15. ThingSpeak LED Lighting Location Information

Temperature measurement was made with the NTC
sensor placed on the LED lighting panel and it was
determined that the temperature values were normal.
However, for the smart lighting prototype to be made in
long-term usage areas, a separate design can be added to
the system to provide cooling, and thus the lifetime of
the LEDs can be extended.
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