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ÖZETÇE 

Gün geçtikçe artan çevresel duyarlık ile beraber elektronik 
ekipman fiyatlarındaki azalma, yakın gelecekte aydınlatma 
sistemleri işletiminin ve tasarımının da değişeceği 
beklentisini oluşturmuştur. Bu çalışmada, akıllı cadde 
aydınlatması kavramı üzerinde durulmuştur. Çevrim 
tablosuna göre girdileri ve çıktıları belirlenen Yapay Sinir 
Ağları ve Bulanık Mantık algoritmaları bir cadde aydınlatma 
kontrolörünün davranışı simüle edilerek  karşılaştırılmıştır. 

ABSTRACT 

The design and operation of the street lights are expected to 
change in near future with the influence of reducing 
electronic component prices and increasing environmental 
consciousness.  In this paper, networking intelligent street 
light (ISL) concept is discussed.  The capabilities of look up 
table, neural networks and fuzzy logic are compared when 
they are used for a simulated street light controller.  The look 
up table was the easiest to develop.  The neural network 
smoothed the response curves and provided continuous 
transitions between the modes.  The fuzzy logic allowed 
integration of many sensors more easily.  However, 
evaluation and perfection of the responses when all the 
possible inputs were concerned were difficult. 
 
Keywords—Street light, neural network, fuzzy logic, solar cell, 
LED lights 

1. INTRODUCTION 

The concept of smart grids aims efficiently deliver sustainable, 
economic and secure electricity supplies. A smart grid 
employs innovative products and services together with 
intelligent monitoring, control, communication, and self-
healing technologies. One of the subjects of the smart grids is 
energy efficieny. Hence, improving of illumination lights 
control technology are also very important part of the energy 
efficiency on the utility networks.  

The cost of the electronic components including lights, 
sensors, and solar cells have been drastically reduced in the 

last decade.  The light emitting diodes (LED) with very small 
light output and very limited colors have transformed into 
powerful and economical illumination sources.  Their light 
colors were adjusted to be acceptable at many applications.  
The immediate response characteristics of the LEDs allow 
design of simple electric circuits to adjust their light intensity 
continuously without wasting any power by using the pulse 
with modulation (PWM).  In this paper, intelligent 
computational tools will be discussed for control of the 
intensity of LEDs.  

Among the 150 W light sources the low-pressure sodium 
(LPS) provides the lowest cost per lumen and the shortest 
typical life among the popular street light sources with 20,000-
40,000 hours [1,2].  The similar cost for the high pressure 
sodium (HPS) and Light Emitting Diodes (LED) are almost 
the twice of the LPS lights while the typical life increases to 
50,000 hours.  The same cost for the induction fluorescent 
(IFL) lights are slightly higher than LEDs but the operation 
life is the highest (100,000 hours).  Based on the operation 
cost, typical life, and steep slope of the development curve of 
the LEDs, they may be used for street lights and they will 
position themselves much better in near future.  

For reduction of the operating cost of street lights 
many researchers studied remote control of lights [3, 4], 
managing the conventional street lights as a network [5], 
dimming of high pressure sodium lights [6, 7], control of 
the lights with a timer and turning them on when the 
vehicles and pedestrians go through the streets [8, 9]. 
Recently, LEDs became an alternative light source for 
street lighting [10] and many studies have started for 
intelligently management of them and their integration 
with wireless sensor networks [11].  More advanced 
optimization algorithms and fuzzy logic have been used 
for traffic lights to optimize the operation [12, 13].The 
street lights at the isolated locations may be powered 
with solar cells [14, 15]. Solar powered street lights may 
be used even in the cities if the prices of solar cells come 
down further.  

 

                        

In the following sections, intelligent street light 
system will be briefly introduced.  Three methods will 
be compared for the control of the light intensity of 
ISLs. 

2. PROPOSED INTELLIGENT STREET LIGHT 
SYSTEM 

The diagram of the proposed intelligent street light (ISL) 
network is shown in Figure 1. The system will have multiple 
ISLs which communicates with each other wirelessly.  Each 
ISL will have a solar panel to generate its own power. The 
generated electricity will be saved at the battery during the 
daytime. At the night time, the controller of the ISL will 
monitor the available power at the battery, ambient light, 
moving vehicles and pedestrians. Photocell, infrared and range 
controlled PIR radar motion sensors will be used with this 
purpose. The controller will adjust the light intensity 
according to the available power and need. 
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Figure1: The simplified diagram of the proposed intelligent street 

light (ISL) network. 

3. THEORETICAL BACKGROUND  

Artificial neural networks (ANN) were developed to simulate 
the operation of the brains of animals. Instead of the rule 
based decision making or using analytical models, massive 
networks are created by parallel connecting very simple 
neurons [16].  ANNs learn after or during a training session.  
Once the training is completed ANNs quickly map or classify 
the given cases.  
 There are many ANN methods.  The Levenberg–
Marquardt algorithm [17] was also used for calculation of the 
parameters of the ANNs [16].  In this study the Artificial 
Neural Network toolbox of the MATLAB was used for 
implementation of this algorithm. Fuzzy sets may be used to 
build more flexible control systems compared to the rule 
based approach [18].  In this study, the Fuzzy Logic toolbox 
of the MATLAB was used for implementation of the 
controller of an ISL.  The integrated fuzzy logic development 
packages allows the designer to work with a visual interface 
to establish membership functions, to set up the rules and to 
evaluate the performance of the controller [19].  The same 
package may even prepare program and download it to the 
chips. 

4. INTELLIGENT DECISION MAKING TOOLS 

In this study three computational tools were selected for 
evaluation of the operating conditions and selecting the 
intensity of the LEDs.  The first approach used look up table 
which defines need index according to operating conditions 
and light output.  The look up table, the operating conditions 
and light intensity levels are presented in Table 1.   
 The  second approach used the Levenberg-Marquardt type 
ANN of the MATLAB package.  The matrix in the Table 1 
was taught to the ANN.  The output of the neural network is 
presented in the results section. The third approach used the 
Fuzzy Logic Toolbox of the MATLAB package. The rules of 
the fuzzy logic are presented in Fig.2.  
  

Time Condition Need 
index 

Available power level at the battery 
10% 20% 30% 40% 50% 60% 70% 80% 90% 100% 

Day Any 1 0 0 0 0 0 0 0 0 0 0 
Sunrise 
and 
sunset 

Any 2 0 0 0 0 0 0 0 0 0 0 

Twilight Any 3 0 0 0 0.2 0.2 0.2 0.2 0.2 0.2 0.2 
Night None 4 0 0 0 0.2 0.2 0.2 0.2 0.2 0.2 0.2 

Night 
Heavy 
vehicle 
traffic 

5 0 0 0 0.5 0.5 0.5 0.5 0.5 0.5 0.5 

Night 
Bad 
weather & 
confusion 

6 0 0 0 0.5 0.5 0.5 0.5 0.5 0.5 0.5 

Night 

Heavy 
vehicle 
traffic and 
pedestrian 

7 0 0 0 0.5 0.6 0.6 0.8 0.8 0.8 0.8 

Night Light 
vehicle 8 0 0 0 0.5 0.6 0.6 0.8 1 1 1 

Night Pedestrian 9 0.8 0.8 0.8 0.8 1 1 1 1 1 1 

Night 

Light 
vehicle 
and 
pedestrian 

10 0.8 0.8 0.8 0.8 1 1 1 1 1 1 
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ABSTRACT 

The design and operation of the street lights are expected to 
change in near future with the influence of reducing 
electronic component prices and increasing environmental 
consciousness.  In this paper, networking intelligent street 
light (ISL) concept is discussed.  The capabilities of look up 
table, neural networks and fuzzy logic are compared when 
they are used for a simulated street light controller.  The look 
up table was the easiest to develop.  The neural network 
smoothed the response curves and provided continuous 
transitions between the modes.  The fuzzy logic allowed 
integration of many sensors more easily.  However, 
evaluation and perfection of the responses when all the 
possible inputs were concerned were difficult. 
 
Keywords—Street light, neural network, fuzzy logic, solar cell, 
LED lights 

1. INTRODUCTION 

The concept of smart grids aims efficiently deliver sustainable, 
economic and secure electricity supplies. A smart grid 
employs innovative products and services together with 
intelligent monitoring, control, communication, and self-
healing technologies. One of the subjects of the smart grids is 
energy efficieny. Hence, improving of illumination lights 
control technology are also very important part of the energy 
efficiency on the utility networks.  

The cost of the electronic components including lights, 
sensors, and solar cells have been drastically reduced in the 

last decade.  The light emitting diodes (LED) with very small 
light output and very limited colors have transformed into 
powerful and economical illumination sources.  Their light 
colors were adjusted to be acceptable at many applications.  
The immediate response characteristics of the LEDs allow 
design of simple electric circuits to adjust their light intensity 
continuously without wasting any power by using the pulse 
with modulation (PWM).  In this paper, intelligent 
computational tools will be discussed for control of the 
intensity of LEDs.  

Among the 150 W light sources the low-pressure sodium 
(LPS) provides the lowest cost per lumen and the shortest 
typical life among the popular street light sources with 20,000-
40,000 hours [1,2].  The similar cost for the high pressure 
sodium (HPS) and Light Emitting Diodes (LED) are almost 
the twice of the LPS lights while the typical life increases to 
50,000 hours.  The same cost for the induction fluorescent 
(IFL) lights are slightly higher than LEDs but the operation 
life is the highest (100,000 hours).  Based on the operation 
cost, typical life, and steep slope of the development curve of 
the LEDs, they may be used for street lights and they will 
position themselves much better in near future.  

For reduction of the operating cost of street lights 
many researchers studied remote control of lights [3, 4], 
managing the conventional street lights as a network [5], 
dimming of high pressure sodium lights [6, 7], control of 
the lights with a timer and turning them on when the 
vehicles and pedestrians go through the streets [8, 9]. 
Recently, LEDs became an alternative light source for 
street lighting [10] and many studies have started for 
intelligently management of them and their integration 
with wireless sensor networks [11].  More advanced 
optimization algorithms and fuzzy logic have been used 
for traffic lights to optimize the operation [12, 13].The 
street lights at the isolated locations may be powered 
with solar cells [14, 15]. Solar powered street lights may 
be used even in the cities if the prices of solar cells come 
down further.  
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ISLs. 

2. PROPOSED INTELLIGENT STREET LIGHT 
SYSTEM 
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Figure1: The simplified diagram of the proposed intelligent street 

light (ISL) network. 

3. THEORETICAL BACKGROUND  

Artificial neural networks (ANN) were developed to simulate 
the operation of the brains of animals. Instead of the rule 
based decision making or using analytical models, massive 
networks are created by parallel connecting very simple 
neurons [16].  ANNs learn after or during a training session.  
Once the training is completed ANNs quickly map or classify 
the given cases.  
 There are many ANN methods.  The Levenberg–
Marquardt algorithm [17] was also used for calculation of the 
parameters of the ANNs [16].  In this study the Artificial 
Neural Network toolbox of the MATLAB was used for 
implementation of this algorithm. Fuzzy sets may be used to 
build more flexible control systems compared to the rule 
based approach [18].  In this study, the Fuzzy Logic toolbox 
of the MATLAB was used for implementation of the 
controller of an ISL.  The integrated fuzzy logic development 
packages allows the designer to work with a visual interface 
to establish membership functions, to set up the rules and to 
evaluate the performance of the controller [19].  The same 
package may even prepare program and download it to the 
chips. 

4. INTELLIGENT DECISION MAKING TOOLS 

In this study three computational tools were selected for 
evaluation of the operating conditions and selecting the 
intensity of the LEDs.  The first approach used look up table 
which defines need index according to operating conditions 
and light output.  The look up table, the operating conditions 
and light intensity levels are presented in Table 1.   
 The  second approach used the Levenberg-Marquardt type 
ANN of the MATLAB package.  The matrix in the Table 1 
was taught to the ANN.  The output of the neural network is 
presented in the results section. The third approach used the 
Fuzzy Logic Toolbox of the MATLAB package. The rules of 
the fuzzy logic are presented in Fig.2.  
  

Time Condition Need 
index 

Available power level at the battery 
10% 20% 30% 40% 50% 60% 70% 80% 90% 100% 

Day Any 1 0 0 0 0 0 0 0 0 0 0 
Sunrise 
and 
sunset 

Any 2 0 0 0 0 0 0 0 0 0 0 

Twilight Any 3 0 0 0 0.2 0.2 0.2 0.2 0.2 0.2 0.2 
Night None 4 0 0 0 0.2 0.2 0.2 0.2 0.2 0.2 0.2 

Night 
Heavy 
vehicle 
traffic 

5 0 0 0 0.5 0.5 0.5 0.5 0.5 0.5 0.5 

Night 
Bad 
weather & 
confusion 

6 0 0 0 0.5 0.5 0.5 0.5 0.5 0.5 0.5 

Night 

Heavy 
vehicle 
traffic and 
pedestrian 

7 0 0 0 0.5 0.6 0.6 0.8 0.8 0.8 0.8 

Night Light 
vehicle 8 0 0 0 0.5 0.6 0.6 0.8 1 1 1 

Night Pedestrian 9 0.8 0.8 0.8 0.8 1 1 1 1 1 1 

Night 

Light 
vehicle 
and 
pedestrian 

10 0.8 0.8 0.8 0.8 1 1 1 1 1 1 
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Table1: The need index at different operating conditions and 
power output. 

 
Figure2: The rules of the fuzzy logic. 

5. RESULTS AND DISCUSSIONS 

The performances of three methods were compared.  The 
outputs of the look up table are presented in Fig.3.  The 
development of the response matrix at different operating 
conditions was very easy and the results were very 
predictable.  However, the outputs were not continuous. 
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Figure3: The expected outputs with the look up table. 

 The Levenberg-Marquardt algorithm smoothed the 
expected outputs of the look up table when the values 
from the Table 1 were used for training of the ANN.  Eight 
hidden nodes were used and accuracy of the estimations 
were acceptable.  The performance of the neural network 
is presented in Fig.4 and Fig.5. 
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Figure4: Comparision of the training cases and neural 
network’s estimation after the training. 
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Figure5: The 3D visualization of the data presented in 
Fig.4. 

 The Fuzzy Logic Toolbox of the MATLAB allowed 
consideration of sensors and let the user to give the 
instructions by simply setting up the membership 
functions and establishing the rules.  The surface plots 
between the two operating condition and light intensity 
levels are presented in Fig.6-8. 

 

                        

 
Figure6: The variation of light intensity according to 

trafic intensity and power level. 

 

 
Figure7: The variation of light intensity according to 

pedestrian corossing and power level. 

 

 

Figure8: The variation of light intensity according to 
light sensor reading and power level. 

 

6. CONCLUSION 

The capabilities of widely used three approaches were studied 
for control of the light intensity level of an intelligent street 
light (ISL).  All the approaches were found feasible according 
to the needs. 
 The look up table approach was the easiest to design and 
implement as long of all the operating conditions are 
represented in a 2D table.  When there are more than two 
inputs, multiple inputs should be represented at the single 
axis.  The outputs are very predictable but the discrete. 
 The Levenberg-Marquardt algorithm of the MATLAB 
represented the 2D look up table very smoothly.  It may 
accommodate more than 2 inputs; however, the number of 
training cases and hidden nodes should be increased 

exponentially and consistency of the outputs should be 
carefully inspected before using the system. 
 The fuzzy logic toolbox of the MATLAB was very 
convenient to make the initial setup and establishment of the 
initial rules.  However, smoothening and improvement of the 
multi-dimensional response curves to achieve the desired light 
intensities at different operating conditions was very time 
consuming and required extensive user experience. 
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ÖZETÇE 

2000’li yıllarda başlayan teknolojik gelişmeler hepsi 
programlanabilen daha akıllı sistemlerin ev, iş ve endüstriyel 
ortamlardan, enerji üretim ve dağıtım alanlarına kadar çeşitli 
yerlerde yaygın olarak kullanılacağını göstermektedir. Her 
türlü akıllı nesneden veya sistemden veri alış verişinin, akıllı 
ortamlar üstünden akıllı şebekelere bağlanarak, taşınan ve 
kullanılan veri miktarında kısa sürede çok önemli artış 
olacağı görülmektedir. Ülkemizde bu alanda yetiştirilecek 
yani açığı kapatacak bir mühendis için kazandırılacak 
nitelikler ile teorik ve uygulama bilgi-becerisinin dikkatle 
belirlenmesi gerekmektedir. İş dünyasının üniversitelerden 
beklentisi, işyerine alacakları mühendislerin güncel teknolojik 
bilgi ve uygulama becerisi ile kolay uyum sağlaması, yeni 
teknolojileri araştırması ve geliştirmesi olmaktadır. Bu 
çalışmada, Fatih Sultan Mehmet Vakıf Üniversitesi, 
Bilgisayar Mühendisliği Bölümündeki ders programı ile üst 
düzey teknolojiye sahip laboratuarlarda, Akıllı Sistemler, 
Akıllı Nesneler, Akıllı Ortamlar, Siber Fiziksel Sistemler, 
Nesnelerin İnterneti, Nesnelerin Webi  gibi kavramlarla 
isimlendirilen teknolojilere ait teori-uygulama bilgi ve 
becerisinin kazandırıldığı öğretim yapımız açıklanacaktır. 
 

ABSTRACT 

In the 2000s, starting with the technological advances, All 
Programmable and smarter systems for home, business and 
industrial environments, energy production and distribution 
so as to use the common areas of the various places.  
All kinds of smart object or system data is exchanged, over 
smart environments, connected through smart grids. The 
amount of data that is used in a short time would be very 
significant increase can be seen. In our country, will raise the 
deficit in this area, so an engineer for theoretical and 
application information-capability with the traits constituting 
will also carefully determination is required. New graduate 
engineers with up-to-date technology information and 
application ability to easily adapt to new technologies, to 
provide research and development capability would like to be. 
In this study, Fatih Sultan Mehmet Vakıf University, 
Department of Computer Engineering in courses and senior 
tech laboratories, Intelligent Systems, Smart Objects, Smart 
Media, Cyber Physical Systems, the object of the Internet, the 
object of the Web with concepts such as naming the 
technologies related to the theory-practice knowledge and 

skills our teaching is imparted structure will be described. 
 

1. GİRİŞ 

Kablosuz iletişim, RFID, tümleşik devrelere daha fazla 
fonksiyon eklenirken fiziksel boyutlarında küçülme daha az 
enerji harcaması gibi teknolojik gelişmeler, İnternet 
teknolojilerindeki ilerlemeler, teknolojide yeni bir dalganın 
başlangıcı olmuştur. Etrafımızı çevreleyen pek çok cihaz ve 
nesne sayısı giderek artmaktadır. Bu cihazların akıllı olması 
nedeniyle acaba sayısal altıncı duyuya mı sahip olmaktayız? 
2000’li yıllarda Gömülü Sistemler (embedded sytems) ve 
Gömülü İşlemciler (embedded processors) ile başlayan yeni 
teknolojik gelişmelerden sonra, 2010 yılından itibaren de 
Akıllı Sistemler (smart systems), Akıllı Nesneler (Smart 
Things), Akıllı Ortamlar (smart enviroments), Makinadan 
makinaya (Machine-to-Machine (M2M)), Siber Fiziksel 
Sistemler (Cyber-physical systems), Nesnelerin İnterneti 
(Internet of Things), Nesnelerin Webi (Web of Things),  
Herşeyin İnterneti (Internet of EveryThing), Herşeyin Webi 
(Web of EveryThing) Yaygın Bilişim (Pervasive-Ubiquitous- 
computing) gibi kavramlar ile yeni nesil bilgisayar 
teknolojileri ortaya çıkmıştır. Bu teknolojiler aşağıda 
tanımlanmaktadır[1-10].Işık, ısı, hareket, akış sensörleri, 
transdüserler, aktuatörler, elektronik anahtarlar, işlemciler ve 
iletişim araçları ile birlikte bir fiziksel nesnenin içerisine 
bağımsız ya da gömülü olarak yerleştirilebilir. Bu fiziksel 
sistemler aşağıda tanımları yapılan sistemler içerisinde yer alır. 
Sensör düğüm, mikrodenetleyici, güç kaynağı, iletişim arayüzü 
ve sensör/aktuatör içeren fiziksel nesneye gömülü ya da tek 
başına bulunan cihazdır. Şekil 1’de sınıflarına göre sensör ve 
transdüser çeşitleri görülmektedir. 
  

 
Şekil.1. Nesne olarak sensor ve transdüserlerden örnekler[3] 
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