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ABSTRACT 
 

This paper introduces a new technique  aims for improving the street lighting systems by 
modeling and analysis the system using neural networks and photovoltaic system. Also, energy 
efficiency is becoming one of the most important criteria for street lighting systems design.  The 
energy for the street lighting is coming from solar system and the neural network is used to control the 
light intensity by using a sensor input for the motion of the bodies under the lamp tower. This gives 
solution for electrical power wastage and reducing the cost. This control can make a reasonable 
adjustment according to the variation.  
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Introduction 
 

Adaptive street lighting, figure 1, denoted to public street lighting which modified to movement 
of the pedestrians, cyclists and cars. Adaptive street lighting also referred to as Intelligent street 
lighting, reduces when no motion is sensed, but brightens when movement is detected (Archana et al., 
2015). This type of lighting is different from conventional, stationary illumination, or dimmable street 
lighting that dims at pre-determined time (Balachandran et al., 2015). The first requests for adaptive 
street lighting initiated from the late 1990s (Khandelwal et al., 2015). But it wasn’t until 2006, that 
Europe experienced the first large scale implementation of a control network in a street lighting 
application. In paper (Sharath Patil et al., 2015), the street light sensors should be installed on the pole 
lights which consist of various IR sensors and wireless module. The data from the street light 
controller can be transferred to base station using wireless technology to monitor the system (Novak 
et al., 2013). 
 
 

 
 

Fig: 1: Street Light System 
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Archana et al. (2015) reported that the switching circuit is described that switches the street 
light ON detecting the vehicle movement and turns to OFF after a fixed time. In this system the street 
light is automatically ON/OFF during the day and the night time.  

Balachandran et al., (2015) focused on the requirement of the automatic street light system and 
the method of its application with embedded system tools. In this system the piezo electric sensor is 
used to notice the movement of the object on the street, 

Khandelwal et al. (2015) ; Sharath Patil et al., (2015) represented that lighting control system 
for an outdoor lighting system network using automatic sensing, transmission, and recording data 
related to the action of the lighting system network in such away both control and maintenance can be 
achieved more efficiently. The system is expected to decrease energy usage by fifty percent, improve 
roadway safety, and decrease maintenance costs. 

Novak et al., (2013) proposed a system for control, monitoring and management a group of 
LED luminaries of a street lighting arrangement, allowing the measurement of certain parameters that 
are useful for a more efficient and accurate operation of public lighting and still monitors the power 
quality of the electrical grid. 

Tseng and Hsieh, (2016) working on a wireless communication system is presented in which 
the street lamps be protected by automatic detection devices. The wide street lamp monitoring and 
energy conservation management became possible with the continuous development of 
communication technology, such as G3-PLC (power line communication) and Zigbee wireless 
technologies. 

Hata et al. (2014) proposed that  a road sensor that extracts navigable surface information from 
a multilayer laser sensor data. The road data was trained with an artificial neural network (ANN) and 
classified into eight road geometries: straight road, left turn, right turn, left side road, right side road, 
T intersection, Y intersection and crossroad. This increased the system efficiency. 

The aim of this work is introducing  a new technique for controlling the LED light intensity 
according to the moving bodies on the street is proposed and compared with the conventional way 
which depends on choosing between two fixed states for the light intensity. The electric power of the 
LED comes from a solar system. The new technique is more efficient and economic than the other 
one.  
 
Problem Definition 
 

The two most important sources of light are: daylight and artificial light. Daylight is the light 
which comes from the sun. It fluctuates because of many factors such as time and day of year, 
weather conditions. Artificial lighting is that results from “man-made” light sources such as light 
emitting diode (LED) lamps. In the most cities, the street lights are the one of the huge energy 
expense for a city. Today manual systems exist where the light is switched ON in the evening before 
the sunset and they are switched OFF in the day morning. This method has its own disadvantages 
which are listed below. 
 
Disadvantages of manual Systems 
 

 Consuming time. 
 More Energy Consumption. 
 Increase cost. 

 
The Suggested System  
 

Figure 2 shows the general structure of the suggested lighting system described in this paper. It 
is consisted of a three-level connected model that is generally used in lighting-control systems built on 
wireless communication.  
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Fig: 2: Architecture of street light  

 
First level is the supply level. By using solar cells, renewable energy derived to the batteries in 

the day and in the night the batteries supply this energy to the street lighting LEDs. Also the system is 
connected with the electric grid to give the power to the grid or take the needed power from it. Second 
level is the sensors level. IR sensors collect the data of the traffic, this data appears in the monitor and 
used in third level with the controller based on neural network algorithm then the system can be 
automated. 
 
Advantages of the Proposed System 

 Control the Street lights automatically. 
 Reduce the cost. 
 Saving Energy. 
 Self-supplied by the sun. 

 
 
The System Operation 
 

The block diagram of the system is shown in figure 3.a. the first block is the traffic sensor. It is 
used to sense the traffic motion usually using infrared radiation system. Then the signal is transmitted 
via wireless module to the control center which has a PC monitor and the control system based on 
artificial neural network. The neural network, figure 3.b, is a computational method, which is based 
on a group of neurons. It can solve the problems in efficient way. Each neuron is connected with 
many others through activation function (Wilamowski, 2003). The neural network receives the data 
collected by the sensors. Then it takes the decision according to the previous learning algorithm. After 
that the neural network transmits the output to the street lighting LEDs to give the appropriate light 
intensity. The neural network in this paper is feed-forward type, because of its fast in operation. It 
consists of one input layer for the sensor signal, 10 hidden layers to increase the efficiency of the 
network, and one output layer to decide the input of the voltage to the LED according the previous 
suggested levels. 
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Fig.3.b: Block diagram of system Fig. 3.a: Feed-forward neural network 
 

 
 
Results and Discussion 
 

The control system is implemented using MATLAB/Simulink with a street lighting system 
consisted of five tower LED lamps has rated of 24 V and 110 Watt. The total power of the system is 
5X110=550 watt. The results show a comparative study between the conventional method and the 
proposed method for controlling the street light. The input signal was taken as random value between 
0 for nothing under the LED and 1 for something across the road under the LED. The same inputs 
were taken for the two systems under study. 

 

 
 
Fig. 4: Conventional comparative analysis; control input, comparator output, and output voltage 
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Fig. 5: The average output voltage for the comparator  
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Fig: 6: Zooming of the average output voltage for the comparator  

 
Fig: 7 : ANN results; control input, comparator output, and output voltage 
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Fig: 8: The average output voltage for the ANN 

  

 
Fig: 9: Zooming of the average output voltage for the ANN 

 

Fig: 10: The consumed power of the comparator  

 
 

Fig: 11: The consumed power of the ANN  
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The comparator results are shown in figure 4 where the comparator output signal was used to 

control the voltage of the street lighting LED. The LED has full lightning strength when there is input 
signal 1 otherwise it has half strength. The average voltage in DC currents is usually taken as a 
reference at operating conditions. For the comparator operation the average voltages  is shown in 
figure 5 and its zooming is shown in figure 6 where it has a high value for most of the time.  Figure 7 
show the same input with the ANN controller where the LED has three conditions; condition 1 full 
lightning for input signal 1, condition 2 half lightning for the neighbor input is 1and its input is 0, zero 
lightning when its input and the neighbor input is zero. This technique reduces the average value for 
the LED voltage as shown in figure 8, 9. The consumed power for the LED is shown in figure 10 for 
the conventional comparator. The average power is around 490 watt for five 110 watt lamps under 
this case with saving (550-490)/ 550= 10.9%.  The system in this case needs 490 X12 = 5.88 kWh per 
day. Figure 11 show the consumed power for the proposed ANN controller. The average power is 
around 280 for the same lamps with saving (550-280)/ 550= 49.1%. The system in this case needs 280 
X12 = 3.36 kWh per day. These results show how the efficient of the proposed controller. The final 
comparison is summarized in table I with the results of ref [9]. The technique used in [9] based on 
designing the system to work with 90% of full power from sunset till midnight and then the lamps 
dim to 30% until they turn off completely at sunrise. The net saving of this system is 33.62%, where it 
consumed 8.4 watt from a scheduled value of 12.655 watt. 
 
Table I : Results Summary 

 Consumed Power % saving Energy saving ( kwh/year) 
Manual technique 550 watt 0 % 0 wh 

Conventional technique 490 watt 10.9 % 60*12*365=262.8 kwh 
Neural Network based 

technique 
280 watt 49.1 % 270*12*365=1182.6 kwh 

Farahat et al., 2015 8.4/12.655 watt 33.62 %  

 
Conclusion 

 
The proposed street light system in this paper can exchange the intensity of the street light 

using Neural Network technique. The decreasing and brightening mode of LED saves excessive 
amount of energy. In addition, the solar system can increase the system reliability and reduce the 
running cost and maintenance. The goal of the proposed system is, therefore, reduction the consumed 
power, the cost of the system, and improving total efficiency.  
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