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Abstract: In last few decades, the need for electricity is increased exponentially and directly effects upon the economy of countries. Developing 
countries are facing load shedding issues. The natural ways of producing electricity are decreasing day by day. There is need of natural resources to 
produce and fulfill the needs of electricity. Currently, the solar panels are widely used for producing electricity from sunlight. But the main hurdle in the 
implementation of solar panel is that they need to fit in open spaces where the light of sun directly falls on it. World moving towards automation and 
various sensors available to sense and automate the daily life processes. Piezoelectric sensors are special type of sensors that produce energy by 
pressure, force or load. Smart cities and societies are key components of automation and main area of research. Street lights are essential part of smart 
streets. We have proposed an IoT based scheme for street light automation that uses the electricity produced from piezoelectric sensors. It will bring 
redemption from traditional electricity needs that lead to minimizing the load shedding. 
 
Index Terms: Internet of Things, Smart Lights, Street Lights Automation, Smart Society, Piezoelectric Sensors, LDR   
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1 INTRODUCTION                                                                    

here have been a limited number of streets in smart societies 
and over the past few decades, street lamps and regulation 

of management is relatively easy. But as the world has grown 
into a well-off community and with urbanization, the number of 
smart societies in modern cities has risen rapidly [1]. So it 
became an issue to regulate and maintain street lights for 
smart societies and cities. It is also regarded as the first 
generation of the original street light control, which is inefficient 
and a waste of manpower. At present, street lamps control 
much of the urban only by manual control, a control switch 
placed in each of the street lamps. There is a large amount of 
electrical energy lost [2]. Street lights have group-based 

control in this traditional framework, which suggests that 
individual lights cannot be controlled. Because of certain 
natural disasters, such as floods, the whole system is 
disrupted if there is a wire breakage. To fix, maintenance costs 
would be high for the method. They often make use of a 
negative sodium vapor lamp. 33,000 lumens are provided by 
the low-pressure sodium vapor lamp, requiring more 
energy.The street light control system has been automated in 
recent years [3]. One such system is to adjust the resistance 
by using a light-sensitive device to control street lamps that 
automatically turn on after dark in the evening and 
automatically turn off in the morning. While it decreases the 
power of man, it does not maintain the energy expended 
during the night. It also revealed a concern that it cannot fulfill 
the needs of the rising street lamp data and smart 
management. In short, the new street lighting approach is 
required which will be simplistic and blunt. Therefore, there is 
need to build a highly intelligent framework for street lighting. 
The LDR (Light Dependent Resistor) is used for day-night 
sensing [4]. The kind of sensor we use here is a piezoelectric 
sensor. A piezoelectric sensor is a device that uses the 
piezoelectric effect by converting it to an electrical charge to 
calculate changes in pressure, acceleration, temperature, 
strain, or force [5], [6]. The piezoelectric sensor is used for 
vibration sensing here. With proper covering layers, these 
sensors are buried beneath the lane. In a uniform sequence, 
they are distributed over footpaths. The sensor detects the 
vibrations generated by the vehicle or the person's movement 
and sends the corresponding electrical signal to the 
microcontroller. The microcontroller adjusts the street lights' 
brightness accordingly. The Arduino UNO microcontroller is 
used with the aid of the ZigBee protocol, the sensor data are 
collected from previous lamps and essential calculations are 
carried out, such as speed and others. This system can be 
extended to heavy-duty roads for monitoring purposes. At the 
same time, concerning energy saving, it also proves to be 
beneficial for a small lane. Now, in all sectors of the economy, 
energy is a critical need for human life and growth. Electricity 
generation is also achieved by entirely different types of 
methods [7]. The main objective of this project is to generate 
electricity through piezo transducers using a non-conventional 
system. Electricity shortages have been the biggest problem 
facing the government in recent days. The reduced use of 
power is the only solution to this problem. According to this 
paper, we should minimize power wastage. Whenever the 
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engine a significant amount of potential energy is lost due to 
friction as it passes over the path. We can switch out electricity 
in this project by exploiting piezo electrical results, once the 
peoples pass on footpaths. Pressure is applied on footpath, by 
exploiting piezo electrical result we can convert the 
mechanical energy to a voltage by using a rechargeable 
battery and we can store the energy in the battery. The lights 
in the streets shine continuously during the night. The 
unwanted use of electricity consumes a huge amount of 
energy. The execution of this project reduces this wastage of 
electricity. We can sense the movement of the vehicle by using 
the ultrasonic sensors and we can light street lights based on 
that movement by using microcontroller programming.  

 
2 LITERATURE REVIEW 
Streetlights are one of the most important factor to make the 
city smarter. The purpose of streetlight is to provide light at 
night to avoid various accidents and criminal attacks. To attain 
the intelligent street light system many ideas were proposed. 
So one of the best idea proposed by the author was the 
energy efficient street lightening system. This system consists 
of Ethernet-based communication interface, module of Led 
lamp and a multi-phase digital control driving system for led 
lamps. The aim of digital-controller is to collect the data from 
the Ethernet and perform the functions in the lamp module 
whereas the Ethernet is connected with the computer. The 
public streetlights management system is usually made up of 
pc and other sub-node components. Pc is installed in general 
management office of this system, the purpose of pc is to bear 
the general configuration of the multimedia, and it consists of 
the broadband network interface. Similarly, the sub-node 
components are inaugurated in the street management office 
and it is made up of a host computer and number of various 
guest computers. The guest computers are established in 
every street lamps control box. This system consists of 
camera to capture the image of the vehicle and this street light 
system comprises of infrared sensors to detect the movement 
of the vehicles. The installation and maintenance of this 
system is very costly. Many authors suggested many ideas to 
implement this system. Sentilkumar et al recommended a 
power saving material to control the street light system using 
the piezo electric material [2]. Murati et al suggested an idea 
to develop an automated street light system based on the 
Piezo and LDR’S sensors [8]. This street light system uses the 
LED due to its low power consumption and because of its 
reasonable cost and the benefit of this technique is that the 
piezo sensors act independently. Electricity is the biggest need 
in the present days [9]. In this system, electricity is generated 
by using vibration energy that is generated by movement of 
the vehicles on the road. There are many sensing systems but 
Piezo electric sensors are the most reliable for this project. 
This sensor is also cheapest as compared to other sensors. 
The author proposed one more idea of developing an energy 
efficient based IoT smart street system to improve the 
accuracy, flexibility, safety, maintenance of the system and to 
overcome the environmental issues. The benefits of the 
proposed system are the automatic switching of the 
streetlights and energy saving [3].  India is working on this to 
improve the condition of streetlights in their homeland. They 
are replacing the streetlights with the LED lights and to 
improve the quality of light they are generating power by using 
the solar panels [10]. Moreover, now a day the existing 
systems uses the wired networks, which are not flexible and 

even complex in structure so the solution for these issues is to 
adopt a wireless networks and IoT. Therefore, for the 
maintenance and monitoring of the system we use IoT 
because Internet of things is a combination of both electronic 
devices and software applications. Akshay Balachandran et al 
in his paper suggested developing this intelligent streetlights 
system using piezoelectric sensor networks[11]. This device 
uses the piezo effects to measure the changes in temperature, 
acceleration, pressure etc. These piezoelectric network 
sensors are hidden underneath the road with appropriate 
sheets. The sensors flow of the vehicle and send the electrical 
signal to the microcontroller. Microcontroller uses the Arduino 
and the objective of microcontroller is to change the brightness 
of the lights accordingly. Warnings are generated to the drivers 
with the assistance of ZigBee protocol. This system proved to 
be very efficient for small streets and this intelligent street light 
system can be used in various areas with heavy traffic for 
monitoring. 

 
3 SYSTEM DESIGN AND IMPLEMENTATION 
Figure 1 shows the block diagram of proposed system 
empowered by IoT. Arduino is backbone of system that 
connects all the other components. Piezoelectric sensors are 
placed over the foot path and connected with a centralized 
battery. Further the battery is connected with Arduino which 
connects all the sensors. Lights are connected with battery 
through Arduino. 

 

Figure. 1. Block Diagram 
 

 
 

Figure. 2. Arduino UNO Board 
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Arduino UNO 
Is based on ATmega328 datasheet. It comprises of 14 digital 
pins consisting of outputs and inputs, a resonator, 6 analog 
inputs, USB connection, power jack, and ICSP header and a 
button to reset. It acts as a base for microcontroller and acts 
very easily when connected to the computer with the USB 
cable and the battery [12]. When compared to other boards, it 
has eliminated the use of FTDI USB-to-serial driver chip. 

 
Piezoelectric Sensors 
The piezoelectric sensors can be used to measure any 
alteration in pressure, acceleration, temperature, or force and 
changes them into electrical impulse [13]. The term piezo 
refers to ―squeezing or pressing‖. It works on the piezoelectric 
effect (ability to convert mechanical stress into electrical 
impulse). The materials used for sensing the stress are 
piezoelectric ceramics and single crystal material. 
 

 
 

Figure. 3. Working of Piezoelectric Sensors 
 
Light Dependent Resistors 
LDR is the abbreviation of light dependent resistors and they 
are employed to detect the light levels as used in street lights 
[14]. As the intensity of light increases the resistance 
decreases hence more current can flow through it. The value 
of resistor can vary in magnitude depending on the level of 
light. They are composed of semi-conductor materials which 
gives them light sensitive properties. 

 
Figure. 4. Light Dependent Resistors 

 
Ultrasonic Sensors 
These are the sensors which are used to measure the 
distance by the use of ultrasonic waves (the waves having 
frequency above the range of human hearing) [15]. The 
ultrasonic wave is emitted by the sensor and it reflects back 

when it strikes the target and is received by sensor. The time 
of the emitted and reflected wave is measured by the sensor 
and then distance is calculated. 
 

 
 

Figure. 5. Ultrasonic Sensor 

 
Figure. 6. Circuit Diagram 
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Figure 6 shows the circuit diagram of system in which all 
components are attached with central Arduino. Piezoelectric 
sensors feel the pressure over footpaths and produce the 
electrical pulses that are stored in external battery. While the 
ultrasonic sensors are used to sense the object and lights are 
working according to object sensing. 

 

4 IMPLEMENTATION AND RESULTS 
Figure 7 shows the electricity production process from 
piezoelectric sensors. Following equations justifies the electric 
signals creation upon pressure on piezoelectric sensors. The 
polarity of output by piezoelectric sensors are based the 
direction of applied force. 

  

Where d is the sensitivity and F is applied force over 
piezoelectric sensors. 
 

 
 

Figure. 7. Producing Electricity with Piezoelectric Sensors 
 

 
 

Figure. 8. System Implementation-1 
 
Figure 8 and figure 9 shows the system implementation. In 
figure 8, the light is turned off because the ultrasonic sensor 
didn’t sense anything. While in figure 9, the pressure is applied 

on the piezoelectric sensors and the electrical charge is stored 
in external battery. Then the charge is supplied to light. The 
prototype is tested on basic level. 

 

 
Figure. 9. System Implementation-2 

 
5 CONCLUSION 
Street lights are the essential backbone of smart cities. 
Internet of things presents the idea of automated cities and 
society 5.0. Various sensors are available to automate the 
processes of life. Electricity need is increased and the 
resources are facing the shortage of electricity. We need new 
mechanism to reduce the electricity cost and new ways to 
produce the electricity. In this research paper, we have 
proposed an electricity efficient approach to automate the 
street lights empowered by piezoelectric sensors. Electricity is 
produced by piezoelectric sensors and used to operate the 
street lights via internet of things technologies. In future, we 
will extend the current system by implementing the video 
processing techniques to help the street lights operations. 
Furthermore, the intensity of light will be controlled according 
to the environmental need. 
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