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The data will be sent to Arduino Mega 2560, which is a microcontroller that
will decide to turn on or off the street light. The Wi-Fi module ESP-01 is
implemented to enable the microcontroller to connect to Blynk software for
monitoring and controlling purpose. The result shows that the smart street
light system is expected to reduce energy consumption up to 45.48% on
weekdays and 32.22% on weekends from the present street light system
which uses timer system. The 10T-based Smart Street Light system also
shows the condition of the street light system based on the Blynk interfaces
for maintenance purpose.
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1. INTRODUCTION

The electric energy is indispensable element when it comes to human [1]. Due to limitations and
rising cost of energy generation, it is becoming progressively important to direct greater efforts into
optimizing electrical energy utilization [2]. Therefore, a system that efficiently uses the energy consumption
is vital in order to reduce wasted energy. The energy consumption wastage is an issue to be observed [3].
As we all know, street light is a compulsory infrastructure for a city which plays a major role in traffic safety,
illuminate the city street during dark hours of the day, society security, city appearance style and features [4-7].

Street lights are among the biggest energy consumer, therefore the power consumption for the street light
system should be optimized to reduce the wasted energy. The existing model is observed to be inefficient leading to
wastage of manpower as well as electric power [8]. The solution for current system problem to improve the efficiency
and return investment of the system has been produced through analysis [9]. Other development of the nation could
use the excessive expense spent on the street light [10-12]. There is also the case where the street light is still on even
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there is enough light intensity and during the day time. Research shows that the traffic rate has a low timeframe for a
few streets [13]. In some area or lane, the number of vehicles passing by is very low, yet there is still an overwhelming
electrical power [14]. The long hour operational time which cause a lot of electricity cost is a huge waste if it is not
taken seriously. Thus, a street light system that can operate intelligently by itself is required.

These street light systems has not been optimized, hence it contributes to waste of energy consumption
that costed enough money for other development. Currently, the street light system is operating based on timer as it
will turn on at night and switch off in the morning. This system is inefficient as the light will be on all night even if
there is no user in the area. Violation of energy conservation can be seen when the street light is still on even
during the daytime when there is no requirement [15-16]. The inefficiency of street light system will result in the
higher amount of energy consumption in which luminaries require high amount of energy [17]. The street light
monitoring process takes time and the street light can be controlled only from the switch. The switch for a street
will be at one terminal, thus it will consume time to turn the street light on or off for troubleshooting purpose or to
control the street light manually. The current system consists barriers in monitoring the street light in real time.
Monitoring streetlight is a tedious manual task that relies on inspection and incident reports [18]. The street light
should be able to be monitored from anywhere and anytime because it could save time and manpower.
The maintenance team has difficulties to troubleshoot and find the fault in the currently used street light system.

An 10T-based smart street lighting system can reduce the wasted energy. This IOT-based smart street
lighting controls the street light ON or OFF according to the movement in the area. The public activity streams around
during night time are not similar each time [19, 20]. The street light will be controlled by the controller installed in the
street light based on the movement on the street [19]. Therefore, with the implementation of the sensor to detect the
movement in the street, the street light will intelligently decide to turn on and off the street light.

Through this system, the street light will only operate when needed instead of staying on all night.
This imply that the intelligent lighting system would be collecting data of the street light and transmit it using
wireless network to the master command center [21]. The smart street light will be combined with
intelligence to think it self in order to save the electricity consumption and reduce wastage of energy [22].
The internet of thing (I0OT) is the network of device that allows devices to interact with each other and
exchange data. An IOT system can be optimized to monitor and control the street light. 10T is the network of
physical devices that allows the device to interact with each other [23]. It provides remote sensing and control
on devices [23]. IOT will help in connecting the internet with the lighting system [24]. This IOT system also give
advantage to monitor the street light condition, such as the street light is on or off and the voltage drawn to
the system. The data from the street light can be monitored anytime, anywhere through the internet [25].

Section 2 of this paper discusses the system overview of the street light with smart controller
system. This section will also discuss the block diagram and schematic diagram of the developed smart street
light prototype. The overall street light system flowchart and Blynk interface flow chart are also explained in
Section 2. In the next section, Section 3 will discuss about the theoretical result of the smart street light
system. In this section, the calibration test result and experimental result for smart street light system will be discussed.

2. RESEARCH METHOD
2.1. System overview of street light with smart controller system

The existing street light system consists of AC supply, timer system and street light. The timer is to
turn on and off the street light according to the time that have been set. Presently the street light is set to turn
on from 7p.m to 7a.m. and turn off for other time. Nevertheless, with this timer system, it is not effective
enough to control the energy wastage. As shown in Figure 1, a smart controller system is introduced between
the timer and the street light. This controller is mainly to control the usage of the street light according to
the needs by users so that it can reduce the energy consumption for the street light system.
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Figure 1. System overview of street light with smart controller system

2.2. Smart controller internal architecture

As shown in Figure 2, Arduino Mega 2560 microcontroller are used for the hardware system.
Infrared sensor is used for movement detection. Voltage sensor also used to detect the voltage from
the system. The relay channel is used to interface between the light and the microcontroller. Wi-Fi module,
esp-01 is used to connect the system through the network.
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Figure 2. I0T-based smart street light controller block diagram

2.3. Smart controller schematic diagram

Figure 3 shows the schematic diagram of the smart controller system. The street light system used
Arduino Mega 2560 as a microcontroller. In this system, the infrared sensor and voltage sensor will be the input to
the microcontroller and the relay module will be the output of the system. The ESP-01 module will act as the
bridge between Arduino microcontroller and Blynk application. The infrared sensor will detect the movement in
the street light area. The relay module is used to manage the light on or off based on the movement in the street.

Infrared sensor
£aL

Arduino MEGA 2560

ESP-01 Module | Voltage sensor r | Relay Module |

Figure 3. IOT-based smart street light controller schematic diagram

2.3.1. Arduino MEGA 2560

Arduino is an open source platform to create electronics project. Arduino consist of hardware which
is programmable physical board and software called as Integrated Development Environment, IDE which can
be used to write and upload a coding to the hardware. Arduino MEGA microcontroller consists of 54 digital
input or output pin and sixteen analogue input pins. This board has more sketch memory and more RAM
compared to Arduino Uno. The program coding can be upload into the board through the Arduino software in
the computer. This microcontroller is easy to interface with ESP-01 Wi-Fi shield.

2.3.2. Infrared Sensor

The infrared sensor module is used for the prototype design of Smart Street light. Based on Figure 4,
there are some components installed inside the infrared module such as infrared transmitter and receiver to transmit
and receive the infrared ray. There is also variable resistor that is used to control the distance of transmitted infrared
ray. The maximum distance that can be varies is 16 cm. The power indicator is to indicate the module is working and
the switch instructs is to indicate if the module detect an object within the range set. Infrared sensor produces a digital
signal as the output. This digital system makes it very easy to interface with the Arduino board. The digital system
will only produce two value which is ‘1’ or ‘0’ as output or input value. The board has been included with
potentiometer that can adjust the distance of the infrared light transmit. The maximum range that can be covered by
infrared transmitter is 16 cm. This sensor is connected to the digital pin of Arduino mega 2560. Hence, the sensor will
give digital value as a result, ‘1” if the sensor detect object and ‘0’ if there is no object detected.
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Figure 4. Infrared sensor module

2.3.3. B25 voltage sensor

The Arduino Mega 2560 analog input only limited to 5V. This module uses the current divider rule
using R1 and R2 which having values of 30KQ and 7.5KQ resistor respectively. Figure 5 show the voltage
sensor schematic diagram that consist of two resistor R1 and R2 which are 30KQ and 7.5K Q respectively.
The 25V will be represented by 1024 as Arduino pin have 10-bit analogue to digital converter. As 240V will
be used for the street light input, a stepdown transformer will be implemented to stepdown the voltage to 12V.

®

30KQ R1

7.5K Q R2

GND

Figure 5. IOT-based smart street light controller schematic diagram

2.4. Smart controller hardware design

The street light prototype design is only using a small scale design. The measurement used in this
design is in centimeter (cm). One side of the street is to be considered for the prototype. Two LED bulb
1.8KW will be used as the street light. The distance between the LED and infrared sensor is 15cm. Table 1
shows the distance of the sensor to light and light to light for prototype is 15 cm compared to real distance
which is 35cm. The width of the prototype is 10 cm representing the real distance that is 4m. The street light
prototype design is shown as in Figure 6.

Table 1. IoT-based smart street light prototype measurement

Measurement Sensor 1tolight1 Light1tolight2  Sensor 2tolight2  Sensor to Outer line
Prototype distance (cm) 15 15 15 10
Real distance (meter) 35 35 35 4.5

2.5. Flow chart of overall smart street light system

Figure 7 show the system flowchart of the 10T-based smart street lighting. Firstly, the voltage
sensor will proceed to read the voltage value of the system. When both sensors have completed the process,
the infrared sensor will send the data ‘0’ or ‘1’ to Arduino mega. If there is no movement in the area,
the infrared sensor will send ‘0’ and when there is movement detected, it will send ‘1’ to the microcontroller.
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If there is movement and the microcontroller will receive the ‘1’ data, the relay will be triggered to switch on
the street light. However, if the microcontroller receives the ‘0’ data, it will trigger the relay to switch off
the street light. Then the microcontroller will connect with the 10T devices through Wi-Fi connection.
The data from voltage sensor will be displayed in Blynk software.

| Sensor 1 I | Sensor 1 |

‘ Outer line ‘ | Inner line |

Figure 6. Infrared sensor module
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Figure 7. Flow chart of smart street light system

2.6. Flow chart of blynk graphycal user interface

Figure 8 show the flowchart for the Blynk application interface with Arduino MEGA 2560 microcontroller.
The mocrocontroller will classify infrared sensor high if there is movement detected by infrared sensor and low if
there is no movement detected by infrared sensor. Then it will sent data to Blynk application whether the infrared
sensor is high or low condition. The D2 and D3 indicates infrared sensor 1 and infrared sensor 2 respectively. After
that, microcontroller will sent the value of current voltage to be displayed by Blynk application through gauge widget.
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Figure 8. Flow chart of blynk graphycal user interface

3. RESULTS AND DISCUSSION
3.1 Existing Street light power consumption

Based on Figure 9, we can see that the energy consumption of the present street light system is at
100% in one day. Voltage sensor calibration as shown in Figure 10.
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Figure 9. Energy consumption vs operating time of
prototype street light

3.2. Calibration result

Voltage vs ADC Reading

Figure 10. Voltage sensor calibration

As the project uses a prototype model, a proper sensor must be used to get a good result.
The selected sensor which is the voltage sensor and the infrared sensor has been calibrated. The calibration

purpose is to verify the sensor accuracy.

3.2.1. Voltage sensor

The pin for Arduino is only limited to 5V, thus we consider a range of OV to 5V. Thus, we compare the
theoretical result and the practical result as shown in the table below. The Arduino pin 0V to 5V is represented by

value in between 0 to 1024.
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3.2.2. Infrared sensor

The infrared sensor is connected to a digital pin of the Arduino. As this is the digital pin, the input of
this pin will be only two which is ‘0’ or “1’. If the sensor detects an object, the sensor will give ‘1’ as
Arduino input and when there is no object detected, the sensor will give ‘0’ for Arduino input. These Arduino
pin has a 5V input, thus the value also can be represented in voltage. For digital input ‘1’ the voltage would
be 5V and for the digital input ‘0’ the voltage is OV. These data have been tabulated in the Table 2.
The sensor only detect object inline of the sensor.

3.2.3. Light bulb power consumption

Light bulb that were used in this prototype design has a 1.8w per hour power rating. An experiment
has been run to measure the power consume from the bulb. The data has been tabulated in Table 3.
The power per hour for light bulb 1 and light bulb 2 are 1.76W/h and 1.69W/h respectively.

Table 2. Infrared sensor calibration Table 3. Light bulb power consumption per hour
Variable Digital value  Voltage (V) Variable Speed (rpm) Power (kW)
No Object Detected 0 0.22 Light bulb 1 2 245
Object Detected 1 4.81 Light bulb 2 1.9 245

3.2. Blynk graphical user interface

Percentage of saved power as shown in Table 4. Blynk application was used in this system to display the
voltage input for the Arduino MEGA 2560 microcontroller and also the condition of the street light. Figure 11 show
the street light 1 and street light 2 is in on condition when the button 1 and 2 is in on condition. Figure 12 show that
street light 1 and street light 2 is in off condition when the button 1 and 2 is in off condition. As shown in Figure 13,
the street light 1 is on and the street light 2 is off when the button 1 is on and the button 2 is off. Figure 14 show that
the street light 1 is off and street light 2 is on when the button 1 is in off condition and button 2 is on condition.
The condition of street light will show ‘HIGH’ if the street light is off and ‘LOW’ when the street light is on.
The button 1 is to control the street light 1 while button 2 is to control the street light 2. Figure 15 show the voltage
supply for Arduino MEGA 2560 is 12V. Based on these interfaces we can detect the street light is in good condition
or otherwise if the street light is not synchronous with the button condition. Table 5 and Table 6 summarize the
condition of the street light 1 and street light 2 during in good condition or in bad condition (system failure).

Table 4. Percentage of saved power
Variable  Power consumed (W)  Fully optimized power (W)  Percentage of saved power (%)

Weekday 24.45 4485 45.48

Weekend 30.4 44.85 32.22
STREET LIGHT 1 STREET LIGHT 2 STREET LIGHT 1 STREET LIGHT 2 STREET LIGHT 1 STREET LIGHT 2
LOW LOW HIGH HIGH LOW HIGH
BUTTON 1 BUTTON 2 BUTTON 1 BUTTON 2 BUTTON 1 BUTTON 2

N < N > ‘/ON \\
AP __/
Figure 11. Light 1 and light 2 on Figure 12. Light 1 and light 2 off ~ Figure 13. Light 1 on and light 2 off

ARDUING INPUT VOLTAGE

12

i

S - -

o ] 23

Figure 14. Light 1 on and light 2 on Figure 15. Arduino input voltage display
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Table 5. Street light 1 condition Table 6. Street light 2 condition
Button 1  Street light 1  Street light 1 condition Button 2  Street light 2 Street light 2 condition
1 1 Good 1 1 Good
1 0 Bad 1 0 Bad
0 0 Good 0 0 Good
0 1 Bad 0 1 Bad

3.3. 10T-based smart street lighting power consumption
The experiment was run for the I0T-based Smart Street Light prototype system. Analysis were done
during the weekdays and weekends.

3.3.1. Weekday

This section is considering the street user during the weekdays. As shown in Figure 16 the number of
vehicles decrease significantly at midnight and increasing after 0300 hours as people started going to work. From this
data, the power consumption for the I0T-based smart street light system on weekdays were plotted as in Figure 17.
From the table, we can see that the number of vehicles that uses the street is slightly lower than during the weekend.
By using the 10T-based smart street light system, the percentage of power that can be saved during weekday are 45.48%.
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3.3.2. Weekend

This section is considering the street user during the weekends. As shown in Figure 18, for 1900 until 0200,
the number of vehicles maintain in range of 25 to 30 vehicles per hour, after that, the number of vehicles decrease
significantly. From the data that has been collected, the power consumption for the 10T-based smart street light
system on weekend were plotted as in Figure 17. The percentage of power that can be saved during weekend as the
implementation of the IOT-based smart street light system is 32.22%. Energy consumption during weekend as shown
in Figure 19.
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Figure 18. Number of vehicles on weekend Figure 19. Energy consumption during weekend

4. CONCLUSION

In general, the 10T-based Smart Street Light System has been successfully modelled and controlled
using Arduino MEGA 2560 microcontroller. Based on the prototype design and experiment, this 10T -based
Smart Street Light System prototype has saved the energy consumption by 45.48% on weekdays and 32.22%
on weekends, thus this system maintained the wasted energy below 100% usage. This system also
successfully implemented the infrared sensor to detect movement on the street light as the input for
the Arduino microcontroller. It was found that the 10T system perform very well and gave an accurate
display of the street light system. The 10T-based smart street light system also controlled the street light and
shows that the system successfully saved the energy depletion of a street light system by almost half of
the original value. This system also successfully implemented the monitoring trough the Blynk application.
Hence, with a proper system and monitoring, the energy depletion of the street light system can be managed.
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