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1. INTRODUCTION

A street light is a raised source of light usually found at the edge of a road or a walkway. They can
be switched on manually or using sensors like light sensitive photocells or with the aid of a solar dial in the
case of the older lighting system. Most street lights are connected underground instead of wiring one utility
post to another.

Modern street lights usually comprise of high-intensity discharge (HID) lamps like High-pressure
sodium (HPS) lamps. HPS lamps provide a large amount of illumination for a fairly low consumption of
electricity. Compared to HPS light which is usually yellow/orange, white light sources are known to double
driver’s vision as well as reduce the braking reaction time by a minimum of 25%. Newer street lights use
light emitting diodes (LED) which provide high levels of lumens for a very low consumption of
electricity [1].

Street lights can be made intelligent by using different sensors which can trigger them when they
detect something moving [2]. Software can be used to make them communicate with each other and can be
monitored wirelessly.

To improve the efficiency of street lighting system design, different types of configurations are
researched and highlighted in this paper [3]. A prototype system demonstrating smart street light system has
been built which uses two 190W LED light panels. The LED lights have been connected to different sensors
which enable them to switch on and off based on the light intensity around them and dims the panels if no
movement is detected around the light panels.
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Smart street light is a technique used in street lights that adapt to movement of different objects like
pedestrians and cars.These streetlights can be controlled and connected using 10T also [4]. The streetlights
dim when there is no activity detected and brightens up when there is movement [5]. Smart street lights can
even switch themselves on when the light intensity around it decreases.

In 2013 a research team from Finland published a paper stating how energy efficiency can be
improved by using modern LED technology and adding integrated sensors [6]. Adaptive lighting which is set
to respond to the presence of pedestrians can save an average of 40% power which was achieved by dimming
down the power to 50% after five minutes delay from the last detection.

In 2011 a team of researchers from Serbia published a paper on the amount of energy being saved
by switching to LED luminaires [7]. For collector roads (i.e. roads with low to medium traffic density) LED
require 1% (staggered layout) and 10% (single sided layout) less power and for local roads, on average 6%
and 24% less power is used when compared to HPS street lights.

In 2013 a research team from Spain suggested an easy approach to deploy street light control system
with wireless technology [8]. The paper involved designing an intelligent streetlight management system
based on LED which could facilitate its deployment in existing facilities. Their proposed approach will
minimize the cost of investment of traditional wired system.

In 2016 a team of students in India published their findings on Smart Streetlight system based on
Image Processing [9]. Their article presents a concept to boost the energy efficiency of a city. Their system
uses a timer to switch on the light in the evening and switch it off in the morning. The system uses sensors to
detect vehicle and human presence on highways to switch on a chunk of lights ahead of it and switch off the
trailing lights. This was achieved by processing the image of approaching objects and then sending
commands to street light blocks.

In 2017 a research team published a paper on the advantages of using LED street lights and
integrating 10T into their proposed model [10].

The first patent for the smart street light was filed in the late 1990s [11]. The first large-scale
implementation of the smart street light system was done on 7th April 2006 in Oslo Norway and was
expected to reduce usage by 50% while improving road safety and minimizing maintenance costs [12]. The
Oslo project caught the attention of other European cities to reduce energy usage in outdoor lighting systems
in the European Union (EU).

In this project, various simulations were performed using DIALux to check the performance of
different street light luminaires and compare their energy consumptions [13]. The simulation also helped in
determining the ideal distance between two street light poles and the ideal angle for the luminaire on the pole
along with the ideal distance for the pole to be placed away from the road.

The prototype constructed uses two 190W LED light panels. The LED panels are controlled using
different sensors such as an ultrasonic for motion detection and photoresistors to check the intensity of light
in the surroundings. The sensors are controlled by an Arduino Mega microcontroller which is connected to a
Raspberry Pi 3 that acts as a monitoring device which can update the code of the Arduino using a virtual
network connection (VNC). Figure 1 shows the schematics of hardware implementation of the prototype
model.

Figure 1. Block Diagram of Hardware Implementation

2. RESEARCH METHOD
2.1. System Details
1) Arduino MEGA

The Arduino microcontroller uses an ATmega 2560 processor. This system provides sets of 54
digital and 16 analog input/output pins that may be interfaced to various circuits and expansion boards
(shields). The board features a universal serial bus (USB) for loading programs. The board is programmed
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using dialects from programming languages like C and C++. In this project, the Arduino is used to send and
receive data from various sensors.
2) Raspberry Pi 3

The Raspberry Pi 3 is a small sized single-board computer using a 64-bit quad-core ARM Cortex-
A53 processor. The Raspberry Pi 3 is compatible with different operating systems (OS) like Windows
Internet of Things(loT), Linux, Raspbian based on the user requirements. In this project, the raspberry pi is
used to monitor the data from the Arduino wirelessly.
3)  Ultrasonic Sensor

Ultrasonic sensors are used to detect motion and measure distance from the sensor to an object it is
facing. Ultrasonic sensors are used in many automated industries and process plants. The sensors have digital
on and off outputs for detecting the movement of objects and an analog output that is proportional to the
distance. Ultrasonic sensors can also be used to detect liquid level measurement and objects with target
translucence, and they can even operate in environments with a high glare. Ultrasonic sensors are being
tested for ultrasonic people detection in cars and autonomous features in an unmanned aerial vehicles (UAV).

The ultrasonic sensor used in this project is HC-SR04. This economic sensor has a range from 2cm
to 4m of noncontact measurement with an accuracy of 3mm. Each module has an ultrasonic transmitter,
receiver, and a control circuit.
4) Light Intensity Sensor

A photoresistor is a light controlled variable resistor. The resistance of the photoresistor is
proportional to the intensity of light. It is made up of a high resistance semiconductor and can have a
resistance of several megaohms (MQ) when kept in the light. Photoresistors can be used in various items like
camera light meters, clocks, and nightlights. The sensor used for this project is a 5528 model photoresistor.
5) Relay Module Board

A relay module board is used to connect an external power supply to different components used by
the Arduino. For this project, a two-channel relay is used which can handle AC up to 250V,10A and DC up
to 30,10A.

2.2. Hardware Implementation

For this project, Arduino Mega is used as the main control device. There is an ultrasonic sensor and
two photoresistors connected to the digital pins on the Arduino which transmit their data every 10ms. Based
on the values received from the sensors by the Arduino it can send the appropriate commands to the relay
whether to switch the street lights on or off. This whole process can be monitored as the data is transmitted
by the raspberry pi wirelessly. Changes to the Arduino program can also be done wirelessly.

2.3. Experimental Data Collected
1) Main Distributor Road
Data collected from a main Distributor Road located in United Arab Emirates is:
Road Length :- 2550m approximately
No of Street Light Poles :- 51
Distance Of Separation :- 50m
Length of Pole :- 16m
No. Of Bulbs on each Pole :- 2
Power Of Bulb :- 400W
Energy Consumption of one pole/Day(Based on 11 Hours per Day) :- 8.8kWh
Energy Consumption of entire street/Day(Based on 11 Hours per Day) :- 448.8kWh
Manufacturer Of Bulb :- Nikkon
Bulb Type :- HPS
2) Link Road
Road Length :- 950m approximately
No of Street Light Poles :- 31
Dist. Of Separation :- 30m
Length of Pole :- 10m
No. Of Bulbs on each Pole :- 1
Power Of Bulb :- 250W
Energy Consumption of one pole/Day(Based on 11 Hours/Day) :- 2.75kWh
Energy Consumption of entire street/Day(Based on 11 Hours/Day) :- 85.25kWh
Manufacturer Of Bulb :- Nikkon
Bulb Type :- HPS
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3) LUX Readings
LUX readings were taken on different portions of the road as given in Figure 2 and Figure 3.

Figure 2. Readings taken on different portions Figure 3. LUX Readings Taken for HPS

3. RESULTS AND ANALYSIS
3.1. Main Distributor Road

Simulation is carried out for the data collected for the Main Distributor Road and simulation results
for HPS lamp (400W each) are presented in Fig. 4-8 below.
1) HPS Lamp

Parameters Used for Main Distributor Road
Comparing the readings taken in Figure 3 using a LUX meter with the simulated readings in Figure 7, it can
be seen that the experimental values are very close to the simulation results.

Luminaine arrangemaent

Arrangement type

Figure 5. 2-D layout of the Road for HPS Lamp
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Figure 6. 3-D layout of the Road for HPS Lamp
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Figure 7. Detailed View of 2-D layout of the road with simulated LUX Readings for HPS Lamp

Table 1. Comparison Between Simulated and Experimental Values

S. No. 1 2 3 4

Experimental

Reading(LUX) 115 11.9 15.1 37.0
Simulated

Reading(LUX) 11.0 13.0 14.0 39.0
Difference 0.5 1.1 0.9 2.0

Figure 8 shows the complete evaluation of the simulation result with HPS Lamp. It can be seen that
the results are matching with the International standards.

Emergency lane 1 (CS)
7.s50
o.a0
Emergency lane 3 (CS)
- = 7.s50
- = o.40

Figure 8. Simulation Results Obtained for HPS Lamp
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2) LED Lights

Simulations are carried out by changing the luminaire to LED Panels (190W each) and are presented
in Figure 9-12.

The distance between poles was reduced from 50m in the case of HPS to 35m for LED lights while
the height of the pole was reduced from 16m for HPS to 14m for LED lights. This was done to meet the
requirements for the international standards for street lighting system design.

Figure 12 shows the complete evaluation of the simulation result with LED Lamps. It can be seen
that the results are matching with the International standards.

Figure 9. 2-D Layout of the road for LED Panels

Figure 10. 3-D Layout of the Road for LED Panels

Parameters Used for Main Distributor Road

Luminaire arrangement
Arrangement type TSN [EENT (SN FHEEE

Madmurm

Step width

Light overhang

No. of luminaires per pole
2

Pole distance from roadway
0.500] m
Boom length | OS52  m

Longitudinal Displacemen: it
0,000

Fiaure 11. Parameters Used for the Simulation of LED Panels
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Figure 12. Simulation Results Obtained for LED Panels

3.2. Link Road

Simulation is carried out for the data collected for the Link Road and simulation results for HPS
lamp (250W each) are presented in Fig. 13-14 below.
1) HPS Lamp

Parameters Used for Main Distributor Road

Arrangement type N
- -

Pole distance  30.000 Optimise
Light centre height  10.000
Boom angle 10.0
Minimum 0.0
Masximum i5.0

Step width 5.0

Light overhang  -1.500
Minimum  -2.000
Maximum 1.000 m

Step width 0.500

Pole rotation 0.0

No. of luminaires per pole
1

Pole distance from roadway
2.502

Boom length 1.000

Longitudinal Displacement
0.000

Figure 13. Simulation Parameters Used for HPS Lamp

Figure 14 shows the complete evaluation of the simulation result with HPS Lamp. It can be seen that
the results are matching with the International standards.

Street Lighting System For Smart Cities Using Micro-Controllers (Aaquib Parkar)



574 a ISSN: 2502-4752

Valuation field (C5) ~  Emergency lane 1 (C5)

Em X & 2 7.50
uo \f 2 0.40

Valuation field (C5) *  Emergency lane 2 (C5)
Em x] (gl 2 7.50
uo v = 0.40
Valuation field (M5) ¥  Roadway 1 (M5)

{ = 0.50

z 0.35

Ed 0.40

15.00

0.30

Figure 14. Simulation Results Obtained for HPS Lamp

2) LED Lights

Simulations are carried out by changing the luminaire to LED Panels (90W each) and are
presented in Figure 15-16.
Parameters Used for Main Distributor Road

Luminair arrangement

Arrangement type

Pole distance

idth

Pole rotation

No. of luminaires per pole
1

Pole distance from roa

Boom length  0.600 m

Figure 15. Parameters Used for the Simulation of LED Panels

Figure 16 shows the complete evaluation of the simulation result with LED Lamps. It can be seen
that the results are matching with the International standards.
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Figure 16. Simulation Results Obtained for LED Panels

4. CONCLUSION

When comparing the simulation results for Main Distributor Road using traditional HPS Lamps
(Figure 8) and LED panels (Figure 12), we can observe that energy consumption has reduced by a large
margin. With HPS lamps, total energy consumption is 3312 kWh/year while with LED panels, total energy
consumption is 1730 kWh/year.

Hence 1582 kWh of energy can be saved every year. Thus by replacing the lamps from HPS to LED
there will be 47.77% reduction in energy consumption and it is expected to save more energy due to the
intelligence system adopted.

However, it is observed that the light intensity is less for LED panels (1.02) when compared to HPS
lamps (1.22). The light is more uniform for LED (0.89) when compared to HPS (0.63) while the glare is
lesser for LED (6.18) in comparison to HPS (11.44).

When comparing the simulation results for Link Road using traditional HPS bulbs (Figure 14) and
LED panels (Figure 18) we can observe that energy consumption has reduced by a large margin. HPS bulbs
need 691 kWh/year while LED panels need 405 kWh/year.

Hence 691 kWh of energy can be saved every year. Thus by replacing the lamps from HPS to LED
there will be 41.4% reduction in energy consumption and it is expected to save more energy due to the
intelligence system adopted.

The light intensity is less for LED panels(0.58) when compared to HPS bulbs (0.81). The light is
more uniform for LED (0.70) when compared to HPS(0.44) while the glare is lesser for LED (6.24) in
comparison to HPS (12.34).

Street Lights are important for our day to day purpose. Street Lighting System For Smart Cities
Using Micro-Controllers presents ways to improve their efficiency by using up to date technology and reduce
their energy consumption. Using the proposed system, over 47% energy can be saved.
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