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ABSTRACT: As cities keep growing and getting more modern the need for ways to manage infrastructure is becoming
more important. One thing that has not changed much is how we take care of street lights. In places people still have to
check them manually. Technicians have to walk or drive around to find a street light that is not working or has a
problem with its wiring. They usually only find out about these problems when someone complains To solve this
problem we created a system that can monitor every street light in time. Each street light pole has three sensors. One to
measure the light around it and two to track the current and voltage. A small computer called an ESP32 is attached to
each pole and constantly checks these values to make sure everything is working as it should. If something goes wrong
it sends a message to a server with the poles unique identifier so we can immediately find the problem. Of using a GPS
unit for each pole which would be expensive we gave each pole a fixed coordinate identifier in a database. When there
is a problem the system looks at this identifier. Can find the location right away. This means that technicians can fix the
problem faster we can save energy and the street lights will work overall

KEYWORDS: Street Light Monitoring, Fault Detection, ESP32, IoT, Sensor-Based Monitoring, Location Tracking.
1. INTRODUCTION

Street lights are something we do not think about until they stop working. They are important for keeping us safe when
we are walking or driving at night. They help us feel secure and can prevent accidents. If a street light is not working it
can be very dangerous

Most cities still take care of street lights in a way. They only find out about a problem when someone reports it. Then a
team has to go and check the problem write it down and schedule a time to fix it. By the time the light is
fixed it might have been dark for a time. This process is slow and expensivedark for days. This process is slow, costly,
and entirely dependent on someone noticing the problem in the first place

There is another problem that people do not often talk about. Wasting energy. When street lights are on during the day
or when they are too bright when no one is around it wastes a lot of energy. Costs cities a lot of The system we created
can solve both of these problems. Each street light pole can check its electrical and lighting status all the time. If a bulb
burns out or there is a problem with the voltage or current the pole can detect it away and send a message to a central
dashboard. The people in charge of maintenance can see which poles have problems and where they are without having
to go and check them physically. The system can also turn the lights on and off based on how much light is around
instead of using timers. This can save a lot of energy The rest of this paper is organized as follows. The next section
talks about similar systems the section after that explains how we set up the hardware and our methodology the section
after that explains the system architecture, the section, after that shows the results and the final section concludes

However many of these systems have limitations. They often cannot find problems quickly and reliably without adding
hardware to every pole. Steet lights are still a problem to technology.
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II. LITERATURE SURVEY

What Existing Systems Look Like

For a lot of years now researchers have been trying to use Internet of Things technology in street lighting. Most systems
work in a way. They use sensors like Light Dependent Resistors and Passive Infrared motion detectors with computers
like Arduino or ESP32. The information is then sent to online platforms like Firebase or ThingSpeak using Wi-Fi or
mobile phone signals. Some systems have features like turning down the lights when no one's around and adjusting the
brightness to save energy.

These Internet of Things systems prove that the technology can work. However many of these systems have issues.
Especially when it comes to finding faults in the system without adding equipment to each lighting pole

Where current approaches fall short

With developments, in Internet of Things lighting many old and semi-automated systems still have big problems. Most
cities have a problem with street lights. When a street light stops working nobody knows about it until someone sees it.
This can take time. It is a waste of money to send people to check every single street light.

It is easy to track where things are.. When something goes wrong it is hard to find the problem. The people who fix the
street lights do not get all the information they need so they have to guess which street light is broken. This takes time.
Costs a lot of money Old street light systems do not think about saving energy. They keep the street lights on even
when it is daytime. This is a problem. It adds up over time. Street lights are supposed to save energy. They do not.

This new system can find problems soon as they happen. It does not need someone to report the problem. The system
knows where each street light is, so the people who fix the street lights can go to the problem. Street lights are

important. This system helps.

TABLE 1. EVALUATION OF EXISTING STREET LIGHT MONITORING SOLUTIONS

Sr.no Year Title of Paper Author Methodology | Results
!
Technigues

1 2018 IoT-Based Street Light R. Rajesh et Used Arduino Achieved
Monitoring and Control | al. with LDR and automated
System current sensors OMNMOFF control

for real-time and energy

street light efficiency with

control via ToT. reduced manual
intervention.

2 2009 Smart Street Light M. Patel, J. Tmplemaented Improved fault
MMonitoring Svstem Patel MNodeMOLU and detection speed
Using IoT Wi-Fi for and optimized

real-time light maintenance
monitoring with | operations._
clowd

dashboard.

3 2019 Implementation of M. Sharma, Used LDRE, PIR | Reduced energy
Smart Street Light P. Kumar sensors, and consumption and
Control System with GiSM for enhanced
Energy Management adaptive reliability of street

brightness lighting.

4 2020 Real-Time Street Light AL Dhixit Combined IoT Enabled accurate
Fault Detection Using sensors with fault localization
1oT and GPS GPS o detect and faster repair

faults and track FESPONSE.
locations.

5 2020 loT-Based Energy K. Singh, R. Applied IoT Demonstrated
Efficient Street Lighting | Verma with motion 3 5% power
System semsors and savings and

clowd data automatic fault
analysis for alerts.

energy

aplimization.

(] 2023 Smart Street Light A Mehta et Integrated Achieved
System with WEN and al Wireless Sensor | user-friendly
Mobile Integration MNerworks with monitoring and

mobile app for improved fault
secure fault Security.
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III. METHODOLOGY

The smart street light system has four parts that work together. It does not rely on one computer. Instead uses many small
computers to do different jobs. This makes it easier to fix problems. Street lights are connected to these computers.

Input Layer
The sensor on each street light checks how bright or dark it is. It also checks the energy usage. Sends a warning if
something is wrong. This sensor is important for the street lights.

Microcontroller Layer
The ESP32 chip is the brain of the street light. It gets information from the sensor checks it and makes decisions. If it
gets dark and the street light is not working it sends a warning. The ESP32 chip is like a computer for the street lights.

Communication Layer
The ESP32 chip sends information to the internet using Wi-Fi. This information includes warnings and problem reports.
The intent is used to connect the street lights.

Output Layer (Dashboard and Alerts)

The website gets real-time information from the internet. Shows it to the people who fix the street lights. It does not need
a GPS device to find the location of the street light. Instead it uses the street lights ID to find it on the map. The website
is used to track the street lights

Hardware Mounting and Physical Layout
We built a working model of the street light system to test it. The sensor is on top of the street light facing away from
the sun. This helps it to detect daylight. The sensor is important for the street lights
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Fig.1 Block diagram of the proposed monitoring Fig .2 Physical Prototype and Hardware Mounting
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IV. PROPOSED SYSTEM ARCHITECTURE

Hardware Components
The ESP32 chip is a computer that's cheap and uses very little energy. It gets information from the sensor. Sends

warnings. The ESP32 chip is used in the street lights.

The LDR sensor checks how bright or dark it is. Sends this information to the ESP32 chip. The LDR sensor is used in
the street lights

The relay module is like a switch that turns the street light on and off. The relay module is used in the street lights

Fig.3. Prototype hardware setup used for logic validation, featuring the ESP32 microcontroller,
LDR, and LED modules

Software Environment
We use the Arduino program to write the code for the ESP32 chip. This code checks if there is a problem or not. The
Arduino program is used for the street lights.

The information from each street light goes to the Firebase Realtime Database. The website checks this database for
updates. The Firebase Realtime Database is used for the street lights.

The website uses HTML, CSS and JavaScript to show the information. The website is used to track the street lights

Physical Design and Environmental Constraints
We designed the system to work outside in the rain and sun. The sensor is inside a plastic case that keeps it safe. The
case is rated IP67, which means it can withstand rain and dust. The street lights are designed to work

V. IMPLEMENTATION AND WORKING

Initialization and Sensor Validation
When we turn on the ESP32 chip it sets up the sensor. Connects to the internet. It then checks if the sensor is working
properly. The sensor is important for the street lights

Threshold-Based Control

The system checks the daylight levels. Turns the street light on or off. If it is daytime the street light is turned off. The
street lights are controlled by the system.
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Fault Detection and Cloud Synchronization
The system checks for problems. Sends warnings to the internet. If there is a problem the ESP32 chip sends the street
lights ID and the problem to the Firebase database. The system detects problems with the street lights
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Fig.4. System flowchart detailing the threshold logic and fault detection process
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VI. RESULTS AND ANALYSIS

The proposed Centralized Monitoring System was rigorously evaluated using a simulator prototype to validate its real-
time monitoring capabilities, fault detection accuracy, and data transmission efficiency under controlled scenarios.

Prototype Simulation and Logic Validation
We tested the system. It worked well. The sensor detected daylight. Turned the street light on and off. The system
caught every problem. Sent warnings. The system is working well.

Dashboard Visualisation and system Tracking

The website showed the information in time. The system tracked the street lights. Showed the location of each one on
the map. If there was a problem the system sent a warning. Showed the location on the map. The website is used to
track the street lights.
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Fig.7. Map view pinpointing exact street light locations using unique ID coordinates

VII. CONCLUSION

The idea was to make a system that can detect problems with street lights. The system uses software to map the street
lights and detect problems. It does not need sensors or GPS devices. The system is practical. Can be used in the world.
Street lights are important. This system The system worked well in the test. It detected problems. Sent warnings. The
system is easy to use. Can be expanded to cover an area. The system can be used with technologies, like 5G or
narrowband signals. Street lights are connected to the system
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