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Abstract

This paper presents a Smart street light monitoring system leveraging Internet of Things (IoT)
technology to optimize efficiency, safety, and energy conservation in urban settings. Utilizing various
sensors, including IR sensors for detecting vehicle or pedestrian presence to activate street lights, the
system ensures optimal illumination only when necessary, resulting in significant energy savings.
Light Dependent Resistors (LDRs) dynamically adjust street light brightness based on ambient
sunlight levels, further conserving energy during daylight hours. Moreover, LDRs detect faults within
the street light infrastructure, facilitating timely maintenance interventions to prevent service
disruptions. Flame sensors are integrated to detect fire incidents, triggering immediate responses to
enhance public safety. Additionally, MQ sensors monitor air quality in real-time, offering valuable
insights for urban planning and environmental management. Arduino microcontrollers streamline
system operation, facilitating effective sensor integration and control mechanisms, leading to
enhanced energy efficiency, fault detection, safety, and environmental monitoring. Further
optimization and expansion of the system hold promise for even greater benefits in creating
sustainable and liveable cities.

Keywords: 10T, Sensors, Smart Street Light, Energy Conservation, Urban Planning.
l. Introduction

Street lighting plays a vital role in ensuring safe and convenient travel for both vehicles
and pedestrians during nighttime hours. However, conventional street lighting systems often
lack adaptability and energy efficiency. To address these shortcomings, a smart street light
monitoring system leveraging loT technology is proposed. This innovative system integrates
infrared (IR) sensors capable of detecting the presence of vehicles and pedestrians along
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roadsides. These sensors activate street lights only when necessary, thereby conserving
energy and minimizing unnecessary illumination. Furthermore, light-dependent resistors
(LDRs) are utilized to continuously monitor ambient sunlight levels. This data is then used to
dynamically adjust the brightness of street lights, ensuring optimal illumination levels while
further optimizing energy consumption. By incorporating IR sensors and LDRs, this smart
street light monitoring system aims to enhance both safety and energy efficiency on
roadways. The system's ability to activate street lights based on real-time detection of
vehicles and pedestrians not only improves safety by providing adequate illumination when
needed but also reduces energy wastage during periods of low or no activity. Moreover, the
dynamic adjustment of light brightness based on ambient sunlight levels ensures that street
lights are not unnecessarily bright during daylight hours, further contributing to energy
savings. Overall, the implementation of this advanced monitoring system represents a
significant step towards creating smarter, more sustainable urban environments.

1. Literature Review

V. Karpagam, R et al [3] introduces an Internet of Things (IoT) enabled system for
automating the manual operation of street lights. In rural areas, currently, manual on/off
operation of street lights is practiced wisely. Many times, they forget to turn it off, which
creates energy waste.

M. Singh, et al [2] a proposed smart street light system is equipped with an LDR sensor
system to monitor the ambient light intensity and operate the street light. LDR also locate the
fault in the street light using the light intensity threshold. A master pole communicates with
the slave poles using Zigbee. The master pole controls the light intensity at the slave pole
whenever a vehicle is detected. A ferromagnetic sensor underneath the road monitors the
metallic vehicles.

I.A. Firmansyah, et al [1] develop a fuzzy logic-based control system supported by the
use of an ultrasonic sensor HC-SR04 for adaptive lamp activation. Furthermore, this system
utilizes solar panels as its power source, enabling it to be self-sustaining and ensuring
continuous energy supply. The testing of light intensity and battery discharge demonstrates
the low power consumption with significant power efficiency in the self-made street lighting
system. The fuzzy logic testing between the device and simulation yields an average error of
0.05% for the PWM percentage output and an average error of 0.08% for the dimming
output.

M. Durgun et al , [4] In this study, both the amount of light and the pattern control are
focused on the street lamp, which can be managed over the 10T, which reduces energy
consumption costs and can be applied according to the location. The proposed lighting unit is
designed to be controlled and monitored remotely. The proposed street lighting provides
specific lighting according to the lighting area. The lighting amount, position and fault
conditions of the lamp can be monitored.The Block Diagram of the proposed system is
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presented in Figure 1. It consists of PV array, Bidirectional converter, Boost converter, DC
bus and an inverter connected to the AC grid.

I11.  Overview of Proposed System

Our proposed system aims to contemporize street lighting structure by using loT
technology is shown in figure 1. It integrates IR sensors to detect vehicles and pedestrians,
cranking lights intelligently to conserve energy. LDRs continuously monitor sunlight levels,
adjusting brightness for fresh energy savings and fault detection for visionary conservation.
Flame sensors detect fire incidents for prompt responses, ensuring public safety. Also, MQ
sensors give real-time air quality monitoring for civic planning and environmental operation.
Overall, the system offers improved energy efficiency, fault detection, fire forestalments, and
environmental monitoring, transubstantiating conventional street lighting into a smart and
sustainable structure for safer, more effective urban environments.
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Figure 1. Block Diagram of Proposed System
IV. PROPOSED TOPOLOGY

The proposed smart street light monitoring system operates through a systematic
methodology that integrates IoT technology and sensor networks. The following outlines the
working of the system along with its methodology:

Sensor Integration: The system begins with the integration of various sensors, including IR
sensors for detecting vehicle and pedestrian movement, LDRs for monitoring ambient
sunlight levels and detecting faults in the infrastructure, flame sensors for fire detection, and
MQ sensors for air quality monitoring.

Data Collection: Once integrated, the sensors continuously collect data relevant to their
respective functions. IR sensors detect the presence of vehicles or pedestrians, LDRs monitor
sunlight levels and detect faults, flame sensors identify fire incidents, and MQ sensors
measure air quality parameters.
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Data Processing: The collected data is processed in real-time by the system's central
processing unit. Algorithms are employed to analyse the sensor data and make decisions
based on predefined criteria. For example, IR sensor data triggers street light activation, LDR
data adjusts light brightness, flame sensor data initiates fire response protocols, and MQ
sensor data provides insights into air quality.

Control and Actuation: Based on the processed data and algorithmic analysis, control
mechanisms are activated to perform specific actions. This includes activating street lights in
response to detected movement, adjusting light brightness based on sunlight levels, initiating
maintenance procedures in case of detected faults, triggering emergency responses to fire
incidents, and providing alerts or recommendations based on air quality readings.
Communication and Connectivity: The system relies on robust communication protocols to
ensure seamless connectivity between sensors, the central processing unit, and external
stakeholders. Wireless communication technologies such as Wi-Fi, Bluetooth, or LoRa WAN
facilitate data transmission and enable remote monitoring and control of the street light
infrastructure.

Monitoring and Feedback: Continuous monitoring of the system’s performance is essential
to ensure its effectiveness and reliability. Feedback mechanisms are established to provide
insights into system operation, identify potential issues or inefficiencies, and facilitate
iterative improvements through ongoing optimization and refinement.

Maintenance and Support: Regular maintenance procedures are implemented to ensure the
proper functioning of the system over time. This includes periodic sensor calibration,
software updates, and hardware maintenance to address wear and tear. Additionally, technical
support services are provided to address any issues or concerns raised by users or
stakeholders.

V. WORKING PRINCIPAL

When powered, the LED street lights emit light for illumination. In this hardware system
in Fig. 2 shows that they are controlled by the microcontroller grounded on inputs from
sensors to turn on or off as demanded. Light sensors detect ambient light levels. When the
light level drops below a certain threshold (indicating darkness), the resistance of the LDR
decreases. This change in resistance is detected by the microcontroller, driving it to turn on
the LED street lights. Again, when ambient light levels increase (indicating daylight), the
resistance of the LDR increases, and the microcontroller turns off the street lights. The
microcontroller serves as the brain of the system. It reads inputs from sensors such as LDRs,
gas sensors, flame sensors, and IR sensors. Grounded on these inputs, it executes predefined
algorithms or user-defined logic to control the operation of the LED street lights and other
connected devices. The gas sensor detects the presence of gases such as H2, LPG, CH4, CO,
Alcohol, Smoke, or Propane in the environment. However, the sensor sends a signal to the
microcontroller, which can spark appropriate actions such as activating alarms or shutting off
gas supplies. The flame sensor detects the presence of flames using infrared light. When a
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flame is detected, the sensor sends a signal to the microcontroller, which can spark alarms or
trigger other safety measures to help fire hazards. IR sensors detect stir or the presence of
objects using infrared radiation. When stir or an object is detected within the sensor's range, it
sends a signal to the microcontroller, which can initiate actions such as turning on additional
lighting or activating security systems. Relay modules control the switching of street lights or
other devices grounded on signals entered from the microcontroller. When the
microcontroller commands the relay to switch, it either connects or disconnects the power
supply to the street lights, thereby turning them on or off. verall, the microcontroller acts as
the central processing unit, coordinating the operation of various sensors and devices to
insure efficient and effective management of street lighting and safety systems.

T ) e

Fig 2. Experimental Setup of Proposed System

In Fig. 3 shows the overall deployment of the smart street light monitoring system has
delivered promising results, including bettered energy efficiency, enhanced safety, and
proactive maintenance capabilities. Moving forward, farther optimization and expansion of
the system could offer indeed lesser benefits for urban environments, contributing to the
creation of sustainable and liveable cities. Continued monitoring and evaluation will be
essential to assess the long-termimpact of the system and identify openings for nonstop
enhancement.

Fig.3. Hardware Implementation Working Model
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V1. Results and Discussion

The deployment of the smart street light monitoring system has yielded significant
advancements in various aspects of civic structure operation, shown in Table 1 and Table 2.
The results and discussions based on the crucial functionalities and factors of the system:

Energy Efficiency: The perpetration of sensor-based control mechanisms, such as LDRs
for light level monitoring, has led to substantial advancements in energy efficiency. Street
lights are actuated only, when necessary, grounded on ambient light levels and motion
detection, performing inreduced energy consumption. This has restated into palpable cost
savings for municipalities and a lower carbon footmark for the megacity.

Fault Detection and Maintenance: The integration of LDRs for fault detection within
the street light structure has proven to be inestimable. Deviations in light levels are instantly
linked, allowing for visionary conservation interventions to address issues such as bulb
failures or wiring faults. As aresult, service dislocations are minimized, and the overall trust
ability of the street light system is enhanced.

Safety Enhancement: Flame sensors have played a pivotal role in enhancing safety by
detecting fire incidents in the vicinity of street lights. The rapid-fire discovery and response
mechanisms enforced by the Arduino microcontroller ensure swift action in the event of a
fire, improving visibility for emergency responders and facilitating timely interventions to
alleviate implicit hazards. This contributes to public safety and reduces the threat of
property damage.

Environmental Monitoring: The real-time monitoring of air quality parameters using
MQ sensors provides precious perceptivity into environmental conditions. Elevated
contaminant situations spark cautions, enabling stakeholders to implement pollution
control measures and alleviate the impact of air pollution on public health. This visionary
approach to environmental operations fosters a healthier and further sustainable urban
environment.

Table 1. Various Sensors Working Status Tabulation

S.NO SENSOR TYPE DATA STATUS
1 IR Sensor Vehicle/Pedastrian Activated
Detected
2 LDR(Ambient High/Low Adjusted Brightness
Light)
3 LDR(Fault Normal/Faulty Alert
Detection)
4 Flame Sensor Fire Detected Alert
5 MQ Sensor(Air Good/Moderate/Poor Monitoring
Quality)

Illuminance (lux) = Luminous flux (Im) / Area (m?)

* At 50% brightness: Illuminance (lux) = 5000 Im/ 10 m"2= 500 lux
* At 100% brightness: llluminance (lux) = 10000 Im/ 10 m"2= 1000 lux.

® Therefore, the brightness of the street light in terms of lux is: 500 lux whenoperating
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at 50% brightness.

* 1000 lux when operating at 100% brightness.
Table 2. Result Statistics

Brightness Lux Luminous Flux (Im) Area (m"2) Efficiency (%)
Level

50% 1667 5000 3 33.34

100% 3333 10000 3 66.67

e Lux represents the illuminance level.

e Luminous Flux (Im) indicates the total amount of visible light emitted by the street
light.\

e Area (m"2) denotes the surface area over which the light is distributed.

e Efficiency (%) is calculated as the ratio of luminance to the total luminous flux,
multipliedby 100.

VII. CONCLUSION

In conclusion, the perpetration of the smart street light monitoring system, powered
by Arduino microcontrollers, marks a substantial advancement in urban infrastructure
management. This system's integration of diverse sensors and control mechanisms has
demonstrated emotional capabilities in enhancing energy efficiency, fault detection, safety,
and environmental monitoring. By using Arduino microcontrollers, the system efficiently
processes data from sensors like IR sensors for motion detection, LDRs for light level
monitoring, flame sensors for fire detection, and MQ sensors for air quality measurement.
The outcomes of deploying this system have been largely promising. Energy effectiveness
has specially improved, with street lights actuated only when demanded and brightness
adjusted based on ambient light levels, performing in significant energy savings. Proactive
fault detection mechanisms have minimized service dislocations and assured the reliable
operation of street lighting structure. Safety has been greatly enhanced through swift fire
detection and response protocols, bolstering public safety in urban environments. Likewise,
real- time air quality monitoring has handed invaluable inestimable perceptivity for
environmental operation enterprise, empowering informed decision-making to address
pollution enterprises.

In summary, the smart street light monitoring system, exercising Arduino
microcontrollers, represents a significant vault forward in civic structure operation. Further
refinement and expansionof the system hold tremendous eventuality to deliver indeed lesser
benefits, thereby fostering the development of sustainable, safe, and thriving cities for the
future.
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