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Abstract—Energy conservation in urban infrastructure 

is a developing problem in view of environmental issues 

and rising energy demands. This paper offers a low-

power smart street lighting system that uses light-

dependent resistors (LDRs) and infrared (IR) sensors to 

optimize energy consumption. The system makes use of 

energy-efficient LED lights and automatically adjusts 

their brightness based on variations in the surrounding 

environment and the presence or absence of cars or 

pedestrians. In order to switch on the lights at dusk and 

turn them off in the morning, the system uses LDRs to 

assess ambient light levels. Furthermore, when IR 

sensors detect motion and detect the presence of cars or 

pedestrians within a preset range, they only activate the 

maximum brightness. In order to conserve energy, the 

technology reduces the brightness when there is no 

movement. This intelligent automation significantly cuts 

down on unnecessary power use while maintaining 

public space safety rules. Based on experimental results, 

this method utilizes a lot less energy than conventional 

lighting systems, making it viable for modern smart city 

applications. The recommended system provides an 

affordable, environmentally responsible, and practical 

alternative for street lighting. In addition to reducing 

operating costs and carbon emissions, it enhances urban 

safety.  
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I. INTRODUCTION 

This paper provides the urgent need for energy-

efficient urban infrastructure solutions is discussed in 

this article, with a special emphasis on street lighting, 

which is crucial for public safety but frequently 

inefficient. The typical operation of conventional 

street lighting systems is at maximum intensity, which 

results in excessive power consumption and a notable 

rise in the carbon footprint of cities. The need for 

sustainable lighting solutions grows as metropolitan 

areas get bigger and energy demands increase. Modern 

technical innovations, such as Internet of Things (IoT) 

gadgets and LED lighting, make it easier to optimize 

street lighting by enabling real-time monitoring and 

management dependent on traffic and ambient factors. 

This paper provides a novel automated light intensity 

control system that combines light dependent resistors 

(LDRs) with infrared (IR) sensors. This paper 

provides a unique automated light intensity control 

system that combines light dependent resistors (LDRs) 

with infrared (IR) sensors. Dynamically adjusting 

illumination settings, the system brightens during off-

peak hours to conserve energy and dims during the 

detection of vehicles or pedestrians. This method 

boosts safety while drastically cutting energy use and 

operating expenses, which helps to reduce carbon 

emissions and assist global environmental goals by 

guaranteeing sufficient illumination when needed. 

This smart street lighting system’s design, 

implementation, and evaluation highlight its potential 

influence on urban environments, making it a good 

choice for modern cities aiming for energy efficiency. 

II. LITERATURE SURVEY 

" Smart Street Lights using IoT " [1] The paper focuses 

on the design and implementation of a smart street 

lighting system aimed at reducing energy consumption 

and enhancing efficiency. It utilizes sensors, including 

light-dependent resistors (LDRs) and motion 

detectors, to control the lights based on environmental 

conditions and nearby activity. This system helps save 

electricity by dimming or turning off lights when they 

aren't needed and brightening them when motion is 

detected, making it a practical solution for urban 

lighting management while also improving safety and 

sustainability.   

 

"IOT Based Smart Street Light Management System" 

[2] The experimental results showed that, it prevents 

unnecessary wastage of electricity, due to manual 

switching of streetlights. It provides an efficient and 

smart automatic street light control system with the 

help of LDR. It can reduce the energy consumption 

and maintenance the cost. It can be applied in urban as 

well as rural areas. It creates a safe environment with 

maximum intensity light whenever required. This 
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system uses various sensors, such as LDRs and motion 

sensors, to automatically control street lights 

depending on ambient lighting and movement. It also 

incorporates cloud-based management for remote 

monitoring and maintenance, reducing manual 

intervention and operational costs. By implementing 

this system, cities can achieve significant energy 

savings, increase safety, and enhance the overall 

sustainability of urban infrastructure. 

 

" Energy efficient Smart Street Light "[3] The research 

paper discusses the development of an energy-

efficient smart street lighting system. This system 

utilizes the ESP8266 Wi-Fi module for wireless 

communication, enabling the remote control and 

monitoring of street lights. Sensors like motion 

detectors and ambient light sensors allow the system 

to adjust lighting based on real-time conditions, 

significantly reducing energy consumption. By 

integrating IoT technology, the system enhances urban 

infrastructure, promoting energy savings, lower 

operational costs, and increased safety. The 

experimental results that the smart city vision 

importance and available solutions for the urban IoT 

implementation and the enabling technology Internet 

of things aspects towards energy efficient systems 

design. The main focus is about to save the energy and 

minimize the power wastage. By allowing this method 

the energy can be used more efficiently in smart street 

lightning system. 
 

" Smart Street Light Management System Using 

Internet of "[4] In order to minimize energy 

consumption and boost street lighting efficiency, 

Sikhinam Nagamani's (2019) paper offers a Smart 

Street Light Management System that makes use of 

the Internet of Things (IoT). The system incorporates 

sensors, such as LDR and motion detectors, to 

automatically modify street light brightness in 

response to movement and environmental factors [10]. 

By dimming lights during times of low activity and 

turning them on when motion is detected, this helps to 

cut energy use. Because the system is centrally 

controlled, maintenance and operational efficiency are 

improved by real-time monitoring and fault detection. 

All in all, the Internet of Things system encourages 

financial savings, energy conservation, and 

environmental sustainability. 

 

"Energy Efficient Smart Street Lighting System in 

Nagpur Smart City using IoT"[5] Using IoT (Internet 

of Things) technology, Ruchika Prasad's research 

(2020) aims to create an energy-efficient smart street 

lighting system for Nagpur Smart City. By combining 

centralized control mechanisms and smart sensors, the 

system is intended to improve energy efficiency and 

enable real-time street light monitoring and 

management. By automatically adjusting the lights 

according to the surrounding environment, the 

presence of automobiles or people, and other factors, 

off-peak hours' energy usage is minimized. By 

reducing energy waste and enhancing urban 

infrastructure management, this IoT-based strategy 

helps reduce operating costs and environmental effect. 

The study highlights how the system can support the 

development of smart cities and sustainability 

 

A conventional street lighting systems waste a 

significant amount of energy when they are not needed 

since they operate manually or according to set 

schedules.[6] The application of energy-efficient 

technologies in public lighting has been the subject of 

several research. Studies have indicated that LED 

lighting has the potential to use less energy than more 

traditional lighting technologies, such as high-pressure 

sodium lamps [6]. But you may increase energy 

savings even further by combining LEDs with sensors 

and Internet of Things technology. Modern sensor 

technology, including light and motion detectors, has 

made it possible to operate lighting systems more 

intelligently. Promising results have been observed in 

systems that use IR sensors to detect movement and 

LDRs to monitor ambient light levels. Research have 

demonstrated that by dynamically altering light, 

integrating these sensors with LEDs can save power 

consumption [1]. 
 

The reason light: 

1) Reduces the impact of headlight glare from 

on coming cars. 

2) Makes vehicles more visible. 

3) Improves visibility for bicyclists and 

pedestrians. 

4) Provides a certain degree of comfort and 

security. 
 

Human Factors: 

1. Our eyesight is reduced during low light 

hours. In the daylight, our 20/20 vision can 

drop to 20/40 at night. 

2. Our sensitivity to contrast decreases with age. 

3. As we age, our eyes’ ability to absorb light 

decreases.[1] 

III. METHODOLOGY 
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The process for creating an automated lighting system 

with energy-efficient parts is part of the low-power 

consumption smart street light system approach. Using 

Light Dependent Resistors (LDRs), lights are turned 

on at night and off during the day based on the amount 

of ambient light detected [7]. In order to save energy, 

infrared (IR) sensors detect the presence of moving 

objects such as cars or pedestrians. When motion is 

detected, the lights become brighter. Because of its 

extended lifespan and low energy usage, LED lights 

are utilized for illumination [9]. In order to modulate 

the light intensity in accordance with the current 

ambient conditions, a microprocessor combines sensor 

data. Because of the system’s programming, 

illumination is only turned on when it is actually 

needed. To maximize sensor sensitivity and guarantee 

the system delivers sufficient lighting while 

consuming the least amount of electricity, field testing 

and calibration are carried out [11]. Energy savings are 

used to assess the system’s performance, and its 

effectiveness is contrasted with traditional lighting 

systems. 

3.1 System Setup: The system is installed in an urban 

area where streetlights are a necessity. The LDRs are 

calibrated to switch the lights on when the ambient 

light falls below a certain threshold (dusk) and off 

when the ambient light exceeds the threshold (dawn) 

[8]. The IR sensors are positioned at appropriate 

intervals to detect pedestrians and vehicles, ensuring 

that the street lights illuminate only when needed. 

3.2 Data Collection: Data on energy consumption was 

collected over a period of several weeks, comparing 

the smart lighting system’s performance with that of a 

traditional lighting system [4]. Metrics such as energy 

usage, carbon emissions, and cost savings were 

analyzed to evaluate the system’s effectiveness. 

3.3 System Testing: The system was tested in various 

weather and traffic conditions to ensure reliability. 

The transition between low intensity and high-

intensity lighting was monitored to confirm that the 

system responded correctly to motion detection and 

ambient light levels. 

3.4 System Design and Components Selection: To 

improve inventory accuracy, barcode or RFID (Radio 

Frequency Identification) tracking systems may be 

used to identify and track saline solution batches [5]. 

LDR (Light Dependent Resistor): The LDR is used to 

measure the ambient light level. It controls the 

automatic switching of streetlights based on natural 

lighting conditions. When the ambient light is below a 

predefined threshold (e.g., after sunset), the LDR 

triggers the streetlights to turn on, and it turns them off 

at sunrise. 

IR Sensors (Motion Detection): Infrared sensors are 

deployed to detect motion from vehicles or 

pedestrians. When movement is detected, the system 

increases the light intensity. In the absence of 

movement, the system reduces the brightness to 

conserve energy [2]. LED Lamps: Energy-efficient 

LED lamps are used as the light source. LEDs offer 

low power consumption, longer lifespan, and better 

illumination control compared to traditional lamps. 

Limitations of Existing Systems: 

The smart street lighting system deployed that displays 

significant energy savings and better operational 

efficiency. Because smart lighting systems require 

sophisticated sensors, controllers, and communication 

infrastructure, one significant obstacle is their initial 

cost, which can be rather costly. Furthermore, the 

system's ability to function properly depends on 

reliable communication networks; any interruption 

may have an impact on the lights' performance. The 

central management platforms and sensor-based 

systems' technological know-how and maintenance 

requirements are another drawback that could raise 

operating expenses. In addition, although the smart 

system works well in cities, there may be challenges 

with connectivity or cost in rural or underdeveloped 

areas that limit its applicability and affordability. Last 

but not least, there are worries over system security 

since any compromise could result in unauthorized 

control of local infrastructure, necessitating the 

implementation of strong cybersecurity measures. 

IV. HARDWARE ASPECTS 

4.1 Arduino Uno  

Arduino Nano is an intelligent development board 

designed for building faster prototypes with the 

smallest dimension. The board offers 22 digital 

input/output pins, 8 analog pins, and a mini USB port. 

Arduino was basically designers to make the process 

of using electronics in multidisciplinary projects more 

accessible. Arduino can sense the environment by 

receiving input from a variety of sensors and can affect 

its surroundings by controlling lights, motors and 

other actuators. Because of these features, Arduino 

finds extensive application in various fields. Arduino 

projects can be stand-alone or they can communicate 

with software running on a computer. 
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Fig 4.1: Arduino UNO 

 

4.2 LDR Sensor 

 

An LDR sensor is a type of resistor whose resistance 

varies with the intensity of light incident upon it. 

When light levels change, the resistance of the LDR 

changes accordingly. LDR sensors are placed in each 

street light fixture to measure the ambient light levels 

in the surrounding environment. Based on the readings 

from the LDR sensors, the smart street light system 

can adjust the brightness of the LED lights. For 

example, when natural light levels are high during the 

day, the street lights can dim to conserve energy. 

Conversely, when it gets darker, the lights can 

brighten up for better visibility. For example, when 

natural light levels are high during the day, the street 

lights can dim to conserve energy. Conversely, when 

it gets darker, the lights can brighten up for better 

visibility. 

 
Fig 4.2: LDR 

4.3 IR Sensor 

 

An IR sensor is a device that detects infrared radiation 

emitted by objects in its field of view. It operates by 

detecting changes in infrared radiation levels, which 

occur when an object passes by or moves within the 

sensor’s range. IR sensors are utilized to detect 

movement or presence of objects, such as pedestrians, 

vehicles, or animals, within the vicinity of the street 

lights. When motion is detected by the IR sensor, it 

triggers the activation of the street lights in the 

surrounding area. This ensures that the lights are only 

on when needed, thus conserving energy. By 

automatically illuminating areas where motion is 

detected, IR sensors contribute to enhancing safety 

and security in urban environments, especially during 

nighttime. IR sensors are integrated into the IoT 

network alongside other sensors and components. 

They typically communicate wirelessly with the 

central control system to provide real-time data on 

motion detection events. So basically, IR sensor is 

used for motion detection of the vehicle. 

 
Fig 4.3: IR Sensor 

4.4 10mm LED 

A 10mm LED is a large-diameter light emitting diode 

known for its brightness and broad light distribution. 

Its larger size allows it to emit more light compared to 

smaller LEDs, making it ideal for outdoor applications 

like street lighting. Despite its brightness, it remains 

energy-efficient with low power consumption. It 

offers a wide viewing angle and is available in various 

colors, with white being common for illumination. 

These LEDs are durable, have a long lifespan, and are 

well-suited for high visibility applications. 

 
Fig 4.4: 10mm LED 

V.  IMPLEMENTATION 

In the smart street light system, the Arduino acts as the 

control unit, while the LDR (Light Dependent 

Resistor) detects ambient light levels to differentiate 

between day and night. The LDR is connected to the 

analog pin A0. 
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Fig 5.1 

 

The IR sensor detects movement and is connected to a 

digital pin (D2) on the Arduino to sense vehicles or 

pedestrians. The 10mm LEDs, acting as streetlights, 

are connected to a PWM pin (D9) through current-

limiting resistors. When the LDR detects low light 

(nighttime), the LEDs are activated. If the IR sensor 

detects motion, the Arduino increases the LED 

brightness; otherwise, the LEDs remain dim to 

conserve power. 

 

Fig 5.2: Block Diagram 

 

The Block diagram outlines the process of the "Smart 

Street Light" in a step-by-step manner: 

 

1. IR Sensor Detects Motion: 

The system checks for any movement on the street 

using an IR sensor. If movement is detected, it 

proceeds to the next step. If no movement is detected, 

it remains in a low-power mode.  

• If Light Intensity Low (Night) → Proceed to Step 

3. 

• If Light Intensity High (Day) → Return to Idle. 

 

2. Light Intensity Measurement: 

The system measures the ambient light intensity using 

an LDR (Light Dependent Resistor) sensor. If it's dark 

enough (typically during nighttime), it will turn on the 

streetlight or adjust the light brightness as necessary.  

• If Light Intensity Low (Night) → Proceed to Step 

3. 

• If Light Intensity High (Day) → Return to Idle. 

 

3. Turn On Street Light: 

The system activates the streetlight to illuminate the 

area, providing sufficient brightness for pedestrians 

and vehicles. The light will stay on while the motion 

is present  

 

4. Monitor Motion & Light Conditions: 

The system continues to monitor for ongoing motion 

and ambient light conditions. If no further motion is 

detected for a specified time, it will proceed to the next 

step. 

• If Motion Continues → Keep the light on. 

• If No Motion → Go to Step 5.  

 

5.  Turn Off Street Light: 

After a set period of inactivity (no motion detected) or 

when the light intensity becomes high (daytime), the 

streetlight will automatically turn off to conserve 

energy.  

 

6.  End: 

The system waiting for the next motion or light 

condition to activate it again. 

VI. RESULTS AND DISCUSSIONS 

The Smart Street Light project addresses a pressing 

need for energy-efficient urban infrastructure by 

utilizing a combination of Arduino UNO, light-

dependent resistors (LDRs), infrared (IR) sensors, and 

LED technology. Traditional street lighting systems 

operate at full intensity, leading to excessive energy 

consumption and a significant increase in the carbon 

footprint of urban areas. As cities expand and energy 

demands rise, the urgency for sustainable lighting 

solutions becomes critical. This innovative system 

leverages modern technological advancements, such 

as the Internet of Things (IoT), to optimize street 

lighting based on real-time environmental conditions. 
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Fig 7.1 

The integration of LDRs allows the system to gauge 

ambient light levels, while IR sensors detect the 

presence of pedestrians and vehicles. This dual-sensor 

approach enables the Smart Street Light to 

dynamically adjust its illumination. For instance, 

during periods of low traffic or no activity, the lights 

can dim to conserve energy. Conversely, when 

movement is detected, the lights brighten to enhance 

visibility and safety. The benefits of this smart lighting 

solution extend beyond energy efficiency. By reducing 

unnecessary illumination, the system lowers 

operational costs and helps mitigate urban carbon 

emissions, aligning with global sustainability goals. 

Moreover, the enhanced visibility during peak activity 

times contributes to public safety, fostering a more 

secure environment for residents and visitors alike. 

The design and implementation of the Smart Street 

Light system not only demonstrate its technical 

feasibility but also highlight its potential impact on 

urban landscapes. By promoting energy conservation 

and improved safety, this project serves as a model for 

modern cities striving for smarter, more sustainable 

infrastructure. Ultimately, the Smart Street Light 

represents a significant step towards creating urban 

environments that are not only efficient but also 

responsive to the needs of their communities. 

.  
Fig 7.2 

The Smart Street Light project exemplifies a 

transformative approach to urban lighting by 

integrating advanced technologies like Arduino UNO, 

LDRs, IR sensors, and LEDs. By dynamically 

adjusting light intensity based on real-time conditions, 

this system significantly reduces energy consumption 

and operational costs. Traditional street lights often 

operate at maximum brightness, leading to 

unnecessary energy use and higher carbon emissions. 

In contrast, this innovative solution dims during low-

traffic periods and brightens when pedestrians or 

vehicles are detected, ensuring optimal illumination 

when needed most. 

VII. CONCLUSION 

Conclusively, the advancement of intelligent street 

light systems that integrate infrared (IR) sensors, Light 

Dependent Resistors (LDRs), and Arduino UNO 

marks a significant shift in urban infrastructure and 

energy control. This groundbreaking method tackles 

the crucial requirement for effective, ecofriendly, and 

adaptable lighting solutions in our progressively 

urbanized settings. Conventional street lighting 

systems are typically set to operate at specific levels of 

brightness, leading to unnecessary energy usage, 

especially during times of low pedestrian and vehicle 

activity. Our intelligent street lights are equipped with 

IR sensors to detect the presence of pedestrians and 

vehicles in real-time. This feature enables the lights to 

turn on only when motion is detected, leading to a 

significant reduction in energy consumption during 

quiet periods. Consequently, cities can realize 

substantial savings on electricity costs while also 

prolonging the lifespan of the lighting fixtures 

themselves. In addition, the integration of LDRs 

improves the system’s flexibility. These sensors gauge 

the surrounding light levels, allowing the intelligent 

street lights to modify their brightness based on the 

changing environmental conditions. For example, as 

nightfall or daybreak approaches and natural light 

shifts, the lights can smoothly adjust their brightness, 

ensuring optimal visibility without unnecessary 

illumination. This adaptive reaction not only enhances 

safety and security in public areas but also reduces 

light pollution, which helps maintain a healthier urban 

environment. The integration of these components 

benefits from using Arduino UNO as the 

microcontroller, providing a sturdy foundation. Its 

adaptability permits straightforward programming and 

personalization, enabling the system to be adjusted to 

fulfill particular community requirements or to include 

extra functionalities later on, like remote monitoring 

or data logging capabilities. This adaptability is crucial 

as urban areas keep progressing and demanding more 

advanced solutions to oversee their infrastructure. In 

addition, it’s important to emphasize the 

environmental advantages of smart street lights. These 

systems play a significant role in reducing energy 

usage, which helps decrease greenhouse gas emissions 

and supports global sustainability objectives. As cities 

work to address climate change and bolster their 

resilience, the adoption of energy-efficient 

technologies like smart street lights grows 
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increasingly crucial. Furthermore, the potential to 

incorporate renewable energy sources, such as solar 

panels, into these systems enhances their 

sustainability, resulting in a self-sustaining lighting 

solution that can function independently of the 

traditional power grid. Ensuring public safety is a 

crucial aspect that smart street lights deal with. 

Well-lit streets are vital for keeping pedestrians and 

cyclists safe, especially in urban areas with heavy 

traffic and foot traffic. Smart street lights adjust their 

illumination based on real-time conditions, improving 

visibility and reducing the risk of accidents, thereby 

creating a sense of security in public spaces. 

Furthermore, the data gathered from these smart 

systems can offer valuable insights into traffic patterns 

and pedestrian activity. This information enables city 

planners to make informed decisions about urban 

design and infrastructure development. This data-

driven approach can result in better resource allocation 

and improved city services, contributing to a more 

livable urban environment. In conclusion, integrating 

IR sensors, LDRs, and Arduino UNO in smart street 

lighting systems is a forward-thinking solution that 

addresses various challenges faced by modern cities. 

These systems offer a comprehensive strategy for 

urban development by enhancing energy efficiency, 

improving public safety, and supporting 

environmental sustainability. With municipalities 

increasingly prioritizing smart technologies, the 

deployment of smart street lights will undoubtedly 

play a crucial role in shaping the future of urban living, 

leading to smarter, safer, and more sustainable cities 

for generations to come. 
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