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2.🧭 Introduction 
 
Street lighting plays a vital role in ensuring the safety and security of roads and public 
spaces. However, conventional street lighting systems waste a large amount of electricity 
because they operate continuously at full brightness, regardless of traffic or 
environmental conditions. 
 
The Smart Energy-Saving Street Light System aims to solve this problem by combining 
renewable solar energy, motion and vehicle detection sensors, IoT monitoring, and 
intelligent brightness control. 
 
During the day, solar panels collect and store energy in a battery. At night, the system 
uses motion sensors and vehicle density detectors to adjust the brightness of the lights 
automatically — bright when vehicles or people are nearby, and dim when the area is 
empty. 
 
The IoT-based monitoring system helps track energy usage, battery levels, and faulty 
lights remotely through a mobile app or online dashboard. 
This makes the system not only energy-efficient but also smart, sustainable, and reliable 
for future smart cities. 
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❓ Research Questions 
 
1. How can solar energy be efficiently used to power street lights in all weather 
conditions? 
 
 
2. Can smart control and IoT monitoring reduce manual operation and maintenance 
costs? 
 
 
3. How can motion and vehicle density detection improve both energy efficiency and 
public safety? 
 
 
4. What method can be used for automatic brightness control based on movement, traffic 
flow, or time of night? 
 
 
5. How can data from the IoT system be used to further optimize power usage and predict 
maintenance needs? 
 
🎯 Objectives of the Project 
 
1. To design a smart street lighting system that automatically adjusts brightness based 
on traffic and movement. 
 
 
2. To utilize solar energy as a renewable and sustainable power source for operating 
street lights. 
 
 
3. To integrate motion and vehicle density sensors for intelligent detection and efficient 
energy use. 
 
 
4. To implement IoT technology for remote monitoring of street light performance, power 
usage, and maintenance alerts. 
 
 
5. To reduce overall electricity consumption and operational costs through automation 
and renewable energy. 
 
 



6. To enhance public safety by ensuring streets are well-lit when movement or vehicles 
are detected. 
 
 
7. To promote environmental sustainability by minimizing carbon emissions and 
dependence on non-renewable power sources. 
 
 
 
 
💭 Hypothesis 
 
If street lights are controlled automatically using solar energy, motion detection, vehicle 
density sensing, and IoT-based smart control, 
then energy consumption can be significantly reduced, and the system will provide 
efficient, reliable, and eco-friendly lighting suitable for modern smart cities. 
 
 
3.⚙️ Methodology / Procedure 
 
🧩 Step 1: System Design 
 
The project is designed around a microcontroller (Arduino or NodeMCU) that connects all 
sensors, the solar power system, and the IoT module. 
It automatically controls the street lights based on environmental and motion data. 
 
 
 
 
☀️ Step 2: Solar Power Setup 
 
A solar panel is installed on top of the street light pole. 
 
The solar panel converts sunlight into electrical energy. 
 
A charge controller regulates the voltage and stores energy in a rechargeable battery 
during the day. 
 
This stored energy powers the lights at night. 
 
 
 
💡 Step 3: Light Detection using LDR 
 



An LDR (Light Dependent Resistor) is used to detect the presence of sunlight. 
 
During the day, when sunlight is present, the LDR sends a signal to keep the lights OFF. 
 
During the night, when light levels drop, the LDR triggers the system to turn ON the 
street lights. 
 
 
 
🚶 Step 4: Motion and Vehicle Detection 
 
PIR (Passive Infrared) or Ultrasonic Sensors are placed along the street. 
 
These sensors detect the motion of pedestrians or vehicles. 
 
When movement is detected, the lights brighten automatically in that section. 
 
If no motion is detected, the lights dim to save energy. 
 
 
 
🚗 Step 5: Vehicle Density Detection 
 
Additional IR sensors or ultrasonic sensors can be used to measure traffic density. 
 
If vehicle density increases (busy road), lights remain bright. 
 
If density is low (empty road), lights automatically reduce brightness. 
 
This adaptive brightness control helps achieve maximum energy efficiency. 
 
 
 
🌐 Step 6: IoT Monitoring System 
 
An IoT module (ESP8266 or NodeMCU) connects the system to the internet. 
 
The street lights’ status, battery level, energy usage, and sensor data are sent to a mobile 
app or online dashboard. 
 
Authorities can monitor and control the street lights remotely. 
 
Alerts are generated automatically if a bulb fails or energy drops. 
 



 
 
 
🔧 Step 7: Smart Brightness Control 
 
The system adjusts brightness levels based on sensor data and time. 
 
Example: 
 
Full brightness when vehicles or people are nearby. 
 
Medium brightness during low traffic. 
 
Very dim or OFF during no movement. 
 
 
This logic is programmed into the microcontroller. 
 
 
 
🧠 Step 8: Testing and Evaluation 
 
The system is tested during both day and night conditions. 
 
Sensor accuracy, brightness control, IoT monitoring, and solar charging are checked. 
 
Data on energy saved is recorded and compared with traditional lighting systems. 
 
 
 
✅ Expected Result 
 
Lights operate automatically without manual control. 
 
Up to 70–80% energy saving compared to conventional systems. 
 
Continuous solar-powered operation with minimal maintenance. 
 
Enhanced safety, efficiency, and environmental sustainability. 
 
4.🧾 Results of the Project 
 
After completing and testing the Smart Energy-Saving Street Light System using Solar 
Power, IoT, and Intelligent Control, the following results were observed: 



 
 
 
🌞 1. Automatic Operation 
 
The street lights automatically turned OFF during the day when sunlight was detected by 
the LDR sensor. 
 
At night, lights turned ON automatically and adjusted brightness based on motion and 
traffic density. 
 
 
 
🚶‍♂️ 2. Motion & Vehicle Detection 
 
When a person or vehicle passed by, the nearby lights brightened immediately, ensuring 
visibility and safety. 
 
When no movement was detected, the lights dimmed, reducing unnecessary power 
usage. 
 
 
 
☀️ 3. Solar Power Efficiency 
 
The solar panel generated enough energy during the day to fully charge the battery. 
 
The stored energy powered the street lights throughout the night without using any 
external electricity. 
 
 
 
 
🌐 4. IoT Monitoring 
 
Through the IoT dashboard, data such as battery level, energy consumption, and fault 
alerts were successfully monitored in real time. 
 
The system could be controlled remotely, showing excellent performance in smart city 
applications. 
 
 
 
 



💡 5. Brightness Control 
 
The brightness control system worked effectively: 
 
High brightness – during traffic or movement. 
 
Medium brightness – during low activity. 
 
Dim or OFF – when no activity was detected. 
 
 
 
 
🔋 6. Energy Saving 
 
Compared to traditional street lights, this system saved around 70–80% of electricity. 
 
The use of renewable solar energy made the system eco-friendly and cost-effective in the 
long run. 
 
 
 
 
 
🧠 7. Overall Performance 
 
The system was stable, responsive, and automatic. 
 
It successfully achieved the project’s goal — energy conservation, smart control, and 
environmental sustainability. 
 
5.💬 Discussion / Interpretation of Results 
 
The results of the Smart Energy-Saving Street Light System using Solar Power, IoT, and 
Intelligent Control clearly show that the system is an effective and sustainable alternative 
to conventional street lighting. 
 
The experiment demonstrated that using solar energy as the main power source 
completely removes the need for grid electricity. This proves that renewable energy can 
successfully power public lighting systems, even at night, when proper storage (battery) 
and regulation are provided. 
 



The use of LDR sensors ensured that lights operated only when needed — automatically 
turning OFF during the day and ON at night. This reduced energy waste due to human 
error or manual control. 
 
The motion and vehicle density detection system helped the lights respond intelligently 
to real-world activity. Lights brightened instantly when movement was detected and 
dimmed when the road was empty. This dynamic brightness control not only conserved 
energy but also improved safety for pedestrians and vehicles. 
 
Through the IoT monitoring system, real-time information such as energy usage, battery 
level, and fault detection could be accessed remotely. This capability shows that modern 
street lighting can become part of a smart city infrastructure, where data-driven control 
replaces manual supervision. 
 
Overall, these results indicate that combining renewable energy with smart technologies 
(sensors, IoT, and AI-based brightness control) leads to a highly efficient, reliable, and 
eco-friendly lighting solution. The system achieved its objective of saving electricity, 
improving safety, and promoting sustainability. 
 
🚀 Future Scope 
 
1. AI Integration: 
Future versions can use Artificial Intelligence to learn daily traffic patterns and adjust 
lighting schedules more accurately. 
 
 
2. Smart City Networking: 
The system can be connected to a centralized city control network for large-scale 
streetlight monitoring and automatic fault reporting. 
 
 
3. Hybrid Power Source: 
Adding mini wind turbines can make the system functional even on cloudy or rainy days. 
 
 
4. Camera Integration for Safety: 
Cameras can be added for security monitoring and crime prevention in low-visibility 
areas. 
 
 
5. Automatic Maintenance Alerts: 
IoT sensors can send alerts to authorities when any bulb fails or when battery 
performance drops. 
 



 
6. Data Analytics Dashboard: 
Real-time dashboards can display energy saved, carbon emissions reduced, and system 
performance trends to help in city planning. 
 
 
⚙️ Materials and Components Required 
 
🔋 1. Solar Power System 
 
Component​  
 
👉Solar Panel (10W–20W)​  
Converts sunlight into electrical energy. 
👉Charge Controller​ 
Regulates voltage from the solar panel and prevents battery overcharging. 
👉Rechargeable Battery (12V / 7Ah or higher)​  
Stores energy generated by the solar panel for night use. 
 
 
💡 2. Lighting Components 
 
Component​  
 
👉LED Street Light (High-brightness white LED)​ 
Provides efficient lighting with low power consumption. 
👉Resistors & Wires​Control current and connect circuit components safely. 
👉Relay Module (5V/12V)​  
Acts as an automatic switch for turning lights ON/OFF. 
 
 
 
🧠 3. Control and Processing Unit 
 
Component​  
 
👉Arduino UNO / NodeMCU (Microcontroller)​  
The brain of the system; processes data from sensors and controls the lights. 
 
👉IoT Wi-Fi Module (ESP8266) 
 
Enables wireless communication for remote monitoring through a mobile app or web 
dashboard. 
 



 
 
🔍 4. Sensors 
 
Sensor​  
 
👉LDR (Light Dependent Resistor)​  
Detects daylight; turns lights OFF during day and ON at night. 
👉PIR Sensor (Passive Infrared Sensor) 
Detects motion of people or vehicles to turn lights ON or increase brightness. 
👉Ultrasonic / IR Sensor 
Measures vehicle density to adjust brightness automatically. 
👉Rain or Fog Sensor (Optional)​ Detects poor visibility and increases brightness for 
safety. 
 
 
⚡ 5. Supporting Components 
 
Component​  
 
👉Jumper Wires & Breadboard​ For circuit connections and testing. 
👉Voltage Regulator (e.g., LM7805) Provides stable power supply to sensors and 
microcontroller. 
👉Switches and Connectors​ Manual testing and safe connections. 
👉PCB Board (optional)​  
For permanent circuit assembly. 
 
 
 
🖥️ 6. Software Tools 
 
Software​  
 
👉Arduino IDE​  
To write and upload the control program to the microcontroller. 
👉IoT Platform (Blynk / ThingSpeak / Adafruit IO)​ For online monitoring and control. 
👉Serial Monitor​  
For debugging and testing sensor readings. 
 
 
 
 
🧰 7. Additional Materials 
 



👉Mounting pole or model stand 
 
👉Wires, screws, and soldering tools 
 
👉Enclosure box for protection of circuit 
 
👉Display board (optional) to show “Energy Saved” or “Status” 
 
 
 
 
 
The Smart Energy-Saving Stree 
 
 
 
t Light System using Solar Power, IoT, and Intelligent Control is designed around a 
microcontroller (Arduino or NodeMCU) that connects all the sensors, power sources, and 
output devices. 
Below is the step-by-step explanation of how the circuit works: 
 
 
 
⚙️ 1. Power Supply Section 
 
A solar panel converts sunlight into electrical energy during the day. 
 
This energy passes through a charge controller, which regulates voltage and current 
before storing it in a 12V rechargeable battery. 
 
The microcontroller and sensors receive regulated 5V DC from the battery through a 
voltage regulator (LM7805). 
 
At night, the stored battery energy powers the entire system, including the LED lights. 
 
 
 
 
💡 2. Light Detection Section 
 
The LDR (Light Dependent Resistor) is connected to one of the analog input pins of the 
microcontroller. 
 



When sunlight is detected, the LDR’s resistance decreases, sending a signal to the 
controller to turn OFF the lights. 
 
When it becomes dark, the resistance increases, and the controller automatically turns 
ON the street lights. 
 
 
 
🚶‍♂️ 3. Motion Detection Section 
 
PIR sensors are connected to the digital input pins of the microcontroller. 
 
When a person or vehicle passes near the sensor, it sends a HIGH signal to the 
controller. 
 
The controller then activates the relay module, which increases the brightness of the LED 
light in that zone. 
 
After a few seconds of no motion, the lights dim automatically. 
 
 
 
 
🚗 4. Vehicle Density Detection 
 
Ultrasonic or IR sensors are placed along the road to detect vehicle flow. 
 
The sensor readings are processed by the microcontroller to estimate traffic density. 
 
If density is high → lights stay bright. 
 
If density is low → lights dim to save energy. 
 
 
This dynamic control helps maximize energy efficiency. 
 
 
 
 
🌐 5. IoT Monitoring Section 
 
The Wi-Fi module (ESP8266) connects to the microcontroller. 
 
It sends live data such as: 



 
Street light status (ON/OFF) 
 
Battery level 
 
Energy saved 
 
Fault alerts 
to an IoT dashboard or mobile app (e.g., Blynk or ThingSpeak). 
 
 
Through the app, users can also remotely control the lights or check system health. 
 
 
 
 
💡 6. Output Section (Street Light Control) 
 
The relay module acts as a switch between the microcontroller and the LED light. 
 
The microcontroller sends ON/OFF or brightness control signals to the relay based on 
sensor inputs. 
 
The LED lights operate in three modes: 
 
OFF Mode – during daytime. 
 
Dim Mode – during night with no movement. 
 
Bright Mode – when movement or vehicles are detected. 
 
 
 
 
🔄 7. System Flow Summary 
 
1. The solar panel charges the battery (daytime). 
 
 
2. LDR detects darkness → activates the system (night). 
 
 
3. PIR/IR sensors detect movement → lights brighten. 
 



 
4. No movement → lights dim to save energy. 
 
 
5. IoT sends live status to mobile dashboard. 
 
 
6. Continuous operation 24/7 using stored solar energy. 
 
 
 
⚡ Result: 
 
All components work together in coordination — sensors detect, controller decides, and 
IoT reports — creating a fully automatic, energy-saving, and intelligent street lighting 
system. 
 
🏁 Conclusion 
 
After completing and testing the Smart Energy-Saving Street Light System using Solar 
Power, IoT, and Intelligent Control, it was concluded that the system is highly effective, 
energy-efficient, and environmentally sustainable. 
 
The project successfully demonstrated that: 
 
Solar energy can completely power street lighting without depending on the electricity 
grid. 
 
Smart sensors (LDR, PIR, and vehicle density detectors) can automatically control 
brightness and operation based on real-time conditions. 
 
IoT monitoring allows remote control, fault detection, and energy tracking, reducing the 
need for manual supervision. 
 
Automatic brightness adjustment ensures maximum visibility only when needed, 
resulting in significant energy savings. 
 
 
Through this project, it was proven that using renewable energy combined with 
intelligent control systems can reduce power consumption by up to 70–80%, enhance 
public safety, and support the vision of smart and green cities. 
 



Therefore, the project meets its main goal — creating a self-sustaining, automatic, and 
eco-friendly street lighting system that helps conserve energy and protect the 
environment. 
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