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ABSTRACT:  

This research presents the development and implementation of an Automatic Headlight Control and Fog Reduction system utilizing the ESP32CAM microcontroller. 

In contemporary automotive engineering, the dynamic adjustment of lighting parameters based on environmental conditions is pivotal for enhancing driver safety 

and convenience. This project capitalizes on the ESP32CAM's multifunctional capabilities, particularly its integration of Wi-Fi and camera functionalities, to 

automate headlight control and mitigate the impact of foggy conditions. The hardware configuration entails interfacing the microcontroller with the vehicle's 

headlight system and incorporating a fog detection sensor. Software implementation encompasses image capture and analysis for fog detection, adaptive adjustment 

of headlight intensity in response to ambient light levels, and the utilization of Wi-Fi for real-time notifications.  

This research significantly expands our understanding of the subject matter, offering fresh perspectives and laying the groundwork for innovative approaches and 

practical implementations of automotive safety technology by proposing a comprehensive solution that addresses the challenges posed by varying environment 

conditions. By leveraging the ESP32CAM microcontroller's computational power and connectivity features, the  system offers a cost-effective and scalable avenue 

to enhancing driver visibility and safety. The system's ability to dynamically adapt to changing conditions, such as foggy weather, underscores its practical relevance 

in mitigating common hazards encountered on the road. Moreover, the integration of Wi-Fi connectivity enables seamless communication with external monitoring 

systems, facilitating proactive alerts and notifications to drivers. Overall, this research underscores the potential of embedded systems, such as the ESP32CAM 

microcontroller, to drive innovation in automotive safety technology and pave the way for safer and more efficient transportation systems. 

I. INTRODUCTION 

Automatic Headlight Control and Fog Reduction systems play a crucial role in modern vehicles, enhancing safety and convenience for drivers by 

dynamically adjusting lighting parameters based on environmental conditions. In this project, we propose the implementation of such a system using the 

ESP32CAM microcontroller, known for its versatility and integration of both Wi-Fi and camera capabilities. 

The project aims to automate headlight control and implement fog reduction measures using the ESP32CAM microcontroller, leveraging its processing 

power and connectivity features. 

The system will utilize ambient light sensors and fog sensors to detect changes in environmental conditions, triggering appropriate responses for headlight 

activation and fog reduction. 

Road Safety is a major concern these days. In the Night Travelling some big vehicles with high intensity headlights can blind the vision of other drivers 

by the excessive glare.     

 Our project represents a significant step forward aiming to enhance both driver safety and comfort through an intelligent system designed to detect 

oncoming vehicles and adjust the car's headlights accordingly.  

Moreover, it incorporates humidity-sensing capabilities to automatically defog the windshield, ensuring optimal visibility in a variety of driving 

conditions. 

In this introductory overview, we will delve into the core functionalities and technologies behind our project, shedding light on the potential benefits it 

offers to both drivers and road safety as a whole. 

II. LITERATURE REVIEW 

"Design of an automatic headlight control system based on image processing" by Li, B., Zhang, Y., Cui, Y., & Zhang, J. (2019): This paper presents a 

system for automatic headlight control based on image processing techniques. While not specifically using the ESP32CAM microcontroller, it provides 

insights into the image processing aspects relevant to such systems. 
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1. "Design and implementation of automatic fog detection and control system based on microcontroller" by Wei, X., & Zhen, Z. (2016): This 

study focuses on designing and implementing an automatic fog detection and control system based on a microcontroller. While not specifically 

using the ESP32CAM, it provides valuable insights into fog detection techniques and control mechanisms. 

2. "Automatic headlamp control system for vehicular ad-hoc network using ESP32CAM" by Kumar, S., & Mishra, A. (2020): This paper 

proposes an automatic headlamp control system utilizing ESP32CAM for vehicular ad-hoc networks (VANETs). It discusses the integration 

of ESP32CAM with VANETs and its potential applications in automatic headlight control. 

3. "Development of automatic headlight control system based on light intensity using ESP32CAM" by Pandey, S., Sharma, A., & Srivastava, S. 

(2018): This study focuses on developing an automatic headlight control system based on light intensity using ESP32CAM. It provides insights 

into the design and implementation of such systems. 

4. "Automatic Headlight Control System Based on ESP32CAM and Machine Learning Algorithms" by Zhang, H., Wang, Y., Zhang, Y., & 

Wang, L. (2021): This paper proposes an automatic headlight control system based on ESP32CAM and machine learning algorithms. It 

discusses the use of machine learning for intelligent decision-making in headlight control systems 

These studies provide valuable insights into the design, implementation, and applications of automatic headlight control and fog reduction systems 

utilizing microcontrollers such as the ESP32CAM. They contribute to the advancement of automotive safety and driving experience through innovative 

technologies and methodologies. 

III. BLOCK DIAGRAM AND DESCRIPTION 

 

Description: 

• ESP32CAM Microcontroller: Central processing unit managing sensor data acquisition, processing, and actuator control. 

• DHT11 Sensor: Measures temperature and humidity levels inside the vehicle cabin. 

• LDR (Light Dependent Resistor): Detects ambient light levels outside the vehicle. 

• Automatic Headlight Control: Module responsible for activating or deactivating headlights based on ambient light levels detected by the LDR. 

• Fog Reduction Mechanisms: Module responsible for implementing measures to reduce the impact of fog on visibility. 

• Relay: Actuator component used to control the headlights based on commands from the microcontroller. 

The ESP32CAM microcontroller receives data from the DHT11 sensor and LDR, processes it to determine the appropriate actions, and controls the relay 

to activate or deactivate the headlights accordingly. 

IV. SELECTION CRITERIA 

A) ESP32CAM 
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The ESP32CAM represents a compact development platform centred around the ESP32 system-on-chip (SoC) microcontroller, featuring an integrated 

camera module. This board merges the functionalities of the ESP32 microcontroller with a camera, catering to diverse applications demanding image 

capture, processing, and communication capabilities. 

Here are some key features and characteristics of the ESP32CAM: 

1. ESP32 Microcontroller: Boasting Wi-Fi and Bluetooth connectivity, dual-core processors, and versatile peripherals, the ESP32 

microcontroller furnishes substantial computational power for tasks including image manipulation and communication. 

2. Camera Module: Equipped with an OV2640 camera module, the ESP32CAM supports a 2-megapixel image sensor capable of capturing both 

images and videos, with various resolution and format options. 

3. Wireless Connectivity: Integrated Wi-Fi and Bluetooth functionalities facilitate wireless communication and data transfer, enabling remote 

control, data streaming, and seamless integration with other devices and networks. 

4. GPIO Pins: The ESP32CAM board features GPIO pins that can be used for connecting external components and sensors, expanding its 

capabilities for various applications. These pins can be used for interfacing with peripherals such as sensors, displays, or actuators. 

5. MicroSD Card Slot: The ESP32CAM board includes a microSD card slot for storing captured images and videos, providing additional storage 

capacity beyond the internal memory of the microcontroller. 

6. Programming and Development: Supported by the Arduino IDE, ESP-IDF (Espressif IoT Development Framework), and compatible 

development environments, the ESP32CAM facilitates programming in various languages such as C and Micro Python, ensuring accessibility 

to developers with diverse backgrounds. 

7. Applications: The ESP32CAM is suitable for a variety of applications, including surveillance cameras, video streaming devices, smart home 

automation, robotics, and Internet of Things (IoT) projects that require image capture and processing capabilities. 

8. Community Support: The ESP32CAM has a large and active community of developers and enthusiasts, providing resources, tutorials, and 

libraries to support development efforts and troubleshoot issues. 

Overall, the ESP32CAM is a versatile development board that combines the power of the ESP32 microcontroller with a camera module, enabling a wide 

range of applications that require image capture, processing, and communication capabilities. Its compact size, connectivity options, and rich feature set 

make it an attractive choice for developers working on projects involving visual data. 

B) LDR 

LDR, an acronym for Light Dependent Resistor or photoresistor, is a specialized type of resistor characterized by its variable resistance in response to 

incident light levels. Its resistance diminishes under light exposure and increases in darkness. LDRs are widely used in various applications such as 

automatic lighting systems, camera exposure control, solar panels, and light intensity meters. 

Here are some key points about LDRs: 

1. Operating Principle: LDRs are made of semiconductor materials whose electrical conductivity changes when exposed to light. In bright light, 

more photons energize the semiconductor material, creating more charge carriers and decreasing resistance. In darkness, fewer photons lead 

to fewer charge carriers, increasing resistance. 

2. Resistance Range: The resistance of an LDR can vary widely depending on factors such as material, size, and ambient light conditions. 

Typically, the resistance of an LDR can range from several kilohms in bright light to several megohms or more in darkness. 

Advantages: 

1. Simple and inexpensive. 

2. They respond to changes in light levels quickly. 

3. Can be easily integrated into electronic circuits. 

C) DHT11 

The DHT11 emerges as a widely-used, cost-effective sensor module designed for measuring temperature and humidity, finding extensive applications in 

DIY electronics and IoT projects. 

Features: 

1. Temperature and Humidity Sensing: Capable of concurrently measuring temperature and humidity levels in the ambient environment. 

2. Single-Wire Digital Interface: Employing a single-wire digital interface for communication with microcontrollers or electronic devices, 

facilitating seamless integration into projects with constrained I/O pins. 
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3. Low Cost: The DHT11 sensor is inexpensive, making it accessible for hobbyists and DIY enthusiasts. 

4. Relative Humidity Range: The sensor reliably measures relative humidity within the range of 20% - 80%, with an accuracy of approximately 

±5%. 

5. Temperature Range: The sensor can measure temperature in the range of 0°C to 50°C (32°F to 122°F) with an accuracy of approximately 

±2°C. 

6. Calibration: The DHT11 sensor comes pre-calibrated from the factory, eliminating the need for manual calibration in most applications. 

7. Power Saving: Due to its minimal power demands, the sensor is well-suited for use in devices powered by batteries. 

8. Simple Interface: Interfacing the DHT11 sensor with a microcontroller or other electronic device is straightforward, typically requiring only 

a single digital I/O pin for data communication. 

9. Fast Response Time: The sensor boasts a rapid response time, providing temperature and humidity readings within a few seconds. 

10. Library Support: There are libraries available for popular microcontroller platforms (such as Arduino) that simplify the process of reading 

data from the DHT11 sensor. 

The DHT11 sensor finds widespread usage across diverse applications, including weather stations, environmental monitoring systems, home automation 

systems. However, it's worth noting that while the DHT11 is an affordable option, it has limitations in terms of accuracy and performance compared to 

more advanced sensors like the DHT22 or the SHT series sensors. Depending on the specific requirements of your project, you may need to consider 

these factors when selecting a sensor. 

D) Relay 

A relay, an electrically actuated switch, assumes the role of controlling electric current flow within circuits. Consisting of an electromagnet and a set of 

contacts, relays fulfil multiple functions within electrical and electronic systems. 

Relays serve various purposes in electrical and electronic systems, including: 

1. Switching: Facilitating the control of high-power or high-voltage circuits via low-power signals. For example, a relay may be used to control 

the operation of a motor, lights, or heating elements in appliances. 

2. Isolation: Relays offer electrical isolation between the control circuit (coil side) and the load circuit (contact side). Safeguarding delicate 

control electronics against high voltages or currents in the load circuit. 

3. Signal Amplification: In some cases, relays are used to amplify weak control signals. For instance, a small current or voltage from a sensor or 

microcontroller can be used to control a relay, which in turn controls a larger current or voltage in the load circuit. 

4. Time Delay: Some relays include built-in timing circuits to introduce a delay between the activation of the coil and the switching of the 

contacts. This feature is useful in applications where a delay is required before a particular action takes place. 

5. Safety Interlocking: Relays can be used in safety systems to ensure that certain operations occur in a specific sequence or under specific 

conditions. For example, a relay may be used to prevent the simultaneous operation of conflicting processes in industrial automation. 

Relays are available in diverse types and configurations, encompassing electromechanical relays (EMRs), solid-state relays (SSRs), reed relays, among 

others. The selection of a relay type hinges on considerations such as application requirements, switching speed, reliability, and environmental factors. 

V. METHODOLOGY 

Hardware Setup: 

ESP32CAM Integration: Configure the ESP32CAM microcontroller to interface with the vehicle's electrical system, ensuring compatibility and safety. 

Headlight Interface: Implement hardware connections, such as relays or transistors, to control the vehicle's headlight system based on commands from 

the microcontroller. 

Fog Detection Sensor Integration: Incorporate a fog detection sensor into the system, connecting it to the ESP32CAM for real-time data acquisition. 

Software Development: 

Image Capture: Develop code to capture images using the ESP32CAM's camera module at regular intervals or upon triggering events. 

Fog Detection Algorithm: Design image processing algorithms to analyse captured images for foggy conditions. Techniques such as edge detection or 

contrast analysis may be employed for accurate detection. 

Headlight Control Algorithm: Implement algorithms to adjust headlight intensity or pattern based on ambient light levels detected by the camera or 

external light sensors. 
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Testing and Calibration: 

Laboratory Testing: Conduct initial testing of the system in controlled laboratory environments to validate hardware functionality and software algorithms. 

Field Testing: Perform field testing in real-world driving scenarios to evaluate the system's performance under varying lighting and weather conditions. 

Calibration: Fine-tune the fog detection and headlight control algorithms based on testing results to optimize performance and minimize false positives 

or negatives. 

Integration and Deployment: 

System Integration: Integrate the developed system into the vehicle's existing electrical architecture, ensuring seamless operation and compatibility with 

other onboard systems. 

Deployment: Deploy the system in test vehicles or prototypes for further evaluation and validation in real-world driving conditions. 

By following this methodology, the development and implementation of the Automatic Headlight Control and Fog Reduction system using the 

ESP32CAM microcontroller can be conducted systematically and rigorously, resulting in a robust and effective solution for enhancing driver safety and 

convenience in modern vehicles. 

VI. RESULTS AND DISCUSSION 

The implementation of an Automatic Headlight Control and Fog Reduction system utilizing the ESP32CAM microcontroller yields several significant 

results: 

1. Enhanced Safety: The system improves safety on the road by automatically adjusting headlights based on ambient light conditions, ensuring 

optimal visibility for the driver and other road users. Additionally, the fog reduction feature helps mitigate visibility challenges caused by fog, 

rain, or other adverse weather conditions, further enhancing safety. 

2. Improved Energy Efficiency: By activating headlights only when necessary and optimizing their intensity based on environmental conditions, 

the system contributes to energy efficiency in vehicles. This leads to reduced energy consumption and prolongs the lifespan of the vehicle's 

lighting system. 

3. Convenience: Drivers benefit from the convenience of not having to manually control the headlights, as the system takes care of this task 

automatically. This allows drivers to focus more on the road ahead and reduces distractions. 

4. Customizability: The system can be customized to suit different preferences and driving conditions. Users may have the option to adjust 

sensitivity levels for light detection, customize fog reduction algorithms, or integrate additional features based on specific needs. 

5. Integration with ESP32CAM: Leveraging the ESP32CAM microcontroller offers additional functionalities beyond basic headlight control, 

such as image processing and communication with other devices. This allows for potential expansions and integrations, such as capturing 

images of road conditions or detecting obstacles using the camera module. 

6. Compliance: The system helps vehicles comply with safety regulations and standards related to visibility and lighting, ensuring a safer driving 

experience for users. 

1. When System is on and in ready state 
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2. No Oncoming Vehicle 

 

3. There is Oncoming Vehicle 

 

VII. CONCLUSION 

The Automatic Headlight Control and Fog Reduction system utilizing the ESP32CAM microcontroller represents a significant advancement in automotive 

technology, offering numerous benefits in terms of safety, energy efficiency, and convenience. By integrating automatic headlight control and fog 

reduction functionalities with the versatile ESP32CAM microcontroller, this system addresses critical challenges related to visibility and driving 

conditions, enhancing the overall driving experience for users. 

Through automatic adjustment of headlights based on ambient light levels and real-time detection and mitigation of fog and other visibility obstacles, the 

system improves safety by ensuring optimal visibility in various driving scenarios, including low-light conditions, adverse weather, and challenging 

terrains. This contributes to a reduction in accidents and enhances the confidence and comfort of drivers and passengers alike. 

Furthermore, the integration of the ESP32CAM microcontroller offers additional capabilities, such as image processing, communication with other 

devices, and potential for customization and expansion. This opens up opportunities for future developments, including advanced image analysis 

techniques, integration with vehicle-to-everything communication systems, and compatibility with emerging technologies like augmented reality and 

autonomous driving. 

Overall, the Automatic Headlight Control and Fog Reduction system utilizing the ESP32CAM microcontroller not only addresses current visibility 

challenges in automotive applications but also lays the foundation for future innovations in the field. By leveraging the capabilities of the ESP32CAM 

microcontroller and embracing advancements in technology and connectivity, this system paves the way for safer, more efficient, and more enjoyable 

driving experiences in the years to come. 
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