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Abstract 

Radar systems have evolved from military applications to essential tools in security, automation, and 

navigation. This paper explores an IoT-based radar system using Arduino and an ultrasonic sensor. The 

system features an ultrasonic sensor mounted on a servo motor, scanning the surroundings to detect and 

track objects. Distance and position data are transmitted wirelessly to an IoT platform for real-time 

monitoring and visualization. The system is cost-effective, adaptable, and efficient for short-range object 

detection, making it ideal for smart home automation, industrial safety, and robotics. Additional features 

include data logging, threshold-based alerts, and remote configuration. This research highlights how IoT 

enhances traditional sensing technologies, making radar systems more accessible and practical. 
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1. Introduction: 

Radar systems play a crucial role in object detection and ranging across various industries, including 

defense, automotive safety, and security surveillance. These systems traditionally use electromagnetic 

waves to detect objects, determine their distance, and track movement. While effective, conventional 

radar setups tend to be expensive and complex, limiting their accessibility for smaller-scale applications. 

This paper presents an alternative approach that leverages ultrasonic sensors and IoT integration to 

create an affordable, efficient radar system. The system is built using an Arduino microcontroller, an 

HC-SR04 ultrasonic sensor, and a servo motor, allowing it to scan its surroundings, detect obstacles, and 

visualize data. By incorporating an IoT module, the collected data is transmitted to cloud platforms for 

remote monitoring and analysis. This approach makes it possible to track objects in real-time, providing 

enhanced situational awareness in various applications, including home automation, industrial safety, 

and autonomous navigation. 

Unlike traditional radar systems, which require advanced RF components, this project utilizes widely 

available and cost-effective components, making it accessible for educational and practical purposes. 

The system can be deployed in environments where real-time object detection and monitoring are 

essential, such as security systems, obstacle detection for autonomous robots, and even smart traffic 
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management. Additionally, the integration of IoT technology allows users to access and analyze data 

remotely, opening the door for further automation and enhanced functionality. 

System Architecture 

 

2. Literature overview  

Several studies have explored IoT-integrated radar systems and ultrasonic-based object detection. This 

section summarizes key findings on ultrasonic sensors, IoT-based monitoring, and advancements in 

radar technology. 

2.1 Ultrasonic Sensors for Object Detection Ultrasonic sensors are widely used for their affordability, 

ease of use, and accuracy in short-range detection. Research by [Author et al., 2021] demonstrates that 

HC-SR04 sensors effectively detect obstacles within 2–4 meters. However, factors like temperature and 

surface type can impact accuracy. 

2.2 IoT for Real-Time Monitoring IoT technology enhances monitoring by enabling remote data 

transmission and visualization. Studies such as [Author et al., 2022] highlight how Wi-Fi modules like 

ESP8266 improve accessibility, allowing real-time object tracking and analysis via cloud platforms. 

2.3 Radar System Advances Traditional radar systems, based on electromagnetic waves, can be 

expensive and complex. Research by [Author et al., 2023] explores ultrasonic alternatives, emphasizing 

their cost-effectiveness for short-range applications. Combining Arduino microcontrollers with 

ultrasonic sensors enhances portability and usability. 

2.4 Challenges and Future Directions Despite their benefits, ultrasonic sensors have limitations, 

including environmental interference and reduced accuracy over long distances. Researchers suggest 

integrating multiple sensors or AI-based processing to improve performance and reliability. 
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3. System Design and Methodology 

3.1 Hardware Components 

The system consists of the following key components: 

 Arduino Uno: Acts as the central processing unit, controlling all operations. 

 HC-SR04 Ultrasonic Sensor: Measures the distance of nearby objects. 

 Servo Motor: Rotates the ultrasonic sensor to scan a wider area. 

 ESP8266 Wi-Fi Module: Connects the system to the IoT platform for remote monitoring. 

 LCD Display (Optional): Displays real-time data locally. 

3.2 Working Mechanism 

1. The servo motor rotates the ultrasonic sensor across a predefined range (180° or 360°). 

2. The sensor emits ultrasonic pulses and records the time taken for the echo to return. 

3. The Arduino calculates the distance using the formula: 

4. The measured distance and angle data are processed and sent to an IoT platform via the ESP8266 

module. 

5. The data is displayed on a web-based dashboard or mobile app, allowing users to monitor 

obstacles in real-time. 

 

3.3 Software Implementation 

 Arduino IDE: Used to program the microcontroller. 

 IoT Platform (e.g., Blynk, Thingspeak, or Firebase): Receives and visualizes the data. 

 Web Dashboard or Mobile App: Displays live radar data for remote monitoring. 

 

4. Implementation 

 

4.1 Hardware Setup The system uses an HC-SR04 ultrasonic sensor connected to an Arduino, with a 

servo motor enabling a rotating scan. An ESP8266 Wi-Fi module transmits real-time data to the cloud. 

All components are securely mounted for stability and accuracy. 

4.2 Software Development Using the Arduino IDE, the system controls the servo motor and ultrasonic 

sensor to detect objects and calculate distances. Data is processed and sent to an IoT platform for easy 

visualization. 

4.3 IoT Integration Connected to platforms like Blynk or Thingspeak, the system allows remote 

monitoring via a web dashboard or mobile app. Users receive real-time alerts when obstacles are 

detected within a set range. 

4.4 Testing and Calibration The system was tested in controlled environments to fine-tune accuracy. 

Adjustments were made to reduce errors from environmental factors like reflections and temperature 

variations. Real-world testing confirmed its ability to detect and track moving objects efficiently. 
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5. Results and Discussion 

The system was tested in different environments to evaluate its ability to detect and track objects. It 

consistently identified obstacles within a 2–4 meter range, transmitting data to the cloud in real-time. 

 

5.1 Accuracy and Performance The ultrasonic sensor provided reliable distance measurements, though 

surface texture and angles affected precision. The servo motor ensured smooth area scanning, requiring 

occasional recalibration. 

 

 
 

5.2 Real-Time Monitoring and Alerts IoT integration worked smoothly, displaying data on a web 

dashboard and mobile app. The system successfully triggered alerts when objects were detected within a 

set distance, proving its usefulness in security and automation. 

 

 
 

6. Challenges and Future work 

 

1. Challenges included sensor limitations, environmental interference, and Wi-Fi connectivity 

issues, affecting detection accuracy and real-time updates. 
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2. Future improvements can focus on integrating multiple sensors, using AI for better object 

classification, and enhancing wireless connectivity for more reliable performance. 

7. Conclusion:  

This project successfully developed a low-cost IoT-based radar system using an ultrasonic sensor, 

Arduino, and wireless connectivity. The system effectively detects and tracks objects, providing real-

time monitoring and alerts. While some challenges were encountered, such as sensor limitations and 

environmental interference, future enhancements like AI integration and improved connectivity can 

further improve its accuracy and usability. Overall, this system demonstrates a practical and accessible 

solution for applications in security, automation, and navigation. 
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