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Abstract: With the rapid evolution of automation and sensor technologies, radar systems have become
vital tools for object detection and tracking across a variety of fields including robotics, navigation, and
security. The project titled “Ultrasonic Radar System Using Arduino” focuses on developing an
affordable and reliable radar prototype that can detect and determine the position of nearby objects
using ultrasonic sensing integrated with an Arduino microcontroller.

This system utilizes the HC-SR04 ultrasonic sensor, which transmits ultrasonic pulses and calculates the
distance to objects based on the time taken for the echo to return. An Arduino UNO is employed to
process this data and control a servo motor that rotates the sensor over a predefined angle range,
allowing it to scan a wider area. The collected measurements are then displayed in real-time using either
the Processing IDE or the Blynk app, offering a visual radar-like graphical output.

Key phases of the project include hardware integration, data collection, signal interpretation, and live
data visualization. The resulting radar system enables effective object detection and spatial mapping,
with potential uses in domains like robotics, defense systems, obstacle avoidance, and various forms of
automation. This project showcases the combination of electronics and software to create an intelligent
sensing solution..

Keywords: Arduino UNO, Ultrasonic Sensor, Servo Motor, Embedded Systems, Object Detection,
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L. INTRODUCTION
In the modern era, automation and smart sensing technologies are becoming increasingly crucial in areas like robotics,
defense, transportation, and security. Core to these applications are object detection and distance measurement, which
allow systems to interpret their environment and respond intelligently. The "Ultrasonic Arduino-Based Radar System"
is developed to identify and display the position and range of objects, offering a real-time visual output similar to
conventional radar systems.
Unlike traditional radar systems that rely on radio waves and are typically costly and complex, this project proposes a
low-cost and straightforward solution using ultrasonic technology integrated with the Arduino platform. The system is
built around the HC-SRO04 ultrasonic sensor, which sends out high-frequency sound waves. When these waves
encounter an object, they bounce back, and the time taken for the echo to return is used to calculate the object's distance
accurately. The Arduino UNO collects this data and controls a servo motor that rotates the sensor to scan across a
defined angle, mimicking the sweeping action of a radar.
This spatial data is then sent to a visualization interface, such as the Processing IDE or Blynk app, which displays the
detected objects on a radar-like graphical interface that updates in real time. This enables a clear and continuous view of
the surrounding area, helping users understand the environment through mapped distances and object locations.
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Developing this system involves several core elements: assembling the hardware components, implementing signal
processing techniques, writing control and communication code, and designing real-time visual feedback. Programming
is done via the Arduino IDE, and serial communication is used to transmit sensor data to the visualization platform.

II. LITERATURE SURVEY

Radar and object detection systems have been the subject of significant research and development, particularly due to
the rising need for smart automation, robotics, and defense technologies. The "Ultrasonic Arduino-Based Radar
System" is influenced by prior studies that explored how sensors, microcontrollers, and visualization tools can be
combined for effective object tracking and distance estimation.
Patil et al. [1] created an affordable radar model using an Arduino UNO and ultrasonic sensors to detect nearby
obstacles. Their research illustrated how low-cost electronic components can emulate the essential functions of
traditional radar systems. A servo motor was used for angular scanning, and the Processing IDE provided a graphical
display of object locations.
Kumar and Sharma [2] introduced an ultrasonic radar design aimed at enhancing detection precision. By optimizing
the placement of the sensor and adjusting the scanning speed, they found improvements in both accuracy and system
stability. Their findings highlighted that controlling the servo motor's rotation angle and ensuring a reliable power
source are key to achieving accurate readings.
Gupta et al. [3] investigated the use of ultrasonic sensors in conjunction with Arduino boards for autonomous
navigation in mobile robots. Their study focused on real-time obstacle avoidance and included a control algorithm that
integrated distance measurements with robot motion. The outcome demonstrated the practical use of ultrasonic radar
systems in path planning and collision avoidance.
Rahman et al. [4] developed a smart security radar system that combines ultrasonic sensing with IoT technology. By
using the Blynk application, their system transmitted detected data wirelessly to a smartphone, providing remote
access and monitoring capabilities.

Table 1: Email Spam Detection with Machine Learning

Paper / Project | System Cost Ease of | Performance | User Limitations
Architecture Implementation Experience
Patil & | Arduino + | Low Easy Accurate Smooth Limited angular
Deshmukh [1] | Ultrasonic + object sweep resolution,  short
Servo Motor detection up | motion, clear | range
to 3m visualization
Kumar & | Arduino UNO | Low Moderate Reliable Interactive Ambient noise
Sharma [2] +  Ultrasonic object visualization affects detection
Sensor + detection interface
Processing
GUIAcademic
Emails
Gupta et al. [3] | Arduino- Moderate | Moderate Good Simple Limited high-
controlled accuracy for | feedback speed
ultrasonic autonomous systemscript performance
radar for navigation or notebook
roboticsEmail
Spam
Detection
Rahman & Ali | Ultrasonic Moderate | Moderate Real-time Mobile/cloud | Needs Wi-Fi
[4] Sensors + IoT monitoring interface connectivity
integration
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Nayak & Patra | Portable Low Easy Accurate Compact and | Limited field of
[5] Arduino radar within ~ 2-4 | portable view
for  distance meters
measurement
Sinha & | Multi-sensor Moderate | Hard High Covers wider | Complex wiring,
Reddy [6] ultrasonic accuracy with | area higher power
radar system multiple consumption
sensors
Joshi & | Arduino + | Low Smooth real- | Graphical Small display area
. . Easy . .
Kulkarni [7] Ultrasonic  + time interface
Processing detection
IDE
visualization
Deshmukh & | Environmental | Moderate | Moderate Effective User-friendly | Limited outdoor
Pillai [8] monitoring object interface performance
radar system detection in
controlled
environment
Bose & Kumar | Arduino-based | High Hard Enhanced Multi-sensor | Complex system
[9] ultrasonic and detection fusion integration
infrared sensor accuracy improves
fusion reliability
Verma & | Machine High Hard Adaptive Intelligent Requires ML
Chatterjee [10] | learning object detection training,
integrated detection patterns computationally
ultrasonic intensive
radar

obstacle.

III. PROPOSED METHODOLOGY
The primary objective of this project is to develop and implement a working ultrasonic radar system using the Arduino
platform, capable of identifying the position and distance of nearby objects. The methodology follows a structured
approach comprising multiple stages, such as hardware setup, sensor integration, signal analysis, data collection, real-
time visualization, and final testing. The system makes use of the HC-SR04 ultrasonic sensor, which transmits high-
frequency sound pulses and calculates object distance based on the time taken for the echo to return after hitting an

Figure 1 shows block diagram of proposed methodology
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Figurel: Block Diagram of Proposed System
The development of an ultrasonic radar system using Arduino follows a structured methodology that includes hardware
assembly, sensor integration, signal interpretation, software programming, and dynamic visualization. At the core of the
system is the HC-SR04 ultrasonic sensor, which emits ultrasonic pulses and calculates object distance by measuring
the time taken for the reflected sound waves to return. The Arduino UNO processes this time delay using a standard
distance formula to determine the range of surrounding objects.
To enable a broader scan area, a servo motor is incorporated to rotate the ultrasonic sensor across a set angular range—
typically from 0° to 180°. The movement of the servo and timing of the sensor readings are synchronized through code
written in the Arduino IDE, ensuring smooth scanning and precise data collection.
The measured data is then sent via serial communication to a visualization platform, such as the Processing IDE or
the Blynk app. The interface simulates a radar display, plotting detected objects as points or blips on the screen based
on their calculated distance and angle, updating in real time to reflect the current scanning results.
The project execution involves a sequence of key steps: building the circuit, programming the components, calibrating
the system, conducting multiple test runs, gathering data, and visualizing the results. During testing, adjustments are
made to improve the performance of the radar—such as optimizing sensor responsiveness, tuning the speed of the servo
motor, and enhancing scanning resolution.
The system's effectiveness is evaluated by comparing actual distances with the values obtained by the radar. Key
performance indicators such as accuracy, scan resolution, response time, and reliability are assessed under varying
conditions, accounting for factors like ambient noise and the reflective properties of different object surfaces.

IV. CONCLUSION
Ultrasonic Arduino-based radar systems are designed through a systematic approach encompassing hardware design,
sensor interfacing, signal processing, software programming, and real-time visualization. The system uses the HC-SR04
ultrasonic sensor to transmit ultrasonic pulses and measure the time interval of the returning echo to calculate the
distance to nearby objects. The Arduino UNO microcontroller processes this time data using the formula:
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A servo motor is used to rotate the ultrasonic sensor in a defined angular range (typically 0°-180°), allowing the
system to scan a wider area and detect multiple objects. Servo and sensor coordination are programmed within the
Arduino IDE, ensuring synchronous movement and accurate distance readings.

The processed data is transmitted via serial communication to the processing IDE or Blink application, where it is
viewed as a radar-like interface. This interface displays detected objects as blips, with their relative distances and angles
shown in real time, mimicking the behavior of a real radar screen.

The project workflow involves several steps—circuit setup, coding and calibration, testing, data acquisition, and
visualization. During testing, several iterations are performed to fine-tune sensor sensitivity, servo motor speed, and
radar sweep accuracy. Statistical and graphical analysis tools are used to evaluate detection accuracy, scan resolution,
and response time under various environmental conditions.

Performance evaluation is performed by comparing actual measured distances with system-generated readings to
determine accuracy and reliability. Factors like environmental noise, surface texture
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