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ABSTRACT: This paper presents the design and implementation of a low-cost automated target detection and tracking 

system based on an Arduino Uno microcontroller. The proposed system utilizes an ultrasonic sensor to continuously 

scan the surrounding environment and detect objects within a predefined range. A servo motor-driven scanning 

mechanism enables target localization, while additional servo motors perform automatic aiming and launcher actuation 

functions. The microcontroller processes real-time distance measurements, determines target presence, and executes the 

corresponding control actions. The prototype demonstrates the integration of sensing, signal processing, and 

electromechanical actuation in a compact embedded system. Experimental evaluation shows that the system can 

reliably detect and track stationary and moving objects within its operational range while maintaining stable 

performance. The developed model serves as an educational platform for understanding the fundamental concepts of 

radar-inspired surveillance, automated targeting, and embedded control systems. The proposed approach offers a cost-

effective solution for academic research, laboratory demonstrations, and automation-based applications. 
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I. INTRODUCTION 

 

The rapid advancement of embedded systems and automation technologies has significantly improved the capabilities 

of modern surveillance, monitoring, and target-tracking applications. Automated detection systems are increasingly 

employed in security, industrial monitoring, robotics, and defense-related research to minimize human intervention and 

improve operational efficiency. The integration of low-cost sensors with microcontroller-based control units has 

enabled the development of intelligent systems capable of real-time object detection, tracking, and response. Radar 

systems are widely used for detecting and tracking objects by analyzing reflected signals from surrounding targets. 

However, the implementation of conventional radar systems often involves complex hardware and high operational 

costs. To provide a practical and economical alternative for educational and research purposes, radar-inspired systems 

can be developed using ultrasonic sensing technology. Ultrasonic sensors offer reliable distance measurement, simple 

interfacing, and low power consumption, making them suitable for prototype development and laboratory 

demonstrations. 

 

This work presents the design and implementation of an Arduino-based automated target detection and tracking system 

utilizing an ultrasonic sensor and servo motor mechanisms. The ultrasonic sensor continuously scans the surrounding 

environment and measures the distance of nearby objects. The collected data are processed by an Arduino Uno 

microcontroller, which determines the target position and controls the movement of servo motors for scanning, 

tracking, and actuation purposes. The system is capable of automatically detecting objects within a predefined range 

and performing corresponding actions based on programmed control logic. The proposed prototype demonstrates the 

fundamental principles of sensor-based surveillance, target localization, and automated control using cost-effective 

hardware components. The system provides an effective educational platform for understanding embedded system 

design, real-time signal processing, and mechatronic integration. Furthermore, the developed model can serve as a 

foundation for future enhancements involving wireless communication, computer vision, machine learning algorithms, 

and advanced sensing technologies. 
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The main contributions of this work are as follows: 

1. Development of a low-cost automated target detection and tracking prototype using Arduino Uno and ultrasonic 

sensing technology. 

2. Design of a servo motor-based scanning mechanism for continuous environmental monitoring. 

3. Implementation of real-time target detection and automated response algorithms. 

4. Experimental evaluation of system performance under different operating conditions. 

5. Demonstration of an educational platform for embedded automation and surveillance applications. 

 

The remainder of this paper is organized as follows. Section II presents the related work and literature review. Section 

III describes the system architecture and hardware design. Section IV discusses the proposed methodology and 

software implementation. Section V presents experimental results and performance analysis. Finally, Section VI 

concludes the paper and outlines future research directions. 

 

II. RELATED WORK AND LITERATURE SURVEY 

 

Recent research in radar-inspired sensing systems has focused on object detection, target tracking, ultrasonic radar 

implementation, IoT-enabled surveillance, and intelligent embedded systems. Researchers have utilized Arduino 

platforms, ultrasonic sensors, millimeter-wave radar, sensor fusion, and artificial intelligence to improve detection 

accuracy, environmental awareness, and autonomous decision-making. Table I summarizes recent contributions 

relevant to the proposed automated target detection and tracking system. 

 

TABLE I COMPARATIVE ANALYSIS OF RECENT LITERATURE (2023–2026) 

 

Ref. Year Author(s) Methodology Major Contribution Limitation 

[1] 2023 Devnath et al. Millimeter-wave radar 

object recognition 

Object classification 

using MMW radar 

High computational 

requirements 

[2] 2023 Pan et al. 4D Radar Point Cloud 

Tracking (RaTrack) 

Advanced moving 

object tracking 

Expensive radar 

hardware 

[3] 2023 Arduino IoT Radar 

System 

Arduino + Ultrasonic 

Sensor + IoT 

Remote monitoring and 

visualization 

Limited detection 

range 

[4] 2023 Collision Avoidance 

Research 

Ultrasonic obstacle 

detection 

Vehicle safety 

enhancement 

Suitable only for short 

distances 

[5] 2024 Shen et al. Multi-human tracking 

using mmWave radar 

98% tracking precision Complex deployment 

[6] 2024 Smart Radar Mapping 

System 

Arduino-based object 

mapping 

Real-time object 

localization 

Limited environmental 

adaptability 

[7] 2024 Ultrasonic Radar 

Prototype Studies 

Servo-assisted radar 

scanning 

Low-cost surveillance Reduced angular 

resolution 

[8] 2024 Embedded Security 

Monitoring Systems 

Sensor-based intrusion 

detection 

Improved perimeter 

security 

False alarms in noisy 

environments 

[9] 2024 Radar Visualization 

Systems 

Processing IDE based 

radar GUI 

Real-time radar display Visualization only 

[10] 2025 Zapata HC-SR04 Speed Radar 

Calibration 

Accurate speed 

estimation 

Environmental 

sensitivity 

[11] 2025 Karande et al. Arduino Object 

Detection Radar 

Low-cost radar 

implementation 

Short operational 

range 

[12] 2025 Garud et al. IoT-enabled Ultrasonic 

Radar 

Cloud monitoring and 

alerts 

Internet dependency 

[13] 2025 Patil et al. Ultrasonic Arduino 

Radar System 

Environment mapping 

and tracking 

Limited scalability 

[14] 2025 Hellas et al. Security Radar using 

Ultrasonic Sensor 

Real-time monitoring 

system 

Lower detection 

accuracy 

[15] 2025 Smart Obstacle 

Detection Systems 

Embedded obstacle 

tracking 

Fast response 

mechanism 

Limited intelligence 
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[16] 2026 Smart Radar-IoT 

Frameworks 

Radar integrated with 

IoT 

Remote surveillance 

capability 

Increased network 

overhead 

[17] 2026 AI-Assisted Radar 

Detection Systems 

AI-based target 

classification 

Improved detection 

accuracy 

Higher computational 

cost 

[18] 2026 Sensor Fusion 

Surveillance Systems 

Radar + Ultrasonic + 

Vision Sensors 

Enhanced target 

recognition 

Complex 

implementation 

[19] 2026 Autonomous Tracking 

Platforms 

Embedded autonomous 

tracking 

Reduced human 

intervention 

Power consumption 

issues 

[20] 2026 Intelligent Embedded 

Monitoring Systems 

Adaptive monitoring 

architecture 

Real-time decision 

making 

Hardware complexity 

 

Discussion 

The literature review indicates that modern object detection and tracking systems are moving toward intelligent sensing 

architectures that combine radar technologies, ultrasonic sensors, IoT communication, and machine learning 

algorithms. While millimeter-wave radar systems provide high detection accuracy and long-range tracking capabilities, 

they often require expensive hardware and complex signal processing. Conversely, Arduino-based ultrasonic radar 

systems offer a low-cost and easy-to-implement alternative for educational and short-range surveillance applications. 

 

Most existing studies focus either on object detection, visualization, or remote monitoring. Only a limited number of 

systems integrate real-time target detection, automatic tracking, and autonomous actuation into a unified embedded 

platform. Therefore, the proposed work aims to address this gap by combining ultrasonic sensing, servo-based 

scanning, target localization, and automated response mechanisms using an Arduino-based architecture. The resulting 

system provides a cost-effective prototype for studying radar-inspired surveillance and automated tracking applications. 

 

III. SYSTEM ARCHITECTURE 

 

The proposed Automated Target Detection and Tracking System is designed using an Arduino Uno microcontroller, an 

HC-SR04 ultrasonic sensor, three servo motors, and supporting electronic components. The architecture follows a 

centralized embedded control approach in which the Arduino Uno acts as the main processing unit. The ultrasonic 

sensor continuously scans the surrounding environment by rotating through predefined angles using a servo motor. 

Distance measurements obtained from the sensor are processed by the microcontroller to identify the presence and 

location of objects within the monitoring range. 

 

Once a target is detected, the Arduino calculates the corresponding angular position and generates control signals for 

the tracking mechanism. The second servo motor automatically aligns the launcher toward the detected target location. 

A third servo motor performs the actuation mechanism, which simulates the launching operation. Visual and audio 

indicators such as LEDs and buzzers provide status notifications during target detection and system operation. The 

entire system is powered through a regulated 5V supply and programmed using the Arduino IDE. 

 

The architecture integrates sensing, processing, tracking, and actuation modules into a single embedded platform. The 

ultrasonic sensor and servo motor combination enables continuous environmental scanning, while the microcontroller 

performs real-time decision-making and motion control. Similar Arduino-based radar systems employ an ultrasonic 

sensor mounted on a servo motor to scan the environment and transmit distance measurements to a processing unit for 

object localization and visualization. 

 

A. System Components 

1. Sensing Unit 

o HC-SR04 Ultrasonic Sensor 

o Distance measurement and obstacle detection 

o Real-time environmental scanning 

2. Processing Unit 

o Arduino Uno (ATmega328P) 

o Signal processing and decision making 

o Servo motor control and system coordination 
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3. Tracking Unit 

o Servo Motor 1 (Radar Scanning) 

o Servo Motor 2 (Target Alignment) 

o Angular position control 

4. Actuation Unit 

o Servo Motor 3 (Launcher Mechanism) 

o Automated response execution 

5. Alert Unit 

o LED Indicator 

o Buzzer Module 

o Target detection notification 

6. Power Supply Unit 

o USB 5V Power Source 

o Voltage regulation and distribution 

 

B. Functional Flow of the System 

The operational sequence of the proposed system is summarized as follows: 

1. System Initialization. 

2. Servo-mounted ultrasonic sensor scans the environment. 

3. Distance data are collected from the target area. 

4. Arduino processes sensor measurements. 

5. Object presence is verified against the predefined threshold. 

6. Target coordinates are determined. 

7. Tracking servo aligns toward the detected target. 

8. Alert module activates LED and buzzer indications. 

9. Actuation servo performs the programmed response. 

10. System returns to scanning mode for continuous monitoring. 

 

C. Block Diagram of Proposed System 

 

 
The proposed architecture provides a low-cost and modular framework for studying radar-inspired sensing, embedded 

control systems, automated target tracking, and real-time decision-making applications. The integration of ultrasonic 

sensing and servo-based positioning enables efficient object detection and localization while maintaining simplicity and 

ease of implementation. 
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IV. EXPERIMENTAL SETUP  

 

 
 

V. RESULTS AND DISCUSSION 

 

The proposed Automated Target Detection and Tracking System was successfully designed and implemented using an 

Arduino Uno microcontroller, HC-SR04 ultrasonic sensor, servo motors, LED indicators, and a buzzer module. 

Experimental testing was conducted under indoor laboratory conditions to evaluate the performance of the system in 

terms of target detection, tracking accuracy, response time, and operational reliability. 

 

A. Experimental Results 

The ultrasonic sensor continuously scanned the surrounding environment by rotating through predefined angular 

positions using the scanning servo motor. Distance measurements were acquired and processed by the Arduino Uno to 

identify the presence of objects within the detection range. When a target entered the predefined threshold distance, the 

system successfully generated an alert signal and automatically aligned the tracking mechanism toward the detected 

object. 

 

During testing, the system demonstrated stable operation and consistent target detection performance for both 

stationary and slowly moving objects. The LED and buzzer indicators provided immediate notification upon target 

detection, while the tracking servo motor accurately aligned itself with the detected target position. 

 

Table II Experimental Observation Results 

 

Test No. Target Distance (cm) Detection Status Tracking Response Alert Activation 

1 10 Detected Successful ON 

2 20 Detected Successful ON 

3 30 Detected Successful ON 

4 40 Detected Successful ON 

5 50 Detected Successful ON 



© 2026 IJIRCCE | Volume 14, Issue 2, February 2026|                                  DOI:10.15680/IJIRCCE.2026.1402066

 

IJIRCCE©2026                                                       |     An ISO 9001:2008 Certified Journal   |                                                   1276 

6 60 Detected Successful ON 

7 70 Detected Successful ON 

8 80 Detected Successful ON 

9 100 Detected Successful ON 

10 >120 Not Detected Not Activated OFF 

 

The results indicate that the system effectively detected targets located within the operational range of the ultrasonic 

sensor. Detection accuracy remained consistent for distances below 100 cm, while sensor limitations affected 

performance at longer distances and under certain environmental conditions. 

 

B. Detection Accuracy Analysis 

To evaluate system accuracy, multiple measurements were taken at different target distances. The measured values 

closely matched the actual distances, with only minor deviations caused by environmental noise and ultrasonic signal 

reflections. 

 

Table III Distance Measurement Accuracy 

 

Actual Distance (cm) Measured Distance (cm) Error (cm) 

10 10.2 0.2 

20 20.4 0.4 

30 30.5 0.5 

40 40.3 0.3 

50 50.6 0.6 

60 60.8 0.8 

70 71.0 1.0 

80 80.9 0.9 

90 91.2 1.2 

100 101.3 1.3 

 

The average measurement error was found to be less than 1.0 cm, demonstrating satisfactory accuracy for short-range 

detection and educational applications. 

 

C. System Performance Discussion 

The experimental results confirm that the proposed system can perform real-time object detection, target tracking, and 

automated response using low-cost embedded hardware. The integration of the ultrasonic sensor and servo motor 

scanning mechanism enabled continuous environmental monitoring and accurate target localization. 

 

The Arduino Uno effectively processed incoming sensor data and generated appropriate control signals for the tracking 

and actuation units. The system maintained reliable operation throughout repeated test cycles without significant 

performance degradation. 

 

However, several limitations were observed: 

1. Detection performance decreases at longer distances due to ultrasonic signal attenuation. 

2. Highly absorbent or irregular surfaces may affect echo reflection and measurement accuracy. 

3. Fast-moving targets may introduce tracking delays because of servo motor response limitations. 

4. Environmental noise and obstacles can occasionally generate false readings. 

Despite these limitations, the proposed prototype successfully demonstrates the fundamental concepts of radar-inspired 

surveillance, embedded sensing, target tracking, and automated control. 

 

D. Comparative Performance Analysis 

Compared with conventional low-cost ultrasonic radar systems reported in the literature, the proposed system provides 

additional functionality through automatic target tracking and actuation. The integrated architecture combines sensing, 
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tracking, alert generation, and automated response within a single platform, making it suitable for educational 

demonstrations, laboratory experiments, and embedded systems research. 

Overall, the developed prototype achieved reliable target detection, accurate distance measurement, stable servo 

control, and effective automated operation, thereby meeting the objectives established for the project. 

 

VI. CONCLUSION 

 

This paper presented the design and implementation of a low-cost Automated Target Detection and Tracking System 

based on an Arduino Uno microcontroller, an HC-SR04 ultrasonic sensor, and servo motor actuators. The proposed 

system was developed to demonstrate the fundamental principles of radar-inspired sensing, object detection, target 

tracking, and automated response using readily available hardware components. The ultrasonic sensor successfully 

detected objects within the specified operating range, while the servo motor-based scanning mechanism enabled 

continuous environmental monitoring and target localization. The Arduino Uno effectively processed real-time sensor 

data and generated appropriate control signals for tracking, alert generation, and actuation. Experimental evaluation 

confirmed that the system could reliably detect and track stationary as well as slowly moving objects with satisfactory 

accuracy and response time. 

 

The results demonstrated that the proposed architecture provides a simple, economical, and efficient solution for 

educational and research applications involving embedded systems, automation, and surveillance technologies. The 

integration of sensing, processing, tracking, and actuation modules within a single platform highlights the feasibility of 

implementing intelligent monitoring systems using low-cost electronic components. Although the developed prototype 

is intended primarily for academic demonstration purposes, the underlying concepts can be extended to more advanced 

applications through the incorporation of wireless communication, computer vision techniques, artificial intelligence 

algorithms, sensor fusion methods, and high-performance processing platforms. Future enhancements may improve 

detection accuracy, tracking efficiency, and autonomous decision-making capabilities under dynamic environmental 

conditions. 
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