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Abstract
This project presents the design and implementation of AutoGateX, the

prototype of a low-cost Arduino-based automatic parking gate system. The

system integrates an Arduino UNO R3 microcontroller, an HC-SR04

ultrasonic distance sensor, and a servo motor to detect approaching

vehicles and autonomously open and close a gate without human

intervention. Distance measurements from the ultrasonic sensor are

continuously processed to determine vehicle presence within a predefined

safety range, triggering servo-controlled gate actuation through programmed

control logic. Software-based noise reduction and timing delays are

implemented to minimize false triggering and ensure reliable operation.

Experimental testing confirmed correct vehicle detection and gate motion.

By combining sensing, actuation, and control logic in an Arduino-based

smart system, this project provides hands-on experience with

microcontroller programming, hardware–software integration, and practical

automation, demonstrating the potential of affordable embedded systems for

smart infrastructure applications.

Introduction
Automation has become increasingly important in modern engineering

systems, where sensors, microcontrollers, and actuators are integrated to

solve real-world problems efficiently. One common application is automated

parking gate systems, which improve traffic flow, safety, and operational

efficiency by eliminating the need for manual gate control. In this project, we

developed AutoGateX, a low-cost automatic parking gate system using an

Arduino UNO R3, an HC-SR04 ultrasonic sensor, and a servo motor. The

ultrasonic sensor continuously measures the distance to detect an

approaching vehicle, while the Arduino processes the sensor data and

controls the servo motor to open and close the gate automatically. This

project demonstrates how embedded systems can implement practical

automation solutions and provides hands-on experience with hardware–

software integration, microcontroller programming, and real-world sensor-

based control systems.

Conclusion & Future Work

This project implemented AutoGateX, a low-cost automatic parking gate

system using an Arduino microcontroller, ultrasonic sensing, and servo-based

actuation. The system demonstrated reliable vehicle detection and automated

gate operation without the need of human operation Experimental testing

verified that the ultrasonic sensor accurately detected approaching vehicles,

the control logic prevented unnecessary triggering, and the servo motor

provided expected gate movement. The results show that simple and

affordable electronic components can be combined to create automated

operation for engineering applications.

Future improvements could enhance the functionality of the AutoGateX

system. Visual indicators such as LED lights or an LCD display could provide

real-time gate status and system information. Security features like RFID or

keypad-based access control could restrict entry to authorized users. In

addition, IoT connectivity could enable remote monitoring, making the system

more suitable for smart parking and infrastructure applications.

System Design
The AutoGateX system is designed as a compact embedded automation

platform that integrates sensing, control, and actuation components to

automatically manage vehicle entry at a gate. The system is built using

several hardware components, including an Arduino UNO R3

microcontroller, an HC-SR04 ultrasonic distance sensor, a servo motor,

and breadboard connections with jumper wires. The Arduino functions as

the central controller, processing sensor input and generating control

signals for the gate mechanism. The ultrasonic sensor measures the

distance between the gate and approaching objects, while the servo motor

provides the mechanical motion required to open and close the gate. This

hardware configuration provides a simple, low-cost architecture suitable for

demonstrating practical embedded automation systems.

The system operates using a continuous sensing and control loop. The

ultrasonic sensor periodically emits ultrasonic pulses and measures the

time required for the reflected signal to return, allowing the Arduino to

calculate the distance to nearby objects. When a vehicle approaches

within a predefined threshold distance (approximately 15 cm), the Arduino

interprets the sensor data and sends a control signal to the servo motor.

The servo motor then rotates from 0° (gate closed) to 90° (gate open) to

allow the vehicle to pass. After a short delay, the servo motor returns the

gate to its original closed position. This automated detection and control

process repeats continuously, enabling real-time gate operation without

human intervention while ensuring reliable and efficient vehicle access

control.

Results and Discussions

The AutoGateX system was tested under different conditions to evaluate its

performance. The experimental results showed that the ultrasonic sensor

was able to accurately detect approaching vehicles within the predefined

distance threshold. Once a vehicle was detected, the Arduino triggered the

servo motor to open the gate, demonstrating effective communication

between the sensor, controller, and actuator components.

During testing, the gate opened consistently when a vehicle approached and

remained closed when no object was detected, confirming that the system

correctly followed the programmed automation logic. The addition of small

timing delays in the control program helped reduce sensor noise and

prevented false triggering caused by unstable ultrasonic readings. As a

result, the system maintained stable operation and avoided unnecessary

gate movements.

The servo motor also demonstrated smooth and reliable mechanical

performance after addressing early vibration issues caused by gate weight

and mounting stability. Once the gate structure was properly adjusted, the

servo motor was able to open and close the gate correctly. Overall, the

testing results verified that the AutoGateX system met the intended

objectives and successfully demonstrated a practical, low-cost embedded

automation solution for automatic gate control.

The function of AutoGateX system is verified to work properly between gate

ON and OFF states when a car is detected, as shown in Figure 2 and 3

respectively.

Figure 1. Arduino parts used for AutoGateX project

Figure 2: AutoGateX idle state (gate is closed)

Figure 3: AutoGateX activation state (gate is open)
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