
VOL. 7 NO. 2 MARCH 2026
INTERNATIONAL JOURNAL OF COMPUTING, SCIENCE AND NEW TECHNOLOGIES (IJCSNT)

IJCSNT Vol. 7, No.2 March 2026. All Rights Reserved.
1

AUTOMATIC GARAGE GATE OPENING SYSTEM USING SENSOR TECHNOLOGY
by

1Ebih U. J., 2Chinenye L.E-O., 3Oyakhilome C.O.
1,2,3Department of Electronic/Computer Engineering, Nnamdi Azikiwe University, Awka, Nigeria

ABSTRACT

The integration of sensor technology in
automated gate systems has revolutionized
access control and convenience in residential
and commercial settings. This comprehensive
research article examines the design,
implementation, and optimization of automatic
garage gate opening systems using various
sensor technologies including ultrasonic,
infrared (IR), Radio Frequency Identification
(RFID), Passive Infrared (PIR), and Internet of
Things (IoT)-enabled sensors. The study
analyzes sensor selection criteria, system
architecture, microcontroller integration,
safety protocols, and performance metrics.
Additionally, this article explores recent
advancements in artificial intelligence and
machine learning applications for predictive

maintenance and enhanced security features.
The findings demonstrate that multi-sensor
fusion approaches combined with intelligent
control algorithms significantly improve
system reliability, response time, and user
experience while maintaining robust safety
standards. Implementation considerations,
cost- benefit analysis, and future research
directions are also discussed to provide a
holistic framework for developing next-
generation automated gate systems.
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I. INTRODUCTION
The evolution of automated access control
systems is driven by an increasing demand for
convenience, security, and energy efficiency in
modern infrastructure. Automatic garage gate
systems integrate electronics, mechatronics,
and computer science to replace traditional
manual operations with sophisticated solutions
leveraging real-time sensing and intelligent
algorithms. These systems enhance property
security, provide audit trails, and improve
accessibility for individuals with mobility
challenges, contributing to a smart home
market projected to reach $135 billion by 2025.

However, current systems face significant
challenges, including reliability issues in
adverse weather, security vulnerabilities in
authentication, high power consumption, and
frequent false positives in obstacle detection.
This research seeks to address these gaps by
analyzing various sensor technologies and
designing an optimal system architecture that
utilizes multi-sensor fusion for enhanced
reliability. Focusing on residential and small
commercial applications (200–800 kg), the
study provides a comprehensive framework for

implementing next-generation automated gate
systems that balance safety, cost-effectiveness,
and IoT integration.

II. LITERATURE REVIEW

The development of automatic gate systems has
transitioned from 1960s electromagnetic relays
and pressure sensors to sophisticated digital
solutions. By the 1980s, microprocessor
technology enabled wireless remote controls,
while the 2000s introduced infrared and
ultrasonic sensors for improved obstacle
detection. Modern advancements now focus on
IoT integration, AI for pattern recognition, and
edge computing to achieve response times
under 500 milliseconds. The reliability of
modern access control depends on the
integration of various sensing technologies.
Ultrasonic sensors utilize high-frequency sound
waves to provide distance measurements from
2cm to 4m with ±3 mm accuracy, maintaining
performance across temperatures ranging from
-20°C to +60°C. Infrared technology
encompasses active implementations for
precise object detection within 1-10 meters and
passive (PIR) sensors that detect thermal
radiation, with recent
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multi-zone PIR sensors achieving detection
accuracy above 95%. Radio Frequency
Identification (RFID) provides secure,
contactless access control, particularly UHF
systems that can read tags at distances up to 12
meters when paired with AES-128 encryption.
Magnetic loop detectors offer high weather
resistance for vehicle detection, though they are
more suitable for permanent installations than
retrofits. Microcontroller selection also impacts
performance; while Arduino is common for
hobbyists, ESP32 and ESP8266 platforms are
preferred for professional applications due to
integrated Wi-Fi and Bluetooth. Modern
systems utilize communication protocols like
I2C and SPI for internal data, while the MQTT
protocol is favored for IoT integration due to its
high reliability and low bandwidth
requirements. Finally, systems must comply
with international safety standards such as UL
325 and EN 12453, which mandate entrapment
protection and force limitation, alongside
modern cybersecurity regulations that require
unique passwords and secure authentication.

III. SYSTEM ARCHITECTURE
AND DESIGN

A comprehensive automatic gate system is
composed of several interconnected subsystems,
including sensing, control, actuation, power,
communication, and user interface components.
The control subsystem uses a microcontroller
to implement decision logic and safety
protocols, while the sensing subsystem
employs multiple sensors for detection and
position feedback. Optimal sensor placement is
critical, requiring RFID readers to be mounted
at specific heights and distances to allow for
adequate gate operation time. To minimize
false negatives, a multi-sensor configuration is
recommended, combining RFID for primary
detection, ultrasonic sensors for proximity, and
IR beams for safety. The system's operation is
governed by a finite state machine that
manages transitions between states like IDLE,
OPENING, and EMERGENCY_STOP based
on sensor inputs. Advanced implementations
incorporate PID control for smooth motor
operation and debouncing logic to prevent false
triggers from electrical noise. Power efficiency
is maintained through strategies

such as sensor sleep modes and deep sleep
states for the microcontroller, which reduce idle
power consumption to 5-10mW. Reliability is
further supported by battery backup systems
rated for 20-50 cycles and potential solar panel
integration for sustainable charging. Finally,
the system utilizes an edge-cloud hybrid
architecture, ensuring that local control persists
during internet outages while cloud services
handle data analytics and remote management
via the MQTT protocol.

IV. IMPLEMENTATION AND
TESTING

The hardware implementation of the system
utilizes an ESP32 microcontroller with a 240
MHz dual-core processor and 520 KB SRAM,
chosen for its integrated Wi-Fi and Bluetooth
capabilities. The motor driver is designed with
an H-bridge configuration using IRF540N
MOSFET transistors, which can handle up to
30A of continuous current to support gates
weighing up to 500 kg. To ensure stable
operation, the power supply incorporates
isolated DC-DC converters that provide 5V and
3.3V rails for digital circuits, separating them
from the 12V/24V motor power to prevent
voltage fluctuations. Software development
follows Real-Time Operating System (RTOS)
principles using FreeRTOS to manage
concurrent tasks such as sensor polling at 100
Hz and motor control at 50 Hz. Safety-critical
code sections implement redundant checking
mechanisms, requiring confirmation from
multiple sensors within a 100ms window
before gate movement proceeds. Security is
maintained by encrypting all wireless
commands with AES-256 and using rolling
codes to prevent replay attacks. Testing
methodology encompasses functional,
performance, environmental, and security
evaluations, including endurance cycling of
over 10,000 operations. Field testing results
across 50 installations revealed a 99.2% sensor
detection accuracy and an average gate opening
time of 8.5 seconds. The system demonstrated a
quick response time of 350 milliseconds from
RFID detection to movement initiation. Safety
validation confirmed that the obstacle detection
system stops gate movement within 50
milliseconds of contact, exerting a maximum
force of 15 Newton, which is well below the
150N regulatory limit. Furthermore, manual
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release mechanisms were found to meet
accessibility standards by requiring less than
50N of operating force during power failures.

V. CONCLUSION
This study concludes that multi-sensor fusion
approaches, combining RFID for authentication,
ultrasonic sensors for proximity, and IR beams
for safety, deliver superior reliability compared
to single-sensor systems. The ESP32
microcontroller platform provides an optimal
balance of processing power, connectivity, and
energy efficiency for residential and small
commercial gate applications. Performance
testing verified that a properly designed system
can achieve over 99% reliability with response
times under 500 milliseconds while

maintaining strict compliance with
international safety standards. It is
recommended to implement redundant sensor
configurations with at least two independent
detection methods to ensure fail-safe operation.
Systems should include battery backup rated
for a minimum of 20 cycles and utilize AES-
256 encryption with rolling codes for all
wireless communications. Regular maintenance
schedules should be established, including
quarterly lubrication and annual safety system
verification. Future research should investigate
emerging technologies such as LiDAR and
quantum-resistant cryptographic algorithms to
further enhance obstacle detection and system
security.
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