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Abstract: Automatic gate and vehicle detection systems using registration recognition, commonly known as Automatic Number Plate
Recognition (ANPR) or License Plate Recognition (LPR), represent a pivotal advancement in access control and security
management. These systems automate the process of identifying vehicles by capturing and analyzing their license plates, enabling
seamless entry for authorized vehicles while restricting unauthorized ones. This technology finds applications in residential
complexes, commercial parking lots, industrial facilities, and transportation hubs, where efficiency, security, and traffic flow are
paramount. By integrating cameras, image processing algorithms, and databases, such systems reduce human intervention, minimize
errors, and enhance operational speed. The evolution of these systems has been driven by the need to address urban congestion,
rising security threats, and the demand for smart infrastructure. This review explores the foundational aspects, challenges, and
future directions of ANPR-based automatic gate systems, highlighting their role in modern intelligent transportation and access
control frameworks.
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INTRODUCTION

Automatic gate and vehicle detection systems using registration recognition, commonly known as Automatic Number Plate
Recognition (ANPR) or License Plate Recognition (LPR), represent a pivotal advancement in access control and security
management. These systems automate the process of identifying vehicles by capturing and analyzing their license plates, enabling
seamless entry for authorized vehicles while restricting unauthorized ones. This technology finds applications in residential
complexes, commercial parking lots, industrial facilities, and transportation hubs, where efficiency, security, and traffic flow are
paramount. By integrating cameras, image processing algorithms, and databases, such systems reduce human intervention, minimize
errors, and enhance operational speed. The evolution of these systems has been driven by the need to address urban congestion,
rising security threats, and the demand for smart infrastructure. This review explores the foundational aspects, challenges, and future
directions of ANPR-based automatic gate systems, highlighting their role in modern intelligent transportation and access control
frameworks.

BACKGROUND

The development of Automatic Gate and Vehicle Detection Systems using registration (license plate) recognition, known as
Automatic Number Plate Recognition (ANPR) or License Plate Recognition (LPR), has progressed from manual methods in the
mid-20th century to advanced Al-driven technologies today. This evolution directly supports our project by enabling reliable, real-
time vehicle identification for automatic gates in settings such as residential compounds, university campuses, or industrial sites in
Tanzania and similar regions.

In the early years, manual visual checks by law enforcement officers were the only way to record license plates, which were slow,
tiring, and prone to mistakes [1]. By the 1970s, the first attempts at automation appeared with basic computer processing of plate
images [1]. The major breakthrough came in 1976 when ANPR was invented at the UK's Police Scientific Development Branch to
fight terrorism and crime [3]. In 1979, working prototypes were built and contracts were given to companies like EMI Electronics
and Computer Recognition Systems for real production [2].

During the 1980s, the first practical trials took place and basic Optical Character Recognition (OCR) was added, with systems tested
on major roads such as the Al and Dartford Tunnel in the UK [5]. In 1981, ANPR recorded its first success by helping police arrest
a driver in a stolen vehicle [4]. Early systems were mainly used by law enforcement despite challenges with camera quality and slow
processing [3]. The decade helped improve OCR so it could work better under different lighting and weather conditions [1].

The 1990s saw faster growth because hardware became cheaper, software became easier to use, and installation was simpler [6]. In
1993, the famous "Ring of Steel" camera network in London started using ANPR to stop IRA terrorist bombings [4]. The UK's
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Police National ANPR Data Centre (NADC) opened in 1997, allowing police across the country to share plate data for fighting crime
[2]. Better cameras and improved OCR algorithms during this time made the system more accurate and quicker [1].

In the 2000s, ANPR moved beyond police work into everyday traffic and city management, for example the 2003 London Congestion
Charge system that used hundreds of cameras [12]. During the early 2000s, police began using stored ANPR data to solve old crimes
[3]. In 2005, ANPR helped solve a serious murder case in Bradford, UK [3]. The introduction of machine learning made systems
smarter and better at handling different conditions like rain, darkness, or dirty plates [7].

The 2010s brought mobile ANPR units and real-time processing, with wider use in parking lots, toll gates, and automatic entry
barriers [9]. Advances in artificial intelligence and computer vision improved recognition even when vehicles moved fast or light
was poor [11]. In 2019, the UK launched the National ANPR Service (NAS) to give all police forces standardized access to plate
data [16]. Connections with Internet of Things (IoT) devices started making gates and parking systems smarter and more connected
[18].

From 2020 to 2025, deep learning models, convolutional neural networks (CNNSs), and edge computing have pushed accuracy to 95-
99% even in bad weather, strange angles, or with unusual plates [6]. Modern systems often combine YOLO for fast vehicle and plate
detection with OCR and CNN for accurate character reading, perfect for real-time automatic gates [17]. Private and commercial use
has exploded, including neighborhood security gates, smart campuses, and city access control [3]. Continued progress in infrared
cameras, edge processing, and hybrid Al models keeps improving reliability for projects like ours [18].

PROBLEM STATEMENT

Current gate management systems in many institutions and facilities are predominantly manual, requiring security guards to visually
inspect vehicle registration plates and manually open gates. This process is time-consuming, prone to errors such as misreading
plates or allowing unauthorized access, and inefficient during peak hours, leading to long queues and frustration among users.
Additionally, in low-light conditions or adverse weather, accuracy decreases, posing security risks like unauthorized entries or
vehicle thefts. The lack of an integrated automated system results in increased operational costs due to the need for constant human
supervision and limits the scalability for larger facilities. This project aims to address these issues by implementing a technology-
driven solution that detects vehicles in real-time and recognizes their registration details to automate gate operations.

OBJECTIVES
The objectives outline the goals this project seeks to achieve through the development and implementation of the proposed system.

Main Objective

To design and develop an Automatic Gate and Vehicle Detection System Using Registration Recognition that automates access
control for enhanced security and efficiency.

Specific Objectives
i. To implement vehicle detection system using computer vision techniques to identify approaching vehicles at the gate.

ii. To develop a registration recognition module capable of accurately extracting and verifying license plate information from
captured images.

iii. To integrate the detection and recognition components with gate control hardware for seamless automated opening and closing.
iv. To evaluate the system's performance in terms of accuracy, speed, and reliability under various environmental conditions.

LITERATURE REVIEW

Empirical Study

1. Patel et al. (2019): RFID-Based Automatic Gate and Car Detection System Using Licence Plate Registration Recognition

This study presents an automated gate and parking system using RFID technology for vehicle identification. The system uses an
Arduino microcontroller connected to an RFID reader that scans vehicle tags at entry and exit points. When a registered vehicle
approaches, the RFID tag is detected, the Arduino triggers a servo motor to open the gate, and simultaneously records the entry time
in a database. Exit works similarly, calculating parking duration and fees.

Importance: It reduces human labor, speeds up vehicle processing, ensures only authorized vehicles enter, and automatically
calculates fees, eliminating manual ticket handling.
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Challenges: Vehicles without RFID tags cannot enter, tags can be lost or damaged, RFID has a limited read range (a few meters),
and initial installation requires tagging all authorized vehicles.

Suggested Solutions: Combining RFID with license plate recognition (LPR) as a backup, using durable RFID tags, offering
temporary RFID cards for visitors, and ensuring proper tag installation on vehicles.

2. Kumar et al. (2022): Smart Parking Management Using 10T and Computer Vision

This research introduces a smart parking solution that combines 10T sensors and computer vision for real-time parking slot
monitoring. Ultrasonic sensors placed in each parking spot detect vehicle presence, sending data to a cloud server via Wi-Fi or Loran
modules. A camera-based computer vision system uses object detection algorithms (such as YOLO) to visually confirm occupancy
and identify vehicles via license plates. Users access a mobile app to view available slots, reserve spots, and receive navigation
assistance. The system includes automated payment integration through digital wallets.

Importance: It reduces time wasted searching for parking, optimizes space utilization, provides real-time availability updates,
minimizes traffic congestion in parking areas, and offers a seamless cashless payment experience.

Challenges: High infrastructure costs for sensors and cameras, dependency on stable internet connectivity, sensor maintenance and
replacement needs, potential accuracy issues in adverse weather (rain, fog), and privacy concerns in cloud storage.

Suggested Solutions: Implementing offline mode with local storage, using ruggedized sensors, employing end-to-end encryption
for data transmission, and offering multiple payment options for flexibility.

3. Chen et al. (2023): Al-Powered Automatic Parking System with License Plate Recognition and Dynamic Pricing

This paper introduces an intelligent parking system that uses Al-based license plate recognition (LPR) for vehicle identification,
dynamic pricing based on demand, and automated gate control via a computer vision system. The platform includes a web dashboard
for administrators and a user app for reservations and notifications.

Importance: It eliminates the need for physical tags or cards, enables contactless entry/exit, supports demand-based pricing to
maximize revenue, and provides detailed analytics for lot management.

Challenges: High computational requirements for LPR, accuracy issues in low-light or adverse weather, system complexity, and
potential resistance from users unfamiliar with Al-based systems.

Suggested Solutions: Using infrared cameras for better night vision, integrating edge computing to reduce latency, providing user
training modules, and including a fallback RFID option for recognition failures.

OBSERVATION

From the literature, ANPR systems exhibit high accuracy in controlled environments but struggle with visual obstruction, poor
lighting, and non-standard plates. You Only Look Once-based models excel in real-time processing, reducing gate delays to seconds.
Integration with 10T sensors enhances slot availability checks, while privacy concerns arise from data retention. Overall,
advancements mitigate traditional limitations, but deployment in diverse regions requires adaptive algorithms.

CONCLUSION

In summary, automatic gate and vehicle detection systems using registration recognition (ANPR) have evolved from rudimentary
inventions in the 1970s to today's Al-enhanced solutions, greatly improving security and operational efficiency. The historical
background shows a steady progression driven by security needs, highlighted by key milestones such as the first successful arrest
using ANPR in 1981 and its widespread adoption in the 1990s. Recent literature emphasizes the integration of You Only Look Once
for fast detection and Convolutional Neural Networks for reliable character recognition, delivering robust performance that
effectively tackles issues like traffic congestion and unauthorized access. Observations from deployed systems reveal strong potential
while pointing to the continued need for improved adaptability in varied real-world conditions. Ultimately, ANPR remains a truly
transformative technology at the heart of modern smart access control.

RECOMMENDATION

To make Automatic Number Plate Recognition work better for automatic gates, we should combine YOLO for fast vehicle and
license plate detection with Optical Character Recognition to clearly read the numbers and letters. This combination helps the system
work well in rain, at night, bright sun, or with different plate styles. We should also connect it to 0T devices so the gate gets instant
updates, like checking if a car is allowed or if a parking spot is free. It is very important to follow privacy laws and data protection
regulations to keep people’s car information safe. Using edge computing is a good idea too—this means doing the main work right
at the gate instead of sending data far away, so the gate opens much faster. Before putting the system everywhere, we should test it
first in many places like busy roads, quiet areas, rainy spots, and sunny locations to catch any problems early. In the future, we
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should improve it to read plates from different countries and languages, and add extra security like face recognition or fingerprints
along with the plate check. Doing these things will make the automatic gate system faster, more reliable, safer, and respectful of
privacy.
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