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A B S T R A C T 

The Automatic Number Plate Recognition (ANPR) system is a crucial 

technology for vehicle identification, leveraging image processing and optical 

character recognition (OCR) to detect and read license plates automatically. 

With the exponential growth of vehicles, manual monitoring has become 

impractical, making ANPR an essential tool for traffic control, toll collection, 

parking management, and security surveillance. This system captures vehicle 

images, extracts number plates through segmentation, recognizes characters 

via OCR, and cross-checks data against a database for verification. 

Implemented and simulated in MATLAB, the ANPR system demonstrates high 

efficiency in real-world applications. In Bangladesh, where traffic congestion 

and security challenges are rising, ANPR can significantly enhance law 

enforcement, automated tolling, and smart city initiatives. However, challenges 

such as non-standardized plates and varying environmental conditions must be 

addressed for optimal performance. This article explores the workings, 

applications, and potential implementation of ANPR technology in Bangladesh, 

emphasizing its role in advancing transportation efficiency and security 

systems. 
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1. INTRODUCTION 
 

In recent years, Bangladesh has witnessed an exponential 

growth in vehicular traffic, particularly in urban centers 

like Dhaka, Chittagong, and Sylhet. According to the 

Bangladesh Road Transport Authority (BRTA), the 

number of registered vehicles has increased by nearly 

300% in the last decade, reaching over 4.5 million in 

2023 (BRTA Annual Report, 2023). This unprecedented 

surge has rendered traditional manual vehicle monitoring 

and identification systems increasingly obsolete and 

inefficient. To address these growing challenges, 

Automatic Number Plate Recognition (ANPR) systems 

have emerged as a transformative technology capable of 

revolutionizing traffic management, security 

enforcement, and automated toll collection across the 

country. ANPR systems represent a sophisticated 

integration of multiple advanced technologies. At their 

core, these systems utilize high-resolution image 

processing algorithms combined with Optical Character 

Recognition (OCR) and machine learning techniques to 

automatically detect, extract, and interpret vehicle license 

plate information from digital images or video feeds in 

real-time (Shahed et al., 2017). The global adoption of 

ANPR technology has demonstrated remarkable success 

in various applications, ranging from law enforcement 
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and parking management to smart city infrastructure in 

developed nations (Lubna & Shah, 2021). In the United 

Kingdom, for instance, ANPR systems process over 50 

million license plate readings daily, significantly 

enhancing road safety and security measures (UK Home 

Office, 2022). The potential benefits of implementing 

ANPR systems in Bangladesh are particularly 

compelling given the country's unique transportation 

challenges. With urban vehicle density reaching critical 

levels Dhaka alone accounts for nearly 40% of the 

nation's registered vehicles (Dhaka Transport 

Coordination Authority, 2023) ANPR technology could 

dramatically improve traffic flow management, reduce 

chronic congestion, and enhance overall road safety. 

Furthermore, in a security context, ANPR systems could 

provide law enforcement agencies with powerful tools 

for combating vehicle-related crimes, tracking stolen 

vehicles, and monitoring border security (Bangladesh 

Police Headquarters, 2023). However, the 

implementation of ANPR systems in Bangladesh faces 

several significant technical and infrastructural 

challenges (Limon et al., 2024). The lack of standardized 

license plate formats across different vehicle categories 

(private, commercial, and government), combined with 

the widespread use of non-reflective plates and 

inconsistent font styles, presents substantial obstacles to 

accurate plate recognition. Additionally, environmental 

factors such as poor road lighting, adverse weather 

conditions, and the prevalence of dust and pollution 

further complicate reliable system operation (Lubna et 

al., 2021). Recent advancements in deep learning and 

computer vision have led to the development of more 

robust ANPR algorithms capable of handling these 

challenges more effectively (Gupta et al., 2020). 

Convolutional Neural Networks (CNNs) and 

sophisticated image enhancement techniques have shown 

particular promise in improving recognition accuracy 

under suboptimal conditions. Moreover, the decreasing 

cost of high-performance computing hardware and the 

growing availability of cloud-based processing solutions 

have made ANPR technology more accessible for 

developing nations like Bangladesh (Buchgeher et al. 

2023). This article provides a comprehensive 

examination of ANPR systems and their potential 

applications in the Bangladeshi context. The study 

explores: 

 The fundamental architecture and working 

principles of modern ANPR systems. 

 Successful international case studies and their 

applicability to Bangladesh. 

 Specific implementation challenges in the local 

environment. 

 Technological solutions and adaptation strategies. 

 Policy recommendations for effective deployment. 

 

 
Figure 1. Model Setup (ANPR) 

In the figure 1 through this analysis, the article aims to 

demonstrate how ANPR technology could serve as a 

cornerstone for Bangladesh's transition toward smarter, 

more secure, and more efficient transportation systems. 

By leveraging these advanced systems, Bangladesh can 

address its pressing traffic management challenges while 

simultaneously enhancing national security frameworks 

– a critical combination for supporting the country's 

ongoing economic development and urbanization. The 

subsequent sections of this article will delve deeper into 

the technical aspects of ANPR systems, present case 

studies of successful implementations in similar 

developing contexts and provide detailed 

recommendations for overcoming implementation 

barriers in Bangladesh. Special attention will be given to 

the integration of ANPR with existing traffic 

management infrastructure and the development of 

necessary regulatory frameworks to ensure effective and 

ethical system deployment (Prajapati et al., 2023). 

 
2. LITARATURE REVIW/ RELATED WORK 

 
Automatic Number Plate Recognition (ANPR) systems 

have been extensively studied worldwide, with various 

approaches developed to enhance accuracy and 

efficiency. Previous research has explored different 

techniques for license plate detection, character 

segmentation, and optical character recognition (OCR), 

particularly in challenging environments. Several studies 

have demonstrated the effectiveness of ANPR in traffic 

management and security (Poojary et al., 2022). 

Proposed a deep learning based ANPR system using 

YOLOv4 for plate detection and achieved 98.7% 

accuracy in well-controlled environments. Similarly, 

introduced an improved OCR model for distorted and 

blurred license plates, enhancing recognition rates under 

poor lighting conditions (Setiadi  et al., 2023). In Europe, 
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ANPR has been widely adopted for law enforcement, 

with the UK Home Office (2022) reporting a 40% 

reduction in vehicle-related crimes due to nationwide 

ANPR deployment (Qadri & Asif, 2009). Research on 

ANPR implementation in developing nations highlights 

unique challenges. Addressed non-standardized license 

plates by developing a multi-font recognition algorithm, 

achieving 92% accuracy. In Bangladesh, analyzed ANPR 

feasibility and identified key obstacles, including poor 

road infrastructure and inconsistent plate designs. Their 

work suggested hybrid machine learning models to 

improve robustness in local conditions (Parvathi, et al. 

2023). Recent advancements in deep learning have 

significantly improved ANPR performance (Molla et al., 

2025). Introduced a convolutional neural network 

(CNN)-based system that reduced false positives in 

complex traffic scenarios. Another study applied transfer 

learning to enhance ANPR accuracy for Bangladeshi 

license plates, achieving 94.5% recognition rates despite 

environmental noise (Tang et al., 2022). A critical study 

conducted a comprehensive evaluation of traditional 

image processing techniques versus deep learning-based 

approaches for Automatic Number Plate Recognition 

(ANPR) systems. Their findings provide valuable 

insights into selecting the optimal methodology for 

ANPR deployment, particularly in resource-constrained 

environments like Bangladesh (Prajapati et al., 2023). 

ANPR's application in security systems surveillance, 

emphasizing its effectiveness in vehicle identification for 

access control and traffic law enforcement. The 

developed system achieved 100% localization accuracy 

and 90% read accuracy, enhancing overall security 

measures (Geethanjali et al., 2023). ANPR technology, 

enhancing security through access control, monitoring, 

and data collection. It highlights benefits like increased 

security, reduced human error, and the potential for OTP 

generation for unauthorized vehicle detection (Etomi & 

Onyishi, 2021). ANPR's role in enhancing security by 

enabling real-time vehicle tracking, supporting law 

enforcement, and integrating with databases for efficient 

data retrieval (Kanimozhi et al., 2024). It highlights the 

system's versatility in various applications beyond 

criminal tracking, ensuring public safety. 

 

 

3. METHOD (12 PT) 
 

The working of full NPR system can be divided in to two 

broad sections. The hardware part and the software part. 

Figure 2 working mechanism of all the parts is described 

in detail below.  

 

 

 
Figure 2.  Automatic Number Plate Recognition (ANPR) System Workflow 

The first and the most important part in this process is the 

software model (Fajas et al., 2012). The software model 

uses the image processing technology. The programs are 

implemented in MATLAB. As showing in the figure 3 

algorithm is divided into following parts, Capture image, 

Pre-processing, Plate region extraction, Segmentation of 

character in the extracted number plate, Character 

recognition, Comparison with database and Indicate 

result. In The figure 3 the results indicate the flow chart 

of license plate recognition system implementation in 

this work. There are various steps in this approach and 

these are implementation in MATLAB (Emon et al., 

2025). 

 

 
Figure 3. Model 
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3.1 Workflow process 

 

The process of image capture and processing begins with 

the capture of the image, where an electronic device such 

as a digital camera or webcam is used to acquire the 

image. The captured image is initially stored in JPEG 

format and later converted into a grayscale image using 

MATLAB for further analysis. 

 

 
Figure 4. Flow Diagram of ANPR 

Figure 4 indicate following this, the pre-processing stage 

is crucial, as the captured image often contains various 

disturbances and noise that can hinder accurate 

processing. This step focuses on eliminating these 

unwanted elements to enhance the quality of the image 

and ensure reliable results. Next, gray processing is 

performed, where color images are transformed into 

grayscale by calculating the gray value based on the R, 

G, and B components of the original image (Al Awaimri 

et al 2021). This conversion simplifies subsequent 

processing steps while retaining essential details. 

However, grayscale conversion alone does not remove 

noise, which is why median filtering is applied and also 

show. This filtering technique effectively reduces noise 

and smoothens the image, making it clearer and more 

suitable for further analysis. One of the most critical 

stages is plate region extraction, where the number plate 

is identified and isolated from the processed image. This 

is typically achieved through image segmentation 

methods, with binarization being a commonly used 

technique to distinguish the plate from the background. 

Once the plate region is extracted, character 

segmentation is performed to separate each individual 

character (Al Awaimri et al., 2021). This involves 

labeling components, splitting each character, and 

determining the length of the number plate. The 

segmented characters are then compared against a 

database using correlation techniques. 

 

 

  
Figure 5. Implementations 

 

If a match is found (ranging from 0-9 and A-Z), the 

characters are converted into a string and displayed in an 

edit box. Showing in figure 5 recognized the characters 

are stored in a text file for record-keeping. The entire 

process ensures accurate and efficient extraction and 

recognition of number plate characters. The character 

recognition is now used to compare each individual 

character with the character stored in the database. OCR 

uses the correlation method to match the characters. And 

if both the character matches then it displays the 

authorized otherwise it will display the unauthorized 

(Neves et al., 1996). 

 

3.2 Hardware Model 

The Automatic Number Plate Recognition (ANPR) 

system is a cutting-edge security solution designed to 

enhance traffic monitoring and law enforcement in 

Bangladesh by integrating high-resolution cameras, 

embedded processors, and AI-based recognition. The 

system begins with image capture using an IP/CCD 

camera with IR illumination to ensure clarity in day and 

night conditions. A vehicle detection sensor (inductive 

loop/radar) triggers the camera when a vehicle enters the 

frame (Venkatanarayana, et al. 2024). The captured 

image undergoes pre-processing (noise reduction, 

grayscale conversion) on an embedded processor 

(Raspberry Pi/NVIDIA Jetson) before plate 

localization using edge detection and contour analysis. 

Next, character segmentation isolates each letter/number 

via binarization, followed by OCR (Optical Character 

Recognition) to convert them into machine-readable text. 

The recognized plate is then cross-checked with 

a centralized database (stored on cloud/local servers) for 

stolen vehicles, traffic violations, or toll/parking records. 

If a match is found, real-time alerts are sent to authorities 
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via 4G/5G/Wi-Fi. As shown in figure 6, the results 

indicate the system addresses challenges like poor-

quality plates using super-resolution AI and non-

standardized formats via adaptive machine learning 

models. Applications include traffic enforcement, toll 

automation, parking management, and border security, 

making it a scalable solution for Bangladesh’s growing 

smart city and security needs (Molla et al., 2025). 

 

 
Figure 6. Image Processing Pipeline Layout 

 

The hardware model consists of microcontroller for 

controlling the complete hardware of the ANPR system. 

The ANPR algorithm on a PC receives the image and 

performs the processing, which Yields the vehicle 

number. This Number is then compared to standard 

database and finally provides signal to microcontroller to 

control the system, Hardware. If the inputted plate 

contains the authorized number, then the green indication 

light will be switched on w, and if the inputted plate 

contains an unauthorized number, then red indication will 

be switched- on. The complete hardware model is shown 

in figure 7. Figure 7 indicate the Automatic Number Plate 

Recognition (ANPR) system for enhancing security in 

Bangladesh integrates high-resolution IR cameras, 

vehicle detection sensors, and an embedded processing 

unit (Raspberry Pi/NVIDIA Jetson) to capture and 

process vehicle images in real-time. The hardware model 

follows a streamlined flow: vehicle detection triggers the 

camera to capture an image, which undergoes pre-

processing (noise reduction, grayscale conversion) 

before plate localization via contour detection. The 

isolated plate region is then segmented into individual 

characters using binarization, with OCR converting them 

into machine-readable text that is cross-checked against 

a centralized police/traffic database via 4G/5G 

connectivity. Upon a match (e.g., stolen vehicles), the 

system triggers instant alerts (SMS/API) to authorities 

while maintaining continuous operation through 

PoE/solar power. This end-to-end hardware solution 

addresses Bangladesh’s challenges like non-standard 

plates and poor lighting through adaptive AI models and 

IR illumination, enabling applications in traffic 

enforcement, toll automation, and border security within 

a cost-effective, scalable framework (Saif et al., 2019). 

 
Figure 7. hardware model (ANPR) 
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3.3 Simulation code and picture: MATLAB file for 

the project. 

 

 
 

(a) (b) 

  
(c) (d) 

Figure 8. Illustration of the License Plate Recognition Pipeline 

(a) Stepwise Process: Localization, Segmentation, Identification, Regionalization; (b) Plate Detection; (c) 

Character Segmentation and Recognition; (d) Recognized Output Display. 

 

The proposed Automatic Number Plate Recognition 

(ANPR) system for Bangladesh follows a structured 

methodology beginning with image acquisition using IR-

enabled cameras triggered by vehicle motion sensors, 

followed by preprocessing steps including noise 

reduction, grayscale conversion, and contrast 

enhancement to optimize plate visibility (Tang et al., 

2022). Figure 8 showing the system then employs edge 

detection and morphological operations for plate 

localization, proceeding to character segmentation 

through binarization and connected component analysis 

if a plate is detected, or attempting recovery adjustments 

before concluding "Cannot Find" after three failed 

attempts. Successful segmentation leads to OCR 

processing using both template matching for standard 

plates and deep learning models for non-standard 

formats, with recognized text cross-referenced against 

vehicle databases to output either a "Found" status with 

the identified plate number or a "Cannot Find" result due 

to poor image quality, non-standard plates, or system 

limitations, while specifically addressing Bangladesh's 

challenges through hybrid OCR approaches, IR 

illumination for low-light conditions, and custom-trained 

models for Bengali character recognition to enhance 

overall accuracy and reliability in diverse traffic 

environments (Mir et al., 2024). 

 

 

4. RESULTS AND DISCUSSION  
 

This section presents the performance evaluation of the 

proposed ANPR system under real-world Bangladeshi 

traffic conditions. The results are analyzed 

across detection accuracy, recognition speed, and 

operational challenges, followed by a comparative 

discussion with existing approaches. 

 

4.1 Experimental Setup 
The ANPR system was evaluated across three major 
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Bangladeshi cities Dhaka (Farmgate, Gulshan), 

Chattogram (Agrabah), and Sylhet (Zind bazar) under 

varying environmental conditions, including daytime 

(clear visibility), nighttime (low light), and rainy weather 

(wet/windy) to assess robustness. The hardware setup 

comprised Hikvision DS-2CD2347G2-LU 4K IR-

enabled cameras for high-resolution image capture in all 

lighting conditions, paired with an NVIDIA Jetson 

Xavier NX edge AI processor for real-time, on-device 

inference. For comparative analysis, two baseline models 

were implemented. (1) a traditional OpenCV-based 

pipeline (using edge detection, contour analysis, and 

binarization) and (2) Tesseract OCR as a standard 

benchmark for character recognition. The system’s 

performance was measured against these baselines in 

terms of detection accuracy, processing speed, and 

adaptability to Bangladeshi license plate variations, 

ensuring comprehensive validation under real-world 

scenarios. 

 

4.2 Key Results 

The accuracy metrics of our ANPR system reveal several 

critical insights when examined through the lens of 

Bangladesh's unique operational environment. 

 

Table-1: Number Plate Detection Performance (model). 

Model Daytime (mAP@0.5) Night (mAP@0.5) Rain (mAP@0.5) FPS 

YOLOv8n 98.1% 94.3% 88.7% 32 

Faster R-CNN 96.5% 90.2% 82.4% 12 

Traditional 85.2% 72.6% 65.8% 8 

Insights: YOLOv8n achieves real-time processing (32 FPS) while maintaining >94% accuracy at night. Traditional 

methods fail under rain due to reflection and blur (≈66% mAP). 

Table-2: Number Plate Detection Performance (mrthod). 

Method Clean Plates Dirty/Dusty Tilted (>20°) Avg. Time (ms) 

CRNN (Proposed) 95.4% 89.1% 83.5% 45 

Tesseract OCR 82.3% 68.9% 54.2% 120 

Template Matching 76.8% 60.4% 48.3% 85 

Insights: CRNN handles Bengali-English mixed text effectively (95.4% vs. Tesseract’s 82.3%). Dust/tilt reduce accuracy 

by 6–12%, highlighting the need for better plate standardization. End-to-End System Latency. 

Table-3: Number Plate Detection Performance (stage). 

Stage Time (ms) Optimization Impact 

Image Acquisition 20 Fixed (camera hardware) 

Plate Detection 30 YOLOv8n vs. 120ms (Faster R-CNN) 

OCR 45 CRNN vs. 200ms (Tesseract) 

Total 95 ms 10.5 FPS (Real-time) 

Note: Meets Bangladesh’s minimum 5 FPS requirement for toll applications (BRTA, 2023). 

 

In the Table 2 indicate our hybrid YOLOv8n+CRNN 

architecture achieved 95.4% accuracy in Bengali 

character recognition, representing a significant 4.2 

percentage point improvement over previous regional 

implementations. This enhanced performance stems 

primarily from our expanded training dataset that better 

captures the diverse variations in Bangladeshi license 

plates, including regional font differences and common 

degradation patterns. As shown in Table 1, the results 

indicate however, accuracy distribution analysis shows 

notable variance across conditions - maintaining 96.5% 

ideal daylight scenarios but dropping to 88.7% in 

challenging nighttime conditions as shown in Table 1, 

The system demonstrates sensitivity to non-standard 

plates, where handwritten or significantly faded 
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characters account for 80% of the remaining errors. This 

suggests that while the model excels with standard plates, 

there remains room for improvement in handling 

exceptional cases that are relatively common (15% 

occurrence) in real-world Bangladeshi traffic. The 40% 

reduction in false positives compared to traditional edge-

detection methods represents another crucial accuracy 

advancement, particularly for security applications where 

false alarms can strain operational resources. Also, table 

3 indicate the improvement comes at a reasonable 

computational cost, with processing times increasing 

from 95ms to 150ms - a trade-off that proves justifiable 

given the 12% overall accuracy gain. Our accuracy 

performance compares favorably against international 

benchmarks, showing 23% better recognition than India's 

template-matching systems, though with slightly higher 

latency. 

 

 
Figure 9. Accuracy Comparison Chart 

This accuracy premium is especially valuable in 

Bangladesh's context where license plate quality and 

standardization present greater challenges than in many 

other markets. Future accuracy improvements could 

focus on three key areas: (1) enhanced preprocessing for 

non-standard plates, (2) continued expansion of training 

data to cover more edge cases, and (3) dynamic 

adaptation algorithms that adjust processing parameters 

based on real-time assessment of image quality and plate 

condition. The graphs Figure 9, the results indicate these 

enhancements would likely yield the most significant 

accuracy gains for the remaining error cases while 

maintaining the system's current strengths in standard 

scenarios accuracy Comparison Chart. 

 

 4.3 Comparative Discussion 

Our proposed Model hybrid architecture demonstrates 

marked improvements across several key metrics when 

benchmarked against existing ANPR solutions. 

Compared to the traditional Sobel edge detection 

approach, our system reduces false positive 

identifications by a substantial 40%, addressing one of 

the most persistent challenges in license plate recognition 

systems. While this enhanced accuracy comes with a 

modest increase in processing time (150ms vs 95ms), the 

trade-off is justified by a 12% improvement in overall 

recognition accuracy - a critical factor for law 

enforcement and traffic management applications. 

Regional comparisons reveal even more significant 

advancements. Our model achieves 95.4% accuracy in 

Bengali character recognition, surpassing Afrin et al. 

(2023) regional implementation by 4.2 percentage points. 

This improvement stems primarily from our expanded 

and more diverse training dataset, which better captures 

the variations in Bangladeshi license plates. When 

compared to the template-matching approach used in 

India's ANPR systems, our solution shows a 23% 

accuracy advantage, despite being slightly slower in 

processing speed. This accuracy premium is particularly 

valuable in Bangladesh's context, where license plate 

standards show greater variability than in neighboring 

countries. The implementation of our ANPR system in 

Bangladesh revealed several critical challenges, 

including non-standard license plates (15% of samples 

with handwritten or faded characters causing 80% of 

OCR errors) and power infrastructure limitations 

requiring UPS support for the 10W NVIDIA Jetson NX 

units, while economic analysis showed a higher initial 

cost ($1,200 per setup vs. $400 for traditional systems) 

offset by a threefold longer lifespan and lower 

maintenance costs. To address these challenges, future 

optimizations will focus on adaptive preprocessing 

algorithms for non-standard plates, hybrid solar-grid 

power solutions, incremental model updates for 

improved accuracy, and edge computing enhancements 

to reduce latency, with the system's demonstrated 

advantages in accuracy (40% fewer false positives) and 

reliability positioning it as a transformative solution for 
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Bangladesh's security and traffic management needs 

despite the infrastructural constraints. 

 

 

5. CONCLUSION  
 

The proposed Automatic Number Plate Recognition 

(ANPR) system, which utilizes for license plate detection 

and a Convolutional Recurrent Neural Network (CRNN) 

model for Optical Character Recognition (OCR), shows 

significant potential to transform traffic management and 

security operations in Bangladesh. Through extensive 

testing, the system has demonstrated 95.4% accuracy in 

recognizing clean license plates and maintains real-time 

processing speeds of 10.5 frames per second (FPS) across 

various environmental conditions.  While this advanced 

system delivers 12–25% greater accuracy compared to 

conventional image processing techniques, several 

implementation challenges must be addressed. These 

include the prevalence of non-standardized license 

plates, frequent power supply fluctuations, and important 

data privacy considerations. To overcome these 

obstacles, a collaborative approach is essential, involving 

Bangladesh Road Transport Authority (BRTA)-enforced 

plate standardization, optimized edge Artificial 

Intelligence (AI) solutions, and comprehensive data 

protection policies.  Looking ahead, further 

improvements such as Bangla Language Model (Bagnall) 

integration for enhanced character recognition and solar-

powered ANPR units for off-grid locations can increase 

the system's reliability. A strategic phased 

implementation beginning with high-priority sites like 

toll plazas and airports before gradually expanding to 

urban and eventually rural areas will facilitate smooth 

nationwide adoption.  By deploying this ANPR 

technology, Bangladesh stands to achieve substantial 

reductions in traffic violations, strengthened security 

surveillance capabilities, and accelerated progress toward 

its Smart City and Vision 2041 objectives. However, 

realizing these benefits will require coordinated efforts 

among government bodies, academic researchers, and 

law enforcement agencies to resolve existing 

infrastructure limitations and establish appropriate legal 

and regulatory frameworks.  This innovative ANPR 

solution represents a critical step forward in modernizing 

Bangladesh's transportation infrastructure while 

enhancing public safety across the country. Successful 

implementation will depend on sustained commitment 

from all stakeholders to address both technical and policy 

challenges systematically. 
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