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Abstract –It is important to ensure that all vehicles have a standard number plate as required by law to ensure proper identification and safety on the roads. The vehicle number plate recognition systems are a useful tool for improving security, traffic management, and overall efficiency in various industries. Currently, many techniques have been developed to detect vehicle number plate and recognize the characters but work related to fancy number plate detection specifically in Devanagari script is untouched yet. This paper surveyed various methods to detect and recognize the vehicle number plate depending on specified applications. We implemented the system using embedded devices and developed the number plate localization method. Finally, we proposed the machine learning approach to recognize the character from fancy number plate.
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I. INTRODUCTION
NNumber plate recognition systems are becoming increasingly popular due to their various benefits, some of them are like Enhance security, Traffic management, Parking management, Toll collection, Law enforcement etc. [1]. This system used to enhance security by identifying suspicious or stolen vehicles, aiding in investigations, and preventing vehicle theft. Also, it is used to monitor traffic flow, identify vehicles that violate traffic rules, and generate traffic reports. This can help traffic authorities to better manage and control traffic on roads. Further, it is used to manage parking spaces in public places, such as airports, shopping malls, and hospitals. The system can be used to identify vehicles that have overstayed their parking time, and issue fines or penalties accordingly. It helped to collect tolls on highways and bridges. The system can identify vehicles passing through toll gates, and automatically deduct the toll amount from the driver's account. The foremost significant role is to identify vehicles that have been involved in criminal activities, such as robberies, kidnappings, or hit-and-run accidents. The system can help the police to quickly locate and apprehend suspects [2].
All motor vehicles must have a standardized number plate in India, which must include the state code, the vehicle type emblem, and a special registration number. To make it simpler to identify automobiles and increase road safety, such vehicle number plates were standardized [3]. However, there may be cases where vehicles do not have a standard number plate, such as illegal vehicles or those with fake plates. It is difficult to estimate the number of such vehicles in India, as they are not registered with the authorities and often go unnoticed.
According to a report by the Ministry of Road Transport and Highways, as of 2019, there were over 25 crore registered vehicles in India [4]. The report also noted that there were over 30 lakh cases of traffic violations related to number plates, such as improper display or use of unauthorized plates, in 2018. Some sample fancy number plate in Devanagari script is shown in Fig. 1.
Automatic number plate recognition (ANPR) system is a technology that uses optical character recognition (OCR) software and cameras to read and recognize license plate numbers on vehicles. The ANPR system works by capturing an image of a vehicle's license plate using a camera, and then using OCR software to extract the characters from the image [5].
[image: ]
Fig. 1- Sample Fancy Vehicle Number Plate
The extracted characters are then compared to a database of known license plate numbers to check for matches, or processed to generate information such as the location, time, and date of the vehicle's presence.
ANPR technology has many advantages over manual methods of license plate recognition, such as increased accuracy and speed, and the ability to process large volumes of data in real-time. However, it also raises concerns about privacy and civil liberties, as it involves the automated collection and processing of personal information.
In this paper, we proposed Fancy number plate recognition, also known as vanity number plate recognition, which uses computer vision and machine learning techniques to detect and recognize vehicle number plates that have been designed with unique fonts, colors, or styles in Devanagari script. This script is most widely adopted over 120 different languages which comprised mainly Marathi, Sanskrit, Hindi etc. The main contribution of our paper is to develop a model to detect the feature which is combination of letters and numbers in Devanagari fonts which is complex script with many ligatures and variations, making it difficult to accurately recognize characters. This involves training a model on a large dataset of images of Devanagari number plates, and then using the model to recognize characters in new images. Once the number plate is recognized then if driver violate traffic rules, such details will be sent to nearest Regional Transport Office through GSM module.
The outline of the paper is as follows: Section II describe various technique to detect vehicle number plate followed by real time applications implemented by different researchers in Section III. Section IV explained the proposed methodology to detect fancy vehicle number plate using different Machine Learning algorithms. The design of power supply and PCB design work is presented in Section V. Finally, the paper is concluded in Section VI.
II. VEHICLE NUMBER PLATE DETECTION TECHNIQUE
There are several algorithms that can be used to detect vehicle number plates, but one of the most commonly used techniques is called the "Haar Cascade Classifier". This algorithm is a variant of the Viola-Jones object detection framework, which uses a machine learning approach to detect objects in images [6]. The Haar Cascade Classifier works by training a model on a large dataset of images that contain both positive and negative examples of the object being detected, in this case, vehicle number plates. The positive examples would be images of vehicles with clearly visible number plates, while the negative examples would be images of vehicles without number plates or with obscured number plates. Once the model has been trained, it can be used to detect number plates in new images by analyzing the patterns of light and dark regions in the image. The algorithm looks for specific features that are characteristic of number plates, such as the rectangular shape, the presence of characters and the contrast between the characters and the background.
Another important technology is optical character recognition (OCR) which uses algorithms to convert scanned images of text into machine-readable characters. To extract alphabets and numbers from a vehicle number plate, an image of the plate is captured by a camera, which is then processed using OCR software [7]. The algorithm identifies the characters on the plate by analyzing the patterns and shapes of the characters.
Furthermore, there are two main types of machine learning algorithms that can be used to detect vehicle number plates: supervised learning and unsupervised learning [8], [9]. A labelled dataset is necessary for supervised learning algorithms, which means that the system must be trained on instances that have already been assigned the right output. This means that in the case of vehicle number plate detection, the algorithm would be trained using pictures of automobiles with correctly classified number plates. Convolutional Neural Networks (CNNs), Support Vector Machines (SVMs), and Random Forests are well-liked supervised learning methods for image detection [10]. Unsupervised learning algorithms attempt to find patterns and structures in the input data on their own and do not require labeled data [11]. The algorithm would examine photos of automobiles to find recurring patterns or features that suggest the existence of a number plate in the instance of vehicle number plate detection. Principal Component Analysis (PCA), Autoencoders, and k-Means clustering are popular unsupervised learning algorithms for image detection [12]. 
In general, supervised technique is the more common approach and tends to be more accurate, but requires a large amount of labeled data for training. Unsupervised technique can be useful in certain situations, but typically requires more fine-tuning and manual intervention to achieve optimal performance.
III. RELATED WORK
Luo et al. [13] have relied on edge-based techniques for vehicle number plate detection because every number plate is rectangular and has a known aspect ratio. However, relying just on the horizontal lines can produce inaccurate results because vehicle front bumper may be selected as horizontal edge. A novel technique by Duan et al. [14] that combines the Hough transformation with a contouring algorithm produced faster results but was extremely sensitive to undesirable edges and was unsuitable for usage with complicated or fuzzy images.
A binary image is subjected to a wavelet transform using the Haar-scaling function in [15]. The LH sub-band is then used to locate a reference line with the greatest horizontal variance. The candidate regions are then extracted using the reference line, and ultimately, the extracted candidates are used to precisely find the vehicle number plate. This technique required complicated computations, and performed poorly against complex backgrounds and under various lighting situations.
Jithmi Shashirangana et.al [16] surveyed two categories for number plate recognition viz. multi-stage and single-stage recognition. For a variety of datasets, the single-stage deep learning-based systems have demonstrated strong performances. Large datasets can be used to pre-train multi-stage object detection based deep learning systems, although they have demonstrated lower computing efficiency and accuracy than single-stage approaches.
Authors in [17] proposed various deep learning techniques viz. AlexNet or R-CNNL3 prior to localize the vehicle number plate using YOLOv4 (You Only Look Once) model, but its real-time implementation necessitates a powerful GPU. Irina Pustokhina et.al described optimal K-means (OKM) clustering-based segmentation and CNN based recognition to detect the number plate and achieved 98.1% overall accuracy on Stanford Cars, FZU Cars and HumAIn 2019 Challenge dataset.
Sushant Poojary et.al  [11] presented a survey of various deep learning methods to detect the vehicle number plate viz. Single Shot Detector (SSD), R-CNN and its variants, BlitzNet and YOLO based on their average percentage accuracy. Also, various character recognition algorithms are reviewed Template Matching, Artificial Neural Network (ANN), Deep Neural Network (DNN), CNN, Back Propagation Neural Network (BPN), K-Nearest Neighbor (KNN), Feed Forward Back Propagation and Support Vector Machine (SVM) based on their percentage success rate of number plate recognition.
After reviewing various approaches in this domain, the research on fancy number plate detection specifically in Devanagari script is still untouched. Therefore, we propose a machine learning approach to recognize the fancy number from plate.

IV. [bookmark: _GoBack]PROPOSED METHODOLOGY
The block diagram of proposed system is shown in Fig. 2. 
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Fig. 2- Block Diagram of Proposed System
The overall system is based on ESP32 CAM Wi-Fi module used for the interfacing the imaging sensor on to the model for the image recognition process. The Wi-Fi, conventional Bluetooth, and BLE Beacon are all integrated into ESP, which also features two powerful 32-bit LX6 CPUs [18], [19]. It has an on-chip sensor, a Hall sensor, a temperature sensor, etc. in addition to its main frequency adjustment range of 80MHz to 240MHz. The 0.3MP OV7670 camera module with High-Quality Serial Camera Control Bus Connector is a low voltage CMOS image sensor offers a single-chip Video Graphics Array. The overall system is connected and the attached with this microcontroller and the power supply used to provide the power to the all devices for the work. The 16X2 LMD 16L LCD display is used to show which number is detected and then the message is send to the owner of the vehicle as well as to RTO based on violation of traffic rules through SIM900A GSM module.
The interfacing circuit diagram of Microcontroller, imaging sensor, LCD and GSM module is shown in Fig. 3.
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Fig. 3- Interfacing Circuit diagram of proposed system

V. POWER SUPPLY AND PCB DESIGN
We have designed linear regulated DC power supply having three different DC voltage rating viz. 5V and 3.3 V. The single phase AC supply is taken from Distribution Section of Electricity Board. It is 230 V, 50 Hz alternating current obtained through Line & Neutral Points from socket-board. 
We designed transformer based on dropout voltage across regulator IC (of 2 V) and 4 rectifier diodes (0.7 V across each). The total voltage Drop = 2 V + (0.7 + 0.7) = 3.4 V. Thus, Secondary Voltage = Vo + Voltage Drop = (12 + 3.4) V = 15.4 V ~ 15 V. Also, the secondary current = (Vrms / RL) = 15 / 12 = 1.25 A. ~ 2 A. Finally, the transformer Rating is : Step Down, 15 V, 2A.
As we discussed various types of rectifiers, but from that we will choose Bridge Rectifier as it has high efficiency, less ripple factor value & very important parameter is Less PIV (Peak Inverse Voltage). Bridge rectifier consists of 4 Rectifier Diodes. For that we have to know its PIV. For Bridge Rectifier, PIV = Vm = √2.
Vrms = √2 × 15.4 V = 21.77 V                  (1)
Also, maximum current handling capacity is Isec = 1.25 A ~ 2 A. The Diodes having PIV rating & maximum current handling capacity Isec near to calculated values must be selected. From datasheet, we can use Diode 1 N 4007 as rectifier diode in Bridge Rectifier Circuit. 
Filter capacitor is used to get pure ripple free DC voltage. Ripple factor of diode 1 N 4001 is 0.48. Based on below formula in eq. (2), we designed the capacitor filter:              
                (2)

The ripple factor for bridge rectifier is 0.48 and frequency is 50 Hz. After solving the eq. (i), the capacitor filter of value 500 μF or higher rating is used (In our case 1000 μF electrolytic capacitor is used).
Now, if filter circuit is far away from regulator then some distortion in waveform will be present there. To overcome these distortions in waveform due to transmission, we can use capacitor C1 of 0.1 µF. Also we use C1 as 10 µF on output side to improve transient response of system. When there is sudden change in current voltage Vo tries to decrease & tries to reduce time required to stabilize. We used 7805 and LM1117 voltage regulator IC to obtain positive 5V (for GSM, Imaging Sensor and LCD) and 3.3 V (for ESP32 microcontroller) respectively. The complete power supply design is shown in Fig. 4.
[image: ]
Fig. 4- Design of Power Supply to get 5 V and 3.3 V
We tested and troubleshoot the power supply design and interface it with microcontroller and LCD up till now. The PCB artwork and layout is designed using Proteus software and the 3-D visualization of the same is shown in Fig. 5.
[image: ]
Fig. 5- 3-D visualization of Power Supply Design
The hardware setup for experimentation is shown in Fig. 6 in which 3 different ratings of voltages have been implemented viz. 12 V (future development), 5 V and 3.3 V.
[image: ]
Fig. 6- Hardware Set-up of proposed system
For experimentation purpose, we used Core2Duo CPU with 2GHz processor and 3 GB RAM as computing platform for image processing operation. In our experimentation, the vehicle image is captured which is in steady state by using OV7670 as shown in Fig. 7.
[image: ]
Fig. 7- Rear view of Vehicle having fancy number plate [20]
The edge based number plate detection algorithm is used to identify the location of vehicle number plate from rear view of complete vehicle. This method is easy and obtained the resultant image speedily which is shown in Fig. 8.
[image: ]
Fig. 8- Localization of Vehicle Number Plate
The USB micro to TTL is used to interface the system with ESP32 microcontroller. As this is our ongoing project the character recognition part in process to recognize the numbers from fancy vehicle number plate.
VI. CONCLUSION
The approaches and strategies currently being employed in vehicle number plate detection solutions in recent literature have been examined and analyzed in this survey work. This paper presented the Devanagari script based Fancy vehicle number plate recognition methodology. We implemented the system using ESP32 microcontroller, OP7670 imaging sensor, SIM900A GSM module. The complete power supply with specified rating is designed followed by simulation of vehicle number plate localization from complete view of vehicle. In future, the synthetic dataset will be prepared and training and testing of machine learning algorithms will be accomplished to obtain the exact character from fancy number plate with higher accuracy.
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