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REVIEW OF LICENSE PLATE RECOGNITION USING OPTICAL CHARACTER
RECOGNITION

Abstract. With the development of technologies and population increase the need in License
Plate Recognition systems becomes more and more urgent. The police forces, park
management, traffic control employees use LPR to improve their work. LPR system captures
the image from digital camera, then makes pre-processing, character segmentation and character
recognition. This paper is the survey of the OCR techniques and phases, the LPR application
areas with a brief description of algorithms and methods applied by other researchers.

Keywords: License Plate Recognition (LPR), Optical Character Recognition (OCR),
ANPR (Automatic Number Plate Recognition), OCR algorithms, CER (Character Error Rate)

Introduction
Optical Character Recognition (OCR) is the data mining of text from image and then
transforming the text for editing or searching.

License Plate Recognition (LPR) is an image processing mechanism used to
recognize vehicles by their license plates. LPR was invented in 1976 by the UK Police Research
Branch. The first test systems were deployed on the Al road and in the Dartford tunnel. The
first arrest on finding a stolen car was made in 1981 [1]. Creation of an effective LPR system is
one of the most dynamic research spheres that has such applications as traffic control and
optimization, car park management, border control and law enforcement.

The detection and extraction of data from a number plate is the most important part of
the LPR system that influences its overall accuracy. The performance can be hindered by the
presence of noise, rough illumination, blurring, foggy conditions and unclear light. Most LPR
algorithms usually consist of four steps: image capture, number plate detection, character
segmentation and recognition. Character segmentation methods depends on the input image size,
various lightening conditions, license plate location. Therefore, it is irrational to exactly conclude
which method really shows the highest performance.

Literature review

The section focuses on the works previously done by several researchers. Optical
character recognition is a broad topic that has its own history. In 1929, almost a century
ago, Gustav Tauschek received a patent for an OCR method in Germany. The Tauschek
machine was a mechanical device that used templates and a photo detector. The problem of
automatic vehicle number plate recognition has been explored since the mid 90’s.

Survey on OCR

The works of Sarika Pansare et al. [2] and Sukhpreet Singh [3] familiarize with
approaches used for the design of OCR systems. Venkata Rao et al. [4] give the comparison
techniques and explain the phases of OCR. Noman Islam et al. in their work [5] demonstrate
the types of OCR systems: handwriting and machine printed character recognition. The table of
major phases of OCR gives the description and approaches used in OCR which has a wide sphere
of applications [4][5] such as banking, medicine, transportation, etc.
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Algorithms

Most articles in optical character recognition on license plate use Convolutional Neural
Network to extract features and recognize the vehicle number.

Michael Reynaldo Phangtriastu [6] describes the difference between neural network and
support vector machine in OCR by comparing some feature extraction techniques and their
combination.

Joseph Tarigan [7] tries to define the performance of Genetic Algorithms in improving the
learning rate, the number of hidden neurons and the momentum rate on Back Propagation Neural
Network.

Anuja P. Nagare [8] uses Back Propagation and Learning Vector Quantization techniques for
character recognition of license plate image.

The table of Chirag Patel in [9] gives a comprehensive description of 15 works featuring OCR
methods, their type and success rate. The table clearly presents the number plate detection rate and
image size from several papers.

The work of Narendra Sahu et al. [10] reviews the performance examination of optical
alphabet identification and also briefly explains the manuscript processing steps and their potential
difficulties.

The paper of Nur- A- Alam et al. [11] shows the method for detecting and recognizing
vehicle number plates in Bangladesh. The images of the vehicles are caught, and the number plate
districts are recovered by the template matching method. After segmentation, CNN recover the
features of each character categorizing the vehicle city, type and number.

The work of S ‘ergio Montazzolli Silva [12] proposes the Automatic License Plate
Recognition system and uses 5 different datasets to show the results.

Stuti Asthana et al. in their work [13] describe the back-propagation algorithm using two
hidden layers that provides for high accuracy.

Humayun Karim Sulehria et al. [14] apply such methods as Back-Propagation Network, Feed-
Forward Neural Network, Maximum Entropy and Hough Transform, and compare them to the
proposed method.

Two tables in [15] from Divya Gilly accurately describe and compare different License Plate
Recognition systems and License Plate Detection systems.

Phases of OCR

Optical character recognition is the complex process of actions that are usually called phases.
According to Figure 1 they are:

Image acquisition - the digital image of the text is collected using a scanner or a camera,
which can be subject to digitization, binarization and compression.

Preprocessing — a set of techniques such as thresholding and noise removal, used to improve
the quality of the image. It is important because its defects could affect the recognition rates.

Character segmentation - breaking a segment image into component characters. There are two
types of segmentation: explicit and implicit.

Feature extraction — identification of different features from characters, following
segmentation. These features help to identify the character.

Character classification - the process of relating the character features to a corresponding
class. The character classification techniques may be statistical, structural, syntactic.

Post processing is done to perfect the accuracy of an optical recognition system. Natural
language processing, linguistic and geometric contexts are applied to fix errors.
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Figure 1 - Main phases of OCR

OCR techniques

Matrix matching

Matrix matching interprets a character within a pattern and compares it with a library of
character templates.

Fuzzy logic

A fuzzy system receives data input from sensors and concludes findings based on it. Findings
usually serve as the base for a control system.

Feature extraction

The aim of feature extraction is to select such features that increase the recognition rate. Here
each character is introduced like a vector of features.

Structural analysis

Structural analysis recognizes characters by checking the horizontal, sub feature, and sub
vertical forms of the image.

Neural networks

This technology simulates the neural network of the human brain. A neural network tests the
pixels of the image and relates them to the existing index of character patterns.

Application in LPR

Automatic License Plate Recognition ensures automated access to the number plates for
database systems that contain data about vehicle movements.

Parking

Automation and security include payment for parking without a ticket, car theft prevention,
parking access automation, determining the car location.

Access Control

The permission of access to resources based on the users’ personalities and fellowship in
different groups. License plate recognition provides automation access to vehicle control with
enhanced security, car park administration for logistics and events control.

Traffic Control and Optimization
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License plate recognition is especially applied to detect the speed of a moving vehicle. LPR
notes the average speed of cars and mitigates the hurry during traffic jams.

Border Control

Represents the country’s border security from illegal cross border traffic, contraband and
terrorism. It helps to decrease the level of violent crime and raise the social security.

Law Enforcement

License plate recognition contributes to quick recognition of stolen cars based on current
backlist, issuance of fines for red light passage and overspeeding.

Comparison of studied works
Table 1 below presents metrics from other researchers’ work with their progress. It represents
character error rate (CER), character recognition rate (CRR) and accuracy.

Table 1 - Metrics comparison

Works CER/CRR Accuracy
[16] Chinese license plates — 98.5%
[17] LPRNet — 95 %
[18] Bangladesh license plates 1 — 99.6%
[11] Bangladesh license plates 2 90.9% 98.2%
[19] Efficient NN 90.93% —
[20] UK number plate — 98.9%
[21] Greece LPR 95 % —
[22] Practical LPR 95.6% —
[23] UK binary character 97.3% —

Conclusion

The research paper aims at general familiarization with the OCR and LPR systems based on
all collected information. It considers the basic principles of OCR work, the works of other
researchers and their proposed methods.

This article is one of the most important stages preceding presentation of the dissertation
paper focusing on the development and comparison of OCR models using neural networks.
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Cagneposa /I.K., Capcem0baeB A.A.
Tan0anapabl ONTHKAJIBIK TaHY/AbI NAMIAJaHY apKbLIbI HOMipJiep Oerinepin
TaHyFa 10y MaKaJachl

AngaTna. TexHONOTHUSHBIH KapbIIITaIl JaMybl XaJIbIK CAHBIHBIH apTYBIMEH HOMIpPIEpP/Il TaHy
JKYHeNepiHe JEereH KaXeTTUIIK — eH o3ekTi moacene. [lommmeiiep, casbak OackapMachl, KOJ
KO3FaJIBICBIH 0acKapy 3 >KYMBICHIH JkakcapTy ymiH LPR maiimanamansl. LPR xylieci caHmbIk
dboTokaMmepasaH KecKiH Tycipedi, cofaH KeliH aiaplH ajna  eHJeydi, TaHOamapisl
CerMEHTAIMSUIAY bl JKOHE TaHOanmap/ sl TaHyAbl Ky3ere aceipanbl. byn makanma OCR omictepi men
Kanamaapeid, LPR KockiMmanapeiH kepceTeTiH Ooibiln TaObLIaAbl jKoHE 0acka 1a 3epTTeyIliiep
KOJIJIAaHATBIH aJITOPUTMIEP MEH 9JIicTepre KhICKAIIa IOy KacallbIl, CUIIaTTama Oepe/ii.

Tyiiinai cesmep: Hemipnepai tany xyienep (LPR), tan6anapasr ontukansik Tany (OCR),
OCR anropurmaep.

Caneposa /I.K., CapcembaeB A.A.
O030pHAast cTaThsl PACNO3HABAHUSA HOMEPHBIX 3HAKOB € MCIO0JIb30BAHHEM ONTHYECKOI0
pacno3HaBaHUsl CHMBOJIOB

Annorauus. C pa3BUTHEM TEXHOJIOTHH M YBEIIMYCHUEM HACEICHUS MTOTPEOHOCTh B CUCTEMaX
pacrio3HaBaHMs HOMEPHBIX 3HAKOB CTaHOBUTCS Bce Ooniee u Oonee akryanbHOW. [lonumius,
yIIpaBJIeHUE TapKaMH, YIpPaBIeHHE JOPOKHBIM IBIDKEHHEM HUCTHonb3ytoT LPR mis ymydmenus
cBoelt paboTsl. Cucrema LPR 3axBarbiBaeT n3o0Opaxenue ¢ HuppoBoil KaMepbl, 3aTEM BBIIOIHSIET
MpeaBapUTENIbHYI0 00pabOTKYy, CErMEHTAMI0O W paclio3HaBaHWE CHUMBOJOB. JlaHHas cCTaThs
npeacTaBisier coboit 0030p, KOTOpbIM mokas3biBaeT Metonabl U 3tanel OCR, o0nacti npumMeHeHus
LPR wu onpaer xpaTkoe omnucaHue ajaropuTMOB U  METOAOB, TNPUMEHSEMBIX JPYTMMH
HCCIIeI0BATEINSIMHU.

KiroueBble cioBa: ONTHYECKOE pPACMO3HABAHWE HOMEPHBIX 3HAKOB, OINTHYECKOE
pacrio3HaBaHHe CUMBOJIOB, aJITOPUTMBbI ONITUYECKOTO paclio3HaBaHMsI, YaCTOTa OUIMOOK CUMBOJIOB.
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