
1-SON 1(5)
2024-YIL



ISSN  2181-4252
O‘ZBEKISTON RESPUBLIKASI RAQAMLI TEXNOLOGIYALAR VAZIRLIGI

MUHAMMAD AL-XORAZMIY NOMIDAGI 
TOSHKENT AXBOROT TEXNOLOGIYALARI UNIVERSITETI 

FARG‘ONA FILIALI

2024 yil, Tom 1, №1
Vol.1, Iss.1, 2024 y

ELEKTRON ILMIY JURNALI ELECTRONIC SCIENTIFIC JOURNAL

FARG’ONA - 2024 YIL

«Al-Farg‘oniy avlodlari» («The descendants of al-Fargani»,  «Potomki al-
Fergani») O‘zbekiston Respublikasi Prezidenti administratsiyasi huzuridagi 
Axborot va ommaviy kommunikatsiyalar agentligida 2022-yil 21 dekabrda 

054493-son bilan ro‘yxatdan o‘tgan.

Jurnal OAK Rayosatining 2023-yil 30 sentabrdagi 343-sonli qarori bilan 
Texnika fanlari yo‘nalishida milliy nashrlar ro‘yxatiga kiritilgan.

Muassis: Muhammad al-Xorazmiy 
nomidagi Toshkent axborot 
texnologiyalari universiteti 
Farg‘ona filiali.
Chop etish tili: O‘zbek, ingliz, rus.
Jurnal texnika fanlariga 
ixtisoslashgan bo‘lib, barcha 
shu sohadagi matematika, 
fizika, axborot texnologiyalari 
yo‘nalishida maqolalar chop etib 
boradi.

Учредитель: Ферганский фили-
ал Ташкентского университета 
информационных технологий 
имени Мухаммада ал-Хоразми.
Язык издания:  узбекский, ан-
глийский, русский.
Журнал специализируется на 
технических науках и публикует 
статьи в области математики, 
физики и информационных тех-
нологий.

Founder: Fergana branch of the 
Tashkent University of Information 
Technologies named after 
Muhammad al-Khorazmi.
Language of publication: Uzbek, 
English, Russian.
The magazine specializes in 
technical sciences and publishes 
articles in the field of mathematics, 
physics, and information 
technology.

Tahririyat manzili:
151100, Farg‘ona sh., 

Aeroport ko‘chasi 17-uy, 
202A-xona

Tel: (+99899) 998-01-42
e-mail: info@al-fargoniy.uz

Qo‘lyozmalar taqrizlanmaydi va 
qaytarilmaydi.



TAHRIR HAY’ATI
Maxkamov Baxtiyor Shuxratovich, 
Muhammad al-Xorazmiy nomidagi Toshkent axborot 
texnologiyalari universiteti rektori, iqtisodiyot fanlari doktori, 
professor

Muxtarov Farrux Muhammadovich, 
Muhammad al-Xorazmiy nomidagi Toshkent axborot 
texnologiyalari universiteti Farg’ona filiali direktori, texnika 
fanlari doktori

Arjannikov Andrey Vasilevich, 
Rossiya Federatsiyasi Sibir davlat universiteti professori, fizika-
matematika fanlari doktori

Satibayev Abdugani Djunusovich, 
Qirg’iziston Respublikasi, Osh texnologiyalari universiteti, 
fizika-matematika fanlari doktori, professor

Rasulov Akbarali Maxamatovich, 
Muhammad al-Xorazmiy nomidagi TATU Farg’ona filiali 
Axborot texnologiyalari kafedrasi professori, fizika-matematika 
fanlari doktori

Yakubov Maksadxon Sultaniyazovich, 
Muhammad al-Xorazmiy nomidagi TATU «Axborot 
texnologiyalari» kafedrasi professori, t.f.d., professor, xalqaro 
axborotlashtirish fanlari Akademiyasi akademigi

G‘ulomov Sherzod Rajaboyevich, 
Muhammad al-Xorazmiy nomidagi TATU Kiberxavfsizlik 
fakulteti dekani, Ph.D., dotsent

G‘aniyev Abduxalil Abdujaliovich, 
Muhammad al-Xorazmiy nomidagi TATU Kiberxavfsizlik 
fakulteti, Axborot xavfsizligi kafedrasi t.f.n., dotsent

Zaynidinov Hakimjon Nasritdinovich, 
Muhammad al-Xorazmiy nomidagi TATU Kompyuter injiniringi 
fakulteti, Sun’iy intellekt kafedrasi texnika fanlari doktori, 
professor

Bo’taboyev Muhammadjon To’ychiyevich, 
Farg‘ona politexnika instituti, Iqtisod fanlari doktori, professor

Abdullayev Abdujabbor, 
Andijon mashinosozlik instituti, Iqtisod fanlari doktori, professor

Qo’ldashev Abbosjon Hakimovich, 
O‘zbekiston milliy universiteti huzuridagi Yarimo‘tkazgichlar 
fizikasi va mikroelektronika ilmiy-tadqiqot instituti, texnika 
fanlari doktori, professor

Ergashev Sirojiddin Fayazovich, 
Farg’ona politexnika instituti, elektronika va asbobsozlik 
kafedrasi professori, texnika fanlari doktori, professor

Polvonov Baxtiyor Zaylobiddinovich, 
Muhammad al-Xorazmiy nomidagi TATU Farg’ona filiali Ilmiy 
ishlar va innovatsiyalar bo’yicha direktor o’rinbosari

Zulunov Ravshanbek Mamatovich, 
Muhammad al-Xorazmiy nomidagi TATU Farg’ona filiali 
Dasturiy injiniring kafedrasi dotsenti, fizika-matematika fanlari 
nomzodi

Saliyev Nabijon, 
O’zbekiston jismoniy tarbiya va sport universiteti Farg’ona 
filiali dotsenti

Abdullaev Temurbek Marufovich, 
Muhammad al-Xorazmiy nomidagi TATU Axborot 
texnologiyalari kafedra mudiri, texnika fanlar bo‘yicha falsafa 
doktori 

Zokirov Sanjar Ikromjon o‘g‘li, 
Muhammad al-Xorazmiy nomidagi TATU Farg’ona filiali 
Ilmiy tadqiqotlar, innovatsiyalar va ilmiy-pedagogik kadrlar 
tayyorlash bo‘limi boshlig‘i, fizika-matematika fanlari bo‘yicha 
falsafa doktori 

Eslatma!  Jurnal  materiallari  to‘plamiga  kiritilgan  ilmiy  maqolalardagi  raqamlar, ma’lumotlar  haqqoniyligiga  
va  keltirilgan  iqtiboslar  to‘g‘riligiga  mualliflar  shaxsan javobgardirlar.

Jurnal  quyidagi bazalarda indekslanadi:



MUNDARIJA  |  ОГЛАВЛЕНИЕ  |  TABLE OF CONTENTS

Umarov Shuxratjon Azizjonovich, Abduqodirov Abdulhay, AXBOROT XAVFSIZLIGI 
TIZIMLARINI INTELLEKTUALLASHTIRISH MASALALARI

4-10

Ахунджанов Умиджон Юнус угли, ЛОКАЛЬНАЯ КРИВИЗНА КАК СТРУКТУРНЫЙ ПРИЗНАК ВЕ-
РИФИКАЦИИ СТАТИЧЕСКОЙ ПОДПИСИ

11-16

Liu Lingyun, Linear cryptanalysis of the SM4 block cipher algorithm 17-22
Shaxzoda Amanboyevna Anarova, Jamoliddin Sindorovich Jabbarov, Doston Naim o’g’li Muxtorov, FRAKTAL 
XUSUSIYATLI ORGANLARNING O‘LCHOVLARINI ANIQLASH SXEMASINI ISHLAB CHIQISH

23-28

E.M.Urinov, M.A.Umarov, Oʻzbek ishora tili harflarini tanib olish algoritmi 29-33
Kengboev Sirojiddin Abray ugli, MATHEMATICAL MODEL OF CALCULATION OF THE TEMPERATURE 
IN THE CONTACT ZONE OF INTERACTION BETWEEN THE SHUTTLE SOCKET AND THE BOBBIN 
OF SEWING MACHINES 

34-38

Anarova Sh.A., Saidkulov E.A., Xaqberdiyev S.N, ZARAFSHON DARYO TARMOG’INI GEOMETIRIK 
MODELLASHTIRISH 

39-43

Xamrakulov Umidjon Sharabidinovich, Ashuraliyev Alisherjon Abdumalikovich, REAL VAQT REJIMIDA 
NOQAT’IY MA’LUMOTLARNI QAYTA ISHLASHNING ANALITIK MODELLARINI ISHLAB CHIQISH

44-56

Sharibayev Nosirjon Yusubjanovich, Kayumov Ahror Muminjonovich, TRIKOTAJ TO‘QIMALARINING 
SHAKL SAQLASH XUSUSIYATLARINI RAQAMLI BAHOLASH USULLARI

57-61

Xasanova Maxinur Yuldashbayevna, Yo‘ldosheva Dilfuza Shokir qizi, Burxonova Malohat Mamirovna, 
BAHOLASH NAZARIYASI USULI ASOSIDA AVTOMATIK TIZIMLARNI DIAGNOSTIKALASH 
ALGORITMLARI 

62-68

Улжаев Эркин, Убайдуллаев Уткиржон, Абдулхамидов Азизжон, Нейронные технологии распознавания 
и классификация степени раскрытия хлопковых коробочек 

69-79

Узаков Б.М., Хошимов Б. М, ИССЛЕДОВАНИЕ МЕТОДОВ ИДЕНТИФИКАЦИИ МОДЕЛЕЙ ВИРТУ-
АЛЬНЫХ АНАЛИЗАТОРОВ ПОКАЗАТЕЛЕЙ КАЧЕСТВА РЕКТИФИКАЦИОННОЙ КОЛОННЫ 

80-84

Rahmatullayev Ilhom Rahmatullayevich, Umurzakov Oybek, SHA oilasiga mansub xesh funksiyalar tahlili 85-92
Zulunov Ravshanbek Mamatovich, Samatova Zarnigor Nematovna, BULUTLI TEXNOLOGIYALARDA 
KIBERXAVFSIZLIK TAMINLASHDA CASB YECHIMLARI 

93-98

Эргашев Отабек Мирзапулатович, ПРОГРАММНЫЕ КОМПЛЕКСЫ И ИХ РОЛЬ В ОПТИМИЗАЦИИ 
РАБОТЫ НАСОСНЫХ СТАНЦИЙ 

99-105

Ёркулов Руслан Махаммади угли, СОСТАВ И СТРУКТУРА МЕЖФАЗНОЙ ГРАНИЦЫ Si /Al(111) И Si/
Cu(111)

106-109

Muxtarov Farrux Muhammadovich, KIBERHUQUQ VA KIBERETIKA MADANIYATINING 
SHAKILLANTIRISHDA “KIBERXAVFSIZLIK ASOSLARI” FANINI O‘QITISHNING DOLZARBLIGI 

110-115

Asrayev Muhammadmullo Abdullajon o‘g‘li, Kurbanov Abduraxmon Alishboyevich, Fayziyev Voxid 
Orzumurod o‘g‘li, YUZ IFODASINI ANIQLASH MODELLARINI OPTIMALLASHTIRISH: GRADIENTNI 
OSHIRISH VA UNING GIPERPARAMETRLARNI SOZLASH VA MUNTAZAMLASHTIRISH 
(REGULARIZATSIYA)DAGI AHAMIYATI 

116-122

Polvonov Baxtiyor Zaylobidinovich, Xudoyberdieva Muhayyohon Zoirjon qizi, Abdubannobov Muydinjon 
Iqboljon o‘g‘li, G‘ulomqodirov  Xumoyun O‘tkirjon o‘g‘li, Zaylobiddinov Bekhzod Bakhtiyarjon o‘g‘li, 
Ergasheva Gulruxsor Qobiljon qizi, DEVELOPMENT OF PRACTICAL COMPETENCES OF STUDENTS 
IN NANOTECHNOLOGY AND SEMICONDUCTOR PHYSICS IN HIGHER EDUCATION 

123-128

Xudoyqulov Zarifjon Turakulovich, Rahmatullayev Ilhom Rahmatullayevich, Mavjud oqimli shifrlash 
algoritmlarining qiyosiy tahlili 

129-134

Zulunov Ravshanbek Mamatovich, Akhmadjonov Ikhtiyorjon Rovshanjonovich, Ergashev Otabek 
Mirzapulatovich, THE METHODS OF AUTOMATIC LICENSE PLATE RECOGNITION

135-141

Asrayev Muhammadmullo Abdullajon o‘g‘li, Fayziyev Voxid Orzumurod o‘g‘li, Turakulova Shaxnoza 
Abdurshidovna, Ermatova Zarina Qaxramonovna, Tibbiy tasvirlar ichida alohida qiziqish hududlarini (Region 
of interest–ROI) avtomatik aniqlash va izolyatsiya qilish 

142-146

Rasulov Akbarali Makhamatovich, Ibrokhimov Nodirbek Ikromjonovich, Minamatov Yusupali Esonali ugli, 
Mukhtarov Farrukh Muhammadovich, BIMETALLIC CLUSTERS AND AREAS OF THEIR APPLICATION 

147-150

Uzakov Barxayotjon Muxammadiyevich, Xoshimov Baxodirjon Muminjonovich, O‘ZBEKISTON NEFT-
GAZ KORXONALARIDA INVESTISIYA LOYIHALARINI MOLIYALASHTIRISH BO‘YICHA XORIJ 
TAJRIBASINI O‘RGANISH

151-156

Xalilov Durbek Aminovich, Abduqodirova Mohizoda Ilhomidin qizi, MASOFAVIY TA’LIM TIZIMINI 
TASHKIL ETISHNING TEXNIK USULLARI

157-160



MUNDARIJA  |  ОГЛАВЛЕНИЕ  |  TABLE OF CONTENTS

Аллаярова Гулмира Холмуратовна, Буронов Нурлибек Рустам угли, Зарипов Шухрат Собиржон угли, 
Исследование ионно-электронной эмиссии  пленок Cs  на гранах (110) и (111) монокристаллов молиб-
дена

161-165

Jo‘rayev Mansurbek Mirkomilovich, Simsiz sensor tarmoq asosida nozik sug‘orish tizimlarini modeli va 
innovatsion loyihalar 

166-172

Zulunov Ravshanbek Mamatovich, Akhmadjonov Ikhtiyorjon Rovshanjonovich, Ergashev Otabek 
Mirzapulatovich, METHODOLOGY FOR BUILDING LICENSE PLATE RECOGNITION SYSTEMS 

173-179

Abduhafizov Tohirjon Ubaydulla o’g’li, Abdurasulova Dilnoza Botirali qizi, IQTISODIY JINOYATLAR 
VA ULARNING OLDINI OLISH UCHUN DASTURIY MAHSULOTLAR ALGORITMLARINI ISHLAB 
CHIQISH

180-185

Djurayev Sherzod Sobirjonovich, Ermatova Zarina Qaxramonovna, Linter qurilmasini ishchi qismlarini 
masofadan boshqarish va nazorat qilish orqali uning samaradorligini oshirish

186-190

Xusanova Moxira Qurbonaliyevna, Sotvoldiyeva Dildora Botirjon qizi, SIGNALLARNI STATISTIK QAYTA 
ISHLASH

191-195

Xalilov Durbek Aminovich, Qurbonova Gulruxsor Murodjon qizi, Axborotlashgan ta’lim muhitida talabalar 
mustaqil ishini tadqiqoti va metodikasini takomillashtirish 

196-200



 

135 

 

Muhammad al-Xorazmiy nomidagi TATU 
Farg‘ona filiali “Al-Farg‘oniy avlodlari” 
elektron ilmiy jurnali ISSN 2181-4252 

Tom: 1 | Son: 1 | 2024-yil 

"Descendants of Al-Farghani" electronic scientific 
journal of Fergana branch of TATU named after 

Muhammad al-Khorazmi. ISSN 2181-4252 
Vol: 1 | Iss: 1 | 2024 year 

Электронный научный журнал "Потомки Аль-
Фаргани" Ферганского филиала ТАТУ имени 

Мухаммада аль-Хоразми ISSN 2181-4252 
Том: 1 | Выпуск: 1 | 2024 год 

https://al-fargoniy.uz/ 

THE METHODS OF AUTOMATIC LICENSE PLATE RECOGNITION 

Zulunov Ravshanbek Mamatovich 

Associate Professor of the Department of software engineering, 

Fergana branch of the Tashkent University of Information 

Technologies, 

Fergana, 150118, st. Mustakillik, 185 

E-mail: zulunovrm@mail.ru 

 

Akhmadjonov Ikhtiyorjon Rovshanjonovich 

Master’s student at the Faculty of Computer Engineering, 

Fergana branch of the Tashkent University of Information 

Technologies, 

Fergana, 150118, st. Mustakillik, 185 

 

Ergashev Otabek Mirzapulatovich 

Associate Professor of the Department of Information 

Technologies, Fergana branch of the Tashkent University of 

Information Technologies, 

Fergana, 150118, st. Mustakillik, 185 

E-mail: ergashev1984otabek@gmail.com 

  
 

Abstract: The results of the methods research of automatic license plate recognition are presented. 

The procedures of the localization region license plates in the image picture, normalizing the license 

plate image, license plate image segmentation, character of license plate recognition and syntactic 

analysis of the elements of the license plate. It is shown that an effective approach can be based on 

the applying methods of the Viola-Jones, Hough, the analysis of histograms of brightness and support 

vector machine. The described approach allows to obtain high recognition accuracy in different 

corners of the license plate relative to the camera. Also, the article outlines the key procedures 

involved in automatic license plate recognition, including localization, normalization, segmentation, 

recognition, and syntactic analysis. It also describes the use of algorithms based on binarization, 

contour extraction, and morphological image processing to localize license plate areas in images. 

Finally, it proposes an algorithm for localizing license plate areas in images, involving grayscale 

conversion, gradient operators, adaptive binarization, morphological operations, contour detection, 

and area selection based on license plate parameters. 

 

Keywords: automatic license plate recognition, localization, normalization, segmentation, character 

recognition, syntactic analysis. 

 

Introduction. Automatic License Plate 

Recognition (ALPR) systems have emerged as 

indispensable tools in various domains, ranging from 

motor transport enterprises to car parking facilities. 

These systems offer a plethora of functionalities, 

including monitoring vehicle presence, managing 

parking spaces, recording time durations, and 

enhancing road safety through effective vehicle 

tracking. The growing ubiquity of vehicles on roads 

necessitates efficient ALPR systems to streamline 

operations and ensure compliance with regulatory 

standards. 

Fundamental to ALPR systems are the 

underlying procedures of localization, normalization, 

segmentation, character recognition, and syntactic 

analysis. Localization involves identifying and 

isolating the region containing the vehicle's registration 

number within an image. Subsequent normalization 
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procedures aim to standardize the size and orientation 

of the license plate image. Segmentation facilitates the 

delineation of individual characters within the license 

plate image, enabling accurate recognition. The 

recognition process involves generating a string of 

characters corresponding to the license plate. Finally, 

syntactic analysis deciphers the elements of the license 

plate string, adhering to predefined standards set by 

regulatory authorities. 

In summary, this study presents a novel 

approach to automatic license plate recognition, 

addressing the increasing demand for efficient and 

reliable systems in diverse applications. By leveraging 

advanced algorithms and methodologies, our proposed 

ALPR system offers a robust solution for enhancing 

vehicle monitoring, safety, and management across 

different sectors. 

Methods. Study Design: The study aimed to 

develop an effective automatic license plate 

recognition system by implementing various methods 

including localization, normalization, segmentation, 

character recognition, and syntactic analysis. The 

methods employed in this research encompassed 

techniques such as Viola-Jones for localization, Hough 

methods and pixel brightness histogram analysis for 

normalization, contour analysis for segmentation, and 

the Support Vector Machine (SVM) method for 

character recognition. 

Data Collection: The experiments were 

conducted using images containing vehicle license 

plates. These images were obtained from various 

sources to represent diverse conditions such as 

different lighting, angles, and distances. The data 

collection process involved capturing images with 

varying distances between the camera and the vehicle, 

as well as images with different angles of rotation in 

the plane, vertically in space, and horizontally in space. 

Software Development: The algorithms for 

automatic license plate recognition were developed 

using the C# programming language and the Emgu 

computer vision library. The software was designed to 

run on a dual-core personal computer with Intel Core 

5i processors, clock frequency 1.6 GHz, and 4 GB 

RAM, operating on the Windows operating system. 

Experimental Procedures: The experiments 

focused on evaluating the performance of the 

developed algorithms in terms of localization time, 

recognition time, and overall processing time. 

Localization time was measured as the duration taken 

to detect and localize the license plate area in the 

image. Recognition time represented the time taken to 

generate a string of license plate characters. Total 

processing time was the sum of localization time and 

recognition time. 

Results. Localization Performance: The 

experiments demonstrated the effectiveness of the 

Viola-Jones method for localizing the license plate area 

in the image. The results showed that the system could 

accurately detect and localize license plates across 

various distances from the camera, with localization 

times ranging from 0.67 to 0.94 seconds. 

Recognition Accuracy: The recognition 

accuracy of the system was evaluated under different 

conditions, including rotations in the plane, vertically 

in space, and horizontally in space. The results 

indicated high recognition rates, with correct 

recognition percentages ranging from 37% to 100% 

depending on the angle of rotation. Notably, the system 

achieved 100% correct recognition when the license 

plate was not rotated. 

Overall Performance: The total processing 

time of the system ranged from 0.93 to 1.23 seconds, 

demonstrating efficient performance in real-time 

applications. Despite variations in distances and 

rotation angles, the system maintained high recognition 

accuracy, meeting the requirements of GOST R 50577-

93 (group 1, type 1) with an accuracy of at least 85%. 

Currently, automatic license plate recognition 

systems are in demand in a wide variety of areas. For 

example, they are used in the work of motor transport 

enterprises, service stations, car parking lots, etc. Such 

systems make it possible to control the presence of cars 

in the service area, determine the time for servicing 

customer cars, the number of free parking spaces, and 

record the time of stay car in a specific zone, organize 

automatic entry and exit of cars, etc. In addition, the 

ability to automatically recognize vehicle license plates 

is an important aspect of monitoring and ensuring road 
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safety due to the constantly increasing number of 

vehicles on the roads. 

Automatic license plate recognition systems 

mean a software or hardware-software complex that 

implements automatic license plate recognition 

algorithms for recording events related to the 

movement of cars, i.e. to automate data entry and 

subsequent processing [5]. 

Automatic license plate recognition is based on 

the following procedures [7]: 

1) localization; 

2) normalization; 

3) segmentation; 

4) recognition; 

5) syntactic analysis. 

The first procedure is designed to detect and 

localize the area with the vehicle registration number 

on the image. Next, the found area is cut out from the 

original image and examined separately. 

Normalization consists of bringing the size and 

orientation of the image with the number obtained in 

the previous step to the required form. Here geometric 

transformations, noise reduction, brightness changes 

and contrast. The segmentation procedure ensures that 

the image is divided into familiar locations, i.e. 

highlighting areas of individual characters. The 

recognition procedure is designed to generate a string 

of license plate characters. The last procedure (parsing 

procedure) is performed to determine the elements of 

the string containing the number characters. These 

elements may vary according to the standards of the 

vehicle registration countries. For example, in the 

Russian Federation, the standard defined by GOST R 

50577-93 is used (as amended by orders of the Federal 

Agency for Technical Regulation and Metrology)1. 

Various algorithms are used to localize the 

license plate area in the image. For the most part, they 

are based on binarization, contour extraction, and 

morphological image processing. In this case, it is 

assumed that the original color image is converted into 

a halftone form. Image binarization consists of dividing 

all the pixels of a halftone image by brightness into two 

classes - object and background. Automatic license 

plate recognition systems can use both global and local 

image binarization methods. However, adaptive 

approaches are more preferable due to the ability to 

compensate for the influence of noise on various parts 

of the image, for example, the distribution of shadows 

due to illumination inhomogeneity. Along with 

binarization, edge detection can also be used [1]. To 

eliminate small details and breaks, morphological 

image processing methods are often used. As a result 

of these procedures, connected sequences of binary 

image points contours are formed. At the final stage of 

the localization procedure, it is determined which of 

the resulting contours is the boundary of the license 

plate area. 

Thus, we can propose the following algorithm 

for localizing the license plate area in the image: 

1) convert the original color image containing 

the license plate into a grayscale form; 

2) perform image processing with gradient 

operators, for example, Sobel or Prewitt, the result of 

which is an image whose value of each pixel is equal 

to the gradient module at the corresponding point of the 

original image; 

3) perform adaptive binarization of the image 

obtained in the previous step; 

4) perform a morphological closure operation 

with a rectangle as a structuring element; 

5) determine the contours in the image; 

6) identify areas limited by contours; 

7) select the area whose parameters correspond 

to the license plate number. 

An alternative approach for localizing the 

license plate area in an image is based on the Viola–

Jones method, developed and presented in 2001 by P. 

Viola and M. Jones [8]. The Viola-Jones method is one 

of the most famous methods for searching for objects 

in an image in real time. This approach allows you to 

find the number area in complex and atypical 

conditions. The Viola-Jones method is based on the use 

of a set of Haar characteristics. The Haar sign consists 

of adjacent rectangular areas that are positioned in the 

image, then the pixel intensities in the areas are 

summed, then the difference between the sums is 

calculated. The region detection stage of the Viola–

Jones method uses a window of a certain size that 
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moves across the image. The Haar sign is calculated for 

each area of the image over which the window passes. 

The presence or absence of an object in the window is 

determined by the difference between the value of the 

feature and the trained threshold. High accuracy of 

detection of specified objects in the image is ensured 

by the cascade classifier. 

Approaches based on contour analysis can find 

numbers of different sizes and at different angles. 

However, they have several disadvantages: 

1) the image of a car may contain many 

rectangular objects, similar in outline to a license plate; 

2) relatively high computational complexity - 

even on a small image, the detection time can reach 

several seconds; 

3) they are based on the analysis of number 

boundaries, which is not always possible in real 

conditions. For example, images of dusty cars may not 

have clearly defined boundaries. 

The approach based on the Viola-Jones method 

seems to be more effective for localizing the number. 

The corresponding procedure actually analyzes the 

desired area for the presence in it of relations, points or 

gradients characteristic of the number, identified at the 

training stage using positive and negative examples. At 

the same time, using some known relationships, you 

can further improve the search efficiency. For example, 

the initial value of the scanning window can be set 

based on the dimensions of the license plate 520x115 

mm according to GOST R 50577-93. The disadvantage 

of this approach is the relatively low degree of 

invariance to affine and projection distortions of 

objects in images. 

After localizing the image area with the license 

plate, it is necessary to generate an image containing 

only the license plate and perform its normalization. In 

the simplest case, normalization consists of rotating the 

corresponding rectangular area so that its orientation 

coincides with the orientation of the axes of the image 

coordinate system. But, as a rule, you often have to trim 

the license plate horizontally and vertically. You can 

also perform filtering to reduce noise or enhance 

contrast. 

As a rule, the selected area with a number is 

relatively small in size and contains the boundaries of 

the number, horizontal stripes outlining the bumper and 

radiator grille. Therefore, to determine the angle of 

rotation of the number frame, you can apply an 

algorithm based on the Hough transform for lines [2]. 

The algorithm is as follows: 

1) lines are determined whose length is more 

than half the width of the number area; 

2) a straight line is formed from the average 

values of all points of the resulting lines; 

3) the angle between the resulting straight line 

and the horizon line is calculated. The next stage of 

normalization is to find the boundaries of the frame of 

the no- 

license plate number plate. For this purpose, 

intensity histograms are used horizontally and 

vertically, respectively. To construct histograms, it is 

necessary to sum the values of all pixels of a binary 

image in rows or columns, then select the maximum 

and filter out all values less than 20% of the maximum. 

The next procedure, as mentioned above, 

consists of identifying familiar places in the image 

(segmentation). The simplest approach for character 

segmentation is to use a predefined template [4]. The 

template can be represented as an image of dark 

rectangles corresponding to the symbols on a light 

background, as shown in Fig. 1. The main requirement 

for effective segmentation here is the correct 

determination of the license plate frame at the 

normalization stage, and any deviation from the actual 

will contribute to the deterioration of the segmentation 

of license plate symbols dimensions. 

 

 
Fig. 1. Template for the arrangement of 

symbols on the vehicle license plate 

 

The next approach is based on constructing a 

horizontal projection of average intensity [2]. The 

essence of this approach is that the average intensity in 
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each column of the number image is calculated and the 

columns in which the average intensity differs 

significantly from the threshold value are determined 

(Fig. 2). 

 

 
Fig. 2. Histogram of brightness distribution of 

license plate pixels 

 

Another method is based on contour analysis 

[6]. After obtaining contours that represent connected 

sequences of the binary image points, those that are the 

boundaries of the car number symbol areas are 

determined. This is achieved by filtering contours that 

satisfy certain requirements for the relationship of 

geometric characteristics [2]. An example of the 

operation of the corresponding algorithm is shown in 

Fig. 3. 

 

 
Fig. 3. Result of license plate character 

segmentation 

 

The method based on the use of templates is 

very simple to implement and does not require complex 

operations associated with image analysis to search for 

characters, but for its operation it is necessary to 

accurately select the boundaries of the license plate 

frame, which is not always feasible in real conditions. 

Histogram analysis of an image is highly sensitive to 

noise and defects in the image, especially in the spaces 

between characters. As a result, histograms may not 

reveal clear peaks in the spaces between symbols. In 

this method, difficulties may also arise when selecting 

regional symbols, since under them there are symbols 

of country affiliation. Segmentation based on contour 

analysis is less demanding on implementation 

conditions, since it uses generalized geometric 

features. 

To recognize characters, it is necessary to 

reduce each of them to a predetermined standard form. 

Typically, this comes down to scaling and binarizing 

the characters to achieve the best contrast between the 

characters and the background. After pre-processing, 

various recognition methods can be applied to the 

corresponding selected familiar places. Template 

matching methods, methods based on moment 

analysis, and support vector machines are often used 

[1, 3]. 

The advantages of template methods are ease of 

implementation and resistance to defects in the image 

of characters. The main disadvantage of template 

methods is the inability to recognize characters that are 

subject to affine and projection distortions and differ 

from the templates embedded in the system. 

The advantage of using image moments to 

extract character features is that it is highly resistant to 

changes in image scale and other geometric 

transformations. The disadvantage of using them is 

their high sensitivity to noise and defects in the image, 

as a result of which characters may be incorrectly 

classified. 

The advantage of the SVM method is that to 

build a classifier for character recognition, a relatively 

small training sample size is sufficient. In addition, it 

has a low error rate. The disadvantage of this method 

is that the classification process does not take into 

account the entire data set, but only the part closest to 

the boundary separating the classes. The support vector 

machine seems to be the most effective for recognizing 

license plate characters. 

The drawn conclusions on the effectiveness of 

the implementation of each of the procedures were 

confirmed as a result of experiments with the 

developed software. The experiments were carried out 

on a dual-core personal computer with Intel Core i5 

processors, clock frequency 1.6 GHz, 4 GB RAM, 

running the Windows operating system. The software 

is developed in C# language using the Emgu computer 

vision library. The results of the experiments are given 

in table. 1–4. In table Figures 2–3 show the results of 

the analysis of images of license plates obtained by 

rotating the image plane relative to the camera (Fig. 4). 
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Таble 1. Recognition time depending on the 

distance to the object 

 

Distance to 

object, m 

Localization 

time, s 

Recognition 

time, s 

Total 

processing 

time, s 

1 0,67 0,26 0,93 

2 0,69 0,28 0,97 

3 0,84 0,29 1,13 

4 0,94 0,29 1,23 

5 0,81 0,32 1,13 

6 0,89 0,31 1,20 

7 0,85 0,29 1,14 

8 0,91 0,29 1,20 

9 0,79 0,31 1,10 

10 0,85 0,31 1,16 

 

Таble 2. License plate recognition when 

turning in plane 

Angle of 

rotation 

–25 –20 –15 –10 0 10 15 20 25 

Percentage 

of correct 

recognition 

50 82 95 100 100 98 96 79 37 

 

Таble 3. License plate recognition when 

rotated vertically in space 

Angle of 

rotation 

–70 –60 –40 –20 0 20 40 60 70 

Percentage 

of correct 

recognition 

53 87 98 98 100 97 98 90 52 

 

Таble 4. License plate recognition when 

rotating horizontally in space 

Angle of 

rotation 

–40 –30 –20 –10 0 10 20 30 40 

Percentage 

of correct 

recognition 

63 95 98 100 100 100 99 92 57 

 

 

 

Fig. 4. Rotations of the image plane on the 

plane (left), in space vertically (center), in space 

horizontally (right) 

 

Thus, an effective automatic license plate 

recognition system can be built based on the Viola–

Jones method for localizing the license plate area in the 

image, Hough methods and pixel brightness histogram 

analysis for normalization, contour analysis for 

segmentation and the SVM method for character 

recognition. 

The developed algorithms made it possible to 

ensure the recognition of license plates that comply 

with GOST R 50577-93 (group 1, type 1) with an 

accuracy of at least 85% at various rotation angles. 

Conclusion.The study concluded that the 

developed automatic license plate recognition system, 

based on the Viola-Jones method for localization, 

Hough methods and pixel brightness histogram 

analysis for normalization, contour analysis for 

segmentation, and the SVM method for character 

recognition, was effective in accurately recognizing 

license plates under various conditions. The system's 

performance met the standards specified by GOST R 

50577-93, making it suitable for practical applications 

in areas such as motor transport enterprises, service 

stations, and car parking lots. 
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