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Abstract 
 

Background/Objectives: In order to recognize the license plates automatically, we design and implement a vehicle license plate recogni-

tion module that extracts characters of license plate area using open source OpenCV and Terreract OCR library. 

Methods/Statistical analysis: The static image was binarized using OpenCV 's banalization function. After binarizing the image by ad-

justing the pixel values between adjacent pixels, the candidate region judged a license plate was derived. The final candidate was derived 

according to the proposed algorithm in the candidate region. The extracted plate area was analyzed by using the Tesseract OCR library, 

and characters were extracted as a character string. 

Findings: The vehicle license plate recognition module relates to character recognition in the field of computer vision. In this paper, we 

designed and implemented a module that recognizes a license plate by using open source, applying a proposed algorithm to a moving object 

as a static image. The proposed module is a relatively lightweight software module and can be used in other applications. It is possible to 

install the camera at the entrance of the apartment and can read the license plate to identify whether it is a resident or not. When speeding 

and traffic violations occur on the highway, the vehicle numbers can be automatically stored and managed in the database. In addition, 

there is an advantage that it can be applied to various character recognition applications through modification of a slight algorithm in the 

module. 

Improvements/Applications: In addition to character recognition, the OpenCV library can be applied to various fields such as pattern 

recognition, object tracking, and motion recognition. Therefore, we will be able to create technologies corresponding to various services 

that are becoming automated and unmanned. 
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1. Introduction 

Compared to the past, modern people enjoy the benefits of civiliza-

tion developed in daily life. Now people are accustomed to un-

manned automation, and people feel it is annoying when they do it 

themselves. The automation of these services is expected to develop 

in various forms in the future. The development of the artificial in-

telligence field is the original technology that made the modern ser-

vice form. Computer vision, one of the artificial intelligence fields, 

has had a great influence on the development of this unmanned sys-

tem. Computer vision is the field of machine vision, which means 

to interpret data from static images by performing digital image pro-

cessing. In this paper, we propose a module that obtains a static im-

age from a captured image of a vehicle, extracts a car license plate 

area, and extracts a character string within the license plate area. 

Since the license plates must be extracted from the entire image, 

there are many calculations to be processed, which greatly affects 

the performance of the entire system. In the method of extracting 

license plate area, Hough transformation [1] is applied to a binary 

image to search vertically and vertically edges, and extraction is 

performed using information of width and height ratio of license 

plate area [2], an adaptive background subtraction technique to sep-

arate vehicles from the background [3], headlight detection method 

includes high-intensity region detection and classification for cars 

and bikes[4], methods of identification of the scene area containing 

traffic signs[5],and methods of using color image information [6], 

[7]. In this study, we used various libraries provided by OpenCV [8] 

to perform image processing tasks required at each stage. We used 

OpenCV'scvCaptureFromFile () function to obtain a static image 

and binarize it. Since binarization identifies the license plate area, 

the color is meaningless, so it is a process that shows the boundaries 

of the area as black and white. The next step is to label the binarized 

image by adjusting pixel values between adjacent pixels. The label-

ing derives candidate regions that are considered to be license plates 

from the separated regions. After labeling, the candidate region of 

the license plate is displayed using OpenCV 'scvDrawRect () func-

tion, and the final candidate is derived according to the algorithm 

applied in the module of the candidate region. Using the Tesseract 

OCR library as a derived plate area, characters in the image are an-

alyzed and characters are extracted as string values. We saved the 

derived area as an image file using OpenCV's cvSaveImage () func-

tion. In the last step, we could output the recognized string value 

from TessBaseAPI object of Tesseract OCR. Using the proposed 

module, it will be easy to install and operate the system according 

to the scale. 

http://creativecommons.org/licenses/by/3.0/
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2. Open CV and tesseract OCR 

2.1. Development environment for implementing 

OpenCV 

OpenCV(Open Source Computer Vision) is an image processing 

library created by Intel. Many algorithms from basic image pro-

cessing to advanced image processing are implemented as functions. 

OpenCV is most commonly used in the C ++ and C # environments 

for handling image processing, but it has been developed for use in 

the Java environment. In other words, it is a library that can be used 

in an OS of Java environment such as Android. In order to utilize 

OpenCV in Android OS, OpenCV library which is made in C ++ is 

compiled to be recognized by Java language through NDK (Native 

Develop Kit) for implementing JNI interface in advance [9]. 

OpenCV for providing effective solutions for complex image pro-

cessing and vision algorithm for real time application for UG and 

PG students projects. Computer Vision (CV) applications require 

extensive knowledge of digital signal processing, mathematics, sta-

tistics and perception [10], [11].The compiler includes Eclipse with 

the SDK plug-in for writing the built libraries into Android appli-

cation programs. When Open CV is used on a PC, Open CV is ba-

sically made in C ++ or C # language, and libraries can be included 

in the program project. Since Android's SDK language is Java, it is 

necessary to re-distribute programs that are written in C ++ so that 

they can be used in Java Native Interface (JNI) through NDK (Na-

tive Development Kit).Figure 1 shows the structure of the JNI that 

acts as a gateway between source code and JAVA. 

 

 
Fig. 1: Location of JNI. 

2.2. OCR 

Optical character recognition converts characters included in the 

image into characters. Typically, the text of the scanned image in-

cludes printed letters, handwritten letters, and the like. The charac-

ter is scanned to analyze the image and then the character is ob-

tained. Digitally processing printed and handwritten characters, 

then storing them on a computer, searching them, and launching 

them is an area of everyday computer vision and pattern recognition 

research. In the early days of the optical character recognition sys-

tem, we used a method of recognizing one letter of each word in 

turn, and only one type of font could be used in the character recog-

nition process. Most OCR systems now handle almost all fonts very 

accurately. With the development of pattern recognition technology, 

the leading OCR system recognizes non-character elements in well-

organized texts. Non-letter elements include paragraphs, multi-

level, and visuals. 

2.3. Tesseract OCR 

Tesseract is a well-known OCR engine developed by Ray Smith at 

HP Labs from 1985 to 1995 [12]. The TETRECT OCR engine sup-

ports over 60 languages and different image formats. It was one of 

the top three OCR engines in the 1995 UNLV Accuracy Test. Since 

then, Google has made significant improvements. It is now the most 

accurate open source optical character recognition engine. Tessalite 

is available for Windows, Mac OS X, Linux, Android, and iOS. 

However, in the case of engines, only command line tools are pro-

vided. EmguCV provides Tessnet2's Net wrapper, tessnet2, which 

is an OCR engine to enable the project to use teletext through the 

EmguCV library [12, 13]. However, this OCR wrapper can only be 

run on Windows, and is incompatible with Linux and other operat-

ing systems. 

3. Design and implementation of module 

A process of extracting a character string from a captured image of 

a vehicle through a digital image processing process will be de-

scribed. We used an open source library called OpenCV to build 

this vehicle license plate recognition module. We also used the Tes-

seract OCR library for string extraction. 

When the captured image of the vehicle is prepared, the first step is 

to obtain a static image. OpenCV'scvCaptureFromFile () function 

was used to capture a single frame from the image. 

The key idea of license plate recognition can be divided into two 

stages. First, car license plate detection is performed. Second, opti-

cal character recognition is used in the area to obtain license plate 

letters and numbers. More specifically, the following five basic pro-

cedures [14] must be followed in order to recognize license plates: 

License plate localization: Detects and separates license plates in a 

given video. 

Normalization: Adjust the size, dimension, contrast, and brightness 

of the plate. 

Character segmentation: Gets each individual character in the re-

gion. 

Optical character recognition: recognizes characters. 

Parsing: Compare license plate rules. 

 

 
Fig. 2: Algorithm of Motion Detection 

 

Figure 1 shows a flowchart for recognizing a moving object. Re-

moves the contents of MIME from the header parse among the data 

transmitted from the surveillance camera, passes the length of data 

excluding the start and end parts of the image to Parse Content 

Length, and acquires image data. If there is an image, pass the factor 

to the image processing processor to process the image, and acquire 

the image again if there is no image. In order to track moving ob-

jects, we used a method of removing the background to recognize 

moving objects. In order to remove the background, the pixel values 

of the image obtained in the previous frame are stored in and the 

pixel values of the image obtained in the current frame are stored 

in. The difference between two images is defined in equation (1), 

and the difference image is obtained by taking absolute values to 

normalize from zero to 255. 

 

ℎ(𝑥, 𝑦) = |𝑔(𝑥, 𝑦) − 𝑓(𝑥, 𝑦)|                                                       (1) 
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Here, denotes a difference image, denotes a previous image frame, 

and denotes a current image frame. When the background is re-

moved, the difference image remains. Then, the background image 

is binarized. Find feature points in binarized images. If an image 

with a feature point is matched with a current image, an image in 

which a moving object is recognized can be obtained. 

A static image can be obtained as shown in Figure. 3 by an algo-

rithm that recognizes a moving object. 

 

 
Fig. 3: Static Image from Original Image. 

 

The next step is to obtain a static image and binarize the image. 

Since the acquired image is a color image, it is converted into a 

monochrome image for easy image processing. A difference image 

of an image frame is obtained through a monochrome image. This 

method has a feature to detect boundaries of moving objects. The 

binarized image by the threshold value T is obtained by the equation 

(2). 

 

𝑓(ℎ(𝑥, 𝑦)) =  {
255,   𝑖𝑓 ℎ(𝑥, 𝑦) > 𝑇

0,        𝑖𝑓 ℎ(𝑥, 𝑦)  ≤ 𝑇
                                          (2) 

 

Figure 3 shows the binarized image. After acquiring the binarized 

image, we use the algorithm that extracts the feature points of 

OpenCV algorithm to find the features existing in the binarized im-

age. Feature points are detected using a corner algorithm. The def-

inition of the most widely used corner has been proposed by Harris 

[8-15]. 

The Harris corner detection method uses a method of moving a win-

dow defined in an image up and down and left and right, and deter-

mining a corner by analyzing changes in pixel values in the window. 

The image was reconstructed by matching the original image with 

the image of the feature point. Both images were matched through 

the equation(3). 

 

𝐼(𝑥, 𝑦) = 𝐼𝑛(𝑥, 𝑦) + 𝐼𝑓(𝑥, 𝑦)                                                       (3) 

 

Where is the matched image, is the original image, and is the feature 

pot detected image. 

 

 
Fig. 4: Example of Labeling. 

 

 
Fig. 5: Image with Binarization. 

 

Binarization determines the threshold value and represents pixel 

values only in black and white depending on whether the pixel 

value is greater or less than the threshold value. Our goal is to ex-

tract the license plate area, so the various colors in the image are 

meaningless. Only the boundaries of the region are needed, so they 

are represented by black and white as shown in Figure 4. It is also 

related to the labeling to be performed in the next step. 

The next step is labeling. Labeling refers to assigning the same 

value to a pixel if adjacent pixels have the same pixel value. The 

binarization in the previous step was to facilitate labeling more eas-

ily. If the colors are varied, there will be many kinds of values to be 

given, and unnecessary areas will be derived, which will reduce the 

efficiency of analysis. By performing binarization and labeling as 

shown in Figure 5, black and white regions can be separated. And 

derives suspect candidate regions from the isolated regions. 

After performing the labeling, you can display the candidate region 

of the license plate using OpenCV'scvDrawRect () function. Now, 

it is only necessary to perform the task of leaving only the license 

plate area among the candidate areas as shown in Figure 6. 

 

 
Fig. 6: The Derived Candidate Region. 

 

 
Fig. 7: Final Derived License Plate Area. 

 

Areas that cannot be regarded as license plate areas should be re-

moved in the first candidate area. In this case, various logic can be 

applied. But we applied as the following in this module. 

1) The horizontal length of the license plate is longer than the 

vertical length 

2) The horizontal length of the license plate is about four times 

longer than the vertical length. 

3) There are at least seven character regions. 
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We excluded unsatisfactory areas by the above conditions (1) and 

(2). And the license plate area, which is characteristic of (3), applies 

that there are at least seven other labels in the area. Therefore, we 

first reduce the number of candidate regions by applying the feature 

of length, and then perform labeling once again, so that only the 

region with 7 or more internal labels was selected as the final can-

didate as shown in Figure7. 

Now that you have extracted the license plate area, you need to per-

form character recognition. We used the Tesseract OCR library for 

character recognition. Although there is a method to perform char-

acter recognition through the template matching method, it has been 

concluded that the OCR library is superior in terms of recognition 

rate because Hangul has many kinds and is not well matched ac-

cording to the angle. OCR is optical character recognition, which 

analyzes characters in an image and derives the result as a string 

value. In Figure 8, Tesseract OCR's character recognition function 

requires an image to be recognized as an argument, so the derived 

plate area must be saved as an image file. We used 

OpenCV'scvSaveImage () function. 

 

 
Fig. 8: Image by Tesseract OCR function. 

 

 
Fig. 9: Recognized Character String. 

 

The final step is to generate the string value through character 

recognition as shown in Figure 9. Now that we have extracted the 

license plate area, we can get the recognized string value from 

TessBaseAPI object of Tesseract OCR. 

4. Conclusion 

This paper was designed and implemented a vehicle license plate 

recognition module that extracts license plate area using OpenCV 

and Terreract OCR library. The static image is binarized using 

OpenCV 'sbinarization function. The binarized images were labeled 

by adjusting pixel values between adjacent pixels. The labeling de-

rived a candidate region that is considered to be a plate from the 

separated region. After labeling, the license plate candidate area is 

displayed using OpenCV function, and the final candidate is de-

rived according to the proposed algorithm in the candidate area. Us-

ing the Tesseract OCR library, the characters were analyzed to de-

rive the characters as string values. The derived character area was 

saved as an image file using OpenCV function and the recognized 

string value was output using TessBaseAPI object of Tesseract 

OCR. 

The vehicle license plate recognition module relates to character 

recognition in the field of computer vision. As this module has al-

ready been commercialized, it is possible to install a camera at the 

entrance of an apartment to read the license plate and identify 

whether it is a resident or not. When the camera is installed on the 

expressway, it is possible to automatically store the vehicle number 

in the database when speeding and other traffic violations occur. 

In addition, the OpenCV library can be applied to various fields 

such as pattern recognition, object tracking, and motion recognition 

in addition to character recognition. Therefore, you will be able to 

create technologies corresponding to various services that are be-

coming automated and unmanned. 
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