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Abstract: Characters in images are able to provide main 

information of the image. Therefore, it is important to analyze 

various kinds of image data and accurately extract the characters 

in images. This study proposes a new method of excluding 

background regions and accurately detecting character regions 

from input images with the uses of MCT features and Adaboost 

algorithm. The proposed method first extracts candidate 

character regions from input images with the uses of MCT 

features and Adaboost algorithm. It then excludes non-character 

regions and detects real character regions from the extracted 

candidate regions with the use of geometrical features. In the 

experiment of this study, the proposed method more robustly 

detected character regions from various input color images than a 

conventional method. For performance comparison, this study 

compared the method based on existing texture analysis and the 

proposed method. In this study, to qualitatively evaluate the 

performance of the proposed method of extracting license plate 

regions, the accuracy measure was defined. The measure is used 

to show the ratio of the accurately extracted character regions to 

all character regions of an image. The conventional method using 

the frequency factor-based texture information had many errors 

of character region detection, since it failed to execute 

binarization of background and character regions properly. On 

contrary, the proposed method made use of MCT features and 

Adaboost algorithm, effectively filtered candidate regions with the 

use of geometrical features, so that it detected character regions 

more accurately. The proposed character detection method is 

expected to be usefully applied to the fields of pattern recognition 

and image processing, such as store sign recognition and license 

plate recognition. 
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I. INTRODUCTION 

With the remarkable development of hardware and 

software, the volume of various kinds of image data collected 

from smartphones, CCTVs, black boxes, drones, satellites, 

and digital cameras are on the exponential increase. Generally, 

image big data is recognized as the new next-generation 

technology capable of analyzing unstructured data beyond 

conventional structured data, and of extracting meaningful 

information, and thereby of extracting a new value [1-5]. 

It is very important to analyze various kinds of image data 

and extract character regions only from the images [2]. That is 

because the characters of an image are able to provide the 
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main information that can represent the meaning of the image. 

In the character extraction field, the image analysis-based 

extraction of license plates is of special importance. Such 

extraction is required to make access control in parking lots 

and speed limit enforcement on roads [3]. 

As shown in references, there are relevant works of 

automatic extraction of character regions from various kinds 

of input images. The method proposed in the study [4] is to 

split an input image in the N×N square block unit, and then to 

extract character regions with the use of the point that a 

character region has a relatively large high-frequency factor 

in the horizontal or vertical direction. The method proposed 

in the study [5] is to use saturation data, to create the transition 

map of the color between the background and character 

regions, and thereby to extract a character region from an 

input image. The method proposed in [6] is to detect and track 

an object with the use of the motions in the gray image shot by 

a fixed camera, and thereby to detect the license plate of a 

four-wheeled or two-wheeled vehicle ahead. The method 

proposed in the study [7] is to detect the license plate region 

of a vehicle with the use of yellow or green color information 

in an image. However, this method assumes that the 

background should be a relatively simple image. Other 

methods of character region extraction than the 

aforementioned ones continue to be introduced as references. 

The character region detection methods described earlier 

are able to detect character regions accurately in a certain 

level. Nevertheless, they have the restriction on the point that 

they guarantee accuracy only in given surroundings. 

Therefore, this study proposes a new algorithm of robustly 

detecting character regions only from an input image with the 

uses of MCT features and Adaboost (adaptive boosting) 

algorithm. Fig. 1 illustrates the overview of the proposed 

character region detection method. 

As shown in Fig. 1, the proposed method is used to extract 

candidate character regions from an input image with the uses 

of MCT features and Adaboost learning algorithm, and then 

filter the extracted candidates with the use of geometrical 

information and extract real character regions robustly by 

excluding non-character regions. 

This study is comprised as follows. In Chapter 1, the 

overview of this study is explained. In Chapter 2, how to 

extract candidate character regions is described. In Chapter 3, 

through verification, how to select real character regions from 

candidate character regions is described. In Chapter 4, the 

result of the experiment for comparing the performance of the 

proposed method is drawn.  
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In Chapter 5, the conclusion of this study and its future 

research direction are described. 
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Fig 1. Overall diagram of the proposed approach 

II. EXTRACTION OF CANDIDATE AREAS 

In this study, MCT (Modified Census Transform) features 

[8-10] and Adaboost learning algorithm [11-14] are used to 

extract candidate character regions from an image. 

A MCT feature means a local structure feature, expressing 

the 0 to 1 binary information. In other words, a MCT feature 

presents the relations between pixel values of a particular 

position and its adjacent pixel values. Generally, a MCT 

feature presents the correlations between the pixels adjacent 

to a particular position, rather than the pixels of the position, 

in a certain pattern so that it is robust to a change in lighting. 

In addition, due to its relatively simple calculation, a detection 

rate is relatively high and an execution time is short in the 

fields of image processing application like face detection. 

In this study, the 3×3 kernel-based MCT feature can be 

denoted as shown in (1). 

))(,)(()( ' yIxIx ny             (1) 

In (1), I(x) represents the pixel value of x, and )(xI  means 

the average pixel value of the pixels located in kernel. n‟ 

represents a set of pixels adjacent to the center of kernel. () , 

which is comparison function, displays „1‟ if I(y) is larger than 

the average pixel value and, otherwise, displays „0‟. , which 

is decimal conversion operator, converts the 9-digit binary 

array made as the result of the comparison function ()  into a 

decimal number. Therefore, the MCT feature used in this 

study has a range from 0 to 511. Figure 2 illustrates an 

example of MCT conversion. 

The MCT feature extracted in the previous step is applied 

to the character detection learner created by Adaboost 

learning algorithm in order to detect candidate character 

regions. Adaboost learning as a sort of boosting means the 

algorithm of making one strong learner with good 

classification in combination of multiple weak learners with 

poor classification. Usually, a weak learner means a learner 

that has 50% of classification accuracy, and a strong learner is 

referred to as one that has a very small classification error. 
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Fig 2. Overall diagram of the proposed approach 

Generally, Adaboost algorithm is easy to implement and is 

fast so that it is widely used in the fields of image processing 

and pattern recognition [15]. In addition, the algorithm is 

capable of improving its performance by combining with 

other kinds of learning algorithms. 

 

Table-I: Pseudo-codes of Adaboost algorithm 

Input: learning set X={(x1,t1), (x2,t2), ..., (xN,tN)} 

Output: classifier ensemble C={(ck,αk), 1<k<K} 

C=⊘; 

for (j=1 to N) wj=1/N; 

for (k=1 to K) { 

     Learn ck considering w1, w2, ..., wN 

     ε=0; 

     for (j=1 to N)  

          if (ck(xj)≠tj) ε=ε+wj; 

     if (ε<0.5) 

          αk=1/2×log((1-ε)/ε) 

          for (j=1 to N) 

               if (ck(xj)≠tj) wj=wj×eα 

               else wj=wj×e-α 

          Normalize wj so that sum of w1, w2, ..., wN  should be 1 

          C=C∪(ck,ak); 

} 

else { 

     ck=Nil; 

     C=C∪(ck,0); 

} 

 

Adaboost learning algorithm generates a set from original 

data according to the error rate of the learned hypothesis, and 

then learns a new hypothesis and makes a data set on the basis 

of the hypotheses. It concentrates on hard-to-classify data by 

reducing a weight value of data with correct prediction and 

increasing a weight value of data with incorrect prediction 

according to hypothesis learning and hypothesis error. 

Actually, Adaboost algorithm has a lower learning error than 

its theoretical error upper limit. In the algorithm, along with a 

learning error, a generalization error also decreases.  
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Table-I shows the pseudo-codes of Adaboost algorithm. 

In Table-I, N means the number of samples, wj is the weight 

value of the j-th sample, and K is the number of learners. ck is 

the k-th learner, ε is an error, and αk is the reliability of the 

learner ck. Adaboost algorithm has the complementary feature 

of learners. In other words, the weakness of ck is made up for 

by ck+1. 

III. DETECTION OF REAL CHARACTER REGIONS 

The proposed method in this study detects final character 

regions by verifying the candidate character regions extracted 

from the Adaboost learning algorithm in the previous step 

with the use of geometrical features. 

The squares that present the character candidates extracted 

by Adaboost algorithm are intensively found near real 

character regions. Therefore, first, grouping is performed 

according to the position and size of squares, and then in each 

group the squares that are most similar to the average square 

in terms of position and size are judged to be candidate 

character regions. 

After that, in consideration of the case that detected 

candidate character regions fails to include all of real 

character regions, the width and length of a candidate regions 

are extended as many as k. In this study, k was set to a half 

(1/2) of the height of candidate character regions. 

The adaptive algorithm proposed by Otsu is applied to the 

extended candidate character regions in order for binarization 

[23-25]. At this time, a threshold value for binarization should 

be a value higher than the average pixel value of a candidate 

character, because the background in a candidate character 

region (e.g., a license plate region) generally has a brighter 

color than a character. 

Labeling [26-28] is applied to the candidate regions of 

binary-coded characters. If the size of a labeled region is too 

small or does not fit the size of a license plate, the region is 

removed from candidate character regions. After that, corner 

points are detected from a labeled region. Of the extracted 

corner points, four angular points located at the outer most are 

selected. 

To extract a corner point [29-31], this study made use of 

FAST which is the fast corner extraction algorithm proposed 

by Edward Rosten at University of Cambridge, the UK 

[32-35]. As guessed in its name, FAST is the method of 

extracting feature points with fast speed. The good thing of 

FAST is that FAST has far better quality than other methods, 

even if it has the optimized design for speed. The basic 

process of FAST algorithm is presented in Fig. 3. 
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Fig 3. Basic process of FAST algorithm 

FAST algorithm has three stages as shown in Fig. 3. In the 

first stage, corner candidates are determined fast. In this stage, 

the distance from the point P and its neighboring points is 

checked. In the second stage, the brightness of each one of 

corner candidates is analyzed. The brightness is judged on the 

basis of the values of 16 pixels in the circle that has the radius 

3 from the corner candidate point P. In short, the brightness 

difference between P and its neighboring points is analyzed; if 

there are more than k points which are darker or brighter, the 

point P is judged to be a corner point. 

In the third stage, 3×3 mask is applied at the point P, and 

the point with the largest difference in the range is selected as 

the final corner point. The problem that FAST corner has is 

that if a certain point P is recognized as a corner point, the 

points adjacent to the point P are often detected as corner 

points. Accordingly, to solve the problem, FAST applies the 

third stage as post-processing. 

As for the candidate character region that has an angular 

point detected, the length of the left side are compared with 

that of the right side in a license plate, as shown in (2), and the 

car license plate is finally verified. 
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In (2), Lenl represents the length of the left side of a 

candidate square, and Lenr means the length of the right side. 

Ri means the i-th candidate character region. 

IV. EXPERIMENTAL RESULTS 

The computer used in the experiment of this study has Intel 

Core(TM) i7 2.93Ghz CPU, 8GB main memory, and 

Windows 7 operating system. Microsoft Visual Studio and 

OpenCV (open library) were used to implement the proposed 

algorithm. To evaluate the performance of the proposed 

algorithm, many different kinds of test images including 

character regions were collected and used. In this study, 

learning is processed with the uses of 307 license plate images 

and 2,736 background images. 

In this study, to qualitatively evaluate the performance of 

the proposed method of extracting license plate regions, the 

accuracy measure of (3) was utilized. The measure is used to 

show the ratio (%) of the accurately extracted character 

regions to all character regions of an image. In (3), NOdetected is 

the number of the character regions detected accurately with 

the use of the proposed algorithm, and NOexisting is the number 

of all character regions in a test image. 

(%)100
existing
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NO
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Accuracy
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Fig. 4 displays the graphs of performance comparison 

evaluation in terms of accuracy of the character region 

extraction algorithm based on (3). As shown in Fig. 4, the 

proposed algorithm detected character regions more 

accurately. The conventional method using the frequency 

factor-based texture information had many errors of character 

region detection, since it failed to execute binarization of 

background and character regions properly. On contrary, the 

proposed method made use of MCT features and Adaboost 

algorithm, effectively filtered candidate regions with the use 

of geometrical features, so that it detected character regions 

more accurately. 

 

 

Fig 4.  Performance comparison 

V. CONCLUSION 

These days, more demands are made for the research to 

analyze indoor and outdoor images and then robustly 

segmenting the character regions in images like license plate 

images. 

This study proposed the new method of excluding 

background regions and robustly detecting character regions 

from various input images, with the uses of MCT features and 

Adaboost algorithm. In the proposed method, candidate 

character regions were first extracted with the uses of MCT 

features and Adaboost learning algorithm. The extracted 

candidate character regions were then filtered with the use of 

geometrical features so as to exclude non-character regions 

and robustly detect real character regions. In the experiment 

of this study, the proposed method detected character regions 

more accurately than the conventional method. 

The future research plan is to apply this proposed character 

region detection method to more various types of indoor and 

outdoor input images in order to evaluate the proposed 

algorithm in diverse circumstances, and to add a character 

recognition module to the currently developed character 

region detection algorithm. 
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