
© Springer-Verlag Berlin Heidelberg 2015 
H. Zha et al. (Eds.): CCCV 2015, Part II, CCIS 547, pp. 170–179, 2015. 
DOI: 10.1007/978-3-662-48570-5_17 

A Novel Dynamic Character Grouping Approach  
Based on the Consistency Constraints 

Pengfei Xu1(), Qiguang Miao3, Ruyi Liu3, Feng Chen2, Xiaojiang Chen1,  
and Weike Nie1 

1 School of Information Science and Technology, Northwest University, Xi’an 710127, China 
pfxu@nwu.edu.cn 

2 Office of Science and Technology, Northwest University, Xi’an 710127, China 
3 School of Computer, Xidian University, Xi’an 710071, Shaanxi, China 

Abstract. In optical character recognition, text strings are extracted from im-
ages so that it can be edited, formatted, indexed, searched, or translated. Cha-
racters should be grouped into text strings before recognition, but the existing 
methods cannot group characters accurately. This paper proposes a new ap-
proach to group characters into text strings based on the consistency constraints. 
According to the features of the characters in the topographic maps, three kinds 
of consistency constraints are proposed, which are the color, size and direction 
consistency constraint respectively. In the proposed method, due to the intro-
duction of the color consistency constraint, the characters with different colors 
can be grouped well; and this method can deal with the curved character strings 
more accurately by the improved direction consistency constraint. The final ex-
perimental results show that this method can group the characters more accu-
rately, and lay a good foundation for text recognition. 
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1 Introduction 

Recognizing individual characters separately fails to take advantage of the whole 
word context, and the recognition results cannot represent the meaning of the  
word[1-2]. Character grouping is a difficult task, and much of the previous methods 
can only work on specific cases[3]. In order to solve these problems, researchers pro-
posed character grouping methods to group characters into text strings, then these 
strings can be recognized to represent the meaning of the words more accurately.  

In 1999, Goto proposed a method called Extended Linear Segment Linking, which 
was able to extract text strings in arbitrary orientations and curved lines[4]. This method 
works on touching characters effectively, and requires that the sizes of the characters are 
similar. A bottom-up approach was proposed by Pal[5], but it cannot work on the 
curved text strings. In 2008, Roy proposed a method based on the foreground and back-
ground information of the characters to extract individual text strings from multi-
oriented and curved text document[6]. In 2009, another method was presented by him to 
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segment English multi-oriented touching strings into individual characters by using 
convex hull information[7]. These methods can deal with curved strings, but the direc-
tions of the strings were detected only in 4 directions. In 2004, a method for separating 
and recognizing the touching/overlapping characters was proposed by Velázquez[8]. In 
this method, OCR was applied to define the coordinate, size and orientation of the cha-
racter strings, and four straight lines or curves were extrapolated to separate those sym-
bols that were attached. In 2011, Aria Pezeshk grouped the individual characters into 
their respective strings using pyramid decomposition with Gaussian kernels[9,10], but 
this method cannot distinguish different text strings when they are nearby. 

According to the analysis above, it is known that most researchers focused on the 
study of text separation and recognition, but the methods for grouping text strings are 
not researched deeply. Chiang has done lots of work on grouping characters[11] and 
text recognition[12], and a conditional dilation algorithm was presented for grouping 
characters into text strings[11]. Compared with other methods, Chiang’s method can get 
better results. But there are still some problems, for example, the color information of 
characters is not considered, and the string curvature condition is not perfect. In order to 
solve these problems, this paper proposes a method to group characters into text strings 
based on the consistency constraints of the character color, size and directions.  

The organization of the paper is as follows: In section 2, we make an analysis of 
the features of characters in maps. And the proposed method is described in section 3. 
In section 4, we compare the experimental results with Chiang’s method. Finally, the 
concluding remarks are given in section 5. 

2 The Analysis of Characters in Topographic Maps 

In topographic maps, such as the map shown in Fig.1, the distribution of characters is 
very complex. The sizes of characters in different text strings are not the same, and 
the distance between some text strings is very small. In addition, there are broken and 
touching characters in the segmented maps. All these facts adversely affect the accu-
racy of the grouped text string. 
 

 
(a) The topographic map (b) The text strings 

Fig. 1. Text strings in topographic maps 
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At present, there are few methods for grouping characters into text strings, and 
these methods can only be used when the characters could be separated accurately. 
But some characters are mistakenly grouped into other text strings or leaved out when 
the characters in the map image have different sizes, directions, and colors, especially 
when some text strings are in a curved line. 

3 Dynamic Character Grouping Based on the Consistency 
Constraints 

According to the analysis in section 2, it is difficult to group the multi-oriented, multi-
sized, and curved characters into text strings. This section gives a new method for 
grouping characters into text strings. The color information, which is not considered 
by the existing method[11], is used as an additional constraint due to that some cha-
racters are presented by different colors. The directional constraint is designed more 
perfect in the new method. So based on the consistency constraints of the character 
color, size and direction, the new character grouping method can be described by the 
following expression. 

  T G ,  ,  c s d
                           (1) 

Where, T  is the grouped text string,  G   is the character grouping operation 

function. c , s  and d  are the color, size and direction consistency constraints, 
which means that the characters in one text strings have the similar color and size, and 
the centers of these characters are on a curved line，whose curvature is in a numeri-
cal range.  

3.1 The Color Consistency Constraint 

In topographic maps, some text strings are represented by different colors, so we can 
use this information to distinguish different text strings. And for a character  , its 
color feature is defined as: 

  R G B,  ,  C M   
 

(2)
 

Where C  is the main color feature of the character  , which is obtained by 

color histogram.  M   is the operation of color extraction, and the average value 

of RGB in the character area is used as the main color feature of this character. The 
color difference between the characters 1  and 2  can be obtained by Mahalano-
bis distance. 
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Where 1S  is the inverse of the covariance matrix of the samples. The color con-
sistency constraint of the characters means that 

1 ,D 2
 should be less than or equal 

to a minimum threshold cT . 

 1 ,D cT  
2  (4) 

Where cT  is the average color difference in the area aound the current characters 

1  and 2 .  
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Where N is the number of the pixels in the area, ,i jp pD is the color distance be-

tween the pixels ip and jp  
If there are no color information, all the characters are viewed as that all of them 

have the same color. Further, they are grouped by the size consistency constraint and 
the direction consistency constraint. 

3.2 The Size Consistency Constraint 

For a character, its size is the max value of the length and the width of its bounding 
box, and the sizes of the characters in one text strings must be similar. So the size 
ratio of the characters must be smaller than a threshold sT . According to the size 
features of the characters, such as the English letter ‘f’ and ‘a’, we always choose 

=3sT  [11] . 

3.3 The Direction Consistency Constraint 

For the text strings in the binary image, each connected component is a single charac-
ter, and each character needs to be connected to at least one character. Assuming that 
there is a character 1 , we can get another character 2  which is the closest charac-

ter to 1  according to the size consistency constraint and the color consistency con-
straint. Furthermore, based on the distances between different connected components, 
we try to get the neighbor character 1,N  of 1 , and 2,N  of 2 . In this way, at 
least two and no more than four characters, which may belong to the same text string, 
can be obtained.  
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There are three cases when we check 1  and 2  belong to the same text string 
or not.  

(1). If there are no neighbor characters of 1  and 2 , these two characters are 
grouped into a text string directly.  

(2). If there is one neighbor character of 1  or 2 , we need to check the direc-
tion consistency constraint of these three characters. Although the sizes of the charac-
ters of one text string meet the size consistency constraint, they are not the same, so 
the centers of these characters are on a curved line rather than on a straight line. The 
curved text grouping is similar with this case.  

As shown in Fig.2, if the angle   of the two lines is less than or equal to the thre-
shold dT  , these three characters are satisfied with the direction consistency con-
straint.  

 | 180 | dT     (6) 

 =180dT   (7) 

Here a curvature parameter   is used to control dT , according to the distances 
and the size difference between the characters, or on the basis of the empirical data, 
this curvature parameter   is  set to 50° generally. 

 

1 21,N  1 2 2,N  
(a) Neighbor character of 1  (b) Neighbor character of 2  

Fig. 2. One neighbor character of 1  or 2  

(3) If 1  and 2  have a neighbor character respectively, we need to check the 
direction consistency constraint of these four characters, as shown in Fig.3. If either 
the angle 1  or 2  is less than or equal to a minimum threshold dT , these four 
characters are satisfied with the direction consistency constraint. 

 1 2(| 180 | )|( | 180 |d dT T       ） (8) 
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1 2 2,N1,N
 

Fig. 3. Neighbor characters of 1  and 2  

If the characters 1 , 2  and neighbor characters are satisfied with the consisten-

cy constraint of the character color, size and direction, 1  and 2 are grouped into 
the same text string.  

4 Experiments and Analysis 

In this section, several experiments are made on artificial images and topographic 
maps to verify the accuracy of the proposed method. Because Chiang has made a 
comparison between the method proposed by him and several other methods in ref[3], 
and he came to the conclusion that his method has the best performances. therefore, in 
this paper, only Chiang’s method[11] is chosen as a comparison method. 

4.1 Experiments on Artificial Images 

We made two artificial images which contain multi-color, multi-oriented, multi-sized, 
and curved strings to test our new method. In these images, the characters are sepe-
rated and unbroken. All the results are shown in Fig.4, the red pixels are the spreaded 
background pixles which connect to only one character, and each green pixel connects 
to two characters which would be grouped. By comparing the results, the proposed 
method can get more accurate results.  

As shown in Fig.4 (c), Chiang’s method can deal with the multi-oriented, multi-
sized, and curved text strings well. But when there are two text strings in different 
directions, and the beginning or the end character of one string is close to one charac-
ter of the other string. In this case, Chiang’s method cannot deal with the beginning or 
the end characters of these two text strings, due to the disadvantages of Chiang’s me-
thod in string curvature condition. In the proposed method, the direction consistency 
constraint is designed more perfect, so the results are better, as shown in Fig.4(b) . 
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(a) The artificial image (b) the result acquired 

by the proposed method 
(c) the result acquired 

by the Chiang’s method 

Fig. 4. the results obtained from artificial images 

In other case, Chiang’s method cannot handle the close text strings with different 
colors, due to that color information is not used in his method, as shown in Fig.5(c). 
In contrast, the color consistency constraint is used in the proposed method, so the 
characters with different colors are not grouped into the same string, as shown in 
Fig.5(b). 

 
(a) The artificial image B 

 
(b) the result obtained by the proposed method 

 
(c) the result obtained by the Chiang’s method 

Fig. 5. the results obtained from artificial images 

4.2 Experiments on Topographic Map Images 

In order to verify the accuracy of the proposed method in applications, two topo-
graphic maps are chosen as test images. Characters are separated based on color in-
formation and morphological features[2]. The grouped characters are shown in Fig.6.  

From the results, the proposed method has advantages over Chiang’s method. The 
former can deal with color and direction information better. From Fig.6(a2) and（a3), 
we can see that the proposed method can distinguish text strings with different colors, 
but Chiang’s method cannot. Many characters, which is the beginning or end charac-
ters of the text strings, are not grouped into the corresponding text strings in the 
Chiang’s results. 



A Novel Dynamic Character Grouping Approach Based on the Consistency Constraints 177 

 
(a1) The topographic map M2 

 
(a2) the result obtained by the proposed method and the detailed image 

 
(a3) the result obtained by the Chiang’s method and the detailed image 

(b1) The topographic map M3 

Fig. 6. The results obtained from topographic maps 
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(b2) the result obtained by the proposed method and the detailed image 

 
(b3) the result obtained by the Chiang’s method and the detailed image 

Fig.6. (Continued) 

5 Conclusion 

It is well known that it is difficult to design a perfect method to group all the charac-
ters accurately in topographic maps. This paper proposes an algorithm to group cha-
racters into text strings based on the designed consistency constraint of the character 
color, size and direction. In this method, color features are introduced, and the direc-
tion consistency constraint is designed more perfect. Experimental results show that 
the proposed method can get better results. However, there are still many works to do. 
The proposed method cannot deal with the characters in the strings with big character 
spacing, so new methods should be studied. 
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