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Abstract. A robust character region identification approach is proposed here to 
deal with cover images using a differential top-hat transformation (DTT). The 
DTT is derived from morphological top-hat transformation (TT), and efficient 
for feature identification. This research is considered as a fundamental study for 
auto-classification of printed documents for organizing a Digital Library (DL) 
system. The entire procedure can be divided into two steps: region classification 
and character region identification. In the first step, a source gray image is 
segmented by a series of structuring elements (SE) into sub-images using the 
DTT. Since the widths of regions are relative to the scales of the characters, the 
different scales of characters are classified into the series of sub-images. The 
character region identification processing is composed of feature emphasis, 
extraction of candidate character regions and region reconstruction processing. 
Feature emphasis processing reduces noises and emphasizes characters in the 
sub-images, and then the candidate character regions are extracted from the 
gray scale sub-images by a histogram analysis. Lastly, a morphological image 
reconstruction algorithm based on conditional dilation is introduced to make the 
extracted character regions distinct from noises. To demonstrate the robustness 
of the proposed approach, 30 gray scale cover images were tested in the 
experiments, which revealed that an average extraction rate of 94% has been 
achieved. 
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1   Introduction 

An enormous amount of digital and printed documents are produced daily. The 
existing printed documents are gradually replaced by digital documents (i.e., digital 
magazines). To store and process these documents, efficient techniques of conversion 
from paper to digital documents are required. An Optical Character Reader (OCR) 
facilitates the conversion for organizing a digital library (DL) system. But there still 
have many difficulties in auto-processing these source printed documents. Among 
them, the most errors are considered come from the step of character region 
identification due to the increment of variety of printing styles, especially in the cover 
pages. 

Many character region identification systems [1-7] are proposed in broad areas of 
different source documents. The main categories include: 
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 Engineering Drawing (ED): to extract characters from design papers for the 
purpose of CAD/CAM.  

 Texts: to segment text regions and figure regions with column structures from 
Newspaper, book and magazine for the purpose of the digital library. 

 Maps: to extract and recognize characters from maps for the purpose of digital 
maps and digital navigation. 

 Cover Images: to extract characters from covers of books, magazines or 
posters for the purpose of the digital library. 

 Scene Images: to extract and recognize characters from scenes for the purpose 
of robotic navigation. 

Comparing these researches, many similar features can be found between studies 
on EDs and texts [1-4], where character regions are usually separated from figures 
and characters usually have regular sizes, directions and positions. In these cases, 
feature extraction techniques (e.g. thresholding) can be efficient to distinguish 
character regions. Even if characters in maps [5] are in regular layout either, they 
usually mixed with figures, and more difficult to be extracted. The last two categories 
(cover images and scene images)[6-8] are even more complicated in the aspect of that 
character regions are composed in the figures with irregular sizes, directions and 
positions. More image processing techniques are required before the features can be 
extracted.  

In this paper, we propose a novel character region identification approach using 
mathematical morphology. Since morphological operations are geometry basis, they 
can easily extract margins of characters with different shape. Several morphological 
approaches [9,10] are proposed for character identification where [9] are about 
character extraction from binary newspaper headlines, which have a patterned 
background. Some strict conditions are set up in these papers. For example, 
“background patterns are slenderer than the characters”; “background patterns are 
periodically arranged”. Accordingly, we employ gray-scale and color images instead 
of binary images to extract characters from cover images of magazines without rigid 
preceding conditions. 

The rest of the paper is organized as follows: in section 2, a brief review of DTT 
method and morphological reconstruction techniques are presented. In section 3, the 
novel segmentation algorithm is proposed. A demonstration of the proposed algorithm 
alone with a validation experiment is described in section 4. The robustness and 
finally accuracy of our approach are discussed in section 5. 

2   Morphological Top-Hat and DTT 

2.1   Top-Hat Transformation 

The morphological “top-hat” transformation originally proposed by Meyer [11] 
provides an efficient tool for extracting bright (respectively, dark) objects from an 
uneven background. It is denoted by Ti

(i),and defined as: 
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Where, F stands for source image. 
ir k k k k= ⊕ ⊕ ⋅ ⋅ ⋅ ⊕ (ri times), when ri denotes 

the scale of a structure element (SE, e.g. the radius of  a disk).  
The gray-scale original image F opened by a SE k can removes the bright areas 

which cannot hold the SE, and subtracting the opened image from the original one 
yields an image where the bright objects clearly stand out. This transformation is 
called “white top-hat” transformation (WTT). A closed original image in gray-scale 
subtracting original one allows us to extract dark objects from bright background, 
which is called “black top-ha” transformation (BTT), respectively. 

2.2   Differential Top-Hat Transformation 

For some complicated images, especially those in which the target objects are 
combined in the uneven background, the TT is difficult to segment interested particles 
satisfactorily since parts of noise regions are also holding the top gray regions which 
should be extracted with objective regions by the TT. Clues for detecting features 
were discovered when we concentrated on the TT with different sizes of disk SE. The 
difference between Ti

(i), and T(i-1)

(I-1), includes our interested objects, and that image can 
be easily thresholded to make features stand out.  

The new morphological segmentation algorithm named ”Differential Top-hats” 
(DTT) corresponding to WTT and BTT is defined as follows: 
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Where Fi' denotes segmented images which hold different sizes i of objects. |  |B 

stands for a threshold operation by a gray level B, which is determined 
experimentally. The differences of the neighbor TT results up to i are united together 
in Fi' with certain size of features. 

As shown in Fig.2, the DTT is significantly improved from TT in the next aspects: 

1. It can automatically select appropriate sizes of structuring elements satisfying 
different objects. Since the DTT operation does not only employ a single 
structuring element like the TT operation but also utilize a series of structuring 
elements. Appropriate sizes of structuring elements can easily be found to fit 
different objective regions in the studying image.  

2. We can easily identify a satisfactory threshold value for DTT results. Since the 
DTT algorithm emphasized the differences between the regions with steep slopes 
and that with gradual slopes, a common threshold value can be easily found to all 
the steps of the processing.  
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3. The DTT can reduce more noises and emphasis the features of objects. Gray levels 
of most noises are greatly reduced due to their trivial gradients when gray levels of 
objects remain high. They are easily distinguished by a threshold operation as 
depicted in Fig. 2. 

 

Fig. 1. The top-hat transformation. (upper) the result of opened signal and (lower) TT result Ti 

 

Fig. 2. A test result comparing the TT and DTT algorithms 
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2.3   Morphological Reconstruction 

Mathematical morphology is a powerful methodology for the quantitative analysis of 
geometrical structures where the Morphological Reconstruction is employed to 
reconstruct character regions. It is defined as:  

1( ) | |i i g GB B k f−= ⊕ ∩     ( ,...2,1,3 =∈ iRBi
)                                 (4) 

In the above, i is a scale factor and K is the basic structuring element (e.g. 1 pixel 
radius disk). 

gray⊕  denotes a dilation operation in grayscale, and 
Gf || , represents the 

mask of the operation, achieved via a threshold operation using a gray level G. The 
iteration in (4) is repeated until there is no further change between 

1−iB  and 
iB . It is 

depicted in Fig.3. 

 

Fig. 3. Morphological Reconstruction in grayscale where regions in marker image are used to 
select regions of the mask image to be reconstructed 

3   Character Region Identification Strategy 

3.1   Prior Knowledge 

Character regions have many features, which can be employed as restrictions to 
distinguish characters from a cover image. In this research, characters in cover image 
are considered satisfying the next conditions:  

1. Character regions are composed of at least 3 characters; 
2. Character regions are monochrome with a good contrast;  
3. A character should be in a single gray level.  

3.2   Identification Processing 

The entire procedure can be divided into two steps: region segmentation processing 
and character extraction processing. 

Region Segmentation Processing 
The DTT algorithm is employed in this step. Where source image F is in gray-scale 
and the segmented sub-images are thresholded into binary images. Equation (2) and 
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(3) are performed respectively correspondence to different input images. In equation 
(2), all the regions which hold the same width as the disk shaped SE and brighter than 
the surrounding areas are detected into an image Fi. Consequently, the regions, which 
are smaller than specified SE and brighter than the surrounding areas (holding high 
gray levels) are collected together into a sub-image. F’i  In the same way, equation (2) 
detects all the regions which are darker than the surrounding areas (holding low gray 
levels). The two equations are recurrently performed imax times, which is determined in 
the width of the largest character lines (2 imax +1) in the source image. The mentioned 
threshold value is determined experimentally. The examples of resulting sub-images 
are shown in Fig. 4. 

   
(a)   (b)     (c) 

Fig. 4. The examples of resulting sub-images of DTT. (a) i = 4; (b) i = 10;  (c) i = 30 

Character Region Identification Processing 
Since the character regions coexist with noises in the extracted sub-images, we firstly 
employ a morphological noise reduction algorithm based on dilation and opening 
operations to emphasize the character regions and suppress the noises. The resulted 
sub-images are transformed into gray-level images by an arithmetic multiplication 
between two same size images (source image and a sub-image). 

Then, the character candidate regions are extracted by a histogram analysis 
technique. Since character regions hold peak gray values in the emphasized sub-
images, the gray levels of character regions can be identified by detecting the peak 
values, which are bigger than the average value of all the peak values in their 
histogram curve. The detected peak value may be more than one because the 
character regions with different gray levels might coexist in one image. We employ 
all the peak values, which are bigger than the average one as the threshold levels. The 
sub-images are thresholded into binary images by the values.  
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(a) (b) 

Fig. 5. The examples of identified character regions. (a) a sub-image with candidates; (b) 
reconstructed character region 

Since there still remain some noises and part of character regions are lost, we 
finally reconstruct these sub-images using the morphological reconstruction algorithm 
in the last step. The examples are shown in Fig. 5. 

4   Experimental Results 

Gray-scale cover images of several kinds of magazines (a category of cover images) 
were employed to test our proposed algorithm. Although characters in some of them 
lay on a flat background, some of others are intricately composed of pictures and 
characters. They were regarded as a typical representative of covers with much 
variation. 

A cover image database with 30 gray scale images were constructed and they were 
tested in the experiment to demonstrate the robustness of the proposed approach. 
They were scanned in 100dpi and 1170  848 pixels. Two examples are shown in 
Fig.6. 

The procedure of the experiment was described fully in the last section. In the 
segmentation processing, we defined imax = 40 because the largest character line in our 
source images was smaller than 81 pixels (diameter of a disk with radius of 40) 
according to a statistical inspection. 

As shown in Fig.7, character regions were efficiently extracted using the proposed 
algorithm. Some inputs, which are quite simple similar to a text page, achieved 
significant high extraction rate (99%) except the extremely small character regions. 
Only increasing the scanning resolution can solve this common problem. There are 
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(a)     (b) 

Fig. 6. Example of the source cover  images. (a) CAREX; (b) Gems 

     
(a)     (b) 

Fig. 7. Example of the results. (a) CAREX; (b) Gems 

many other inputs in our database, which are much complicated because the 
characters are mixed with their background such as the “Gems” shown in Fig.6 (b). A 
92% extraction rate acquired for this case. The extraction rated is defined as the 
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percentage between the extracted character regions and the total character regions in 
the inputs. Finally, among the database, an average of 94% character regions were 
correctly identified. 

5   Conclusion 

In this paper, a novel approach to identify character regions using DTT from cover 
images were proposed. The character regions in the cover images can be imagined as 
that they are ``floating on the background or sinking under it'' with a flat texture. We 
devoted our attention to these features and proposed the characters extraction system 
based on the idea of detecting “thin and long” regions. As examples, cover images of 
magazines were employed in the experiment. The results show that even for some 
complicated images, good extraction results were achieved with an average extraction 
rate of 94%. 

As the future work, the algorithm needs improvement to deal with some character 
regions in the complicated images, which could not be automatically identified so far. 
The approach need improve to resist noises around characters in the resultant images. 
We are scheduling to test more cover images and finally apply the algorithm into an 
OCR system to facilitate the conversion of printed documents to electronic document 
in organizing a digital library system. 
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