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Segmentation of Broken Characters using Pattern Matching L. Eynard, F. Le Bourgeois, H. Emptoz LIRIS - I.N.S.A. de LYON - Bât 403 20 Avenue A. Einstein 69621 Villeurbanne Cedex FRANCE



Tél : (+33) 4 72 43 80 93 Fax : (+33) 4 72 43 80 97 E-mail : [email protected] Nowadays the research on OCR system focuses on corrupted and damaged characters from printed and handwritten documents. Many researches have been done on touching characters but only few on broken characters. This paper presents a new method to reconstruct printed characters extracted as many connected components. Our approach is based on the pattern similarity between broken characters and perfect ones from the same printed document. In the first step, we use a multi-segmentation algorithm to extract all possible connected components from a document image digitized in grayscale, and then we order them by their size. The correctly segmented characters are supposed to be bigger than the parts of miss-recognized ones. We compute a similarity measure between all connected components, in decreasing order of their size. Then we localize the broken characters by using the bounding box of the correct pattern which have the best match.



Introduction Segmenting characters in modern digitized documents is a well known problem solved efficiently by OCR software but for old printed documents, the character segmentation problems still remain. Those character segmentation problems are due to the bad conservation of the original document for early printed documents from the Renaissance, the first printed newspapers called “Gazettes” from the XVIII century and for the printed archives [10]. For these documents, the correct segmentation of the layout and especially the segmentation of characters and words are very important for the performance of the text recognition. There are two principal problems: the touching characters where several neighboring characters are segmented in the same component and the broken characters where a single character is segmented by several connected components. In this paper, we consider the problem of broken characters [fig1] which occur more frequently in old documents. Our main idea is that we can always match a character well segmented with other degraded character wrongly segmented in the same document. We apply a pattern matching algorithm which uses the gray levels information in order to create classes of similar characters patterns and we replace the degraded characters by the model of their class. This approach has been applied on images of microfilms from an old printed gazette from the 18th century.



Fig. 1: Some Parted characters



In the first section we describe the reasons of the documents degradation which explain the problems of the character segmentation and summarize some previous works in characters reconstruction. In the second section, we present an original segmentation of documents grayscale images, named ‘multi-segmentation’, which use local and global thresholding algorithms. The third part describes the matching algorithm and the main algorithm to segment broken characters. Finally we present some results and we describe our perspectives in the conclusion.



1. Characters miss-recognition and reconstruction: previous works In a perfect image, each character should be represented by only one connected components. However the connected components are not preserved in low resolution image, or bad quality and noisy images due to the digitization process or to the bad preservation of the document. [5]. A too low resolution and an over exposition of the image can produce break in the continuity of the characters strokes. It creates several connected components for only one character. This problem frequently occurs with the digitization of old microfilms often used by libraries. Because of these characters segmentation problems, lots of OCR systems try to recognize directly the word. Those segmentation-free methods use a lexicon-based algorithm. Most of the methods, called holistic, search for features of entire words to characterize them as in [6] or [9]. But most of OCR systems are still using a character segmentation to recognize the words, it justifies our work on the correct segmentation of broken characters. A good review of character segmentation methods is written by Casey et al in [4]. Several papers describe the reconstruction of characters overlapped by black lines [2]. After detecting and removing horizontal black lines, the blank left by the removal process is detected and filled by a “region growing”. We propose to use a pattern matching and substitution approach to improve the segmentation and the recognition of broken characters. The Pattern Matching and Substitution approach (PMS) introduced by [15] has been widely used for documents images compression [11][12] like JBIG or DjVu. The PMS has been also used for the Computed-Assisted Transcription (CAT) of early printed documents of the Renaissance [13]. Very few works have studied the problem of broken characters and especially in historical documents images. We also notice that the PMS approach has been rarely used for characters segmentation and especially for broken characters. In the next sections, we will present our multi-segmentation algorithm which provides the less bad segmentation results for old documents images digitized in grayscale and the segmentation algorithm based on the PMS approach. 2. The multi-Segmentation The first stage of our approach consists in extracting roughly the connected components representing the printed characters. We aim to obtain the less bad preliminary segmentation of characters without using information about the document layout and especially the text lines and the baselines, which are difficult to obtain in real historical documents. In order to extract the connected components we have to binarize the document image the most efficiently. Assuming that it is not possible to find a perfect technique, we decide to use a combination of several of them. The idea of our multi-segmentation method consists to apply several different binarization techniques with different parameters and keep the connected components which appear the more frequently for all binary images. We combine a local and global thresholding method applied consecutively to the same grayscale image with different parameters. We use a local thresholding technique like the Sauvola [1] and a global one, the K-means of the histogram of the image. The Sauvola algorithm is an adaptive thresholding suited for documents images, which computes a local threshold for each pixel of the image from a sliding window, given by (1).



 s   T = m * 1 − k * 1 −   (1)  R   T is the threshold computed for a window of the image, m represents the means of the grey level of the window, R is the dynamics of the standard deviation and k a user‘s parameter. We use different values of k and R in order to obtain different binary images. As the value of k represents sensibility of the detection, we decide to keep k small and made it vary between 0.04 and 0.19 by step of 0.05. In the same time we made R takes the values 64, 128 and 198. We obtained 12 different binary images from a local binarization technique. In the opposite, a global binarization approach takes into account all information of the entire image. A global binarization provides different and complementary results which must be also used. For the global approach, we choose to apply a K-means on the global grey histogram of the image to find K different thresholds.



Fig. 2: K-means applied on the grey level histogram



We binarize the image with a limited number of intermediate thresholds which are located in the middle of the histogram (fig.2). . We use thresholds corresponding to the middle classes and we obtain 5 other binary images. As local approaches outperform global ones, we choose to reduce the number of binary images obtained by the global approach. Let’s call each binary images Mi with i ∈ [1, Nm] , Nm is the number of different methods or parameter used. Each binary image gives a map of NCCi Connected Components called Ci,p , which provides the coordinates of the pth Connected Components from the binary image Mi. For each Connected Component, we measure the coordinate’s stability among the Nm images. We call the reliability of the connected components, the number of occurrence of Ci,p among the Nm images at almost the same coordinate divide by the number of maps Nm. We keep the Connected Components which have a significant reliability value. By the experiments, we keep each connected components which bounding box appears on the third of the Nm maps. When a connected component has his bounding rectangle fully included in another one, we keep only the bigger rectangle’s component. By keeping only those components we obtained a new unique map of connected components U (see fig 2). We would call Ci the ith connected components of U.



Fig. 3: Creation of U



Our multi-segmentation approach is a little different from [15]. It provides the less worth character segmentation results for difficult documents like digitized microfilms. The final



result of the multi-segmentation outperform the results of each segmentation apply independently on each binary image. It is explained by the fact that our multi-segmentation uses all the combined information from different binarization schemes simultaneously. The performance of the multi-segmentation stage increases with the number Nm of binarization schemes. But the increase of the number Nm of binarization schemes tends to raise the computational cost and the segmentation time. We can notice that our multi-segmentation algorithm do not provide a binary image but a map U of Connected Components which must be superpose to the original gray level image (fig 3).



3. Reconstruction of characters using pattern matching The previous stage provides a list of Ci Connected Components localized by their bounding coordinates in the document image. The first step consists to create classes of characters having similar patterns by using a pattern matching approach. We have to define an image similarity measure suited for grayscale images, because the previous multisegmentation algorithm provides a map U of CC defined in the original grayscale image. We choose to compare image gradients ∇L (2) instead of the luminance of the image. This image similarity measure described in [11] has been previously used for wordspotting applications in medieval manuscripts. The use of first order derivatives for the similarity measure is more efficient than the use of the image difference or image correlation. It is explained because the gradient brings information on the contour orientation and the local structure of the characters strokes. First for each pixel of the image we compute the gradient magnitude (3) and the gradient orientation arg (∇L ) (4).  ∂L  ∇L = Lx ² + Ly ²   x −1 ∂ ∇L =  ∂L  (2) ∂L ∂L (3) tan ( Ly / Lx) (4)   Lx = , Ly =  ∂y  ∂ x ∂y   To compute a dissimilarity measure D between two connected components we use the angular difference dε between two gradients a and b if their magnitudes are significant:  angular difference (arg(a ), arg(b) ), if a < ε or b < ε d ε ( a , b) =   else return penalty 



Then the distance D between two images regions A and B of the same size W*H is the sum of the angular distance of each pixel (A(x,y) is the pixel of image A of coordinates (x,y)): D( A, B ) = ∑ ∑ d (∇L( Ax , y ), ∇L( B x , y ) ) ε x ∈W y ∈ H We define the dissimilarity measures Dtl, Dtr, Dbl and Dbr as the matching between two Connected Components Ci and Cj computed respectively from the top-left, top-right, bottom-left and bottom-right corners. The width W and Height H of the summation are equal respectively to the maximum width and height of the connected components Ci and Cj. So the distance D(Ci,Cj) between to connected components Ci and Cj is: D(Ci,Cj)== min( Dtl (C i , C j ), Dtl (C i , C j ), Dbl (C i , C j ), Dbr (C i , C j )) By using the four corners of the connected components, we reduce efficiently the computational cost of the matching process. Similar approach can be found in [8]. When D is inferior to the threshold T we consider the two connected components to be in a same class (fig 4). To match segment broken characters, we have to compare larger Connected Components to smaller one. We rank all Connected Components in increasing order of their sizes and for



each components Ci, we compute D(Ci, Cj) with all component Cj smaller than Ci , ∀j < i .



. Fig 4: example of classes of components



For low resolution and noisy images, it is very difficult to fix the correct value of the threshold T in order to obtain the exact number of classes without any substitution errors. As our objectives consist to only improve the segmentation of broken characters, we fix a very low value T for the threshold in order to reduce the number of substitution errors to zero. But a low threshold value also increases the number of classes without consequence on the segmentation result. It can be explained by the fact that we segment correctly a broken character if at least one character, correctly segmented, matches the previous broken one. When two components Ci and Cj match, we adjust the coordinates of the smaller Connected Component to the larger one. If during this coordinates adjustment, we fully overlap another rectangle of another component Ck then Ck is erased from the connected components list. Fig 5 shows the amelioration of segmentation by our method.



  Fig 5: Amelioration of the segmentation



Conclusion and perspectives We have presented a method to correctly segment broken characters by using a combination of a multi-segmentation algorithm and a pattern matching and substitution approach. By classifying the connected components in similar forms we are able to reconstruct the bad segmented or degraded characters. If we pass an OCR system on each class of characters we can transcript the text by keeping the most frequent answer of the OCR. For specific old documents this interrelation between classes and text characters could be down by a specialist of the document. a)



b) Fig 6: a) is replaced by b)



Full Classes



Average Characters



Fig 7: Replacing by average characters



We can now exploit two possibilities to repair damaged characters. First (Fig6), we just replace the damaged characters by a better one coming from the same classes. The second method is a image enhancement by the registration of characters images if each classes. This method replaces the damaged characters by the average characters of the class filtering out the noise (Fig 7). We are also thinking to use this method to separate merging characters.
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