Emna Soyed 
email: emna1.soyed@gmail.com
  
Ramzi Chaieb 
email: ramzi.chaieb@hotmail.com
  
Karim Kalti 
email: karim.kalti@gmail.com
  
  
  
Superpixel Based Segmentation of Historical Document Images Using a Multiscale Texture Analysis

Keywords: Segmentation of Historical Document Images, Multiscale texture analysis, SLIC superpixel, Gabor features, Merging classification results

In this paper, a superpixel based segmentation of Historical Document Images (HDIs) using multiscale texture analysis is proposed. A Simple Linear Iterative Clustering (SLIC) superpixel technique and Kmeans classifier are applied in order to separate the input image into background and foreground superpixels. The foreground superpixels are characterized by the standard deviation and the mean of the Gabor features. These features are extracted in a multiscale fashion to adapt to the variability of the textures that may be present in HDIs. Text/graphic separation is then performed by applying a classification of the foreground superpixels for each texture analysis scale followed by a merging step of the obtained classification results. Since the classification results depend on the used classifier, a comparative study is performed for supervised (Support Vector Machine (SVM), K-Nearest Neighbors (KNN)) and unsupervised (Kmeans, Fuzzy C-Means (FCM)) techniques. Experiments show the effectiveness of our proposed method especially when compared with similar work in the literature.

Introduction

In recent years, digitizing collections of cultural images becomes the vision of libraries and museums to ensure a sustainable conservation of historical collections and a world access to large sets of cultural heritage documents. Thus, many open issues and challenges have been raised, such as developing content-based image indexing and retrieval tools and ensuring the efficiency of document interpretation systems [START_REF] Loussaief | Machine learning framework for image classification[END_REF][START_REF] El Bazzi | A graph based method for Arabic document indexing[END_REF]. In particular, the literature shows that a huge amount of issues is related to the particularities of historical documents such as noise, degradation, page skew, specific fonts, irregular spacing between characters, random alignment and different text orientations [START_REF] Coustaty | Historical document analysis: a review of French projects and open issues[END_REF]. Recently, the family of superpixel based algorithms has gained a great attention of many researchers in how we can use segmentation methods to gain new insights into the world of image processing. The superpixel technique uses the degree of characteristics similarity between pixels and acquires the redundant information in the image to grip pixels. Therefore, they can reduce the complexity of image post processing tasks and by following will lead to a more effective treatment.

Related Work

For instance, Jian used the superpixel technique to perform the image background segmentation [START_REF] Jiang | Linear solution to scale invariant global figure ground separation[END_REF]. The particular aggregation of information provided by the superpixel has been proved by Li et al. to be useful for image segmentation [START_REF] Li | Segmentation using superpixels: a bipartite graph partitioning approach[END_REF]. Cohen et al. used spatial and color features extracted from superpixels to separate drawings regions from background of ancient documents [START_REF] Cohen | Robust text and drawing segmentation algorithm for historical documents[END_REF]. Garz et al. used a multistage algorithm based on interest points to detect the layout entities in ancient manuscripts [START_REF] Garz | Layout analysis for historical manuscripts using sift features[END_REF]. They proposed a new stroke width computing method by using intensity and Simple Linear Iterative Clustering (SLIC) superpixels region growing to segment text from low quality images. The limitation of this method is the fact that it cannot be used in text images with various strokes and it was proved to not be good for complex background text segmentation. Mehri et al. pointed out a background separation technique for ancient documents using spatial and color features extracted from superpixels [START_REF] Mehri | Use of SLIC superpixels for ancient document image enhancement and segmentation[END_REF]. Moreover, in order to extract the text and graphic regions, they presented an algorithm based on the use of the SLIC superpixel approach and Gabor descriptors to segment historical document images [START_REF] Mehri | Learning texture features for enhancement and segmentation of historical document images[END_REF]. Mehri et al. used different sliding window sizes for the texture analysis. The descriptors extracted from these different windows were embedded in a single vector which may affect the performance of the classification step.

In this paper, we propose a contribution to overcome these inefficiencies by developing a HDIs segmentation method based on using multiscale texture analysis. The proposed method is based on the SLIC superpixel technique and Gabor features. Accordingly, four different scales analysis are used and four classifiers are applied to extract textual information from the graphical ones. In the literature, many methods for text/graphic classification were elaborated [START_REF] Mehri | Use of SLIC superpixels for ancient document image enhancement and segmentation[END_REF][START_REF] Mehri | Learning texture features for enhancement and segmentation of historical document images[END_REF]. Unfortunately, all these works did not make any comparative study between them. Our objective is to apply a comparison between four different classification methods in order to ensure the effectiveness of the selective classifier. First, an interactive feature learning step is introduced to train supervised classifiers. Then, a merging method is developed to deal with the variety of the multiscale analysis windows and to make easier the choice of the best classifier.

The remainder of this paper is organized as follows. Section 3 presents an overview of our proposed method. The adopted superpixel technique is described and the investigated Gabor features are detailed. In order to outline the pertinence of the experimental protocol, Sect. 4 describes the ground truth, the segmentation results and their evaluation. Finally, Sect. 5 gives a conclusion in the end of this paper.

The Proposed Method

In this work, we are not searching for an accurate segmentation, but to find regions with similar characteristics in a variety of scales and fonts, and to discriminate between text and graphic components. Figure 1 presents the schematic block representation of the proposed method.

The proposed method starts by separating the input HDI into foreground and background superpixels using the SLIC superpixel technique and the Kmeans clustering to obtain an enhanced and non noisy background and to avoid the complexity of pixel based segmentation. The extracted Gabor features for each texture analysis scale are fed as input to four different classifiers in order to classify the foreground superpixels into two classes (text or graphic). Finally, a merging step is introduced in order to reduce the multi-variance of the sliding windows on the classification step. In order to have a relevant segmentation of textual regions from graphical ones and a separation between different Kinds of graphics and various text fonts, the proposed method is composed of four steps: Preprocessing, Texture feature extraction, Superpixels classification and Merging results.

Preprocessing: Foreground/Background Segmentation

First, a HDI is fed as input and converted to a grayscale image. The proposed method does not assume a prior knowledge regarding document content and layout. In order to improve the segmentation results, a median filter is applied on the input image. Figure 2 shows an example of the preprocessing step. Once the preprocessing is terminated, the image is segmented. The aim of the segmentation task is to simplify the representation of an image on some things easier and more meaningful for the extraction and analysis step. Rather than using a rigid structure of pixel grid, the superpixel technique has been used to group pixels sharing similar properties or characteristics into a significant polygon shaped region. The superpixels are used in our method as basic units instead of using the rigid structure of pixel grid and become a consistent alternative for a foreground/background segmentation. Achanta et al. performed an empirical comparison of five state-of-the-art superpixel methods [START_REF] Achanta | SLIC superpixels compared to state-of-the-art superpixel methods[END_REF]. They classified the existing superpixel methods into three classes: gradient-based-ascent, graph-based and SLIC superpixel. They stated that the SLIC technique is the best superpixel method regarding the segmentation results and performances, the ability to adhere to image boundaries, the efficiency of memory, the simplicity of use and the ability to control superpixel compactness. Actually, by setting the superpixels number equal to 0.08%, the SLIC superpixel technique is performed on a grayscale image. The segmented image is generated by grouping pixels sharing gray level similarity and their proximity in the image plane into significant polygon-shaped regions. Afterwards, the background and foreground clustering task is performed based on the calculation of the mean gray level value of each superpixel by averaging over all gray level pixels associated to the superpixel regions and using the Kmeans algorithm. By setting the number of clusters equal to two, two well separated clusters are extracted: one for the foreground and one represents the background information. An enhanced background is obtained by allocating the value of a white pixel to the superpixel center and the pixels belonging to them.

Texture Feature Extraction

The texture features explored in this work are based on a multiscale Gabor filter. The choice of Gabor features was based on an empirical comparison between texture features extracted using Gabor filter and the discrete Fourier transform presented by Ursani et al. [START_REF] Ursani | Texture features based on Fourier transform and Gabor filters: an empirical comparison[END_REF]. They proved that Gabor filters have good performance as opposed to Fourier transform, due to the optimal localization properties to get information in both frequency and spatial domains from the analyzed images. Moreover, some of the known texture-based approaches have been compared by Mehri et al. [START_REF] Mehri | Texture feature evaluation for segmentation of historical document images[END_REF]: The auto-correlation function, Gray level Co-occurrence Matrix, and Gabor features, used for the segmentation of digitized simplified ancient document images. They concluded that Gabor features results, obtained on ancient document images, are the best for distinguishing textual regions from graphical ones and for font segmentation. Nevertheless, few studies have been sought for ancient document image segmentation using the multiscale Gabor filters [START_REF] Raju | Text localization and extraction from complex color images[END_REF]. Therefore, the investigated Gabor features tested in our work are Gabor filters.

Gabor features are produced at several frequencies and orientations for texture characterization. Four orientations and six frequencies are used in common implementation [START_REF] Charrada | Texture approach for nets extraction application to old Arab newspapers images structuring[END_REF][START_REF] Zhong | Image patches analysis for text block identification[END_REF]. In this study, 24 Gabor filters are applied by using 4 different orientations {0, π 4 , π 2 , 3π 4 } and 6 distinct frequencies

{2 √ 2, 4 √ 2, 8 √ 2, 16 √ 2, 32 √ 2, 64 √ 2}.
The energies and the amplitudes of the Gabor filter outputs are investigated. Gabor features are extracted by the convolution of the analyzed document image and pairs of orientations and frequencies. The standard deviation and the mean values of Gabor filtered magnitudes and energies responses corresponding to all pixels defined in the same superpixel are extracted. The convolution of the gray level ancient document image with 24 Gabor filters are applied for each pixel defined in the same superpixel. After all, an easy way to extract Gabor features on the hole transformed image by the selective Gabor filter, is the use of a multiscale analysis technique to extract Gabor features from the selected foreground superpixels at four different sliding windows ((8 × 8), (16 × 16), (32 × 32) and (64 × 64)). Thus, four feature vectors are formed through four different sizes of sliding windows.

Superpixels Classification

Once the extracted Gabor features step is terminated, a classification task is performed by partitioning Gabor based features sets into separated classes. In order to select the best classifier for the discrimination of textual content from graphical one, a comparative study based on using several classifier techniques (Kmeans, Fuzzy C-Means (FCM), K-Nearest Neighbors (KNN), Support Vector Machine (SVM)) is carried out. Supervised and unsupervised techniques have been used on partitioning the image. As Kmeans and FCM are unsupervised techniques, only the number of classes K is provided as input. By setting the number of classes K equal to two, two well separated classes are extracted: one for textual region and one for graphical one. The SVM and KNN are supervised techniques used with a default kernel, in addition to the number of classes K, models are trained to generate the classification. Therefore, the training data is obtained by a manual selection of six regions (three belong to the text regions and three belong to the graphical ones) built for each image. Our goal is to construct a training data for each HDI, to ensure the effectiveness of the interactive method. The foreground superpixels issue is presented as a binary classification: one class for textual superpixels and another one containing all superpixels considered as other contents. Each superpixel belonging to the training data is noted as belonging to one of the two classes.

Merging Results

In many fields such as multiscale sliding windows, we are often confronted with multiple and conflicts sources of information. In this paper, we propose a merging method based on using the majority vote in order to resolve the conflicts of windows resolution. Four classification results are fed as input. Then, for each superpixel, we assign it to the majority voted class. If we have an equal case, we take the majority vote of neighboring superpixels already classified. Otherwise, we assign it to the same class of the nearest neighbor. A detailed schematic block representing the merging results of each Gabor filter application window for one classifier is illustrated in Fig. 3.

For each superpixel, the majority vote can be formed as follows:

V (s) = argmax i∈{1,2} (g(c i , s)) ( 1 
)
Where s is the superpixel to be classified, V(s) is the majority vote and g(c i , s) is calculated as:

g(c i , s) = 4 j=1 w j ( 2 
)
Where

w j = 1 if R j (s) = c i else w j = 0. R j (s)
is the classification result of s by the j classifier.

In this study, we consider only two classes which are text (c 1 ) and graphic (c 2 ). In the first equal case where g(c i , s) = 2, the majority vote among the neighboring superpixels is calculated based on the same definition. In the second equal case where g(c 1 , s) = g(c 2 , s), the superpixel can obtain its class from the nearest neighbor. For this purpose, the euclidean distance is used to select the nearest neighbor. This distance is calculated as follows:

dis s1,s2 = (x s2 -x s1 ) 2 + (y s2 -y s1 ) 2 (3) 
Where s1 and s2 are two neighboring superpixels and (x s1 , y s1 ) and (x s2 , y s2 ) are respectively their coordinates of the centroids. Otherwise, we consider the result of the sliding window resolution 32 × 32 as the final decision class. The respective results of each step of our document image segmentation system will be reported and discussed in the next section.

Evaluation and Results

In this section, we perform experiments to illustrate and to discuss the performance of the proposed method. A brief description of the ground truth and the experimental corpus is presented.

Corpus and Ground Truth

To prove the influence of the merging step on extracting graphical regions from textual ones, we focus in our corpus on collecting HDIs containing various textual and graphical contents as shown in Fig. 4. A significant number of historical documents with both complex and simple layouts have been selected. This dataset is composed of grayscale, binary and color HDIs. Moreover, we have constructed the training data for each image by selecting three regions from the text and three others from the graphical ones. The training data is made for each image to guarantee a good understanding of the behavior of the extracted Gabor features.

Experiments and Results

The obtained results of the proposed segmentation method using the SLIC superpixel technique, multiscale Gabor filters and several classifiers techniques are illustrated in this section. By visual inspection of the obtained results, we note that the proposed method in this article ensure satisfying results particularly in distinguishing textual regions from the graphical ones. We perform a qualitative comparison of four different classification techniques. Arguably, the SVM classifier highlights the best classification results for separating textual regions from the graphical ones. Figure 5 shows an example of HDI segmentation assigned to each classifier. The quantitative evaluation of the proposed segmentation method is made by four measures: Complete (CM), Quality (CR), Accuracy (ACC) and F-measure (F) based on the Confusion Matrix decisions. Table 1 presents the obtained measures values computed for each classifier. Thus, by merging the Gabor features multiscale application results, we note that the SVM technique is more relevant than other techniques used in this work for the characterization and segmentation of textual regions and graphical ones. We note that the superpixels are classified with 94% (CM), 92% (CR) and 91% (ACC). Further, the SVM technique based on learning Gabor features is more efficient than the method presented in [START_REF] Mehri | Learning texture features for enhancement and segmentation of historical document images[END_REF] as shown in Table 1. Furthermore, it tends to well classify graphical superpixels into graphical classes thanks to the use of an interactive method to create the training data. As shown in Table 2, the obtained F-measure values are congruent and very promising. 

Conclusion

In this paper, we proposed an interactive method based on using SLIC superpixels and Gabor features to extract textual and graphical regions in HDIs. In this study, each superpixel is characterized by the average and the standard deviation of the response of Gabor filters application. The features are computed for different sliding window sizes. Then, the extracted features are classified using supervised (KNN, SVM) and unsupervised (Kmeans, FCM) clustering techniques. In order to deal with the variety of windows, the results of the different classifiers are merged using the majority vote. Finally, the evaluation shows that our approach brings satisfactory results and outperforms the one proposed in [START_REF] Mehri | Learning texture features for enhancement and segmentation of historical document images[END_REF] thanks to the merging step. Our further work will be the use of the presented algorithm on an another type of database for example administrative documents. We will also focus on evaluating and merging other texture extraction methods.

Fig. 1 .

 1 Fig. 1. Schematic block of the proposed method based on texture features extraction for HDI and merging results of each classifier.

Fig. 2 .

 2 Fig. 2. Illustration of the results of the preprocessing step. (a) and (f) Original HDIs (b) and (g) Grayscale conversion results (c) and (h) Results of SLIC superpixel segmentation (d) and (i) Results of the foreground/background segmentation (foreground superpixels are labeled as blue and the background ones are labeled as green) (e) and (j) Foreground SLIC superpixels.

Fig. 3 .

 3 Fig. 3. Proposed merging method.

Fig. 4 .

 4 Fig. 4. Illustration of some examples of HDIs containing textual and graphical contents ((a), (b), (c) and (d)) or only textual contents ((e), (f), (g) and (h)).
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  The Complete (CM): The CM measures the probability of having a pixel that belongs to both the system response and the Ground Truth.-The Quality (CR): The CR is described by the percentage of the region (text or graphic) correctly extracted. -The Accuracy (ACC): The ACC consists of the combination of the two other CM and CR measures. The ACC can be defined as the percentage of the text and graphic region extracted by the algorithm. -The F-measure (F): The F-measure is calculated as a score resulting from the combination of CM and CR. It assesses both the completeness and the homogeneity criteria of a clustering result.

Fig. 5 .

 5 Fig. 5. Example of resulting images of the proposed method assigned to each classifier: (a) Original HDI (b) The foreground/background separation results (c) The foreground superpixels (d) The ground truth generated by GEDI [16] (e) Kmeans results (f) FCM results (g) KNN results (h) SVM results.

Table 1 .

 1 Evaluation and comparison of the proposed method of HDI segmentation by calculating several measures FCM Kmeans SVM KNN Method proposed in[START_REF] Mehri | Learning texture features for enhancement and segmentation of historical document images[END_REF] 

	CM 0.52 0.67	0.94 0.90 0.87
	CR 0.63 0.64	0.92 0.91 0.83
	ACC 0.47 0.49	0.91 0.88 0.79

Table 2 .

 2 Evaluation of HDI segmentation for the classifier SVM by computing the F-MEASURE values (F)

	Only one font One font and one graphic Total
	F 0.88	0.92	0.90