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Introduction

The analysis of scanned documents is an important in the construction of digital paperless offices, digital libraries or other digital versions of originally printed documents. Both the digital or printed form of documents has its advantages. For instance, online digital libraries can provide improved distribution of information and more flexible access via search algorithms than traditional print libraries. On the other side printed document are still more comfortable for reading and modifying. The ultimate solution would be to deal with paper documents as we deal with other forms of computer media. However, adding existing print material into electronic libraries is a costly, slow process unless good automated procedures can be developed. 

The objective of document analysis systems is to recognize text, graphics and pictures in usually scanned images and to extract the intended information as a human would. The textual processing and graphical processing are two different categories of document analysis therefore the segmentation step, which splits the input image to coherent regions and classifies these regions as text, pictures or line-drawings, must precedes. The segmentation is the area of our interest and the rest of this paper deals with this task and related problems. Figure 1 shows main block of document analysis systems, our interest lies in the block denoted as Page Segmentation.
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Figure 1: Main parts of Document Analysis Systems.

The rest of the report is organized as follows. First, three approaches to solve the problem are described. Next, implementation and experiments of two selected approaches is given. Last section describes the achieved results.

Approaches to solve the problem

Many approaches have been proposed in the area of interest. We will briefly describe three selected representatives of different approaches. These methods can be classified as either bottom-up or top-down approaches. 

The bottom-up (data driven) techniques progressively refine the data by layered grouping of operations. It typically involves grouping of pixels as connected components that are merged into small blocks based on local evidence and then merged into successively larger blocks. This approach is more time consuming compared to the top-down approach but on the other hand it is useful for the cases where a priori knowledge about document nature lacks. 

The top-down (goal driven) approaches split a document into major blocks which are further split into subblocks until the desired result is achieved. These methods use a prior knowledge about processed documents. These methods are very effective for processing pages with a specific format, for instance diverse types of forms. 

The third class of methods combines both mentioned approaches. We will briefly describe a representative for each approach in the rest of this section. 

An approach by Wahl et al.

This approach [Wahl82] is a typical representative of bottom-up approaches. The input document is passed through four stages, see Figure 2, (i) segmentation, (ii) connected component extraction, (iii) block characterization and (iv) text extraction.
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Figure 2: Algorithm framework in Wahl et al. approach.

First, a processed document is passed through the subprocedure segmentation its result are the regions which make up consistent areas. The segmentation itself consists of  binarization, horizontal line cleaning, vertical line cleaning and block extraction.

Second step carries out the connected component extraction that numbers the regions from the previous step. The following steps process separately the regions with individual labels. 

Third, each region is characterized by a set of features. The bounding box, number of ones and number of transition are used as the features in this case.

Fourth, having features for each region, the classification step can be carried out. The results of this step are the labels for each region, which determine a type of this region.

Recursive Block Segmentation

This approach represents top-down methods. At the beginning the document is considered as one coherent region. Next the horizontal and vertical cuts are iterated until result desired segmentation is obtained. A coherence of processed region determines weather the region is cut and where the cut is performed. This approach requires a good pre-processing step, which tabulates rotated documents.

A Multiresolution approach for page segmentation

This approach [Cinque98] can be considered as combination of both bottom-up and top-down methods. Combination of these two approaches yields the method which does not require a priori knowledge (bottom-up) and the same time requirements on memory and computational time are reduced (top-down). 

The processed document is analyzed at several levels of resolution which represent different physical structures. The proposed method consists of two main phases. 

First, the bottom-up step constructs feature pyramid. During this phase a set of four feature maps is generated. The lowest level contains feature maps computed directly from an input document. The remaining three upper levels of pyramid are computed using Gaussian low pass filtration [Ross84].

Second, the top-down step uses the pyramid for classification. This step start document processing at the top level of the pyramid (lowest resolution) and continues at the lower levels of the pyramid (higher resolution) until all regions are classified. The classification process is based on a set experimentally found rules.

We have selected two of these approaches and conducted experiments with on scanned documents.

Following sections describe our implementations of the Wahl’s and Multiresolution approach. 

Approach A - A modified implementation of Wahl et al.

We came out from the algorithm framework proposed by Wahl et al. (see Section above). The original sub-procedures (see Figure 2) were replaced by new methods implemented by ourselves. Moreover, we improve the method using a priori knowledge about the processed documents. 

We adopted several assumptions about the processed document to simplify the complexity of the problem:

· Document implies only three types of information - text, graphics and background.

· Document must not be rotated.

· Bounding box of each text and graphics region must not contain another type information (for instance small image cannot lie inside the text paragraph).

· Greyscale (256 levels) document is assumed. 

· White background and black text is assumed. 

We tested our document analysis system on the set of 10 greyscale documents with size 1600x1200 pixels. The documents are scanned A4 pages of a scientific paper which contains both text and graphics. All assumptions mentioned above are fulfilled.

The rest of these sections will describe used sub-procedures. Next the experiments will be given followed by the section with discussion and conclusions.

Segmentation

The first step segments the input document into coherent parts and separates the background from the other regions. This step implies binarization and morphological opening procedure. 

Input greyscale document is passed through the binarization step which assigns zeros and ones to each pixel according to a given threshold. The zero regions correspond to the document background and the one regions are the other part containing text or graphics. The threshold was determined experimentally to 200.

The standard morphological opening is performed on the binarized document. The opening implies dilation followed by erosion operator. After opening the small regions are connected together to form coherent regions. 

Connected Component Extraction

The aim of this step is to assign the labels to individual coherent regions. The bwlabel function from Mathlab Image Processing Toolbox was used. The results are the regions label by increasing serie of integers. 

The Connected Component Extraction step was extended by a procedure which connected together overlapped regions. This procedure uses the a priori knowledge (see adopted assumptions above) about the text and graphics overlapping. It was assumed that the bounding boxes of different types of information (text or graphics) must have empty intersection. Using this knowledge the regions which have different labels, and their bounding boxes overlap each other, are connected together, i.e. they make up one region with the same label. 

Block characterization

Having the coherent regions the block characterization step is performed. The aim of this step is to describe each region by a set of proper statistics which help to distinguish between text and graphics. The histogram of given region turned out to be a proper feature. In comparison with originally proposed features (bounding box, number of transitions, number of one's) the histogram is more general characteristic, moreover, its computation is not time consuming.

Text extraction

The parameters computed in block characterization step are used for regions classification. According to adopted assumptions the regions can be classified into two classes. The first class is text regions and the second class are graphics regions. 

The Support Vector Machines classifier implemented in [Franc00] is used. We applied the basic version of SVM classifies input patterns into two classes using linear discriminant function. The overlapping of classes is also assumed. 

Between main advantages of the SVM belongs its generalization ability by using discriminant function with maximum margin. This property is especially useful in our case where a small number of training patterns is available.  

The classification with the SVM implies two phases. In the first, one-shot phase, the SVM are learnt on the set of training patterns which should characterize the examined problem as well as possible. The second phase uses the parameters computed in the first phase for classification. The classifier parameters, in the SVM case, are the selected set of training patterns (support vectors) and the set of their weights. 

The first, training phase is an essential step determining final properties of the classifier. We divided our 10 documents into 2 training and 8 testing documents. The documents number 5 and 8 make up the training set and the others the testing set. The documents in training set contain both the regions with text and graphics. The set of training patterns were manually selected from 2 training documents using a simple interactive program. The training set contains 24 examples of text regions and 8 examples of graphical regions. The obtained training set of patterns was used for learning the SVM classifier.

Implementation

All the implemented algorithms are written in the Matlab, version 5.3.. No platform dependent methods were used which results that the algorithms should be platform independent. Except the standard installation of the Matlab we use Image Processing Toolbox, Optimisation Toolbox by Mathworks and Statistical Pattern Recognition Toolbox [Franc00].

Experiments

In this section we will give an example of document segmentation using our implementation. We selected a document image number 3 from testing set. To illustrate individual steps of the document processing. The input image is in Figure 3 (a). This image contains both the text and graphical regions.
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                             (a)                                                                                     (b)

Figure 3: The input grey-scaled document of size 1125 x 1545 is in shown in the picture (a). The picture (b) shows the image after binarization step.

First the document is passed through the segmentation step that consists of binarization, the result is in Figure 3(b), and morphological opening operation its output is in Figure 4(a). Having consistent regions of text and graphics the connected extraction analysis is performed. This step assigns labels to each connected group of points as seen in Figure 4(b). The different labels are distinguished by different colours. It is seen that large regions contain small regions with different label. To cope with this problem the region merging procedure is applied and its result can be seen in Figure 5(a). It is easy to see that after the region merging step the number of regions was reduced as well as the small regions were cleared. Next, each region is characterized by histogram which serves as a feature for the classification. The last classification step assigns the label 1 for text and label 2 for graphical regions. The result is seen in Figure 5(b). The individual regions of text are denoted by their bounding boxes. Colours distinguish text and graphical region – text is red, graphics is blue. 
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                      (a)                                                                                      (b)

Figure 4: The image (a) contains the processed document after morphological opening operation. The picture (b) contains results after the connected component analysis step.

Discussion

The proposed approach is simple for implementation and the results obtained from experiments are surprisingly good. But a lot of work remain to accomplish the approach. We have proposed  several improvements which were not implemented:

· Preporocessing step on the initial document which would clear away the noise. For example median filter which suppresses the salt-and-pepper noise common for scanned documents.

· Adaptive binarization step which would reflect different types of document (actual version uses constantly set threshold). Possible solutions could be based on finding proper threshold in histogram which usually contains two distinctive peeks for background and text.

· Larger training set for classifier reflecting different types of document.
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(a) (b)

Figure 5: In the picture (a) the result from the region merging step is shown. The picture (b) contains the final result. The text and graphical regions are marked by the bounding boxes having red colour for text and blue colour for graphics.

Approach B - A Multiresolution approach for page segmentation

We implemented this approach according to[Cinque98] (brief description of this approach is in Section 2). The classification stage of this approach is based on an experimentally determined set of constants. Unfortunately constant tuning is very time consuming therefore we restricted ourselves only to the first step constructing the multiresolution pyramid. In the rest of this section we will describe the pyramid construction and the idea of segmentation based on the pyramid will be also briefly mentioned.

Pyramidal representation

The main point of the approach of interest is the pyramidal representation of input image page which consists of four pyramids - each pyramid has four levels and is constructed for different feature map that characterize the input page. The building of pyramidal representation involves two steps: (i) construction of four feature maps, (ii) building of pyramid for each feature map.

The selected features are the average, the variance, the threshold and the median. These features are applied on disjoint 16 x 16 windows producing a subsampled version of the original image with a reduction factor of 16 in horizontal and vertical direction.

Having four feature maps, which create bases of four pyramids, the Gaussian decimation is applied. This procedure consists of three times passing the original image through low pass filter reducing at the same time image dimension with factor 2 in horizontal and vertical direction. The Gaussian filter with 5 x 5 window and variance equal to 0.5 was used.
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Figure 6: Pyramidal representation complete with dimensions of our image

Segmentation using the pyramidal representation

The second step of the examined approach consists of a top-down process starting at the top level of the pyramid and continues at lower levels until all the regions are classified. The aim of this step is to segment the original image into consistent text, pictures, line-drawings and background regions. The used approach is based on a set of thresholds that are used on all four levels of the pyramid. 

The segmentation step can be divided into (i) background analysis, (ii) image analysis and (iii) text analysis. The result of this step is regions labelled as background, picture, line-drawings, text, non-classifiable regions and finally the uncertain regions. The uncertain regions are classified using lever levels of the pyramid. 

Background analysis

To find background the method uses the mean and the variance filter. In mean filtered images background is uniform white, and in the variance one is uniform black.

So if we use a condition that choice this points, is possible locate the background.


(a)


(b)

Figure 7: (a) Mean and (b) variance filter, the first one is the image after the filtering, and the others are the images after gaussian filters. ( 1,2,3, passages)

The official parameters are mean must be bigger than 240 and variance must be lower than 15 to be background. But in images with some noise these parameters must be increased, so we use 225 for mean and 25 for variance.

After this step we obtain this image, that have black for the background and red for the rest.
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Figure 8: Background image.
Image analysis

Finding images and discriminate in pictures and graphics is possible to use the median and the threshold filters. This is possible because the median select the middletone area, and threshold discern what kind of image is. We can do this by counting the number of pixels that are over a threshold (we use 170) in middletone area, then we verify the perceptual, dividing the number of found pixel to the total pixel of the area.  So if the perceptual if bigger than 70% we have graphics, else it is a picture. 


(a)


(b)

Figure 9: (a) Median and (b) threshold filter, the first one is the image after the filtering, and the others are the images after gaussian filters. ( 1,2,3, passages). It is also possible seen the noise generated by the reverse side of the page.

Text analysis

When we have already find image, graphic and background, by mean and variance filter is possible to recognise the text, but if the level of gaussian image is very high sometimes we need to elaborate a bigger image. The text is recognisable from the elevated value of variance, so we find text in the regions that have mean between 240 and 210, and variance bigger than 15.

We have not result for this step because the most complex set-up of the parameters does not permit us to obtain some good results.

Conclusion

We have implemented two approaches of the document analysis systems. The first one comes out from the method proposed in [Wahl82]. We followed the framework used in this approach but the original sub-procedures were replaced by different methods solving the same task in different way. Moreover, we proposed a little improvement which uses a priori information about the processed documents. The proposed system was implemented in Matlab and its functionality was tested on the set of testing images with promising results. 

The second, multiresolution approach was partially implemented according to [Cinque98]. This system requires a set of the thresholds tuned on the particular document type. Due to the short time available for implementation we restricted ourselves mainly to the methods which construct the pyramidal representation of document. The algorithms for the pyramids construction are also written in Matlab. 
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