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Abstract

We constructed a full-text retrieval system for the 

scanned Hangul document images. The system consists 

of three parts; preprocessing, recognition, and 

retrieval. The retrieval algorithm uses recognition 

results up to k-ranks. The algorithm is not only 

insensitive to the recognition errors, but also has the 

advantage of user-controllable recall and precision. 

For the objective performance evaluation, we used the 

scanned images of Journal of Korean Information 

Science Society provided by KISTI. The system was 

shown to be practical through the evaluation of 

retrieval performances. 

1. Introduction 

A full-text retrieval system for the scanned 

document image database is required for a successful 

digital library. The system should provide the advanced 

functions below to the users [1, 2]. 

1) The system estimates the relevance of the retrieved 

documents and ranks them. 

2) It is possible to use open vocabulary for the search 

of rare keywords or proper nouns. 

3) It is possible to control the recall and precision 

according to user’s purposes.

Korean character recognition research community 

has studied the retrieval algorithms for Hangul 

documents images and released several systems. Kwag 

developed a preprocessing component that transformed 

the scanned document images into word units and 

recognized the word attributes like language and font 

styles [3].  Yang and Oh used two-step retrieval in 

which the first step removed the evidently irrelevant 

words using coarse features and the second one 

performed the fine matching [4]. Ahn proposed OCR-

based retrieval algorithm which performed the OCR-

error tolerant matching method [5]. Another OCR-

based method can be found in [6]. 

This paper describes a Hangul document image 

retrieval system. The system has three components for 

preprocessing, recognition, and retrieval. Hangul 

document images can be segmented into character unit. 

So a classifier can generate recognition results up to k-

ranks for a character pattern more easily than English 

documents. Our retrieval algorithm uses the k-rank

recognition results. The algorithm has the advantages 

of the insensitivity to recognition errors and the 

controlling between precision and recall. 

To test the practical usability, we used the Hangul 

document image database scanned from JKISS 

(Journal of Korean Information Science Society), 

publicly available in the web by KISTI (Korea Institute 

of Science and Technology Information). Since the 

database contains low-quality images published in 

1970s and high-quality ones in 1990s, it is good for 

test purposes. Our experimental results revealed that 

the proposed rank-based retrieval algorithm was 

promising in the environments with recognition errors.  

2. Preprocessing

2.1 Skew correction 

For the skew angle estimation, we used the method 

proposed by Lee et al. [7]. The algorithm first merges 

the nearby black runs in the horizontal direction. After 

this operation, most of the lines have horizontally long 

connected components. Every black pixel at the bottom 

of columns is marked. For the marked pixels of a 

connected component, the algorithm fits a line segment. 

The average of those line angles is used as the page 

skew angle.
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(a) first horizontal segmentation (b) vertical segmentation 

(c) second horizontal segmentation (d) character segmentation 

Figure 1. Segmentation process 

The image is inversely rotated by the estimated skew 

angle . When 0 /4, a row is shifted one 

pixel downward for every 1/tan( ) pixels. If 0 -

/4, the reverse operation is applied. This rotation 

method operates very fast. 

2.2 Text region extraction and character 

segmentation

Our system deals with multi-columned documents, 

distinguishes text regions from tables and figures, and 

finds the texts in the tables and figures. Firstly the 

system finds connected components and their bounding 

boxes. It finds text regions by removing the connected 

components larger than preset threshold.  
Figure 2. Text extraction in tables 
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Line segmentation is done by horizontal projection 

of the bounding boxes and by gap finding. Figure 1(a) 

shows an example result. As shown in the figure, when 

left and right columns have lines at vertically different 

locations, line segmentation result is not complete. 

So we perform another projection vertically. By 

finding gaps in the vertical projection, we obtain the 

results in Figure 1(b). By doing horizontal projection 

and gap finding one more, line segmentation is finished. 

Figure 1(c) depicts the results.  

In order to segment characters, we estimate the 

character width by computing average of the line 

heights. The bounding boxes are sorted by their 

beginning x-coordinates. Starting from the leftmost 

connected components, we merge adjacent connected 

components until the width of merged connected 

components is within the estimated character width. 

The merged component set is regarded as a character. 

Then we repeat the same process using the remaining 

components. Figure 1(d) is the results of character 

segmentation. 

Figure 2 illustrates another segmentation result. Note 

that the texts in tables are also found correctly. 

3. Recognition 

The feature set is very important for the successful 

recognition. Many methods have been published. Our 

system adopted the wavelet-based features. For more 

details, refer the paper in [8]. 

Most commercial OCR software produces most 

likely character class. Using the most likely character 

only, retrieval algorithm cannot tolerate the recognition 

errors which are inevitable in the low-quality document 

images.

To overcome this problem, we use the rank-based 

recognition scheme that generates K most likely 

character classes. Our system uses the Euclidean 

distance classifier. 

After the recognition, each character is attributed 

with K classes. Their locations are also stored in order 

to display the retrieved words. So a character requires 

about 2K bytes. 

The processes of the preprocessing in Chapter 2 and 

recognition and storing in Chapter 3 are performed 

offline, so they do not related to the retrieval speed. 

Figure 3. System user interface 
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