Structure Extraction from Various Kinds of Decorated Characters Using Multi-Scale Images

Shin’ichiro Omachi^1, Masaki Inoue^2, and Hirotomo Aso^1

1 Graduate School of Engineering, Tohoku University^2 Hitachi Software Engineering Co., Ltd.

Aoba 05, Aramaki, Aoba-ku, Sendai-shi, 6-81, Onoe-cho, Naka-ku, Yokohama-shi, 980-8579 Japan 231-0015 Japan {machi,aso}@ecei.tohoku.ac.jp m-inoue@cap.hitachi-sk.co.jp

Abstract

Decorated characters are widely used in various documents. Practical optical character reader is required to deal with not only common fonts but also complex designed fonts. However, since appearances of decorated characters are complicated, most general character recognition systems cannot give good performances on decorated characters. In this paper, an algorithm that can extract character’s essential structure from a decorated character is proposed. This algorithm is applied in preprocessing of character recognition. The proposed algorithm consists of three parts: global structure extraction, interpolation of structure, and smoothing. By using multi-scale images, topographical features such as ridges and ravines are detected for structure extraction. Ridges are used for extracting global structure, and ravines are used for interpolation. Experimental results show clear character structures are extracted from very complex decorated characters.

1. Introduction

Decorated characters are widely used in various documents. Practical optical character reader (OCR) is required to deal with not only common fonts but also complex designed fonts.

A lot of approaches of character recognition have been developed [5, 8]. The approaches can be classified into two categories: structural analysis and pattern matching. In both categories, features of character images are extracted based on the information of connected components of black pixels. However, appearances of decorated characters are so complicated and strange that there is no guarantee that the connected components of black pixels represent the essential structure of the character. Moreover, it is difficult to construct standard patterns for decorated characters, since there are various kinds of fonts that are specially designed. Therefore, most general character recognition systems cannot give good performances on decorated characters.

Some special methods that deal with decorated characters used in headlines are proposed [6, 9, 10]. However, all of these methods only cope with special case that characters represented by texture images or characters with textured background. Broken or degraded character recognition [1, 3] sometimes requires the same kinds of techniques as the recognition of decorated characters since the broken or degraded parts of a character may be regarded as decorations. However, obviously decorated character recognition is much more difficult and complex.

Usually, decorated characters are constructed by one or combination of the following four procedures: (1) using texture images, (2) transforming the structure of the original character, (3) adding some decorations, (4) deleting some parts of a character. Therefore, it is necessary for character structure extraction to erase the texture, to delete the additional decoration, and to interpolate the deleted parts.

By investigating the peculiarities of decorated characters, in this paper, an algorithm that can extract character’s essential structure from a decorated character is proposed. This algorithm is applied in preprocessing of character recognition. The algorithm consists of three parts: global structure extraction, interpolation of structure, and smoothing. In the proposed algorithm, topographical features such as ridges and ravines obtained from intensity surface [2, 4] are extracted from multi-scale images. Ridges are used for global structure extraction, and ravines are used for interpolation. Experimental results show clear character structures are extracted from very complex decorated characters. Moreover, the effectiveness of the algorithm is shown by recognition experiments with decorated characters.

(a) Logotype. (b) Character A.

Figure 1. Examples of decorated characters.

2. Structure extraction from decorated characters

2.1. Structure of decorated characters

Fig. 1 gives some kinds of decorated characters. In the figure, (a) shows a logotype, and (b) shows four different fonts of character A. These A’s are some examples of decorated characters discussed in [11]. Investigating these characters, it is easy to know that global structures represent the outward forms of the characters, while local structures are decorations. The characters’ essential structures can be obtained by extracting the global structure.

One possible method for extracting global structure of an image is blurring and binarization. However, appropriate degree of blur and threshold of binarization depend on individual decorated character. Moreover, blurring will change the character structure in unexpected way in some cases. Therefore, it is difficult to extract character structure from decorated character using simple blurring technique without human operations.

In the proposed algorithm, images are blurred with various values of parameter to get multi-scale images. Furthermore, from the multi-scale images, the necessary information of topographical features for extracting global and local character structures are obtained.

2.2. Multi-scale images

In the proposed algorithm, the intensity surfaces of multi-scale images are used to extract the character’s structure. If an image is blurred by Gaussian filter, brightness of each pixel is changed according to scale. Here, scale means the variance of the Gaussian filter. Scale-space describes the information of the thickness of each part of an image at each scale [7]. Scale-space L(x, y; t) of an image f(x, y) is the convolution of f(x, y) and Gaussian function g(x, y; t) with scale t, and it is given by the following function.

L(x, y; t) = g(x, y; t) ∗ f(x, y). (1)

By blurring the original image at various scales, multi-scale images are obtained. Multi-scale images of character N in Fig. 1(a) are displayed in Fig. 2. In this figure, (a) is the original image, and (b)∼(d) are the images that are blurred at various scales. Fig. 3 shows the intensity surface of each

(a) t = 0 (b) t = 10 (c) t = 50 (d) t = 100

Figure 2. Multi-scale images.

(a) t = 0 (b) t = 10 (c) t = 50 (d) t = 100

Figure 3. Intensity surfaces.

case in Fig. 2. Global and local structure are extracted based on these intensity surfaces of the multi-scale images.

2.3. Global structure extraction

Using the intensity surfaces, a method of extracting global structure by detecting ridges is proposed. By observing Fig. 3, it is thought if the ridges of the intensity surface of image blurred at a certain scale represent the global structure, the global structure can be extracted by detecting ridges at that scale. For each pixel of the image, denote the direction that the absolute value of quadratic differential is maximum as p, and its orthogonal direction as q. The condition that (x, y) is a pixel on the ridge at scale t is,

∂L(x, y; t) ∂p = 0,

∂^2L(x, y; t) ∂p^2

< 0. (2)

For simplicity, p and q are quantized to one of the eight kinds of directions (45^∘ × n, 0 ≤ n ≤ 7).

For structure extraction, appropriate pixels that represent the structure of character need to be selected among the points that satisfy Eq. (2). In this paper, ridge strength is defined as Eq. (3) and the ridge pixels are selected by choosing the scale t at which the strength is the local maximum.

S(x, y; t) = { ∂^2L(x, y; t) ∂p^2 − ∂^2L(x, y; t) ∂q^2

}_2 . (3)

If the following conditions are satisfied, the ridge strength will be the local maximum at (x, y).

∂S(x, y; t) ∂t = 0,

∂^2S(x, y; t) ∂t^2

< 0. (4)

However, if the above processing is applied directly to decorated character images, local structures are extracted simultaneously, and it makes the essential structure extraction impossible. An example of this problem is shown in

(a) (b) (c)

Figure 4. Ridge detection. (a) Original image. (b) All the ridges are detected. (c) Only strong ridges are extracted.

Fig. 4. Fig. 4(a) is the original image, and Fig.4(b) shows all the black pixels of Fig. 4(a) that satisfy Eqs. (2) and (4). Fig.4(b) shows that although the global structure of character A is extracted, the local structures of decorations are also extracted simultaneously. It is obviously that how to avoid extracting local structures is a big problem. Here, to choose the ridges that represent the global structure, the pixels with large value of ridge strength (Eq. (3)) are used.

Global structure extraction processing is summarized as follows. First, multi-scale images are obtained by blurring the original image by changing the scale from t = 1 to t = 100. Then the pixels that satisfy Eqs. (2) and (4) are extracted. Denote the number of extracted pixels be N, and among these pixels, θN pixels whose ridge strength calculated by Eq. (3) are large are chosen. Here, θ is a constant that satisfies 0 < θ ≤ 1.

Fig. 4(c) shows the result of extracting global structure from Fig. 4(a). Here, θ = 0.4. This figure shows that the local structures are removed while the global structure of the original image is extracted successfully.

However, Fig. 4(c) is not a connected structure. To enable the recognition of the decorated character, it is necessary to extract the connected structure that represents the character’s essential structure. In the next section, a method for acquisition of the connected structure by interpolating discontinuous line segments is presented.

2.4. Interpolation of structure by recursive ravine detection

For interpolation, a method of interpolating gaps between lines by detecting ravines recursively is proposed. The condition that (x, y) is a pixel on ravine at scale t is,

∂L(x, y; t) ∂p = 0,

∂^2L(x, y; t) ∂p^2

> 0. (5)

If larger scale t is adopted, wider gap between lines can be interpolated. Interpolation algorithm by recursive ravine detection is as follows.

1. Initial value of scale t_1 is given. t ← t_1.

2. Detect ravines at scale t. Detected ravines are added to the image.

(a) (b) (c) (d)

(e) (f) (g) (h)

Figure 5. Structure extraction of a decorated character. (a) Original image. (b) Detected ridges. (c) Ravines are detected recursively and are added to the image of (b). (d) Blurred. (e) Binarized. (f) Skeletonized. (g) Blurred. (h) Result.

3. t ← t/2.

4. 2. and 3. are repeated for k times.

5. Blur the image at a small scale.

Here, t_1 = 30 and k = 5.

2.5. Smoothing by thinning

The line widths of images obtained by the method described in the previous sections are not uniform. Moreover there are unevenness on the contours since the decorated structures are partially left. In order to resolve these problems, smoothing is needed. Smoothing is done by thinning, blurring at a small scale, and binarization.

Fig. 5 displays the process of character structure extraction of decorated character N.

3. Experiments

In order to verify the effect of our method, the proposed algorithm is applied for character structure extraction. Furthermore, recognition experiments are carried out. Three different characters segmented from the logotype in Fig. 1(a) and four kinds of character A in Fig. 1(b) are used for evaluation. For recognition, an existing OCR is adopted. The original images and the results are shown in Table 1. In the table, the results below the original images are the results of recognizing the original images using the OCR, while the results below the extracted images are the recognition results of the extracted character structures by the same OCR.

Although totally different kinds of decorated character images are tested, the extracted images in Table 1 show that character structure is clearly obtained in every case. These

Table 1. Results of structure extraction and recognition.

(a) (b) (c) (d) (e) (f) (g)

Original image

Result I ’,Jt I Iljll’ j~ ~ A El

Extracted image

Result N E W A A A R

results clarify the effectiveness of the proposed algorithm. Original character images are recognized incorrectly except (f). For the cases of (a) and (c), texture images are regarded as a combination of many characters, since decorations are extracted as the important features of characters. Compared with these results, most of the images extracted by the proposed algorithm are correctly recognized. The only failed case is (g) that A is recognized as R. Since the topological features of A and R are similar, it is thought to be necessary to use the knowledge of natural languages for distinguishing them.

For comparison, experiments without ridge detection are also carried out. In this case, (a) and (g) are not recognized correctly. In addition, although (f) is recognized correctly, extracted image is far from that of character A.

4. Conclusions

Decorated characters are widely used in various documents. Practical OCR is required to cope with not only common fonts but also complex designed characters. In the case of recognizing decorated characters, the most important point is to separate character’s essential structures from decorated parts.

In this paper, an algorithm for extracting character structures from various kinds of decorated character images was proposed. This algorithm is applied in preprocessing of character recognition. The proposed algorithm consists of three parts: global structure extraction, interpolation of structure, and smoothing. First, global structure is obtained by detecting strong ridges using multi-scale images. Next, gaps are interpolated by recursive ravine detection. Finally, character structure that is appropriate for recognition is made by smoothing.

A logotype and several different designed characters of A were used to investigate the effectiveness of our algorithm. The results have shown that structures of decorated characters are extracted successfully. These clear structures make the recognition possible. The recognition results have proved that although the original decorated characters are unrecognizable, after applying our algorithm in the preprocessing, almost all the decorated characters can be recognized correctly.

Although the complex designed characters tested in this paper are almost recognized successfully, it dose not mean our method can deal with any kind of decorated character. In order to improve our method, much more kinds of decorated characters should be tested. Moreover, in this paper, optimal character recognition method has not been considered. Recognition method which is suitable for the images obtained by the proposed algorithm is needed to be developed. Applying the algorithm for decorated digits is also a future work.

References

[1] T. R. Chou and F. Chang. Optical Chinese character recognition for low-quality document images. Proc. Fourth Int’l Conf. Document Analysis and Recognition (ICDAR’97), pages 608–611, August 1997.

[2] R. M. Haralick, L. T. Watson, and T. J. Laffey. The topographic primal sketch. International Journal of Robotics Research, 2(1):50–72, 1983.

[3] J. D. Hobby and T. K. Ho. Enhancing degraded document images via bitmap clustering and averaging. Proc. Fourth Int’l Conf. Document Analysis and Recognition (IC- DAR’97), pages 394–400, August 1997.

[4] H. Hontani and K. Deguchi. Multi-scale image analysis for detection of characteristic component figure shapes and sizes. Proc. 14th Int’l Conf. Pattern Recognition (ICPR’98), pages 1470–1472, August 1998.

[5] S. Impedovo, L. Ottaviano, and S. Occhinegro. Optical character recognition — a survey. International Journal of Pattern Recognition and Artificial Intelligence, 5(1&2):1–24, 1991.

[6] S. Liang, M. Ahmadi, and M. Shridhar. A morphological approach to text string extraction from regular periodic overlapping text/background images. CVGIP; Graphical Models and Image Processing, 56(5):402–413, September 1994.

[7] T. Lindeberg. Scale-Space Theory in Computer Vision.

Kluwer Academic Publishers, 1994.

[8] S. Mori, K. Yamamoto, and M. Yasuda. Research on machine recognition of handprinted characters. IEEE Trans. Pattern Analysis and Machine Intelligence, 6(4):386–405, July 1984.

[9] H. Ozawa and T. Nakagawa. A character image enhancement method from characters with various background images. Proc. Second Int’l Conf. Document Analysis and Recognition (ICDAR’93), pages 58–61, October 1993.

[10] M. Sawaki and N. Hagita. Text-line extraction and character recognition of document headlines with graphical designs using complementary similarity measure. IEEE Trans. Pattern Analysis and Machine Intelligence, 20(10):1103–1109, October 1998.

[11] J. Schürmann. Pattern Classification. John Wiley & Sons, Inc., 1996.