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Abstract

A new method using Gabor filters for character recognition in gray-scale images is proposed in this paper. Features are
extracted directly from gray-scale character images by Gabor filters which are specially designed from statistical information
of character structures. An adaptive sigmoid function is applied to the outputs of Gabor filters to achieve better performance
on low-quality images. In order to enhance the discriminability of the extracted features, the positive and the negative real
parts of the outputs from the Gabor filters are used separately to construct histogram features. Experiments show us that the
proposed method has excellent performance on both low-quality machine-printed character recognition and cursive handwritten
character recognition.
© 2004 Pattern Recognition Society. Published by Elsevier Ltd. All rights reserved.
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1. Introduction which is considered as one of the most difficult problems in
the area of character recognition. The difficulties are from
In the field of document image analysis and recognition, the following four aspects: (1) The Chinese character set is
researchers have achieved great success in character recodiuge. In our daily life, we use about 3755 Chinese charac-
nition during the past decadfl. However, there still exist ters. (2) The complex structures of Chinese characters. Some
two challenging problems. The first one is the optical char- Chinese characters have more than 20 strokes. (3) There are
acter recognition (OCR) in low-quality images. Some dif- a lot of similar characters existing in this huge character
ficulties are from the illumination variance, noise, complex set. Some similar characters can only be discriminated by
and dirty background. In these cases it is extremely diffi- just one stroke. (4) Handwriting individualities, i.e. differ-
cult for us to get clean binary character images from the ent people have different handwriting styles. Therefore, we
gray-scale ones. This will result in low-recognition accuracy have focused a lot of efforts on OCHCCR in our research
by traditional character recognition methods based on bina- work. On the other hand, a lot of existing applications such
rized character images. The second one is the cursive hand-as wafer OCR, vehicle license plate recognition, bank check
written character recognitiof2], especially for off-line cur-  image processing, postal address block detection and recog-
sive handwritten Chinese character recognition(OCHCCR) nition, camera OCR, and so on, greatly depend on robust
character recognition technology with high accuracy. This
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to binarize the gray-scale image by choosing an appropriate negative real parts of the Gabor filter outputs. These efforts
threshold and then do the feature extraction on the bina- have achieved significant improvement and are proved to
rized imag€g3-5]. However, the binarization process needs be very effective for both OCR in low-quality images and
detailed information of image degradation to discriminate off-line handwritten Chinese character recognition.
the character stroke pixels from the background pixels. For  This paper is organized as follows. In Section 2, we will
low-quality images, it is almost impossible to get such an give a brief description of Gabor filters and related research
accurate degradation model. So the binarization process will work on Gabor filters. In Section 3, the statistical properties
inevitably result in information loss and will generate a lot of local structures of Chinese characters will be described,
of broken strokes or connected strokes and noise into the which will be helpful in developing a simple but effective
binarized image. The other approach, on the other hand, Gabor filter design algorithm. The details of the proposed
works directly on gray-scale images without binarization Gabor filter-based feature extraction method for robust char-
[6,7]. Obviously, it avoids the above disadvantages from the acter recognition will be given in Section 4. In Section 4.3,
binarization step. This approach includes the following cat- experimental results on both OCR in low-quality images
egories: (1) topographical feature extraction or edge detec- and off-line handwritten character recognition will be given
tion directly from gray-scale imagdg]; (2) global feature in detail. These results will also demonstrate that the pro-
extraction by discrete cosine transform (DCT) or moment posed method is powerful and effective in solving the two
transform[6]; (3) image registratiofB]. These methods can  challenging problems mentioned above.
obtain some improvements in some cases such as blur char-
acter recognition but work poorly in other cases. For exam- 2 Theory of Gabor filters
ple, topographical features have poor performance on im-
ages with noise or dirty background. Methods such as DCT,
moment transform and image registration are very sensitive
to illumination variance and character distortion. The new
feature extraction method based on Gabor filters propose
in this paper tries to solve this difficult problem.

As for the second challenging problem, i.e. the off-line

Gabor filters have been used extensively in image pro-
cessing, texture analysis for their excellent properties: op-
timal joint spatialspatial-frequency localization and ability
g to simulate the receptive fields of simple cells in the visual

cortex[15-17] Two-dimensional Gabor filter is a complex

sinusoidally modulated Gaussian function with the response
handwritten Chinese character recognition, researchers N Spatial domain (Eq. (1)) and in spatial-frequency domain
have got great success by applying directional element fea- (Ed- (2) as follows kig. 1):
tures (DEF) and modified quadratic discriminant function j(x, y; 4, ¢. o, ay)

(MQDF) classifierd9]. The popular classifier combination 1 1[R2 R2

[10] and minimum classification error (MCE) trainifigl] = p{_ |:1 2:”

have also been used to solve this problem and have some- 2noxay 2| o2 65

what improved the recognition accuracy. However, newly ) 1

developed methods such as support vector machines (SVM) X eXp [' ' T] ’ @)

[12,13]and tangent distance classif[@4] cannot be easily

used for this difficult problem because of the large Chinese Where

character set and complicated structures of Chinese char- g; = x cos¢ + y sin ¢,

acters. Th_e G_abor fllter_-based featur_e extraction methc_)d Ry = —x sin ¢+ y coS .

proposed in this paper tries to further improve the recogni-

tion performance not only in low-quality images but also  H(u, v; 4, ¢, ox, ay)

for off-line handwritten Chinese characters. It extracts local 1\2

features directly from the gray-scale images so as to avoid =C exp{ —2n? <a§ (F1 — 7> + 05 (F2)2)} , (2

the information loss by the binarization step and to tolerate *

the stroke variation and character distortion from different \ynere

handwriting styles. This method applies multi-directional

Gabor filters to the extraction of stroke information which

builds the basic structures of characters. In this method, the

advantages of image analysis based on both spatial domainSpatial localization of Gabor filter can be depicted Ay

and frequency domain is well-combined and robust local and Ay which are standard measures of effective spatial

features are easily extracted which are powerful in discrim- widths [15]

inating different character strokes from noisy background. 00 s 1 x 2
Moreover, an adaptive regulation method is applied to (Ax)z _ f_oo hh*(R1)“d(Ry)

the outputs of Gabor filters so as to get better performance fjcfj h h* d(Rq)

for low-quality images. In our further research, experiments f+°° I h* (R)2 d(Ro)

show that the discriminability of histogram features can be (Ay)Z N e, 2 2

greatly improved by separately counting the positive and ffocfhh* d(R2)

F1=u cos¢+v sin ¢

. = const.
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