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An Approach For Minutiae-based Fingerprint Feature Extraction Zhi Hao Lo, Peng Leong Teh, Siak Wang Khor Faculty of Information and Communication Technology Universiti Tunku Abdul Rahman Petaling Jaya, Malaysia



Abstract— In this paper, we present an enhanced minutiae-based fingerprint feature extraction approach for use in Fingerprint Identification System (FIS), to increase the accuracy of the extracted fingerprint features by filtering false minutiae. The approach consists of two main modules namely image preprocessing and feature extraction. The first module performs several image pre-processing tasks such as image binarization, thinning and trimming, to produce a clearer fingerprint image as the input to the second module which is the feature extraction module, where the resultant image will be divided into 3 by 3 pixels per block. Each block will be filtered to obtain the termination point and bifurcation point which will then be filtered again to remove the spurious points using Euclidean distance. We will determine the region of interest of the fingerprint image to retrieve only the minutiae points in the specified region so that the false minutiae points at the edges of the ridges can be reduced. Experiments involving a wide range of dataset from FVS2004 have been carried out. All of the fingerprint images with various backgrounds were successfully segmented, and the features were properly extracted, indicating the robustness and effectiveness of this approach in extracting fingerprint features with minimized false minutiae points. Index Terms- Fingerprint feature extraction, minutiae, fingerprint segmentation



I.



INTRODUCTION



Fingerprint recognition system has been widely researched and developed in the early 19th century and today [4], the fingerprint identification system plays a major role in advance security system and has grown up to be one of the major biometric technologies in the world [3]. In order to increase the accuracy of fingerprint recognition, fingerprint image pre-processing and feature extraction play a crucial part in increasing the accuracy of the system. Fingerprint image pre-processing should be able to refine the input image to a suitable image for feature extraction. The feature extraction approach used in our proposed system is minutiae-based where minutiae are the termination and bifurcation points of the ridge lines on the finger. Fingerprint recognition system can be implemented in various applications, such as ATM system, personnel identification system at workplaces and on personal computers. In this paper, we focus on the image preprocessing and feature extraction process only. Enhancement



to the image pre-processing helps to refine the image input to a more suitable input through multiple filtering stages. For instance, a distorted grayscale image can affect the result of feature extraction. Hence in our approach, pre-processing techniques are applied to eliminate the noise to the minimum to provide a better source for the feature extraction process. After extracting the fingerprint minutiae which include termination and bifurcation points, Euclidean distance is used to remove the spurious points. Besides, a trimming method is included in the approach to properly locate the region of interest in the fingerprint image. This paper is organized as follows. Section 2 is about related works. In section 3, we introduce the methodology of the approach. Section 4 is about the experiment and result. II.



RELATED WORKS



Many approaches have been presented to make the fingerprint recognition a reality. Extensive research efforts have been done to overcome the obstacles found during the development of the system, as in [2]-[8]. A fuzzy approach has been proposed in [2] to combine three minutiae extraction algorithms - sequential method, the reactive agent and the neural classification system. The sequential method works by following the ridge lines that are present on the grayscale image until it meets the ending point of the ridge or an intersection point with another ridge line. The reactive agent consists of two modules, which are the Self-Organizing Map (SOM) networks of Kohonen and Multilayer Perception (MLP) based on the ErrorBackpropagation rule. Neural classification system elaborates the fingerprint subdividing the image into blocks with opportune dimension. These three methods are joined using the fuzzy logic. Minutiae are identified not only by the Cartesian (x and y) coordinates and orientation, but also by the level of belonging to the OR Fuzzy set produced by the three methods. This approach provides a high recognition rate. However, it only works well for good quality images but not on low quality images. In addition, result generated from the three methods is time consuming and complicated. In [6], the authors proposed an algorithm to compute the fingerprint image quality score, extract fingerprint features and perform identification using an indexing scheme. Their proposed algorithm, Redundant Discrete Wavelet Transform (RDWT), is the extended version of the previously proposed
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local image quality assessment algorithm [reference for the previously proposed 1]. It performs error normalization by incorporating the weight factor and encoding the degree of irregularity in the local regions as well. There are multiple levels of feature extraction followed by the scale multiplication based edge detection algorithm together. The authors have also proposed a minutiae triplet based fingerprint identification algorithm that combines level-1, level-2, and level-3 features. The algorithm starts with computing a Delaunary triangle using the minutiae points. Each triangle in the Delaunary triangulation is used as a minutiae triplet. After the triangulation, fingerprint features are encoded as the indexing parameters which are used for identification. And finally, a quality-based likelihood ratio is used to attune the top M matches to further improve the identification performance. The result of the experiment in [6] showed the effectiveness of the proposed algorithm with respect to both accuracy and speed. Besides, the algorithm also shows a high accuracy for latent images by utilizing three levels of



fingerprint information. However, this approach may be computationally expensive and time consuming since it involves the integration of many algorithms. Besides, an image pre-processing method proposed in [8] is one of the few approaches that efficiently segment the foreground of fingerprint. The algorithm worked by eliminating the background region of the image through the projection of gradient to both horizontal and vertical axis. The projection is then compared with certain threshold to extract the fingerprint foreground. After that, the foreground of the fingerprint image can be finely estimated using the morphological operations like opening and closing [put a reference here for opening and closing]. This approach successfully reduced the computational time of extracting the fingerprint foreground. However, this method is heavily depending on the first derivatives. In this paper, we would like to present an enhanced fingerprint feature extraction method combining image preprocessing and minutiae extraction approach, with improved robustness to identify a fingerprint better.



© 2010 JCSE http://sites.google.com/site/jcseuk/



JOURNAL OF COMPUTER SCIENCE AND ENGINEERING, VOLUME 1, ISSUE 2, JUNE 2010 30



Figure 1. System architecture



Binarization



Thinning



Trimming



Figure 2. Image pre-processing stages



III.



METHODOLOGY



The proposed approach extracts the minutiae point from the fingerprint in a more simplified manner and uses various image preprocessing algorithms to enhance the feature extraction accuracy. As illustrated in Figure 1, there are two main modules in our system, namely image pre-processing and feature extraction. A.



Image Pre-processing The objectives of this module are to counter the distortion of input fingerprint image and compute a solution for the problem of inconsistencies of finger contact pressure. Firstly, binarization is performed on the grayscale fingerprint image to convert it into a black and white image with a threshold value of about 0.6. The threshold value is decided empirically to provide an image with minimum noise. Any pixel with value greater than the threshold will be converted to black pixel, and the rest will be white pixel. To reduce the thickness of all ridge lines, a thinning process is carried out with the block filtering method [ref for block filter] which attempts to preserve the outermost pixels along each ridge. The thinning process is done first by applying a morphological thinning operation to thin the ridge lines into single-pixel width. It removes pixels so that an object without holes shrinks to a minimally connected stroke, and an object with holes shrinks to a connected ring halfway between each hole and the outer boundary. Subsequently, image trimming is performed to reduce the extra white space of the fingerprint image. We determine the first black pixel that we get from the left border and top border of the image. Once we detect a black pixel, we record the position of the previous line of pixel. The image is rotated 180 degree to get the two positions.



The four positions that we have will be used as the new border of the trimmed image. Original image with extra white space will be cropped using the four borders resulting an image with lesser white space. Figure 2 shows an example of fingerprint image going through the image preprocessing steps. The resulted output will be fed to the next module to extract the minutiae features of the fingerprint. B. Feature Extraction In this module, we use a minutiae-based feature extraction method to determine the termination and bifurcation points in the fingerprint image. The preprocessed fingerprint image obtained from the previous module is divided into blocks with 3x3 pixels each. The blocks will be filtered to determine the termination and bifurcation points. The filter process works by determining the color of the center pixel of the block in the first place. If the center pixel is in white color, it will calculate the number of neighboring white pixels in the 8-connected neighborhood. Next, if the number of neighboring white pixels is 1, the center pixel will be determined as a termination point (Figure 3). On the other hand, if the number of neighboring white pixels is 3, then the center pixel will be determined as a bifurcation point (Figure 4). The positions of the termination and bifurcation points will be labeled and recorded. Subsequently, the spurious minutiae points (possible fake minutiae points) will be filtered for better system accuracy using Euclidean distance d as indicated in Equation 1, where p and q are the positions of the minutiae points.
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setting the border at 20% (of the size of the pre-processed fingerprint image) from the outer pixel of the image, as (1) illustrated in Figure 5. With this, we can suppress the minutiae outside the ROI, which can possibly be the false minutiae points at the edges of the ridge lines. 20% 20% ROI Figure 3. A termination point is a white center pixel with one neighboring white pixel.



20% 20% Figure 5. Setting the region of interest



Subsequently, the system will find the angle orientation of the minutiae points, by comparing the position of the white pixel on the boundary of a 5x5 bounding box of the termination point and bifurcation point with the matrix shown in Table 1. The table variable represents the orientation of angle in radian. Figure 4. A bifurcation point is a white center pixel with three neighboring white pixels connected. TABLE I.



The calculated distance d will then be compared with D, an empirical determined threshold value (suggested value is 6 as value greater than 6 will increase the number of spurious point and value less than 6 will be the opposite.) to determine whether the minutiae point is valid or not. A minutia will be determined as invalid and removed based on the following conditions: • The distance between a termination and a bifurcation is smaller than D • The distance between two bifurcations is smaller than D • The distance between two terminations is smaller than D After the minutiae reduction process, we specify a region of interest (ROI) so that only the minutiae points that fall inside the region will be extracted. The ROI is obtained by
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Figure 6. Outputs obtained at the feature extraction module. (a)- (b) Minutiae points obtained before and after applying spurious minutiae point filter (termination point indicated by red circle and bifurcation point indicated by green circle). (c) Setting of the region of interest. (d) Minutiae points in the ROI.



IV.



EXPERIMENT AND RESULT



The fingerprint image pre-processing and fingerprint feature extraction modules are implemented in Matlab R2009a and executed on a 2.0GHz Core 2 Duo CPU (provided with affordable processing speed and memory). In this paper, we use the fingerprint images in FVC 2004 [9] to test our approach. We run the experiments on fingerprint images of various backgrounds and illuminations to verify the robustness of our approach. Table 2 shows several examples of fingerprint images obtained at different levels of the image preprocessing module. It can be seen that the images are well pre-processed which provide a good grounding for minutiaebased fingerprint feature extraction. Our method is robust since it can be used for various background of the fingerprint image. We found that there are many kinds of background in TABLE II. No



the FVC 2004 database, and our approach is applicable to all the fingerprint images, with accurate segmentation. Figure 6 shows the results obtained at the feature extraction module. In Figure 6(a), the red circles are the termination point while the green circles denote the bifurcation point. Next, Figure 6(b) shows the result obtained after filtering the spurious points which are candidates for false minutiae points. Figure 6(c) shows the region of interest where we try to focus on extracting minutiae points in the particular region only so that the outer minutiae points, which may also be false minutiae points, are eliminated. Lastly, Figure 6(d) shows the result obtained at the final stage after we suppress the minutiae point external to the region of interest. Several fingerprint feature sets obtained using our proposed approach, are listed in Table 3, where all the fingerprint features were successfully and accurately extracted.



IMAGES OBTAINED AT DIFFERENT STAGES OF THE IMAGE PRE-PROCESSING MODULE.



Original Image



Result of binarization



Result of Segmentation



1



2



3



4
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TABLE III. Xpoint 87 103 112 179 185 112 152 185 130 121



Ypoint 59 81 84 102 107 146 167 174 188 206



experiments and further investigation are needed in order to ascertain the effectiveness of the process.



FINGERPRINT FEATURE EXTRACTION RESULTS Angle Orientati -on 1 0 -0.5236 3.1416 -0.7854 2.6180 2.6180 2.3562 -1.0472 3.1416 -2.6180



Angle Orientati -on 2 1.5708 1.5708



Angle Orientati -on 3 -0.5236 0
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