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Abstract Palmprint identiﬁcation provides a new technique for personal authentication. Previous research on palmprint identiﬁcation mainly focuses on feature extraction and representation (Pattern Recognition 33(4) (1999) 691). But a crucial issue, palmprint alignment, is not addressed. Palmprint alignment involves moving and rotating the palmprints to locate at their correct position with the same direction. By this alignment operation, a certain palmprint sub-area can be easily obtained so that the corresponding palmprint feature matching will be carried out satisfactorily. In order to align palmprints, two invariant features, outer boundary direction and end point of heart line, are introduced. The key point in this paper is to propose a new automatic invariant-feature-based palmprint alignment method, which is able to deal with various image distortions such as image rotation and shift. This method provides a foundation for further feature extraction and matching. The experimental results demonstrate the effectiveness and accuracy of the proposed method. r 2003 Elsevier Science B.V. All rights reserved. Keywords: Biometric computing; Palmprint alignment; Invariant feature extraction; Image segmentation; Palmprint veriﬁcation



1. Introduction Biometrics, which is concerned with the unique, reliable and stable personal physiological characteristics such as ﬁngerprints, facial features, iris pattern, retina and hand geometry, or some aspects of behavior, such as speech and handwriting, is emerging as the most foolproof means



*Corresponding author. Tel.: +852-2766-7271; fax: +8522774-0842. E-mail address: [email protected] (D. Zhang).



of automated personal identiﬁcation [1–4]. Research on ﬁngerprint identiﬁcation [5] and speech recognition [6] has drawn considerable attention over the last 25 years. Issues on face recognition [7] and iris-based veriﬁcation [8] also have been extensively studied. However, little has been done on palmprint recognition though it could provide even more personal information than ﬁngerprints [9]. It is quite natural for us to think of using palmprints to identify a person. The palm is the inner surface of a hand between the wrist and the ﬁngers. ‘Palmprint’ refers to the various lines on a palm (see Fig. 1). Generally,
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Fig. 1. Layout of palmprint image with principle lines, wrinkles and ridges.



lines on a palmprint fall into three categories: principle lines, wrinkles and ridges. The process of palmprint-based identiﬁcation is similar to ﬁngerprint identiﬁcation: First, a palmprint is captured to obtain a digital image; then features on the image are extracted to match others in the database; and a decision is ﬁnally given according to a given matching score. Before feature extractions, all palmprints should be aligned under a right angle coordinate system. Image alignment (also known as registration or positioning) refers to establishing a common frame of reference for a set of images: it has been widely investigated in various contexts [10]. A framework for aligning images without explicit feature correspondences was proposed in [11]. Two contourbased methods, which use region boundaries and other strong edges as matching primitives, were also presented in [12]. Refs. [13,14] developed sequential transforms to align two images. However, most proposed methods are focused on applications in multisensor imaging area and aim at solving problems such as how to align one object captured from more than one sensor. Usually objects in different images have similar contour shapes. For palmprint identiﬁcation, the problem is somewhat different because palmprints not only have different qualities, but also different contour shapes. So it seems that existing alignment approaches are not suitable to solve our problem. As a result, a sound and reasonable palmprint



coordinate system should be deﬁned and an effective palmprint alignment algorithm should be developed. Since the captured palmprints may have different locations with various directions, the ﬁrst step of alignment will be to detect the invariant features on palmprints. Then, palmprints are rotated in the same direction and shifted into the correct location according to these invariant features. The rest of this paper is organized as follows: Section 2 introduces the basic concepts and disciplines of palmprint identiﬁcation and illustrates the importance of palmprint alignment in the whole process. The proposed palmprint alignment method is deﬁned in Section 3 in detail. Section 4 summarizes our experimental results and Section 5 highlights the conclusions.



2. Palmprint identiﬁcation Two key points in palmprint identiﬁcation are: (1) to develop an effective algorithm that extracts useful features and (2) to correctly measure the similarity of two feature sets. Successful palmprint alignment can provide the foundation for both feature extraction and matching. 2.1. Palmprint features There are different features existed on a palm. The main types can be deﬁned as *



*



*



*



Geometric features: Width, length and area in accordance with a palm’s shape. Principle line feature: Both the location and form of principle lines (such as heart line, head line and life line [9]) in a palmprint, which are very important physiological characteristics in identifying individuals because of their stability and uniqueness. Texture feature: Wrinkles on a palm, which are different from the principle lines in that they are thinner and more irregular. Delta point feature: The center of a delta-like region in a palmprint, which is normally located in the ﬁnger-root region and outside the palmprint region.
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2.2. Feature extraction Until now, line features are regarded as the most effective ones in palmprint identiﬁcation. The following lists the main steps of the line feature extraction algorithm: *



*



*



*



*



Determine vertical line segments using the ﬁve vertical edge detectors given in [9]. Adopt a post-processing algorithm to thin the detected line segments and remove short and non-vertical segments. Apply a similar procedure to detect the line segments at three other orientations—horizontal, 45 and 45 . Combine all of the line segments in four directions. Use the post-processing algorithm to eliminate the overlapping line segments.



2.3. Feature matching In general, line features are described by endpoints: ðX1 ðiÞ; Y1 ðiÞÞ; ðX2 ðiÞ; Y2 ðiÞÞ; i ¼ 1; y; I; where I is the number of line segments. Matching two palmprint line feature sets is to tell how many line segments are matched for the given palmprints. To decide whether two line segments are matched, the distances between the end points of two lines are calculated. If the distances are smaller than a threshold, T; the conclusion that two line segments are matched is drawn. However, if two palmprints with different directions are located in different places, the comparison is meaningless. Therefore, palmprint alignment should be conducted before feature extraction and matching, so that the features are described under the same coordinate system.
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the origin, and (4) rotating and shifting the original image. 3.1. Coordinate system definition In fact, the outside boundary of a palmprint is usually clear and stable and can be described by a straight line. This means that the outside boundary can be deﬁned as the Y-axis, and the intersect point between the outer boundary and principle line given in [9] as the origin. Therefore, such a two-dimensional right angle coordinate system can be setup, as shown in Fig. 2. Using this coordinate system, we may move all the palmprints to a certain position with the same direction in their images, therefore different palmprints can be compared with each other. 3.2. Y-axis determination The Y-axis in the original image is denoted as y ¼ ax þ b;



ð1Þ



where a ¼ y%  bx%



and



b¼



lxy : lxx



ð2Þ



3. Palmprint alignment The objective of palmprint alignment is to put all the palmprints into the same location in their images. In our alignment method, there are four main steps performed by (1) deﬁning a coordinate system, (2) determining the Y-axis, (3) determining



Fig. 2. A two-dimensional right angle palmprint coordinate system using two invariant features—outer boundary direction and end point of principle line.
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3.3. Origin determination



Each variable is deﬁned as follows: x% ¼



1 n



lxx ¼



n X



xi ;



y% ¼



i¼1 n X 2 ðxi  xÞ % ; i¼1



1 n



n X



ð3Þ



yi ;



i¼1



lxy ¼



n X ðxi  xÞ % ðyi  yÞ; % ð4Þ i¼1



where ðxi ; yi Þði ¼ 1; y; nÞ are points on the edge of palmprint outer boundary. Fig. 3 illustrates the Yaxis determined by the given method. Fig. 3(a) is the original image and Fig. 3(b) is the binary image of Fig. 3(a) on which boundary tracing is performed. Fig. 3(c) shows the outer boundary and a straight line, which describes its direction. Such a straight line thereafter is deﬁned as the palmprint’s Y-axis.



Origin determination involves the detection of the end points of principle lines on a palm, which is based on the original gray-level images. After the palmprint direction is deﬁned, a projection is conducted to the Y-axis and the position of end point gets the largest energy. Such a process of ﬁnding origins is shown in Fig. 4. Note that Fig. 4(a) is the rotated palmprint image and the rectangle on upper right corner is used to extract a sub-image on which the origin of the palmprint coordinate system is determined. The sub-image extracted from Fig. 4(a) is enlarged in Fig. 4(b). As a horizontal projection map of Fig. 4(b), we can get the largest energy on the intersect between the heart line and the outer boundary in Fig. 4(c).



Fig. 3. Main process for Y-axis determination.



Fig. 4. Illustration of palmprint origin determination.
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3.4. Image rotation and shifting The image rotation and shifting formula is 0



x ¼ x cos y þ y sin y þ d1 ;



ð5Þ



y0 ¼ x sin y þ y cos y þ d2 :



ð6Þ



4. Experimental result The palmprint images for the testing are based on the resolution of 125 dpi (432  432 pixels and 256 grayscales). A total of 200 images from 100 different individuals are stored in our palmprint image database. Experiments have been carried out to verify the performance of the proposed alignment method. The testing is conducted step by step as follows: (1) Before the alignment, the origins and directions of all palmprints are manually determined. In Fig. 5, L0 is a vertical line on a ﬁxed location; o0 is a ﬁxed point on L0 ; L is the palmprint’s Y-axis and o is the origin determined manually. Also, A is deﬁned as the angle between L and L0 and D as the distance between o and o0 : We calculate the A’s and D’s in all palmprints to obtain their average A (which we call ‘direction deviation’) and
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average D (which we call ‘origin deviation’) before automatic alignment. (2) Then we apply the proposed automatic alignment method to all palmprint images to recalculate the direction deviation and origin deviation after the alignment. (3) Last, we make a comparison of both direction deviation and origin deviation before and after the alignment. Table 1 shows that before the alignment the direction deviation is 7.87 and the origin deviation is around 27.87 pixels, but after the alignment the direction deviation becomes 2.07 and the origin deviation is only about 3.17 pixels. It is obvious that our alignment method can automatically put all the palmprints into their closed locations and directions, which are acceptable in palmprint identiﬁcation. Some typical examples before and after the automatic alignment are shown in Fig. 6. In addition, the palmprint identiﬁcation approach described in Section 2 is performed. Based on 100 pairs of palmprint images in our database, the experiments show that 81 and 94 pairs can be correctly identiﬁed before and after using the alignment method, respectively.



5. Conclusion Palmprint is regarded as one of the most unique, reliable and stable personal characteristics; palmprint veriﬁcation provides a powerful means to authenticate individuals for many security systems.



Table 1 Average distance comparison between palmprints before and after alignment



Before alignment After alignment Fig. 5. Illustration of palmprint origin determination.



Origin deviation (pixel)



Direction deviation (deg.)



27.87



7.87



3.17



2.07
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Fig. 6. Experimental results by a group of palmprints before and after alignment.



In palmprint identiﬁcation, the ﬁrst and crucial step is palmprint segmentation and distortion correction. This paper introduces a new palmprint alignment method for dealing with image rotation and shifting. Our method uses two invariant characteristics of a palmprint, i.e., key point and outer boundary, to automatically put all the palmprints into the closed location and direction. Based on our proposed alignment method, up to 13% correct identiﬁcation rate can be improved. The experiments illustrate the effectiveness of the proposed method.
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