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Abstract. Recently, researchers have been paying an excessive amount of at-
tention to biometric palmprint which has gained popularity and received sig-
nificant prominence due to its high stability and uniqueness. In this study, two 
certain filters have been taken into consideration, namely Gabor filter and Cir-
cular Gabor filter which are used to obtain feature information from two distin-
guishing regions of interest, square and inscribed circle areas as the central part 
sub-images and the two palmprint images are compared with one another in 
terms of their hamming distance. The outcomes of the experiment gave an indi-
cation to the fact that circular Gabor Filter had a comparatively better perform-
ance than traditional one in extracting distinct feature information. 
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1   Introduction 

A plentitude of distinguishing traits that have a wide variety of usage for personal 
authentication exist, which include fingerprint, face, voice, iris, hand geometry and so 
forth. Palmprint can be undoubtedly referred to as one of the highly reliable means of 
making a distinction between two individuals, since the print patterns are not dupli-
cated even in monozygotic twins [1]. More significantly, the details of these patterns 
are perpetual and the rich structures of the palmprint offer plenty of helpful informa-
tion for the purpose of recognizing one individual from others [2-4]. 

Recently, most researches in biometrics have been focused on palmprint authenti-
cation, and many approaches have been developed. According to the operating space 
in which palmprint features extracted, those approaches can be categorized into spa-
tial domain and frequency domain. Due to the type of palmprint features, the above 
mentioned domains can be categorized into structural feature-based approaches and 
statistical feature-based approaches. The first approach is a key strategy to extracting 
structural information, like principal lines and creases, from the palm for recognition 
[7-11]. The second approach indicates the works that appear in the literature, includ-
ing eigenpalm [5], fisherpalms [11], global texture energy [13], Gabor filters [13], 
Fourier Transform [6], and local texture energy [15]. Each approach demonstrates its 
strengths and weaknesses, and the choice depends on the temperament of application: 
operational mode, processing speed, memory storage and quality of the image ac-
quired. Generally, a palmprint has some principal lines, wrinkles, singular points and 
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minutiae. Some algorithms such as the stack filter [17] can extract the principal lines. 
However, these principal lines do not contribute adequately to high accuracy because 
of their similarity amongst different people. Thus, wrinkles play an important role in 
palmprint authentication. However, in low-resolution palmprint images, some images 
do not have clear wrinkles. So, in this paper texture analysis has been applied to 
palmprint authentication.  

2   Overview of System Architecture 

The proposed system is divided into two phases, namely the enrollment and verifica-
tion, as shown in Fig 1. 

 

Fig.  1. Block diagram of the proposed palmprint verification phases 

The important tasks in the system include the pre-processing, feature extraction 
and feature matching. In the pre-processing stage, the alignment and orientation of the 
hand images are corrected for use in the successive tasks. In the feature extraction 
stage, the most discriminating features of the palms are extracted for representation, 
and finally in the feature matching stage, comparisons are performed and decisions 
are made to find out whether two palmprint features are from the same person. The 
details of each of these components are discussed in the subsequent sections. 

2.1   Pre-processing 

In pre-processing stage, it is necessary to obtain a sub-image from palmprint image 
and to eliminate the variations caused by rotation and translation. There are two 
common approaches for the processing of palm images, which differ from each other 
because of the shape of the sub-image. In the first one, called square-based approach, 
the sub-images are obtained by cutting a square from the main image, while in the 
second one the sub-images are extracted by a circular cutting of the main palm image; 
his is called inscribed circle-based approach. There are many articles reporting the use 
of square-based approach whereas the inscribed circle-based approach has hardly 
attracted the attention of researchers. In this paper, we employed both approaches to 
create two different data bases for feature extractions.  
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2.1.1   Square-Based Approach 
The five main steps of palmprint image preprocessing to extract a square with the 
fixed size from predefined position under the coordinate system are as follows (see 
Fig. 2): 

Step 1: Apply a low-pass filter, such as Gaussian, to the original image. Then use a 
threshold to convert this original image into a binary image as shown in Fig. 
2(b). 

 Step 2: Extract the boundaries of the holes between fingers using a boundary-tracking 
algorithm. The start points, ),( ii SySx and end points, ),( ii EyEx of the holes 

are then marked in the process (see Fig. 2(c)). 
Step 3: Calculate the center of gravity ),( ii CyCx of the holes. Then construct a line 

that passes through ),( ii CyCx and the midpoint of ),( ii SySx and ),( ii EyEx . 

Based on these lines, two key points ),( 21 KK  can easily be detected (see Fig. 

2(d)). 
Step 4: Line up 1K  and 2K to get the Y-axis of the palmprint coordinate system and 

make a line through their midpoint which is perpendicular to the Y-axis, to 
determine the origin of the coordinate system (see Fig. 2(e)). This coordinate 
system can align different palmprint images. 

Step 5: Extract a sub-image with the fixed size on the basis of coordinate system, 
which is located at the certain part of the palmprint for feature extraction (see 
Fig. 2(f)). 

   

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

Fig.  2. Main steps of preprocessing: (a)original image, (b)binary image, (c)boundary tracking, 
(d)key points (k1 and k3) detecting, (e)the coordinate system and (f)the central part of a palm 

2.1.2   Inscribed Circle-Based Approach 
In contrast to the square-based approach, this approach is based on an inscribed circle 
to extract the central part of a palmprint; therefore a round image is obtained rather 
than a square one. The followings describe the details of this approach (Fig. 3): 

Step 1: convert the gray scale image into a binary image. Then, smooth the boundary 
between the white and black pixel and obtain the contour of a palmprint (see 
Fig. 3(c)). 

Step 2: calculate the biggest inscribed circle for the contour of the palmprint and ob-
tain its center and radius. Because different palms are different sized, the radii 
may be different (see Fig. 3(c)). 

Step 3: once the circle is determined, the extraction only invokes obtaining all pixels 
inside the circle (see Fig. 3(d)). 
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                                   (a)                        (b)                      (c)                     (d)                     

 

Fig.  3. Main steps of preprocessing: (a)original image, (b)binary image, (c)biggest inscribed 
circle and (d) circle area central part sub-image 

2.1.3   Comparison between Two Approaches 
There are cases in which a palmprint cannot be segmented properly using the square-
based approach while it can be done so using the circle-based approach. Fig. 4 shows 
a sample that the ring finger cannot be placed correctly due to its extreme darkness 
which cannot be separated from the background. As a result, this palmprint cannot be 
correctly segmented using the square-based approach. On the other hand, by using the 
circle-based segmentation approach, the central part palmprint sub-image can be ex-
tracted successfully (Fig. 4(c).) 

 

 (a)                         (b)                    (c)           

Fig. 4. Palmprint central part sub-image extraction for special palmprint 

The circle-based approach can extract a larger area for the feature extraction, mak-
ing it possible to include more features. It is worth noting that though the circle-based 
approach provides a larger surface area for the palmprint feature extraction, it takes 
longer for feature extraction. Hence, the conclusion is that square-based approach has 
the advantage of faster processing on the feature extraction while circle-based ap-
proach has more features obtained. 

Samples from the same palm may have different circle sizes, but the difference is 
usually within 2-3 pixels, which does not cause a problem for palmprint matching. 
Different palms may have different circle sizes. It provides a useful means on palm-
print classification, i.e. use the circle size as the first step of the classification criteria.  

2.2   Palmprint Feature Extractions 

In this section, the extraction of texture features has been fulfilled through using two 
types of Gabor filters. The first type of Gabor filter, the conventional one, is used in 
the texture analysis and the second type, the improved version of the conventional 
one, is rotation invariant which has been suggested for feature extraction.  
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2.2.1   Traditional 2D Gabor Filter 
The Gabor filter is an effective tool for texture analysis, and has the following general 
form: 
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where 1−=i ; u is the frequency of the sinusoidal wave;θ controls the orientation of 
the function and σ  is the standard deviation of the Gaussian envelope. 

Gabor function, ),,,,( σθ uyxG with a special set of parameters ),,( uθσ , is trans-

formed into a discrete Gabor filter ],,,,[ σθ uyxG . The parameters are chosen from 12 

sets of parameters listed in Table 1. In this paper, the parameter selection is similar to 
[12]. In order to provide more robustness to brightness, the Gabor filter is turned to 
zero DC (direct current) with the application of the following formula: 
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where 2)12( +n is the size of the filter. In fact, the imaginary part of the Gabor filter 

automatically has zero DC because of odd symmetry. This adjusted Gabor filter will 
convolute with a sub-image defined in Section 2.1. The sample point in the filtered 
image is coded to two bits, ),( ir bb  by the following inequalities, 
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where I is the sub-image of a palmprint. Using this coding method, only the phase 
information in palmprint images is stored in the feature vector. Fig. 5 shows the fea-
tures generated by the 12 filters listed in Table 1.  

Table 1. The traditional Gabor filter’s parameters and their definitions 

Levels No Sizes θ  F σ  

1 9×9 0 0.3666 1.4045 
2 9×9 45 0.3666 1.4045 
3 9×9 90 0.3666 1.4045 

1 

4 9×9 135 0.3666 1.4045 
5 17×17 0 0.1833 2.8090 
6 17×17 45 0.1833 2.8090 
7 17×17 90 0.1833 2.8090 

2 

8 17×17 135 0.1833 2.8090 
9 35×35 0 0.1833 2.8090 
10 35×35 45 0.1833 2.8090 
11 35×35 90 0.1833 2.8090 

3 

12 35×35 135 0.1833 2.8090 
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Fig. 5. Original image from DBI and DBII and their features generated by 12 filters listed in the 
Table1: (a)original image, (b), (d) and (f)real parts of features from Levels 1–3 filters, 
respectively, (c), (e) and (g)imaginary parts of features from Levels 1–3 filters, respectively 

2.2.2   Circular Gabor Filter 
Circular Gabor-based filter is a modified version of traditional Gabor filter. It is iso-
tropic which means its characteristics are equal in every direction. It has been suc-
cessfully used for invariant texture segmentation [15]. The circular Gabor filter is:  
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where F is the central frequency of the circular Gabor filter. The frequency domain 
representation of the circular Gabor filter is given by 
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where 
πσ

α
2

1= . The parameters are chosen from 3 sets of parameters listed in Table 2. 

Palmprint presentation is exactly identical to section 2.2.1. Fig. 6 shows the features 
generated by the filter sets listed in Table 2. 

Table 2. The circular Gabor filter’s parameters and their definitions 

Levels No Sizes F σ  

1 1 9×9 0.3666 1.4045
2 5 17×17 0.1833 2.8090
3 9 35×35 0.0916 5.6179

 

                                                                      
        (a)                                                                  (a) 

 

   
      (b)                                                                  (b) 

    
      (c)                                                                  (c) 

Fig.  6. Original image from DBI and DBII and their features generated by 3 filters listed in the 
Table2: (a) original image, (b) real parts of features from Levels 1–3 filters, (c), imaginary parts 
of from Levels 1–3 filters 

2.3   Feature Matching/Classification Procedures 

In order to describe clearly the matching process, each feature vector is considered as 
two 2-D feature matrices, real and imaginary. Palmprint matching is based on a nor-
malized hamming distance. Let P and Q be two palmprint feature matrices. The nor-
malized hamming distance can be defined as 
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where )( RR QP and )( II QP  are the real part and the imaginary part of )(QP , respec-

tively; the Boolean operator, “ ⊗ ”, is equal to zero if and only if the two bits, 
),()( jiP IR  and ),()( jiQ IR  are equal and the size of the feature matrices is N × N. It 

is noted that 0D  is between 1 and 0. The hamming distance for perfect matching is 

zero. In order to provide translation invariance matching, Eq. (9) can be improved as 
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where S = 2 and T = 2 control the range of horizontal and vertical translation of a 
feature in the matching process, respectively and 

)11max(),min()( ssNNsH ++−+=  (11)

The hamming distance, minD can support translation matching; nevertheless, be-

cause of unstable preprocessing, it is not a rotational invariant matching. Therefore, in 
enrollment mode, the coordinate system is rotated by a few degrees and then the sub-
images are extracted for feature extraction. 

3   Experimental Results and Analyses 

3.1   Palmprint Database  

The proposed system has been tested on the PolyU-Palmprint-Database [16] that 
contains 7752 grayscale images corresponding to 386 different individuals. Around 
twenty samples from each individual were collected in two sessions, where around 10 
samples were captured in both the first and second sessions, respectively. The size of 
all images is 384×284 with 75 dpi resolution. The square central parts of each image 
extracted with size 128×128 are named DBI and the circular central parts of each 
image extracted with average size of 100 pixels named DBII. Fig. 7 shows four typi-
cal images from this database. 

    

Fig. 7. Six typical images from the database 

3.2   Verification Test 

To obtain the verification accuracy of our palmprint system and better parameters for 
our system, 12 different sets of parameters listed in Table 1 and 3 different sets listed 
in Table 2 are used to test the method. Each of the images in DBI (DBII) is matched 
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with all other palmprint images in the same database. A matching is counted as a 
correct matching if two palmprint images are collected from the same palm; otherwise 
it is an incorrect matching. The classification accuracy of the system based on Gabor 
features is presented in Tables 3.  

Table 3. Summary of accuracy rate for the different filters on two databases 

DBI: Square sub-image DBII: Circle sub-image 

Traditional Gabor 
Filter 

Circular Gabor 
Filter 

Traditional Gabor 
Filter 

Circular Gabor 
Filter 

Filter 
No. 

FAR 
 (%) 

FRR  
(%) 

FAR (%) FRR (%)
FAR  
(%) 

FRR  
(%) 

FAR (%) FRR (%) 

1 0 54.4 0 57.2 

2 0 38.0 0 48.0 

3 0 40.8 0 37.6 L
ev

el
 1

 

4 0 39.2 

0 15.0 

0 43.6 

0 10.2 

5 0 12.4 0 12.4 

6 0 5 0 5.8 

7 0 14.0 0 8.8 L
ev

el
 2

 

8 0 7.6 

0 1.2 

0 8.4 

0 0.9 

9 0 6.2 0 2.2 

10 0 1.4 0 0.8 

11 0 6.8 0 1.4 L
ev

el
 3

 

12 0 2 

0 3.8 

0 0.6 

0 1.2 

4   Conclusion 

Three key issues are involved in palmprint verification: preprocessing and segmenta-
tion, feature extraction and matching. The Gaussian filter was used for preprocessing. 
Whereas, noise reduction and the smoothing of palmprint images are done in preproc-
essing, palmprint segmentation involves correcting distortions and putting all palm-
prints under the same coordinate system so that the expected area of each palmprint 
(ROI) can be extracted for feature extraction and matching. Two kinds of palmprint 
segmentation approaches were presented. One was designed to extract 100×100 fixed 
size square area as the central part sub-image for the feature extraction, while the 
other one suggested using an inscribed circle (with the mean average radius of 100 
pixel for database images). 

Two different methods were employed to extract features from two sub-images of 
the central area of the palm. The first method used was the Gabor Filter feature ex-
traction. Two kinds of Gabor Filter, traditional and circular, were used for this pur-
pose, and two palmprint images are compared in terms of a criterion called hamming 
distance. The accuracy of 99.90% was obtained for identity verification through ap-
plying the circular Gabor filter on the square sub-images from the central area of the 
palm for the purpose of extracting feature.  
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