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Abstract— In this paper, a new Local Binary Pattern (LBP) and 
Local Ternary Pattern (LBP) based palmprint identification 
method is proposed. In our method, LBP or LTP descriptor is 
applied to the energy or direction representations of palmprint 
extracted by the modified finite radon transformation (MFRAT). 
Experimental results obtained from the Hong Kong Polytechnic 
University (PolyU) Palmprint Database demonstrate that the 
proposed method has higher identification rates than other LBP 
based methods. 

Keywords-palmprint identification, local binary pattern, local 
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I.  INTRODUCTION  
In recent years, hand based biometric [1][20~26], especially 
palmprint recognition has drawn wide attention from 
researchers. Compared with other biometric technologies, 
palmprint based biometric has several advantages such as 
stable line features, low-resolution imaging, less image 
distortion and easy self positioning. Besides, it can obtain high 
accurate recognition rate with fast processing speed [1].  

Generally, the approaches for palmprint recognition can be 
roughly divided into several different categories. A. Kong et 
al. has made a survey on these approaches [2]. Texture based 
approaches usually exploit Fourier Transform, Wavelet 
Transform (WT), Ridgelet Transform, Contourlet Transform 
and Local Binary Pattern (LBP) to extract texture features for 
recognition. Line based approaches often focus on extracting 
principal lines-like and crease features for recognition [3-5]. 
Subspace learning approaches have also been used for 
palmprint recognition, but they are sensitive to illumination, 
slight translation and rotation changes. Orientation based 
approaches have good performance since they are robust to 
different illumination conditions [6, 7]. 

Local Binary Pattern (LBP) proposed by T. Ojala et al. [8] 
is a powerful local image descriptor, which has been 
successfully adopted for many applications such as face 
recognition [9], texture classification, object and scene 
recognition. Recently, the research on LBP has made a great 
progress. For example, some variants of LBP have been 
proposed including Local Ternary Pattern (LTP) [10], 
dominant LBP (DLBP) [11], center-symmetric LBP (CS-LBP) 
[12], Local Derivative Pattern (LDP) [13], and completed LBP 
(CLBP) [14], etc. As we have mentioned above, LBP plays an 
important role in face recognition field. Ahone et al. [9] 

proposed to use LBP in face recognition based on the fact that 
faces can be seen as a composition of micro-patterns which 
can be well described by local operator. Analogously, LBP has 
also been applied to palmprint recognition [18]. LBP, 
however, still has some shortcomings, e.g, it is sensitive to 
noise and can not effectively extract features related to scale, 
orientation and localization. Since Gabor wavelet is a 
powerful tool to extract spatial structure of an object, some 
researcher proposed some methods combining Gabor wavelet 
representation and LBP. W. Zhang et al. [15] proposed a new 
LBP descriptor in Gabor transform domain (LGBP). Then, B 
.Zhang et al. [16] proposed to combine Gabor phase 
information with LBP (LGPP). Later, S.F. Xie et al. [17] 
proposed local XOR pattern  integrating with Gabor transform 
(LGXP). 

Although these Gabor based local operators have achieved 
well performance, they have to face a serious problem, i.e., 
using Gabor wavelet to extract multi-scale and multi-
orientation features has high computational-complexity. In this 
paper, we propose a new LBP based palmprint recogniton 
method, in which the modified finite radon transformation 
(MFRAT) is exploited to extract the line energy and direction 
maps of a palmprint image. Compared with Gabor wavelet, 
MFRAT has fast speed for feature extraction. On the other 
hand, LTP extends LBP to 3-valued codes by adding a user-
specified threshold, therefore, it is more discriminative. In this 
paper, we apply LBP and LTP descriptors to the energy and 
direction representations of palmprint extracted by MFRAT. 
Meanwhile, the Chi-square distance and the nearest neighbor 
rule (1NN) are exploited for classification.    

The main contributions of this paper are presented as 
follows: (1) It is the first time that the LBP and LTP 
descriptors are applied to the direction representation of 
palmprint; (2) We prove that combining LTP and direction 
representation can obtain better identification rate; (3) For 
palmprint identification, the performance of the proposed 
method is better than other LBP based methods.       

The rest of this paper is organized as follows: Section II 
briefly reviews LBP and LTP descriptors. Section III presents 
how to extract energy and direction representations of 
palmprint by MFRAT. Section IV reports experimental results. 
Section V concludes the whole paper. 
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II. BRIEF REVIEW OF LBP AND LTP DESCRIPTORS 

A. Local Binary Pattern 
In literature [8], T. Ojala et al. proposed LBP descriptor to 
characterize the spatial structure of the local image texture. 
LBP code is computed by comparing a pixel with its 
neighbors, which can be described by the following formula: 
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where gc represents the gray value of the center pixel and 
gp(p=0,…,P-1) denotes the gray value of its neighbor on a 
circle of radius R, and P is the total number of the neighbors. 
It should be noted that the neighbors that do not fall in the 
center of pixels can be estimated by bilinear interpolation.  

 
Fig.1. Illustration of LBP (P=8, R=1) 

LBP encoding process is illustrated in Fig. 1. The values of 
eight neighbors are turned into 0 or 1 by using the central 
value 56 as the threshold. Then the decimal code 102 is set as 
the LBP code of the central pixel. After the LBP code of each 
pixel is defined, a histogram is built to represent the texture 
feature. 

B. Local Ternary Pattern 
LBP is sensitive to noise since only using the value of center 
pixel as a threshold can not robustly reflect the texture 
changes in near-uniform image regions. X. Tan et al. [10] 
extended LBP to 3-valued LTP. The construction of LTP 
descriptor can be described by the following formula:  
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where t is a threshold specified by user. As being illustrated in 
Fig. 2, conventional 2-valued (0, 1) LBP code is extended to 
3-valued (-1, 0, 1) ternary code by using threshold t. Then the 
upper pattern and lower pattern are coded, respectively. LTP 
codes are more robust to noise, but no longer strictly invariant 
to monotonic gray scale transformation. 

III. EXTRACTING ENERGY AND DIRECTION 
REPRESENTATIONS USING MFRAT 

MFRAT was initially proposed to extract principal lines [5]. 
Experimental results reported in [5][7] have shown that 
MFRAT is a powerful tool to effectively extract palm line’s 
energy and orientation features. Additionally, another 
advantage of the MFRAT is its computational efficiency. It 
runs very fast since only addition operation is involved. On the 
contrary, the convolution between one image and Gabor 
wavelet involves a mass of multiplication operations.  

In this paper, we use MFRAT to extract energy and 
direction representations of palmprints. Here, the MFRAT is 
defined as follows: 

Denoting Zp={0,1,…,p-1}, where p is a positive integer, the 
MFRAT of real function f[x,y] on the finite grid Zp

2 is defined 
as: 
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where Lk denotes the set of points that make up a line on the 
lattice Zp

2, which means: 
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(4) 
where (i0,j0) denotes the center point of the lattice Zp

2, and k 
means the index value corresponding to the slope of Sk. That is 
to say, different k denotes different slopes of Lk. For any given 
k, the summation of only one line, which passes through the 

    
Fig. 2. Illustration of LTP (P=8, R=1).



center point (i0,j0) of Zp
2, is calculated. It should be pointed out 

that all lines at different directions have an identical number of 
pixels.  

And note that before taking the MFRAT given in Eqn. (3), 
the mean should be subtracted from an input f’, thus we have:    
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In MFRAT, the direction kθ  and the energy e of center 
point f(i0, j0 ) of the lattice Z2

p  are calculated by  following 
formula :        
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where || ⋅  denotes the absolute operation.  
In this way, the directions and energies of all pixels are 

calculated if the center of lattice Z2
p moves over an image 

pixel by pixel. For an image I(x,y) of size m×n, if the values of 
all pixels are replaced by their energies and index values of 
directions, two new images, i.e., Energy_image and  
Direction_image can be created, respectively. 
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Fig. 3. 9×9 MFRAT at six directions 

Fig. 3 shows an example of the 9×9 MFRAT whose lines, 
)( kL θ , are at directions of 0°, 6π , …, and 65π , 

respectively. If the line in the MFRAT is 1 pixel wide, p 
should be an odd number in order to clearly define the center 
of Z2

p. Here, it should be noted that in order to view the 
directional representation clearly, we multiply the value of 
directions by 20 to construct the final direction image. Fig. 4 
illustrates an example of extracting energy and direction 
representations using MFRAT. 

 
Fig. 4. An example of extracting energy and direction 

representations using MFRAT 

 
Fig. 5. The framework of the proposed method 



IV. THE PROPOSED METHOD 

A. The framework of the proposed method 
As we have mentioned above, directly applying LBP 
descriptor to original palmprint image can not obtain 
promising recognition performance. Using Gabor based 
representation can help LBP descriptor improve recognition 
performance, but calculating Gabor based representation has 
high computational-complexity. In our approach, we use 
MFRAT to extract the energy and direction representations of 
palmprint, and apply LBP or LTP descriptors to these 
representations for recognition.  

Fig. 5 illustrates the framework of the proposed method. 
First, palmprint image is transformed to energy image and 
directional image by applying MFRAT. Second, each energy 
or direction image is divided into non-overlapping regions, 
and LBP or LTP histogram is computed for each region. 
Lastly, the histograms of regions are concatenated to form the 
final histogram. Here, it should be noted that LTP is only 
applied to direction representation since direction 
representation is more robust to illumination changes than 
energy representation.  

B. Similarity measurement for histogram 
Chi-square distance (χ2) is exploited as similarity 
measurement which is calculated as follows: 
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where dχ2 denotes similarity of image f and I, Hf and HI with B 
bins denote the histogram of image f and I. Then the classifier 
of 1NN is used for classification. 

V. EXPERIMENTS  

A. Database 
The proposed method was tested on the Hong Kong 
Polytechnic University (PolyU) Palmprint Database II. This 
database contains 7752 grayscale palmprint images from 386 
palms corresponding to 193 individuals. In this database, 
about 20 samples from each of these palms were collected in 
two sessions, where about 10 samples were captured in the 
first session and the second session, respectively. The total 
numbers of images captured in the first session and the second 
session are 3889 and 3863, respectively. The average interval 
between the first and the second collection is two months. The 
resolution of all the original palmprint images is 384×284 
pixels at 75 dpi. A detailed introduction of Database II can be 
found in [1]. In our paper, by using the similar preprocessing 
approach described in literature [1], palmprint is orientated 
and the ROI, whose size is 128×128, is cropped.  

In our experiments, we use first three palmprints from the 
first session for training and leave the palmprints from the 
second session for test. Therefore, the numbers of images for 
training and test are 1158 and 3863, respectively.  

B. Experimental results 
In the first experiment, we use MFRATs with different sizes to 
generate the energy images and direction images. LTP is 
merely applied on direction images (LTP + Direction Image) 
and LBP is applied on both energy images (LBP + Energy 
Image) and direction images (LBP + Direction Image). In our 
experiment, each energy or direction image is divided into 8×8 
non-overlapping regions, and LBP uniform feature (59 bins) 
or LTP uniform feature (118 bins) is computed for each region. 
Thus the total histogram length of LBP + Energy Image or 
LBP + Direction Image is 3776 (8×8×59) and the total length 
of LTP + Direction Image is 7552 (8×8×118). The 
identification results are listed in Table I. From this table, it 

TABLE I.  ACCURACY (%) OF DIFFERENT MFRAT SIZES.  

Method size11 size13 size15 size17 size19 size21 size23 size25 size27 size29 size31 size33 
Direction  Image 

+LBP 94.12 95.91 96.82 97.23 98.89 99.07 99.22 99.56 99.33 99.33 99.46 99.46 

Energy Image 
+LBP 96.87 97.28 97.67 97.67 98.86 99.28 99.04 99.02 99.25 99.07 99.07 99.24 

Direction Image 
+LTP 98.11 98.84 99.17 99.53 99.28 99.72 99.69 99.79 99.82 99.79 99.50 99.12 

TABLE II.  COMPARISONS BETWEEN LOCAL GABOR BASED METHODS AND THE  PROPOSED METHODS 

Method Accuracy (%) Final Feature 
Length 

Histogram 
length 

LBP + Original Image 82.32 59 3776 
LGBP_Mag [18] 95.86 10240 40960 
LGBP_Phase [18] 97.67 10240 40960 
HGPP [18] 98.40 10240 92160 
LGXP [18] 98.24 10240 40960 
LTP + Direction Image  (The proposed method) 99.82 118 7552 



can be seen that the proposed method achieves good 
identification rates when the size of MFRAT is in the range of 
{21, 23, 25, 27}, and the method of LTP + Direction Image 
achieves the highest identification rate, which is 99.82%. 

We also make a performance comparison between the 
proposed method and other methods, which is shown in Table 
II. We firstly test the performance of LBP on original 
palmprint images (LBP + Original Image). We also divide 
original image into 8x8 regions, and then extract LBP uniform 
feature (59 bins) in each region. It can be seen that the 
identification rate of LBP + Original Image is 82.32%, which 
is much lower than that of the proposed method. In order to 
compare with local Gabor based operators such as 
LGBP_Magnitude [15], LGBP_Phase [19], HGPP [16], and 
LGXP [17], we cite their identification rates reported in 
literature [18]. For each Gabor based method listed in Table II, 
5-scale and 8-orientation Gabor filter bank is used for feature 
extraction. Each local Gabor pattern matrix is partitioned into 
2×2 subblocks. In each subblock, LBP or LXP histogram is 
computed.  Table II also clearly shows that the performance of 
the proposed method is better than that of those local Gabor 
based methods, meanwhile, the feature length of the proposed 
method is much shorter. It should be noted that five samples 
from each class in session one are chosen to construct the 
training set in these local Gabor based method [18], but in our 
approaches, only three samples in session one are used for 
training. 

VI. CONCLUSION 
This paper is motivated by the fact that current LBP based 
palmprint recognition methods have various demerits. We 
proposed to use MFRAT to reduce the noise interference so 
that LBP can get better results. Besides, the direction image of 
MFRAT is invariant to the illumination changes so that the 
LTP descriptor can be ideally applied to these direction 
images. The experimental results have shown that the 
proposed method can get higher identification rates than other 
LBP based methods.  
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