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Abstract - To increase the success rate of traditional Local Binary Pattern (LBP) algorithm used for face recognition under 
variations in background and illumination, an adaptive threshold LBP algorithm for face recognition is proposed in this paper. It is 
achieved by combining the local features by traditional LBP with the global features by adaptive threshold LBP. The threshold is 
adaptively obtained by calculating the mean of the absolute differences between neighborhood pixels and center pixel among 
3*3-pixel block of an image, which overcomes the weaknesses of fixed threshold in the traditional LBP. To ensure that the 
microstructures in the center part of the facial image are filtered out, the Uniform Local Binary Pattern (ULBP) technique is used 
in this paper. Simulation results show that the proposed algorithm can increase the success rate of face recognition under the 
variations in background and illumination. 
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I. INTRODUCTION 
 

In recent years, face recognition has been a research 
focus in fields of pattern recognition and image processing 
due to its great potential for application, and variations in 
age, expression, illumination, pose, background, or 
accessory have been a key challenge. However, as an 
invariability feature of face image, texture features are 
insensitive to monotonous illumination variations. LBP 
method proposed by Ojala in 1992[1], which is from the 
area of texture analysis, has been accepted by more and 
more people due to its high efficiency and inhibition of 
variations in pose and expression. The use of histograms as 
features also makes the LBP approach robust to face 
misalignment and pose variations [2]. However, the original 
LBP-based face recognition method computes simple 
histogram similarities and neglects the spatial information 
of the face, thus it is sensitive to significant noise. An 
effective solution is to divide the facial image into several 
non-overlapping blocks, and connect the LBP histograms 
calculated from all sub-blocks into a spatially enhanced 
histogram. Although this method restrains the noise, it 
neglects the global information. 

After the LBP method was proposed, many face 
recognition algorithms based on LBP have been put forward. 
Ojala et al. proposed multi-resolution LBP in [3], which 
enriched the definition of LBP. Jin et al. introduced an 
improved LBP in [4] and added the information of center 
pixel by comparing center pixel with the mean value of 
neighborhood pixels, which achieved a higher success rate 
of face recognition. However, it did not eliminate the 
adverse effect on pose variations. Zhang et al. proposed a 
method that combines Gabor filters with LBP in [5]. The 
method is robust to variations in illumination, expression, 
and misalignment, yet the process is time consuming due to 

the large feature dimensions. In [6] and [7], a face 
recognition method based on LBP with threshold was 
presented. This method combined global features with local 
features of facial image and described human face from 
different aspects. Nevertheless, the threshold in this method 
was constant, which would result in a low success rate of 
face recognition under the variations in background and 
illumination. 

In this paper, an adaptive threshold-LBP algorithm for 
face recognition is proposed. In this algorithm, local 
features by traditional LBP are combined with global 
features by adaptive threshold-LBP. The thresholds are 
obtained by calculating the mean of the absolute differences 
between neighborhood pixels and center pixel in a 
3*3-pixel block of an image, which overcomes the 
weakness of fixed threshold in the traditional LBP with 
threshold. At last, the ULBP is used to ensure that the 
microstructures in the center part of facial image are filtered 
out. Simulation results show that the proposed method can 
increase the success rate of face recognition under the 
variations in background and illumination. 

 
 

II. FACE RECOGNITION BASED ON LBP WITH 
THRESHOLD 

 
The original LBP operator works in a 3*3-pixel block 

of an image. Each LBP code is obtained by comparing 
center pixel with neighborhood pixels. If neighborhood 
pixel value is less than center pixel value, it will be labeled 
by ‘1’, or it will be labeled by ‘0’, and then these labels are 
weighted and summed. The specific calculation process is 
shown in Fig.1.
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Example  Threshold  Weights 

6 5 2 

 

1 0 0 

 

1 2 4 

7 6 1 1  0 128  8 

9 8 7 1 1 1 64 32 16 

Pattern=11110001   LBP=1+16+32+64+128=241 

Fig. 1. Original LBP Operator 

 

By applying LBP operator to each pixel of an image, a 
series of LBP codes can be obtained. These LBP codes are 
calculated to a histogram, which contains microstructures of 
face and loses spatial information of facial organs. To retain 
the spatial information of facial organs, the facial image is 
divided into several non-overlapping sub-blocks and LBP 
histogram is calculated from each sub-block independently. 
These LBP histograms are connected to a global one called 
spatially enhanced histogram, which contains both local 
texture information of face and spatial information of facial 
organs. 

In the original LBP operator, the neighborhood pixel is 
labeled by ‘0’ if it is less than center pixel, or it is labeled 
by ‘1’, that is, the threshold is ‘0’, as shown in (1). 
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In which, ng  and cg  are the gray value of 
neighborhood pixel and center pixel respectively. The 
original LBP method describes the texture information of 
face and reflects the change of details in local area of face, 
but it will result in high error rate of face recognition when 
the background acutely changes. 

To solve this problem, Zhou et al proposed face 
recognition based on LBP with threshold in [7]. In this 
method, both local texture features and global features are 
extracted by increasing the threshold. This process can be 
described by an equation, as shown in (2), in which   is 
the constant threshold. 
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By setting different threshold value to the facial image 
processing, LBP images after processing are shown in Fig. 
2. It can be seen from Fig. 2 that face contour becomes 
obvious after increasing the threshold. Moreover, the larger 
the threshold is, the more obvious the face contour will be. 
This is because the pixel gradient in center area of facial 
image is small and this area will be assimilated by 
background after the threshold is increased. However, the 
pixel values in facial image are relatively concentrated, so if 
the threshold is set too large, the face contour will be lost. 
The threshold is suggested to be set at five according to the 
experiment in [7].   

Face recognition by using the spatially enhanced 
histogram that contains local texture information and 
histogram that contains global information is conducted as 
follows: 

Firstly, the chi-square distance is used to measure the 
distances between the histograms of probe image and those 
of sample images independently, as shown in (3) and (4). 

 1 1 2 2
1 1 1 1= ( )c c      （ , ）, ( , ) , . . . , ,   (3) 

 1 1 2 2
2 2 2 2= ( )c c      （ , ）, ( , ) , . . . , ,   (4) 

 

 

 
(a) Original image 

 
(b)ε= 0 

 
(c) ε= 1 

 
(d) ε= 5 

 
(e) ε= 10 

Fig. 2. Original image and LBP image with different threshold 
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In which, (3) denotes the distances between the 

spatially enhanced histogram that contains local texture 
information of probe image and that of each sample image. 
(4) denotes the distances between the histogram that 
contains global information of probe image and that of each 
sample image. The chi-square distance is defined as 
follows: 

2
2

1

(S M )
(S,M)

B
b b

b b bS M







      (5) 

In which, S and M correspond to sample and model 

distributions, respectively. bS and bM  denote to the 

probability of bin b in the histogram of sample and model 

facial images. 

Then, the two results are fused by using fuzzy 

comprehensive function 1 2( , )c c   . 

Finally, return the minimum value to k, which 

indicates that the probe image belongs to the thk  class, as 

shown in (6). 

1 2arg min ( , )c c

c
k           (6) 

This method considers both local texture information 
and global information of facial image, describes the face 
from different aspects, and is robust to variations in 
expression, age, background, and accessory. However, in 
this method, the threshold is constant when global features 

are extracted, and the success rate of face recognition is low 
when illumination changes. If the threshold can be 
calculated adaptively according to the gray features of facial 
image pixel to extract global features of face, the success 
rate of face recognition will be increased. 

 
III. ADAPTIVE THRESHOLD-LBP FOR FACE 

RECOGNITION 
 
A. Adaptive Threshold 

 
In facial image, the pixel gradients among the edge of 

face and facial organs are mainly divided into two cases. 
The first one is that the absolute differences between light 
neighborhood pixels2 and center pixel are higher; the other 
one is that the absolute differences between the light 
neighborhood pixels and center pixel are lower. These two 
cases are both considered to discuss how to select an 
appropriate threshold to extract face contour as follows:  

(a) In the first case, the absolute differences between 
the light neighborhood pixels and center pixel are higher. 
The value obtained by calculating the mean of all absolute 
differences between neighborhood pixels and center pixel 
will be less than the absolute differences between the light 
neighborhood pixels and center pixel, and this value can be 
selected as the threshold. Taking the 3*3 block in the facial 
edge of a facial image as an example, the differences 
between neighborhood pixels and center pixel are shown in 
Fig. 3. 

 

 

 

69 71 70 

 

9 11 10 

58 60 68 -2  8 

56 56 57 -4 -4 -3 

(a)  3*3 block (b)  Pixel value      (c)  Differences 

Fig. 3 Differences between neighborhood pixels and center pixel in the edge of face. 

 

 

62 50 51 

 

2 -10 -9 

62 60 52 2  -8 

64 63 51 4 3 -9 

(a)  3*3 block (b)  Pixel value      (c)  Differences 

Fig. 4 Differences between neighborhood pixels and center pixel in the edge of facial organ 

 2their values are greater than center pixel’s
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(b) In the second case, the absolute differences 
between the light neighborhood pixels and center pixel are 
lower. The value obtained by calculating the mean of all 
absolute differences between neighborhood pixels and 
center pixel will be greater than the absolute differences 
between the light neighborhood pixels and center pixel, and 
this value can be selected as the threshold. Taking the 3*3 
block in the facial organ edge of a facial image as an 
example, the differences between neighborhood pixels and 
center pixel are shown in Fig.4 

 As can be seen from Fig. 4, in order to extract face 

contour and to reduce the effect of the neighborhood pixels 

whose value is close to the value of center pixel, the 

threshold should not be set too small. If the threshold is set 

less than two, LBP code is “11110001”, and it can’t achieve 

the aim of extracting face contour. In order to reduce the 

effect of those neighborhood pixels to a greater extent, the 

threshold should be set greater than four. The mean of 

absolute differences in Fig. 4 is 
7
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     (in which, the meaning of 

gn and is the same as it in (1)), which is used to achieve 

the aim of reducing the effect of the neighborhood pixels 

whose value is close to the value of center pixel. 
To sum up, it is helpful for extracting face contour to 

select the mean of absolute differences between 
neighborhood pixels and center pixel as the threshold. The 
definition of mean of absolute differences is as follows: 
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In which, the meaning of ng  and cg  is the same as 

it in (1). Applying the threshold to facial image, the LBP 

image after processing is shown in Fig. 5.  

 

Fig. 5 LBP image with adaptive threshold 

 
As can be seen from Fig. 5, in the LBP image that 

adopts the threshold obtained by (7), face edge and facial 
organ edge are obvious and this threshold can be used to 
highlight face contour. However, the microstructures in the 
center part of facial image have not been filtered out, thus 
the aim of extracting face contour cannot be achieved well. 

 
B. Uniform LBP 

 
Though selecting the mean of absolute differences as 

the threshold cannot filter out the microstructures in the 
center part of facial image, it can cause the discontinuity of 
‘1’ or ‘0’ in LBP codes. Taking the 3*3 block in center part 
of facial image as an example, the differences between 
neighborhood pixels and center pixel are shown in Fig. 6. 

What is stipulated in ULBP is that: Consider the LBP 
code as circular and count the number of bitwise transition 
from 0 to 1 or vice versa. If this number of a local binary 
pattern is at most two, then the local binary pattern is called 
uniform. In uniform LBP mapping, there is a separate 
output label for each uniform pattern and all the 
non-uniform patterns are assigned to a single label [2]. Thus, 
the number of different output labels for mapping for 
patterns of 8 bits is 8 (8 1) 3 59    .  

 

 

62 56 57 

 

2 -4 -3 

65 60 56 5  -4 

63 64 55 3 4 -5 

(a)  3*3 block (b)  Pixel value      (c)  Differences 

Fig. 6 Differences between neighborhood pixels and center pixel in center part of face 
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In fact, it is easy to obtain non-uniform patterns when 
applying threshold obtained by (7) to facial image, and the 
microstructures in the center part of facial image can be 
filtered out by adopting ULBP. Another advantage of 
adopting ULBP is to reduce the feature dimensions and 
increase the speed of face recognition.  

The LBP image after processing by selecting the mean 
of absolute differences as the threshold and adopting ULBP 
is shown in Fig. 7 ( in which, the value of non-uniform 
patterns is set as 255, because the LBP code “11111111” 
cannot be obtained after selecting the mean of absolute 
differences as the threshold and it will not cause 
confusion ). 

 

Fig. 7. LBP image with adaptive  
threshold after using ULBP 

 

As can be seen from Fig. 7, after selecting the mean of 
absolute differences and using ULBP, LBP codes in center 
face and facial organs are “00000000” ( all the differences 
between neighborhood pixel and center pixel is less than the 
threshold ) or “11111111” ( non-uniform). The aim of 
extracting face contour has been achieved. 

 

IV. EXPERIMENTAL RESULTS 
 

In order to verify the effectiveness of the proposed 
algorithm in this paper, experiments are conducted on PC 
using OpenCV programming, and the Chinese 
CAS-PEAL-R1 face database is used to simulate on success 
rate of face recognition. In which, the PC system is 
Windows XP 2002, CPU is INTEL I3, the memory is 2G, 
and the programming environment is VC 6.0. The 
CAS-PEAL-R1 database includes 9232 images of 1040 
persons with size of 96*120. It is divided into training set, 
prototype set, and test set. In which, the test set contains 
variations in illumination, expression, background, 
accessory, age, and distance. In our experiments, the facial 
images are divided into 4*4 non-overlapping sub blocks of 
the same size. The simulation results are shown in Table 1. 

As can be seen from the table, the method based on 
LBP with adaptive threshold mentioned above is robust to 
variations in expression, background, and distance. Under 
these conditions, the success rate of face recognition of this 
method is higher than 95% and close to 100%, and is higher 
than the success rates of face recognition of other methods. 
The success rate of face recognition of this method declines 
under the variations in accessory and age. In which, under 
variations in age, this method outperforms other methods, 
this is because face contour changes little under variations 
in age and is robust to variations in age. Under variations in 
accessory, the success rate of face recognition of this 
method ranks only second to the success rate of face 
recognition of HSLGBP. However, under illumination 
variations, the success rates of face recognition of all of 
these five methods are low, in which, HSLGBP works best 
among all the methods, this is because Gabor transform is 
used in HSLGBP and Gabor transform is robust to 
variations in illumination. The method in this paper works 
better than the other three methods under the variations in 
illumination, and this is because the adaptive threshold in 
this method is calculated based on the intensity relationship 
between neighborhood pixels and center pixel, so it has 
good adaptability. 

TABLE 1 THE SUCCESS RATE OF FACE RECOGNITION ON DIFFERENT SETS WITH DIFFERENT METHODS 

 

lighting expression background accessory aging distance 

LBP 12 96.2 95.0 74.9 51.8 86.7 

MTLBP[7] 16.4 99.3 98.1 81.2 70.4 97.8 

ILBP[4] 14.3 98.0 95.3 78.4 58.7 86.4 

HSLGBP[5] 50.2 95.4 96.5 85.3 75.5 98.0 

Method in this paper 35.5 99.5 99.0 83.2 76.3 98.2 

Subsets Accurate 

rate(%) 

Methods 
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To sum up, the method based on LBP with adaptive 

threshold is robust to variations in expression, background, 
age, and distance, and this method outperforms other 
methods under these conditions. In addition, the success 
rate of face recognition of this method ranks only second to 
that of HSLGBP under the variations in illumination and 
age. However, it takes a lot of time in Gabor transform in 
HSLGBP. Moreover, the feature dimensions in HSLGBP 
are large and thus it is time consuming when feature 
matching is conducted. Therefore, the method in this paper 
has robustness and high success rate of face recognition 
without computational burden. 

 
V. CONCLUSIONS 

 
To increase the success rate of traditional LBP based 

face recognition under the variations in background and 
illumination, an adaptive threshold-LBP algorithm for face 
recognition is proposed in this paper. Both local texture 
features and global features are extracted in this paper. 
When the global features (face contour) are extracted, 
adaptive thresholds are calculated based on the intensity 
relationship between neighborhood pixels and center pixel. 
Experiments on facial images indicate that using such 
adaptive threshold can highlight face contour. In order to 
extract face contour well, the ULBP is used to ensure that 
the microstructures in the center part of facial image are 
filtered out. Experiments on facial images indicate that the 
aim of extracting a fine face contour can be achieved by 
selecting the mean of absolute differences between 
neighborhood pixels and center pixel as the threshold and 
adopting ULBP as well. Simulation results show that the 
proposed algorithm has high success rate of face 
recognition without computational burden. 
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