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Abstract— How to get the proper combination of feature extraction and classification is still crucial in facial expression recognition, 
and it has been addressed conducted over two decades. Hence, if inadequate features are used, even the best classifier could fail to 
achieve the accurate recognition. Therefore, Local Binary Pattern (LBP) is used as a feature extraction technique for facial 
expressions recognition where it is evaluated based on statistical local features. LBP is proven successful technique by the recent study 
due to its speed and discrimination performance aside of robust to low-resolution images. For the classification, Support Vector 
Machine is chosen, and the algorithm is implemented in MATLAB and tested on JAFFE (Japanese Female Facial Expressions) 
database in order to achieve the objectives and the goal of this research which is to obtain high accuracy in facial expressions and 
identify the seven basic facial expressions. The performance of feature extraction and classification is evaluated based on the 
recognition accuracy. The observation on results obtained in facial expressions recognition rate indicated the effectiveness of the 
proposed algorithm based on SVM-LBP features. 
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I. INTRODUCTION 

Biometric is not foreign things in the technology of 
computer science which has been adapted for various 
applications. Basically, biometric is an authentication of 
behavioural characteristics and physical of individuals as a 
form of access control or identification. The well-known 
biometric authentication such iris recognition, fingerprint, 
DNA, palm print, hand geometry, face and voice recognition 
has become widespread in world applications, yet there are 
still have challenges to overcome. As compared to 
fingerprints and iris, face recognition has diverse advantages 
as it non-contact process. A numerous study has been 
conducted over two decades to address the problem of face 
recognition, especially in facial expression. Even though a 
lot of approaches had been discussed, expression recognition 
is difficult task to achieve the optimal pre-processing, 
feature extraction or selection and classification under a 
certain condition. 

Nowadays, a study on the combination of face 
representation and classification is crucial in facial 
expression recognition. Moreover, the best classifier could 
fail to obtain accurate recognition if inadequate features are 

used. Numerous studies have been made on recognizing 
facial expression with a high accuracy yet remains difficult 
due to subtlety, complexity, and variability of facial 
expressions. Furthermore, low-resolution images in real-
world environments make real-life expression recognition 
much more difficult [1]. 

It is necessary to extract important facial features for 
classifying facial expressions into variance categories which 
contribute in identifying proper and expression. Facial basic 
expressions, for example, are sad, happy, disgust, fear, 
surprise, angry and neutral. Those particular facial 
expressions of emotions are termed as universal emotion by 
Ekman [2] hence over a decade; other researchers have used 
a similar method in their research [3], [4], [5]. Local Binary 
Pattern (LBP) is proposed in this paper which originally for 
texture analysis and recently have been introduced to 
represent faces in facial images analysis. Zhang [5] has 
proposed an improved approach for facial expression 
analysis where LBP histogram of different block sizes of a 
face image is used as feature vectors and then various facial 
expressions were classified using Principal Component 
Analysis (PCA). Lajevardi et al. [6] have used LBP in their 
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study that focused on facial expressions recognition issues in 
variance resolutions with six basic facial expressions. 

Feature extraction technique is a key significance to the 
whole classification process [17], [18]. The process of 
feature extraction yields a prohibitively large number of 
features, and subsequently, a smaller subset of features needs 
to be selected according to some optimality criteria. The 
prominent characteristics on the faces must be extracted in 
order to recognize and identify human faces features like 
eyes, nose, and mouth by applying the geometry distribution 
and the shape of the face. There are two features used for 
extraction which is global and local features. Global features 
are often used as coarse representation and encoding the 
characteristics of the whole face whereas local features are 
often used as finer representation and encoding detailed 
variations within local areas in the face [7].  

LBP has been found to be a powerful feature for texture 
classification which is a type of visual descriptor used for 
classification in computer vision. LBP is known as a method 
that combining multiple operators for multiresolution 
analysis. Also, joint distributions in LBP with orthogonal 
measures is a very powerful tool for rotation invariant 
texture analysis. As proposed by Ahonen [12], LBP is 
presented as a novel and efficient facial image representation 
based on texture features where the face image is divided 
into several regions from which the LBP feature 
distributions are extracted and concatenated into an 
enhanced feature vector to be used as a face descriptor. 
Furthermore, a lot of research on facial expression 
recognition had been experimented using LBP technique as 
LBP showing delightful results [9], [1].  

Besides that, Rouhi et al. [8] have tested and analysed 
several other feature extraction methods namely Gabor Filter, 
and Elastic Bunch Graph Matching (EBGM). Rouhi et al. [8] 
found that 15-Gabor filter with fuzzy filter leads to a high 
rate of the feature extraction in the face recognition. Apart 
from that, multiple Gabor filter achieved high recognition 
rate and robust to facial expression variations [11] whereby 
Gabor filter able to reduce the space complexity of the 
system and reveal both transient and intransient facial 
features. However, Ou et al. [10] had applied Gabor filter 
and claimed that the Gabor filter is only showing an average 
result. 

Meanwhile, EBGM is an extension to elastic graph 
matching for object classes with a common structure, such as 
faces in an identical pose. Tiwari [13] found that EBGM 
performed better than PCA which obtained highest accuracy 
rate of face recognition, but somehow it required long 
computational time. In other works, Senaratne et al. [14] has 
hybridized the EBGM with Particle Swarm Optimization 
and found it was more efficiency in face recognition. 

This study has been motivated to analyze the seven basic 
facial expressions of emotion which are angry, sad, happy, 
fear, disgust, surprise and neutral by using Local Binary 
Pattern (LBP) as the feature extraction technique to obtain 
high accuracy recognition.  

The remainder of this paper is organized as follows. In 
Section II, the material and methods used are discussed in 
detail. Section III presents the analysis and the discussion of 
the experimental results. Finally, Section IV summarizes the 
future work and conclusion. 

II. MATERIAL AND METHOD 

Based on Fig. 1, there are several stages involved in facial 
expression recognition which are data acquisition and 
preparation, image pre-processing, feature extraction 
technique and as well as the feature classification technique. 
In this study, Japanese Female Facial Expressions database 
(JAFFE) was used as a dataset. This database can be 
downloaded from http://www.kasrl.org/jaffe_info.html.   

 

 
(a) 
 

 
(b) 

Fig. 1  The process of facial expression recognition with example; (a) 
flowchart of facial expression recognition, (b) example of facial expression 
recognition process 
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A. Data Acquisition and Preparation 

The JAFFE database contains 213 images of seven facial 
expressions: sad, angry, happy, fear, disgust, surprise and 
neutral. Ten models are posed three or four times of seven 
basic expressions. The sample of JAFFE database is shown 
in Fig. 2. There were seven facial expressions were selected, 
and 150 facial expression images sample were used in this 
study. The size of all pure facial images cut out from JAFFE 
database was normalized to 256 × 256 pixels. 

 
a) Angry 

 

 

b) Happy 

  

c) Neutral 

  

d) Surprise   

e) Sad 

 

 

f) Disgust 

 
 

g) Fear  

 
Fig. 2  Seven facial expression of JAFFE database; (a) Angry; (b) Happy; (c) 
Neutral; (d) Surprise; (e) Sad; (f) Disgust; (g) Fear 

 

B. Image Processing 

The image pre-processing procedure is very vital in the 
facial expressions recognition task. The aim of this phase is 
to retrieve sequences of images which have normalized 
intensity that was uniform in size and shape and depict only 
the face region. Thus, the effects of illumination and lighting 
should be eliminated in this stage as well as the noise and the 
normalization from the variation of pixel position [12]. In 
the pre-processing, the image will be cropped to eliminate 
the unnecessary part in the image and focused only on the 
interested region only as illustrated in Fig. 3.  

 

 
Fig. 3  The example of image processing 

C. Feature Extraction Technique Using LBP 

An LBP description of a pixel is developed by 
thresholding the values of the matrix size 3 × 3 and result as 
in binary number. Based on the operator, LBP code is 
labeled for each pixel of an image. According to Feng et al. 
[19], we used texture descriptor as illustrated in Fig. 4, with 
256-bin histogram of the labels, contains the density of each 
label. 

 

 
 

 
Fig. 4  The basic LBP operator 

 
LBP method is implemented on images of the face in 

order to extract features which can be used to get a measure 
of the similarity between these images. Fig. 5 presents the 
process of LBP. Firstly, the face images were divided into 
several blocks. After that, the LBP histogram was calculated 
for each block. Then, the block LBP histograms were 
concatenated into a single vector. Histograms were then 
being compared between the images by measuring the 
distance similarity between the histograms. Moreover, every 
bin in histograms contains the number of its appearance in 
the region. Lastly, the feature vector was constructed by 
concatenating the regional histograms to one big histogram 
after every pixel is calculated [12].  

D. Support Vector Machine (SVM) 

SVM was then implemented as a classifier to distinguish 
the facial expression. SVM is a maximal margin hyperplane 
classification method which is hyperplane is drawn between 
the training vectors that maximizing the distance between 
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the different classes [15]. The experiment was carried out 
using grid-search on the hyper-parameters in the 10-fold 
cross-validation. K-fold cross-validation has been applied 
using all expressions’ images of a person as the validation 
data, and the remaining images as the training data. In order 
to evaluate the performance of algorithm objectively, k-fold 
was done for ten times. Finally, the accuracy of recognition 
was calculated in order to determine the performance of LBP. 

 

 
Fig. 5 The process of LBP  

III.  RESULTS AND DISCUSSION 

Table 1 demonstrates the analysis of facial expressions 
using the normal histogram and LBP histogram. The pixel’s 
intensity range in fear and angry emotion were very close 
because of the mouth region area was similar. The histogram 
equalization of happy emotion shows a gradual pattern in 
which the pixel’s intensity has no peak pixel compared to the 
surprise emotion. The mouth region was detected in a high 
dark part area that caused the peak pixel on the histogram. 
The Sad emotion of pixel’s intensity showed less dark spot 
on the mouth region hence no peak pixel on the histogram 
whereas disgust image showed there was three peaks pixel in 
every subregion and neutral images showed very low pixel 
in the histogram. The pixel’s intensity emotion was different 
for every image. 

 
 

TABLE I 
ANALYSIS OF FACIAL EXPRESSIONS IN HISTOGRAM AND LBP HISTOGRAM 

a. Analysis of angry facial expression 

 
 

b. Analysis of disgust facial expression 

 
 

c. Analysis of fear facial expression 

 
 

d. analysis of happy facial expression 
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e. Analysis of sad facial expression 

 
 

f. Analysis on surprise facial expression 

 
 

g. Analysis of neutral facial expression 

 
 
 
Table 2 presents the performance and evaluation on the 

accuracy of recognition which using LBP operator and 
without using LBP. We can see the recognition accuracy of 
seven facial expressions using LBP features achieved the 
average accuracy with 89% outperformed the average 
accuracy of without using LBP with 67%. This show on how 
important the feature extraction technique in achieving better 
accuracy of facial expression recognition process. Angry 
expressions succeed 100% in recognition of facial 
expressions accuracy whereas happy and surprise facial 
expressions using LBP achieved 95% accuracy. Sad and 
neutral expressions reported 90% accuracy, while fear 
expression reported 80% accuracy. 

Some of the images experimented in JAFFE database 
look alike even though expressions stated is different could 
possibly affect the results achieved. The result was proven 
that by using LBP as a feature extraction technique gave a 
betterment result in recognition accuracy [6]. Furthermore, a 

facial expression with using LBP can help to reduce the 
computation complexity which this scenario was shown in 
Table 1. The LBP histogram demonstrated a shorter pattern 
compared to the basic histogram. This led to a better 
detection ratio and eventually improved the recognition 
accuracy 

TABLE II 
ACCURACY OF SEVEN BASIC EXPRESSIONS WITH LBP FEATURES AND 

WITHOUT LBP FEATURES 

 

IV.  CONCLUSIONS 

This study had combined local binary pattern as a feature 
extraction technique with support vector machine in order to 
improve the accuracy of facial expression recognition. Seven 
facial expressions from JAFFE database have been used as a 
case study. The overall result showed that the average 
accuracy when using local binary pattern was 22% better 
from recognition process without using local binary pattern. 
However, the proposed combination have a limitation on 
generalization to other datasets. This limitation can be 
addressed in our future work. In future development, this 
research could be enhanced by referring to various other 
works available such as [21]-[29]. 
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