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Abstract: 

Facial activity analysis such as face expression 

recognition is helpful for perceptual user interfaces. 

Developing new methods to improve recognition 

performance is a major concern of research. It has 

several applications such as next generation user 

interfaces, human emotion analysis, behavior and 

cognitive modeling. In this paper, a facial expression 

classification algorithm is proposed which uses Center-

Symmetric Local Binary Patterns (CS-LBP) for 

feature extraction and classifies various facial 

expressions using Principal Component Analysis 

(PCA). The proposed algorithm is implemented on 

Japanese Female Facial Expression (JAFFE) database 

for expression classification since the computational 

complexity of the algorithm is small. An efficient and 

low computational approach is proposed for facial 

expression analysis, since the various expressions and 

intensity of expressions vary from one region of people 

to another. The proposed system uses grayscale frontal 

face images of a person to classify six basic emotions 

namely happiness, sadness, disgust, fear, surprise and 

anger. 

 

Keywords: Center- Symmetric Local Binary Patterns 

(CS-LBP) features, Facial expression analysis, Principal 

Component Analysis (PCA). 

 

1. Introduction: 

In recent years, methods based on biometric have 

considered as the most powerful methods for the 

identification of individuals. These approaches evaluate an 

individual’s behavioral and emotional characteristics to 

determine the identity of person instead of recognizing the 

people by issuing them to access passwords, PINs, smart 

cards, tokens or keys. As passwords and PINs are tough to 

remember and can be guessed and stolen easily; tokens, 

key and cards can be forgotten, replicated or stolen. But 

person’s biological characteristics cannot be duplicated, 

stolen, misplaced or faked [1]. In biometric system 

physiological characteristics such as fingerprint, retina, 

iris, palms of hand and face or behavioral characteristics 

such as voice, handwriting, etc. are used to authenticate a 

person’s identity [2]. Among all biometric identification 

techniques face recognition system is one of the most 

important methods used for the authentication and 

identification of the persons by their face features.  

The human face conveys a lot of information about the 

identity and expressional state of the person. A face is the 

most notable and distinctive feature of the person 

providing an identity in the society. A person can also be 

identified by his voice, clothing, gait, body shape but the 

level of information retrieval is very high in case of the 

face. Face recognition is a key aspect related to image 

processing generally categorized as verification (or 

authentication) and identification (or recognition). Face 

recognition can be realized as identification of a person 

from his facial features that can be accomplished by the 

application of various computational algorithms. Face 

recognition system is one of the most cost-effective 

methods for the use of computing resources in comparison 

to the authentication and identification. Eyeglasses, hair 

style, aging effects, beards are some common distractions 

to human appearance becoming the pitfall for the face 

recognition system [3].  

The process of matching the identity of person using face 

recognition can be divided into three major steps. These 

are face detection/ representation, feature extraction of the 

detected faces and classification or pattern/face 

recognition. A model consisting major components for 

face recognition is represented in Fig. 1. The first step in 

the process is face detection/ representation, which takes 

image as an input and detect the face region. The face 

detection is a two-step process, in which face localization 

is followed by face alignment. Face localization is used 

when there is only face in the image or frame. Alignment 

of faces is required only when the localization step provide 

the rough segmentation of faces. The purpose of face 

detection to locate facial features, such as eyes, nose, 

mouth or chin, in order to normalize the face region.  

After detecting the face from the image or video frame, 

feature extraction is performed in which, unique and most 

informative properties (features) are extracted from face 

image. Feature extraction plays very crucial role in pattern 

classification/ recognition because redundant information 
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in input data affects the performance of 

classification/recognition. From feature extraction step the 

relevant facial features are taken out from input image to 

form feature vectors. The input face is then matched with 

target face using these feature vectors. To increase the 

recognition rate a robust feature extraction method must 

be employed in the process. 

Based on how the features are extracted from face image, 

these methods are divided into three categories i.e. Global 

(holistic), Local (patch) and Hybrid [4]. In holistic method 

the features are extracted from the whole image 

considering each pixel from the image. On the contrary the 

local feature extraction methods use neighborhood, region, 

facial point or patches to derive the required features from 

the image. The Hybrid method employs global method 

after extracting the features from patch method. The well-

known local feature extraction methods are: Local Binary 

pattern (LBP) [5], Local Derivative patterns (LDP) [6], 

Local Derivative Ternary Patterns (LDTP) [7], Elastic 

Bunch Graph Method (EBGM)  etc. and PCA, LDA, ICA 

etc. are the holistic methods [8].  

Pattern recognition is the process of matching extracted 

features of the face images with test image features. A test 

image is matched against every extracted feature vector 

representing the database images, which gives a distance 

describing the similarity between the test image and the 

database image. A label is assigned by the system to the 

image, which is most similar to the template of the trained 

data. Using these features, image is compared with the 

database images, which is done in classification step. The 

classification unit provides the best match of image with 

database images.  

2. Local Binary Patterns 

The original LBP operator was introduced by Ojala et 

al.[9]. The operator labels the pixels of an image by 

thresholding the 3*3 neighborhood of each pixel with the 

center value and considering the result as a binary number. 

Then the histogram of the labels can be used as a texture 

descriptor. 

 

 

 

Fig. 1: The LBP operator 

The limitation of the basic LBP operator is its small 3*3 

neighborhood cannot capture dominant features with large 

scale structures. 

 

3. Principal Component Analysis 

PCA is a useful technique for face recognition and image 

compression. It is highly useful for finding patterns in case 

of high dimensional data .It includes standard deviation, 

Eigen values and Eigen vectors as well as covariance. PCA 

algorithm is highly robust includes parallelism and is 

relatively very simple. There are various approaches to 

face recognition ranging from the principal component 

analysis approach or Eigen faces. Prediction can be done 

through feature matching. PCA has been called one of the 

most valuable results from applied linear algebra. It is a 

dimensionality reduction technique based on extracting 

the desired number of principal component of the 

multidimensional data. Face recognition system consist of 

two phases [10-12]:  

 

Training phase (feature extraction) 

Recognition phase (feature matching) 

 

4.   Proposed Design Methodology:  

The proposed algorithm mainly consists of the following 

steps: feature extraction using CS-LBP, PCA for 

dimension reduction and facial expression classification 

using Euclidian distance.  

 

Fig. 2: Proposed system for expression recognition 

4.1 Center-Symmetric Local binary patterns (CS-

LBP): 
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The LBP operator described in introduction section 

produces long histograms and is therefore difficult to use 

in the context of a region descriptor. The solution of the 

above problem of LBP is solved in CS-LBP scheme. 

Instead of comparing each pixel with the center pixel, we 

compare center symmetric pairs of pixel. This halves the 

number of comparisons for the same number of neighbors. 

As in our case for eight neighbors LBP produces 256(28) 

different binary patterns but CS-LBP produces only 16(24) 

binary patterns. Furthermore, robustness on flat image 

regions is obtained by thresholding the gray level 

differences with a small value T. 

𝐶𝑆 − 𝐿𝐵𝑃𝑅,𝑁,𝑇(𝑥, 𝑦) =  ∑ 𝑠(𝑔𝑖 − 𝑔
𝑖+

𝑁

2

)2𝑟
𝑁

2
−1

𝑖=0
    (1) 

 

Where gi and gi+(N/2) correspond to the gray values of 

center-symmetric pairs of pixels of N equally spaced 

pixels on a circle of radius R. It should be noticed that the 

CS-LBP is closely related to gradient operator, because 

like some gradient operators it considers gray level 

differences between pairs of opposite pixels in a 

neighborhood. 

 

4.1.1 CS-LBP Feature Extraction 

With the help of CS-LBP operator feature of every pixel 

of the desired input area or say region is extracted. There 

are total three different parameters of the CS-LBP operator 

i.e., total number of neighborhood pixels P, and radius R, 

and threshold on the gray level difference H. Experiments 

results that good values of the above parameters are (1,2) 

for R, (0,….,0.02) for H and 6,8) for P. 

 

4.1.2 CS-LBP Feature Weight 

Each pixel of the interested area or say region is associated 

with weight that is based on the used feature. Experiments 

outputs that the linear uniform weighting is the best 

desirable selection for the CS-LBP features. That is we can 

easily discard the feature weight in our case. 

In order to incorporate spatial information into the 

descriptor, the input region is divided into cells with a 

location grid. For each cell of Cartesian grid CS-LBP 

histogram is created and the resulting descriptor is a 3-D 

histogram of CS-LBP feature locations and values. The 

number of different feature values (2P/2) depends on the 

neighborhood size (P) of the chosen CS-LBP operator. In 

order to avoid boundary effects in which the descriptor 

abruptly changes as a feature shifts from one cell to 

another, bilinear interpolation over x and y dimensions is 

used to share the weight of the feature between four 

nearest cells. The share for a cell is determined by the 

bilinear interpolation weights. The resulting descriptor is 

obtained by concatenating the feature histograms that is 

evaluated for the cells. With the help of resulting 

descriptor we obtain the feature extracted image and PCA 

is applied over the extracted image for the dimension 

reduction and finally Euclidean distance is used for the 

classification of expression states. 

 

4.2 Proposed Algorithm 

The proposed approach for facial expression recognition 

is divided into two different phases i.e. training phase and 

testing phase. The steps of each phase is explained as 

follows. 

(a) Training Phase 

(i) Read an image. 

(ii) Preprocessing i.e., resize and noise removal of 

the image. 

(iii)  Sub regions are extracted from the input image. 

(iv) Feature extraction methods over each region is 

applied using CS-LBP. 

(v) PCA is applied for dimensionality reduction. 

(vi) Repeat steps from i to v for all images in the 

database.  

 

         (b)Testing Phase 

(i) Read an image. 

(ii) Preprocessing i.e., resize and noise removal of 

the image. 

(iii)  Sub regions are extracted from the input image. 

(iv) Feature extraction methods over each region is 

applied using CS-LBP. 

(v) PCA is applied for dimensionality reduction. 

(vi) Distances between each training   

 Vectors with test vector are obtained. 

       (vii)Finally best match of     testing image with 

training images is calculated for expression 

classification. 

5. Results & Discussion  

We evaluated six basic universal facial expressions by 

extracting features through CS-LBP and PCA is used for 

dimension reduction and finally through distance metric 

expressions are classified.  
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The database used for our proposed approach is JAFFE, 

which is universally well known and accepted facial 

expression database. 

The Japanese Female Facial Expression (JAFFE) 

Database contains 213 gray images of 7 facial expressions 

including neutral posed by 10 Japanese female models. 

Here each image has four frontal face image for each 

expression. Each image has been rated on 6 emotions 

adjectives by 60 Japanese subjects. Figure 3 shows the 

sample images of Japanese Female Facial Expression 

(JAFFE) Database. The image of 10 subjects in the 

database are classified into six different expression class 

and then the result is evaluated using the proposed 

algorithmic approach. 

 

 
Figure 3: Sample images of JAFFE database 

 

Table 1: Confusion matrix of six expressions on JAFFE 

database using proposed method 

 

 HA DI SU AN SA FE 

HA 96.23 0 0 1.88 0 1.89 

DI 0 76 8 8 8 0 

SU 4.33 4.33 87 0 4.34 0 

AN 0 30 0 70 0 0 

SA 0 0 0 0 91.36 8.64 

FE 0 0 0 13.76 0 86.24 

Table 1 shows the expression recognition result of all six 

universal expressions i.e. of 

anger(AN),disgust(DI),surprise(SU),happy(HA),sad(SA) 

and fear(FE). 

 

Comparison of the proposed method with the 

Conventional existing principal component analysis 

(PCA) and local binary patterns (LBP) is shown below in 

Table 2. 

 

Table 2: Recognition rate (%) comparison of proposed 

approach with the existing methods. 

Facial 

Expressio

n 

Recognitio

n rate 

using 

PCA[14] 

Recognitio

n rate 

using 

LBP[15] 

Recognitio

n rate 

using 

Proposed 

Method 

Happy 95 95 96.23 

Disgust 70 75 76 

Anger 60 100 70 

Surprise 85 95 87 

Sad 90 90 91.36 

Fear - 80 86.24 

 

The above Table 2 shows that the proposed approach 

outperforms the conventional approach for various facial 

expressions. 

6. Conclusion 

 In this paper a highly efficient and effective approach for 

facial expression recognition is developed. We 

implemented a combination of two different algorithms 

and experiments shows that the proposed method is more 

effective in recognizing the different expressions of 

humans. The proposed method is restricted to classify 

frontal images. Here rotation of face or occlusions can also 

be taken into account for better performance of the system. 

In the future, the research will be extended to 3-D face 

modeling using multiple cameras which might improves 

the recognition rate in real world situation. 
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