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Abstract: According to the fact that the Gabor features of the global face image are interfered easily, the 
method of facial expression recognition based on the Gabor transforming to the key area of the human face 
image was discussed. The face features location was achieved by the active shape model and the Gabor features 
of the local area of the key points relation to expression was extracted. On the basis, the PCA was utilized to 
realize dimensional reduction of the Gabor features. On the end, the facial expression recognition was realized 
based on the support vector machine. Compared with the global face image Gabor features, experimental results 
demonstrate that Gabor features of the key area of human face image can increase the accuracy of the facial 
expression recognition effectively. Copyright © 2014 IFSA Publishing, S. L. 
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1. Introduction 
 

Human computer interaction is refers to between 
the user interacts with the machine through the media 
and certain methods. The well man-machine 
interaction way can greatly improve the availability 
of the machine. The development of human-computer 
interaction pattern has developed from language 
command interaction stage, graphical user interface 
phase to the natural and harmonious interaction stage. 
In order to make human-computer interaction more 
harmonious, some new human-computer interaction 
technologies have been becoming the focus of the 
research. Facial expression recognition is an 
important part of human computer interaction and 
affective computing. The research of effective 

human-computer interaction based on the effective 
recognition for facial expression has important 
significance to satisfy the client's emotional need  
and improve the level of intelligence of human-
computer interaction. 

From twentieth Century 90 years, the study of 
facial expression recognition has become very active. 
The domestic and foreign various research 
institutions have carried out a lot of research on the 
facial expression recognition. However, the 
expression feature extraction and expression 
classification is still in the exploration. 

One of the difficulties in research is how to 
extract the complete, robust, compact and 
distinguishing expression characteristic, in order to 
improve the accuracy of classification. Therefore, the 
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way of extracting and classifying expression features 
has become the key of the research. The main 
characteristics of commonly used at present include: 
the geometric features [1, 2], statistical 
features [3, 4], frequency domain features [5, 6], etc. 
The main classification methods include: linear 
classifiers, neural network classifier, support vector 
machine [7-10]. 

At present, using the Gabor feature to represent 
the face image has been widely used in the field of 
facial expression recognition. In many studies, the 
recognition rate was improved [11-13]. Gabor kernel 
function is a good description of the feeling 
characteristic of simple visual neurons of the 
mammalian primary visual system [14], which is 
beneficial to extract facial expression feature. At 
present, Gabor feature extraction of facial 
expressions are almost based on face global image or 
some local region from the uniform sampling 
point [15-17]. There is a lack of the extraction and 
processing of characteristic of key areas. In this 
paper, the key face area to determine the effect of 
facial expression communication is ascertained by 
the active shape model. On the base, the work of 
extraction and recognition of Gabor features has been 
taken, which is helpful to improve the recognition 
and understanding of facial expressions. 
 
 

2. Determining Critical Regions of the 
Face Based on Active Shape Model 

 

The active shape model (ASM) [18] is a kind of 
feature matching method based on statistical model 
taking the contour of the target object as the training 
sample structure model. It can change the model 
flexible shape to fit the target shape is uncertain, and 
the shape change is controlled in the range of models 
within the allowed. The main steps of using ASM to 
determine key area of face is as follows: firstly, some 
training samples with a set of feature points to 
describe facial key points shape are selected to 
construct a statistical model. Secondly, local texture 
model is used to search the optimal position of 
feature points in target image. At the same time, the 
parameters of the statistical model is adjusted 
according to the search results to match the model 
and the target object contour step by step, so as to 
achieve accurate positioning of target area. 
 
 

2.1. Determining the Initial Position  
of the Shape Model 

 

Before the shape model positioning, image 
preprocessing should be taken to eliminate the effect 
of image size, light and other factors. Firstly, the 
rectangular regions was determined according to the 
facial feature points and geometric model for 
calibrating image size by tailoring, which guaranteed 
the consistency of the face position size and the 
geometric normalization. Then, by using histogram 

equalization, the effect of light and light intensity of 
the light was eliminated. 

In face image, the pupil is one of the facial 
features more obvious, so the pupil position was used 
to determine the initial position of the average shape 
model. Firstly, Adaboost method was used to detect 
the face region in an image. Considering the gray 
value of pupil is relatively lower than the pixels 
around, therefore, the mathematical morphology 
method is used to detect the gray valley region. Then 
the valley region and the candidate region of the 
pupil were extracted in the face image: 

The ideal pupil image has internal uniform gray, 
and the gray value is significantly lower than the 
outside, which is suitable for a uniform threshold of 
pupil segmentation. Due to the impact of uneven 
illumination and noise, the actual image is difficult to 
accurately segment the pupil boundary. So, the Otsu 
method of multilevel gray clustering was taken to 
segment pupil non edge regions. The Otsu method 
use gray threshold T to divide L gray level histogram 
into two categories. The value t which guarantees the 
variance of two classes is the maximum will be taken 
the segmentation threshold T. The formula to choice 
threshold T can be written as follows: 
 

 })]t(u)t(u)[tg (t){g  max ArgT 2
2121

Lt
−=

∈
（ , (1) 

 

where (t)g1 , (t)g 2  represent the number ratio of two 

classes divided by the gray threshold T in the total 
number of pixels respectively. (t)u1 , (t)u 2  

respectively represent average gray of pixel value of 
two kinds. According to equation (1), the variance 
computation is proportional to the gray level of the 
image.  

Segmenting the image by the threshold T 
obtained by Otsu method, the segmentation result 
possibly include the pupil edge region and non pupil 
region, causing amplification segmentation of pupil 
area. Therefore, based on the first classification, 
classification of low gray range pupil region again 
was taken to reduce the maximum variance between 
classes. In this paper, when the maximum between 
class variance is less than 10, classification process 
was stopped, the threshold of the stop time is taken as 
two value segmentation threshold for the  
whole image. 

For there had discrete noise in the segmented 
image, the region growing method was taken to mark 
connected area. Noise region was removed based on 
its small area and. the pupil area was roughly 
obtained. Light reflection image possibly form holes 
in the segmentation of the pupil. The pupil region 
was repaired based on the approximate circular 
geometric characteristics of the pupil. The hole 
completely surrounded by the pupil pixels was 
directly filled. The hole partially surrounded cause 
pupil outside local depression. According to the 
circular convex features, the region is gradually filled 
until the region had no concavity. 
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Finally, Hough transform, separation filter and 
template matching method were utilized to extract the 
pupil. The pupil localization result in face images are 
shown in Fig. 1. 
 
 

  

  
 

Fig. 1. The pupil localization result in face images. 
 
 

In face image, the pupil position extracted was 
taken as the initial position of the average shape 
model, and then through the rotation, scaling and 
translation method, average shape of the real shape 
model was adjusted to close the actual shape of the 
face image, namely, to find the best location for each 
key point. 
 
 
2.2. Establishing the Face Shape Model 
 

In ASM, a shape is represented with a set of 
calibration points, the key point to a group of the 
most can manifest its feature, called the point 
distribution model. The key point of the general 
election is always selected in the place with the 
object contour feature, such as corner points, T 
shaped connection etc. At the same time, in the 
middle of the boundary points with contour feature, 
some intermediate points are selected with 
equidistant sampling mode, so a collection of feature 
points reflecting the characteristics of target contour 
are gotten. 

The number of face images was selected as a 
training sample, and then the 72 mark points were 
taken in each face, including the characteristics of the 
face in the eyes, nose, eyebrows, mouth and the outer 
contour of the face on the boundary, as shown  
in Fig. 2. 

Through annotation, feature points in each face 
image in the training collection can be expressed as 
2 × n dimensional vector: 
 

 
1 2 1 2

ˆ ( , , , , , , , )
n n

X x x x y y y=   , (2) 

 
 

Fig. 2. The face shape represented by 72 landmark points. 
 
 

In the equation, n=72 is the number of key 
features defined in advance. 

All of the training images were extracted the 
contour feature points by the above methods get the 
training sample set }X,X,X{ N21 =Ω , N is the 

number of training samples. The vector in the 
training sample set was generalized aligned to the 
same axis by affine transform to get training samples 
as follow: 
 

1 2
1 2 1 2

{ | , , , ( , , , , , )}i i i i i iL X i N X x x x y y y
i i n n

= = =   , (3) 

 
Principal component analysis is performed on the 

training samples, which can obtain the statistical 
shape model of ASM. The specific process is  
as follows: 

1) Calculating the average shape of the training 
sample vector: 
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2) Calculating the covariance matrix of the  

shape vector: 
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3) Determining the statistical shape model: 
Let S nonzero eigenvalue and eigenvector 

corresponding to im  and in . These feature vectors 

describe the change pattern of shape space. The first t 
eigenvalue was taken according to the order from big 
to small and to satisfy the following formula: 
 

 

h

m

m
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j

t
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= , (6) 

 
where h is 0.95. The feature vector corresponding 
with the top t features instead of all the eigenvalues 
and the corresponding eigenvectors can be a good 
approximation to the true shape. 
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The principal component eigenvectors reflects the 
main mode shapes in the training sample variation. 
With controlling the shape parameters in the relative 
low dimension in the statistical shape model, the new 
shape vector can be gained by superimposing shape 
deformation on the average shape on principal 
component feature vector direction. Controlling the 
scope of the shape parameters, can guarantee the 
shape and the training sample shape new shape 
vector describes similar. The global shape model 
constrained the shape changes in the allowable range 
of the model during the search update process. 

Either face shape X in the t shape subspace can be 
expressed as: 
 

 TnbXX += , (7) 
 

where T
t21 )n,n,n(n = , and t21 mmm ≥≥≥  . The 

parameter b is the main component parameters which 
controls coefficient of the top t feature values, and 

ii m3b ≤ . 
 
 

2.3. Local Texture Model 
 

Locating the shape of the face based on active 
shape model need matching the search point and the 
target feature points. The matching process is mainly 
based on the different characteristics of local texture 
distribution of the different feature points. For the 
different contour feature points, pixel intensity 
distribution along the normal direction of the contour 
has different distribution, as shown in Fig. 3. 
 
 
 

 
 

Fig. 3. Pixel intensity distribution in the normal direction  
of the upper lip edge center. 

 
 

All the local texture models using the Gauss 
distribution model was built for corresponding to 
each facial feature points, so as to realize the 
matching search point and target feature points. For 
the j feature points in the image of i, taking the 
derivative and normalized calculation for the gray 
values of the certain length pixels along the normal 
direction of the line between point j and neighboring 
points, the vector ijg  was gotten. Repeat the above 

process of N image, the mean value jg  and 

covariance matrix gjC  of local texture of each 

feature point can been obtained as the local texture 
model of the point. 

Using this model, when search was taken for a 
feature point the best candidate in an unknown face 
image, for each candidate points in the neighborhood 
of the feature points, the Mahalanobis distance 
between the local texture and the training of local 
texture are calculated. The best candidate feature 
point has the minimum Mahalanobis distance.  

Mahalanobis distance was defined as: 
 

 )gg(C)gg()g(d j
'
j

1
gjj

'
j

'
j −−= − , (8) 

 

In the formula, '
jg is the normalized texture vector 

of the candidate points. 
 
 

2.4. The Search Process 
 

The search process employs global shape model 
and local texture model to locate the feature points 
predefined in a new face image. The basic process is 
as follows: 

1) Taking the average shape to initialize the shape 
X, ASM was utilized to search each calibration point 
neighborhood to determine the best matching 

position 'X ; 
2) Calculating the difference value of two shapes 

by the formula 'XXdX −= . Obtaining the parameter 
b by the formula (6). 

3) Updating the shape parameter by taking 'X  as 
the new matching shape  

4) Repeating the above process until the change 
of new shape and former shape is sufficiently small. 

Using the active shape model, feature point 
locating process was taken for the face images in the 
database, some results of image as shown in Fig. 4. 
 
 

  

  
 

Fig. 4. Part of the results of the feature positioning. 
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As can be seen from the graph, the ASM method is 
suitable for face feature point positioning and 
provides a good basis for facial feature extraction. 
 
 
3. Gabor Feature Extraction  

and Recognition of Facial Expressions 
 
3.1. Extraction of Key Regional 

Characteristics of Gabor 
 

Gabor wavelet kernel function is composed of a 
set of filters of different scales in different directions, 
has good time-frequency localization characteristics 
and the multi-resolution characteristics, so it is 
applied widely in the field of computer vision and 
image analysis. In the extraction of facial expression, 
Gabor wavelet kernel function has the same 
characteristics with the 2 dimensional reflection area 
of the human brain cortex simple cell, has the ability 
to extract local image subtle changes. The 
characteristics of the Gabor wavelet kernel function 
is well agree with the fact that the expression 
information is mainly reflected in local face regions 
and is very suitable for facial feature extraction[19]. 

Gabor wavelet kernel is defined as follows: 
 

( )
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In the equation, the u parameter control Gauss 

band width, the k parameter control Gauss window 
width and the wavelength and direction of the 
oscillating part, k is expressed as 

T
v )esin,e(coskk = , π= +− 2/)2v(

v 2k  is the wavelet 

kernel frequency, the e parameter represents the 
direction of Gabor wavelet transform. 

Gabor can effectively extract the features of 
expression, especially in edge of the corners of the 
mouth, eyes, and eyebrows [20]. However, when 
using Gabor transformation in some face areas 
independent to the expression, such as the edge 
contour of hair, cheek, jaw, some corresponding 
interference information will be brought, which is not 
conducive to the behind feature matching work. In 
addition, the Gabor feature extraction, in order to 
avoid too much computation, often needs to split the 
whole face image, calculating the Gabor wavelet 
features within each grid. However, not every grid 
contains expression information, and the key regions 
of the same expression, such as eyes, may be split in 
different grid, resulting in the defects of facial 
expression extraction [21]. 

Therefore, according to the positioning results of 
active shape model, 29 key points of key areas of 
eyebrows, nose, mouth etc was selected. Taking each 
key point as the center of 7 × 7 size grid, Gabor 
convolution was calculated in each grid. The Gabor 
feature vectors extracted correspond to the following: 

=∗= dxdy)y,x(I)y,x(p)y,x(I)y,x(pG jjj , (10) 
 

In the formula, )y,x(I is the pixel gray value in the 
corresponding grid, )y,x(p j  is the j kernel function. 

In the Gabor feature extraction of face image, 
usually with multiple Gabor filters in different scales 
and orientations consisting of a filter group, and the 
parameter is selected according to the characteristics 
of image and neurophysiologic results. 

Taking the commonly used selection: 5 different 
Gabor scale, )4,3,2,1,0(v ∈ , 8 different directions with 

)7,6,5,4,3,2,1,0(u ∈ , taking parameter 

4/3kmax = , 2f = , so 40 filters were gotten. The 

final Gabor feature vector consisting of given 
components whose number is 29×40=1160. 
 
 

3.2. Feature Dimension Reduction and SVM 
Identification 

 

JAFFE facial expression database was employed 
as the object. JAFFE expression library has a total of 
10 Japanese women's 216 face images, including 
happy, sad, angry, disgust, fear, surprise, calm  
face. The 120 image samples were selected as  
the training samples and 96 images were chosen for 
face recognition. 

Principal Component Analysis (PCA) was used to 
the Gabor features extracted for reducing the 
dimension feature. The principal component features 
were chosen from large to small and were classified 
by the nearest neighbor classifier. Different feature 
dimensions are obtained expression recognition 
correct rate as shown in Table 1. 
 
 

Table 1. Recognition correct rate of different  
feature dimensions. 

 
The feature dimension The recognition rate (%) 
The original dimension 90.6 
The first 80 dimensions 90.7 
The first 50 dimensions 91.7 
The first 30 dimensions 92.7 
The first 15 dimensions 90.6 

 
 

As can be seen from the table, when selecting the 
top 30 dimensional principal component 
characteristics, the correct recognition rate is highest. 
Therefore, the top 30 dimensional components were 
chosen as a feature vector of dimension reduction. 

Support Vector Machines (SVM) is a new pattern 
recognition method based on statistical learning 
theory, has many advantages in solving small sample, 
non-linear, high dimension pattern recognition 
problem [22-24]. It constructs the optimal hyper 
plane, which makes the classification of unknown 
samples has the best generalization ability.  

According to the structural risk minimization 
inductive principle, SVM construct the optimal hyper 
plane in order to minimize the upper bound of the 
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expected risk by minimizing Vapnik-Chervonenkis 
confidence in the fixed learning machine experience 
risk conditions. For the two class of linear separable 
case, it can be directly to construct the optimal hyper 
planes and let all vector of the sample sets satisfy the 
following conditions: 

1) The vector can be classified correctly by a 
hyper plane. 

2) The distance between the hyper plane nearest 
heterogeneous vector and the hyper plane is greatest, 
namely classification interval is greatest. 

Among them, condition (1) is to ensure that the 
empirical risk minimization, conditions (2) is the 
smallest VC confidence, so that the expected risk  
is minimization. 

Here, the optimal hyper plane structural problem 
is essentially to solve the constraints of a two 
quadratic programming problem. The optimal 
classification function is: 
 

 
}b)x,x(kaysgn{)x(f

L

1i
iii

=
+= , (1) 

 

where ),(k ••  is the kernel function, )sgn(• is the sign 
function, L is the number of training samples. 

In the classification function, some xi 
corresponding to ai= 0, some of the xi corresponding 
to the ai>0. Because the vector of these has a non-
zero value corresponding to the ai support  
the optimal classification face, therefore is called 
support vector. 

For the linear SVM, kernel ),(k ••  is two vector 
dot product operation. For the nonlinear case, by 
nuclear space theory, the input vectors are mapped to 
a high dimensional feature space with the nonlinear 
mapping to construct the optimal hyper plane. Kernel 
function used a polynomial, radial basis form, the 
two layer perception neural network. Selecting kernel 
function with different forms of K, the different 
support vector can be gotten. 

Since the SVM itself is a method of processing 
two kinds of problems, for multi class pattern 
recognition problem, can be decomposed into a 
combination of two kinds of problems to achieve. 
There are 2 strategies: 1) "One to many" strategy, 
constructing P two class classifier for P classes, each 
classifier will distinguish one class to all other 
classes; 2) "One to one" strategy, constructing  
P (P -1) / 2 two class classifiers for P classes, each 
classifier which will be 2 categories distinguished 
from each other. 

This paper adopted the "one to one" strategy for 
multi class pattern recognition. For each of the two 
categories classifiers were designed, one class of 
samples was used as the positive samples, one sample 
as negative samples. In the test, the "voting" strategy 
was utilized. The test sample was sent into all the 
classifiers, discriminating results of each classifier 
"votes" for each category, and finally the test sample 
was discriminated to the category with the largest 
number of votes. If two or more categories have 

equal votes number, then the nearest neighbor 
classification will be used to calculate the distance 
between test sample and training samples of these 
categories. The sample will be sentenced belong to 
the category with minimum distance. 

There are various forms of SVM kernel function. 
In the paper, the radial basis function (RBF) 
kernel [25] was employed for facial expression 
recognition with the feature vector of dimension 
reduced. At the same time, the global image was 
divided into 7 × 7 size of mesh. The same Gabor 
feature extraction and dimensionality reduction 
process is taken to obtain the corresponding 
recognition results for comparing with the key region 
Gabor features. The recognition results were shown 
in Table 2. 
 
 

Table 2. Recognition rate of key region Gabor features  
and global region Gabor features. 

 

Expression 
The recognition rate(%) 

Key region 
Gabor features 

Global region 
Gabor features 

Happiness 92.9 85.7 
Sadness 92.9 85.7 
Anger 93.3 85.7 
Peace 83.3 75.0 
Disgust 85.7 78.6 
Surprise 92.3 84.6 
Fear 92.9 85.7 

 
 

As can be seen from the table, comparing using 
the global region Gabor features, the accuracy of 
expression recognition was effectively improved by 
employing the key regional Gabor features. 
 
 

4. Conclusions 
 

According to the problem that the traditional 
global Gabor expression features is vulnerable to 
interference, the paper used the Gabor transform 
features of the face critical region to achieve 
recognition of facial expressions. The active shape 
model was employed to locate key points of facial 
features, and the local regions mostly relevant to the 
expression were chosen to make Gabor feature 
extraction. For Gabor features extracted were reduced 
the dimension by the PCA, and the SVM method was 
employed for face recognition. Recognition results 
show that, compared with the Gabor characteristics 
of global image, according to the Gabor 
characteristics of key regional face extraction can 
effectively improve the recognition of facial 
expressions rate. The method has good application 
value in human-computer interaction for developing 
good man-machine interface.  

On the basis of this study, also need to consider 
the effect of image capture proceeding in complex 
environment for human-computer interaction, the 
identification method with more stability and  
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more adaptability will be carried out in further 
research work. 
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