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Abstract. Most of facial expression recognition methods generally use single 
feature extraction method currently. These methods can not extract effective 
features for each feature area. A method of facial expression recognition based 
on hybrid features and fusing discrete HMMs is presented in this paper. In this 
method, texture feature for the eye area is extracted by using Gabor wavelet 
transformation, and shape variety feature for the mouth area is extracted by using 
AAM. In the process of recognition, discrete HMM is adopted for expression 
recognition in each expression area respectively. The recognition results are 
fused by means of integrating the probability of each expression in each area with 
its weight obtained by contribution analysis algorithm, and the final expression is 
determined as which with the maximal probability. Experiments show that our 
method can get high recognition rate. 

Keywords: pattern recognition, facial expression recognition, hybrid feature 
extraction, Gabor wavelet transformation, active appearance model. 

1   Introduction 

Expression recognition is the basis of emotion understanding, and it is one of the ef-
fective approaches for computer to understand human emotion. Automatic facial ex-
pression recognition has many potential applications in areas such as human-computer 
interaction, emotion analysis, interactive video, indexing and retrieval of image and 
video database, image understanding and synthetic face animation. 

Facial expression recognition is to classify expression according to the movement 
feature and deformation feature of face based on vision characteristic. Expression results 
in facial deformation consequentially, and Facial deformation includes the information 
of expression classification. If we want to get the expression information, we must get 
the facial deformation information firstly. Facial deformation includes two aspects: 
facial texture variety and facial shape variety. In 1990s, with the development of tech-
niques of facial detection and recognition, the techniques of facial expression recogni-
tion developed quickly. The existing methods for facial expression recognition usually 
only use one kind of the feature described above, that is texture variety feature or shape 
variety feature [1-2], and these methods can not give attention to two kinds features. At 
the same time, the texture variety feature is obvious than shape variety feature in some 
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feature areas such as areas of eye and eyebrow, but in other feature areas such as area of 
mouth shape variety feature is obvious than the texture variety feature. So if we only use 
one kind of the features, we can not recognize facial expression effectively. In this paper, 
we present a method of facial expression recognition based on hybrid features and fusing 
discrete HMMs. We use different methods to extract expression features for different 
expression areas and use HMM to recognize expression in each expression area re-
spectively first. Then we fuse each probability of expression in each expression area by 
the weight obtained by contribution analysis algorithm. Finally, we use the expression 
with maximal probability as the recognition result. 

2   Expression Image Preprocessing 

Expression image preprocessing includes face sub-image segmentation, circumrotation 
revision and image normalization. There are many methods for face detection by far 
[3], because the emphasis of this paper is facial expression feature extraction and facial 
expression recognition, not face detection. We use Adaboost algorithm [4] to detect 
face sub-image. Because some times eyes may close, in this paper we use the position 
of the two eyebrows to fix on the angle should to rotate in the process of circumrotation 
revision. 

 

Fig. 1. Result of expression image preprocessing 

Grayscale equalization is to eliminate the influence due to illumination variety and 
ethnicity. Although the extracted features based on Gabor transformation is not insen-
sitive to illumination variety, grayscale equalization can improve the results. This task 
can he achieved by amending grayscale histogram to change the mean of the gray 
values of images and square error. The histogram amending equation is as below: 

( )0

0

σ
I(x,y)= I(x,y)-μ +μ

σ
, (1) 

where ( , )I x y and ( , )I x y are the intensities of pixel (x,y) before and after grayscale 

equalization respectively, 
0 0
μ,σ are the mean and the covariance value of the equalized 

image, andμ,σare those values of the original image. By grayscale equalization, all the 
values of the mean and covariance of the different gray-value image can be adjusted to 
the same. The goal of scale normalization, which can be implemented by the strategy 
based on bilinear interpolation, is to transform the expression sub-images into ones 
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with normal size so as to extract expression features conveniently and easily. The 
expression image preprocessing result is shown in Fig.1. 

3   Hybrid Feature Extraction 

In this paper, for the areas that have obvious texture variety feature such as areas of eye 
and eyebrow, we use Gabor wavelet transformation to extract their texture feature, and 
for the areas that have obvious shape variety feature such as area of mouth, we use 
active appearance model to extract their shape variety feature. 

3.1   Feature Extraction for Areas of Eyes and Eyebrows Based on Gabor Wavelet 
Transformation 

A Gabor filter is a complex sinusoid modulated by a 2D Gaussian function and is an 
important tool for signal processing in space and frequency fields. 2D Gabor wavelet 
transformation has wide applications in such research areas as image processing and 
pattern recognition etc. 

A 2D Gabor wavelet kernel function is defined as equation (2): 

( ) ( )
⎛ ⎞ ⎛ ⎞⎛ ⎞⎜ ⎟ ×⎜ ⎟⎜ ⎟⎜ ⎟⎜ ⎟ ⎝ ⎠⎝ ⎠⎝ ⎠

2 2
2

j j

j j2 2

k k x σ
ψ k,x = exp - exp ik x -exp -

2σ 2σ
 , (2) 

where i  stands for complex operation and the width of kernels is controlled by the 

parameter σ= 2π . jk is the wave vector and different Gabor wavelet functions can 

be defined by selecting different values of jk . The vector jk is defined as: 

( )Tj v
k = k cosj,sinj , where ( )- v+ 2 2

v
k = 2 π represents different frequency of a ker-

nel wavelet and ϕ  represents the orientation of Gabor wavelet. Because expression 

features are mainly described by high frequency components, we employ a discrete set 
of 3 different higher frequencies, indexing v = 0,1,2 , and six orientations, indexing 

π 2π 3π 4π 5π
j = , , , , ,π

6 6 6 6 6
. Thus, we have defined a family of 3×6  Gabor 

wavelet kernel functions to extract expression features. 
Gabor wavelet transformation at one lattice is defined as a convolution as below; 

( ) ( ) ( ) ( )∫ ∫j j j
G =ψ k,x *I x = ψ k,x I x dxdy  , (3) 

where ( )I x  represents gray-level lattice image and 
j

ψ is No.j kernel function and 

( )x = x,y represents the coordinates of a given pixel. The results of transformation  

are described by complex values, so we can calculate their amplitudes as the final 
transformation results. 
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We must fix on the region that will be executed by Gabor wavelet transformation 
before feature extraction. In this paper, we use the method based on gray information 
and Harris corner detection [5] to detect the position of the two eyes, and select a region 
that includes the eye and eyebrow according to the position of eyes, here the region is 
100×35 , and execute Gabor wavelet transformation in the selected region. We se-
lect5×5 grid as transformation unit, shown in Fig. 2, and use the module of trans-
formation result as feature parameter. For the texture feature extracted by Gabor 
wavelet, every frame includes20×7 feature parameters. Assume there are 10 frames 
in every expression sequences, so there are 1400 feature parameters in a total. We adopt 
these feature parameters to train the model of the eye and eyebrow, and to get six 
probabilities of belonging to the 6 expressions. 

 

    

Fig. 2. The latticing of eyes region and the feature vector graph based on Gabor wavelet  
transformation 

3.2   Feature Extraction for the Area of Mouth Based on Active Appearance 
Model 

Active Appearance Model (AAM) is to build objects’ shape and appearance model 
through statistical study for objects’ shape and texture. It derives from ASM, but it 
needs training of object’s texture. ASM is presented by Cootes [6] first. ASM build 
shape model through studying the shape information of the training samples, and it 
does not consider enough for the object’s texture information (color or gray informa-
tion). But AAM consider this problem, and it can obtain better detection result through 
training the shape and texture information of the model.  

AAM is an optimizing problem. It synthesizes the appearance model from the image 
and model parameters, and minimizes the difference between the model’s appearance 
and actual image through adjusting the model’s parameters. The difference vector is 
defined as: 

i m
δI = I - I , here iI is the texture vector of current image, mI is the tex-

ture vector for synthetic model. In order to get the optimizing model matching the 

image，we minimize the gray difference vector
2

Δ= δI  through adjusting the 

model’s parameters. Because the model may have many parameters, and this causes the 
optimizing problem to a multi-dimension optimizing problem. Usually select iteration 
algorithm to minimize model’s parameter Δ . 

In order to reduce the searching region of AAM and reduce computing, we use the 
position of eye fixed by using the method mentioned above as the initial search posi-
tion. Fig. 3 shows the result of AAM. After detecting the position of mouth, we select  
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the height and width of the mouth stretched, the horizontal and vertical displacement of 
the left and right corner of the mouth, and the vertical displacement of the middle point 
of upper and lower lips as the feature parameters of the mouth region. Definition of 
feature vector for the mouth area is shown in Table 1. For the shape variety features 
extracted through AAM, every frame includes 8 feature parameters. Assume there are 
10 frames in every expression sequences, so there are 80 feature parameters in an ex-
pression sequence. We adopt these feature parameters to train the model of the mouth 
region, and to get six probabilities of belonging to the 6 expressions. 

 

 

Fig. 3. Detection result of AAM 

Table 1. Definition of feature vector for the mouth area 

dimension physical meaning dimension physical meaning 

1 width of mouth 5 
vertical displacement of 

middle point of upper lip 

2 height of mouth 6 
vertical displacement of 

middle point of lower lip 

3 
vertical displacement 

of left mouth corner 
7 

horizontal displacement 
of left mouth corner 

4 
vertical displacement 

of right  mouth corner 
8 

horizontal displacement 
of right mouth corner 
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4   Facial Expression Recognition Based on Hybrid Features and 
Fusing Discrete HMMs 

Hidden Markov Model is composed of two stochastic processes, one is inherent limited 
Morkov chain, and the other is stochastic process of observation vector correlating with 
the each state of Morkov chain. The two stochastic processes associate to each other, 
and describe the statistical characteristic of signal synchronously. The characteristic of 
Morkov chain is opened out by signal observed. Because the image sequences have 
some time interval, the extracted features from the image sequences are also discrete. In 
order to correctly classify the discrete features, we use discrete HMM as a feature 
classification model. 

A standard Hidden Markov Model can be denoted by five parameters [7]: 

λ=(N,M,π,A,B). (4) 

Here, N is the state number of model, q denotes the state in time 

t , ≤ ≤ ≤ ≤
t

1 q N,1 t T ,T is the length of observation sample sequence. 

M is the observation number of each state, assume to is the possible observation in 

time t ,so ≤ ≤
t

0 o M - 1 . 

N
π  is initial state distributing probability, it is a N dimension vector, 

i
π={π } , 

here
i 1

π = P(q = i) , ≤ ≤1 i N . 

N×N
A is state transition matrix, denotes the probability form state i  to 

state j ,
ij

A ={a } , here ≤ ≤
ij t= j t-1
a = P(q | q = i),1 i,j N , and they must meet 

≥
ij
a 0, ∑

N

ij

j-1

a = 1, ≤ ≤1 i N . 

M×N
B is observation probability matrix, denotes the  probability of to  in time t and 

state j ,
j t

B ={b (o )} , here, 
j t
b (o )＝P(Ot = ot | qt = j)  , ≤ ≤ ≤ ≤1 j M,0 ot M - 1  

and ≥ ≤ ≤
j t
b (o ) 0， 1 j N , in the same time ≤ ≤∑

t

M -1

j t

o =0

b (o )= 1,1 j N . 

Usually let λ  denote the parameters of HMM, it includes an initial state distributing 
vector and two probability matrixes, λ=(π,A,B) . In order to describe the actual 
temporal process, we must build HMM accurately, that is to determine the parame-
ter λ . Parameter λ of HMM can be calculated by the probability value P(O |λ) , this 

probability is needed when calculating the back probability, here
1 2 T

O =(o ,o ,...o ) is 

observation sample sequence. We selectT frame expression images from neutral frame 
to maximal expression frame as an expression image sequence. In order to calculate the 
probability P(O |λ) , we must select the state number N and the observation num-
ber M , and then calculate the initial probability distributing vector, state transition 
matrix and observation probability matrix. 

In this paper, we select N = 4 . Considering the generality of our model, that is the 
expression is not always change from neutral frame to maximal expression frame, the 
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expression state can skip among each other, the topological structure of our HMM is 
shown in Fig. 4, which makes the state can transit from each other. At the same time, 
because we assume the expression always from neutral frame, so we confine the initial 
probability vector, that is

i i
π = 1(i = 0),π = 0(i≠ 0,i< N) . Because the key points 

of mouth can move along the negative direction X-axes or Y-axes of the image, the 
observations we obtain are negative. These observations can not directly input to 
HMM. We must normalize them to the range of [0,M - 1] . 

21

4 3

 

Fig. 4. Topological structure of our HMM 

Preprocessing of image sequences 
and expression sub-image segmentation 

Extracting texture features  
for the eye area in image 
sequences using Gabor wavelet 
transformation 

Extracting shape variety 
features for the mouth area in 
image sequences using AAM 

Calculating P2j (1<=j<=6) for 
the mouth area using HMM 

Pj=P1j*w1j+P2j*w2 j (1<=j<=6) 

If (Pj = MAX(P1,P2,P3,P4,P5,P6))
Then output expression j 

Calculating P1j (1<=j<=6) for 
the eye area using HMM 

 

Fig. 5. Scheme chart of expression recognition 
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Table 2. Weights for each expression areas 

weight angry sad disgust happy fear surprise 

Mouth area 1ω  0.57 0.55 0.41 0.29 0.34 0.50 

Eye area 2ω  0.43 0.45 0.59 0.71 0.66 0.50 

 
The process of facial expression recognition is shown in Fig. 5. We preprocess the 

testing image sequences and segment expression sub-images such as eye area, mouth 
area fist. Then we extract texture features for the eye area in image sequences using 
Gabor wavelet transformation and extract shape variety features for the mouth area in 
image sequences using AAM parallel. After that, we use HMM to recognize expression 
in each expression area respectively, and then fuse each probability of expression in 
each expression area by the weight obtained by contribution analysis algorithm. Fi-
nally, we use the expression with maximal probability as the recognition result. As-
sume the probability of the expression in each expression area 
is ≤ ≤ ≤ ≤

ij
p (1 i 2,1 j 6) , we can calculate the fusing probability for the six expres-

sions by ≤ ≤∑
2

j ji ij

i=1

p = ω p (1 j 6) . If 
j 1 2 3 4 5 6

p = MAX(p ,p ,p ,p ,p ,p )  then we out-

put expression j . 

The weight of contribution to each expression area for each expression is fixed by 
using contribution analysis algorithm when training template [8]. Here the weight of 
contribution to each expression area for each expression is defined as follows: 

1

ˆ ˆcov( ( ), ( ))1
( 1,2)

var ( )

n
t j tj

j
t t

y x
j

n y

θ φ
ω

θ=

= =∑ . (5) 

Here, 
2

1

( ) ( )t j tj t
j

y xθ φ ε
=

= +∑ ,
2

1

( ) ( )t j tj t
j

y xθ φ ε
=

= +∑ , ( )tyθ is function of Euclid 

distance y which is the distance between the probability of expression image sequence t  

and the probability of template. ( )j tjxφ is quadratic function of probability tjx which is 

probability of the expression image sequence t in expression area j . tε is stochastic 

error, ˆ ( )tj tjxφ and ˆ( )tyθ are optimal functions which are iterated by using ACE 

(Amended Conditional Expectation) algorithm. In this paper, n = 10 . The weight of 
contribution to each expression area for each expression is shown in Table 2. 

5   Experiment Results and Comparisons with Other Works  

Our algorithm is experimented on Cohn-Kanade facial expression database. Firstly, we 
select 10 image sequences for each expression to train model. Then, we select 40 image  
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sequences from different persons to test. There are 240 image sequences in total. The 
recognition data and recognition rate of the six expressions are show in Table 3, the 
average recognition rate is about 90.42％. Experiments show that facial expression 
recognition based on hybrid features and fusing discrete HMMs can effectively  
recognize the six basic expressions of image sequence. 

In order to validate the advantage of facial expression recognition based on hybrid 
features and fusing discrete HMMs, we respectively experiment three facial expression 
recognition methods, which are the method of single feature and single HMM, the 
method of hybrid features and single HMM, and the method of hybrid features and 
fusing discrete HMMs. The training templates and testing samples are same with pre-
vious method. 

Table 3. Experiment results 

 happy surprise sad fear angry disgust Recognition rate 

happy 38 1 0 1 0 0 95% 

surprise 1 39 0 0 0 0 97.5% 

sad 0 0 34 0 3 3 85% 

fear 2 1 0 37 0 0 92.5% 

angry 0 0 0 4 35 1 87.5% 

disgust 0 0 3 0 3 34 85% 
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Fig. 6. Experiment results of the three methods 

Fig. 6 shows the experiment results about the three methods. From Fig. 6, we can 
find that the average recognition rate in the method of this paper is higher than the other 
two methods, especially for some easily confused expressions, for example sad, angry 
and fear, our method has obvious higher recognition rate. But for the surprise expres-
sion, the recognition rate in our method is lower than the method AAM plus HMM. The 
main reason is that surprise expression has obvious shape deformation features in the 
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areas of eyes and mouth. So the method of AAM+HMM has better performance for 
recognizing the surprise expression.  

6   Conclusion 

The methods about how to effectively extract expression features and recognize ex-
pression is studied in this paper. Firstly, we segment the face image from each image in 
the image sequence, and execute the operations of gray and scale normalization, cir-
cumrotation revision for the sub-face image. Then a hybrid feature extraction method 
based on AAM and Gabor wavelet transformation is presented in this paper. After that, 
we use HMM to recognize expression in each expression area respectively, and then 
fuse each probability of expression in each expression area by the weight obtained by 
contribution analysis algorithm. Finally, we use the expression with maximal prob-
ability as the recognition result. Experiments show that our method can recognize the 
six basic expressions effectively. Especially for the easily confused expressions such as 
angry, sad, fear, our method also can recognize much better. 
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