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Abstract 

It is easy for the internet learners to generate learning fatigue because of the long-term 

lack of emotional interaction in the learning process, and learning fatigue often manifests 

through the eye condition, in order to do effective monitoring for remote intelligent 

tutoring system, the learning fatigue eye state recognition algorithm is put forward based 

on Gabor wavelet and HMM. The algorithm has certain distinguishing characteristics 

aiming at the degree of eye openness of network learner under 3 learning states: normal 

learning, fatigue and confusion, first, it does gray difference disposal for eye image by 

Laplace operator in YCbCr color space, then, it selects two-dimension Gabor kernel 

function to build 48 optimal filters, obtain 48 characteristic values, these 48 

characteristic values generate 48 eigenvectors, at last, it use a set of observation 

sequence O formed by eigenvector of HMM for eye state image to do eye state 

recognition. Experimental results show that the recognition rate of this algorithm for 

network learning reaches 95.68%, and this algorithm has a good robustness. 

 

Keywords: Learning fatigue; Wavelet transform; Hidden Markov Model; Facial 

recognition 

 

1. Introduction 

Due to the lesser study on fatigue detection technology in the field of education, 

detection methods on network learning fatigue detection, and mature driver fatigue 

technology has certain reference significance on the early warning research on learning 

fatigue of network learners. The existing face recognition research shows that the state of 

eye and mouth of network learners in the learning fatigue is an important factor to show 

whether the learners have fatigue or not[1][2]. This paper presents a learning fatigue eye 

state recognition algorithm based on Gabor wavelet and HMM and this algorithm is 

nested in remote intelligent tutoring systems. The method does gray difference disposal to 

eye image by Laplace operator in YCbCr  color space; then it structures and selects two-

dimension Gabor kernel function, structure 48 optimal filters, gets 48 eigenvalues, these 

48 eigenvalues generate 48 eigenvectors, using HMM to do state recognition to 

observation sequence O , and this sequence is composed of eigenvectors of eye image. 

 

2. Image Preprocessing 

In our method, using the following equation to obtain color space of YCbCr from 

RGB  color space, among, R , G , and B  respectively are red, green, and blue 

components of color image. Standard range ofY , Cr and Cb is [0, 255]. 
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Compared with the facial forehead area, eye area has low intensityY , low red degree 

( Cr ) and high blue degree ( Cb ). By the fact, we can process the input image to 

grayscale images in advance. PDF of gray difference between neighboring pixels can be 

approximatively stimulated by generalized Laplace operator. See gray method in Figure 1. 
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Among I is the gray difference,  depends on the distance between the positions of 

two sample images,   is a parameter which is approximately equal to 0.5, ZL is 

normalization constant. In the following, we assume that 0.5  , this means 4ZL   . 

Ture border

Model 

outline

Measuring line

 

Figure 1. Definition of Edge Contour 

Figure 2 shows the distribution of gray difference in eye image. The gray difference 

calculated on different skin scale is shown as the following figure. We can see from the 

figure, the distribution of gray difference of eye image can be approximatively stimulated 

byYCbCr . In addition, you can still see the width k of the distribution increases with 

scale. 

 

 

Figure 2. Gray Difference Distribution of Different Scales in Eye Image 
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Figure 2 The distribution of gray difference on different scales in eye image. The scale 

parameters refer to the distance between gray measurements.  "Measure 1" refers to the 

distance of a pixel, "measure 4" refers to the distance between the four pixels 

Figure 2 shows the distribution of gray distribution in eye image. The gray difference 

calculated at different  scales is shown as the figure. We can see from the figure, the 

distribution of gray distribution in eye image can be approximatively stimulated by 

generalized Laplace operator, see the definition in equation (2). In addition, we can still 

see the width of the distribution increases with scale. The reason for this phenomenon is 

that, with the increase of , the correlation of the pixel values becomes weak. 

Then, use threshold T to binarize gray level image to “binary image” by simple global 

threshold. After linearization, the next task is to get the 4 connected components, to label, 

and then to find the center of each chunk. We stick labels on two eyes, mouth, ears, etc. 

See detailed results of the connected components in [4]. 

The image after processing is shown as Figure 3. 

 

 
a) Binary image of the left eye area 

 
b) Binary image OF the right eye area 

Figure 3. Image Processing of Eye Area 

 

3. Feature Extraction of Gabor Filter 

2D Gabor wavelet transform is an important tool for time-frequency domain to do 

signal analysis and processing, and its transform coefficients have good visual 

characteristics and biological backgrounds. Gabor filter with different parameters can 

capture the local feature information in an image, and correspond with different spatial 

frequency, spatial position and orientation. Since characteristics of Gabor filter, it is not 

sensitive for brightness and facial expression changes, therefore, Gabor filter is widely 

used for image coding, handwriting digital recognition, face recognition and edge 

detection. 

We do bidimensional Gabor wavelet transform to gray level image after image 

preprocessing, thereby we can obtain a fatigue characteristics of the facial area of a driver. 

Two Gabor wavelet kernel function is: 
2 2 2 2
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Wherein, 
2

jk can ensure that filters with the different frequency bandwidth have nearly 

the same energy. 
2
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 is the DC shunt excitation to compensate image, therefore, the 

filter is not sensitive to finishing lamination. The advantage is that it maintains the spatial 

relationship, while it can describe spatial frequency structure. 
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jk constitutes a different wavelet (values of its side are different), this paper has used 

changes of four dimensions and six directions. 
2

22 ( 1,2,3,4) ,
v

vk v




  six directions : 0 6 / 8 ( 1,2,...,6)    , / 8 . The interval of 

 is the length of the filter, we take   , and assume that the frequency is 1. Input 

image ( , )I x y  and convolution wavelet, then 

( , ) ( , ) ( , )
j j

g k x I x y k x dxdy                                           (5) 

Wherein, ( , )jg k x is the amplitude. Therefore, the value of the Gabor filter is 48, which 

constitute a group of optimum filtering representative of the target feature. These filters 

constitute the wavelet subspace, and project image to the wavelet subspace to obtain the 

wavelet coefficients and extract the mean and variance to represent the statistical 

characteristics of the driver's facial image. 

 

 

Figure 4. Distribution Diagram of 48 Feature Points 

 

4. Eye State Recognition 

Hidden Markov Models (HMM) can find state transfer characteristic hidden in eye 

phase diagram. This paper selects one-dimensional HMM, the eye state images after the 

extraction of eye state feature do subsequent recognition, which can improve eye state 

recognition effect. 

 

4.1. Basic Definition 

HMM is a relatively sophisticated stochastic process stochastic matching model, which 

is described by parameters. Hidden Markov Models (HMM) includes implied layer and 

observation layer, observation layer is the hidden markoff chain, observation layer is the 

actual observed quantity, and that is the living example that we want to identify. 

A HMM can be denoted as formula (6): 

 BAMN ,,,,                                                       (6) 

A represents the state transition probability matrix, B represents the observation value 

probability matrix, M represents the length of the observation sequence, N represents the 

number of implicit states,  represents the initial state probabilities. 
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4.2. HMM Training 

To optimize HMM parameters, some use a single image for training, some use multiple 

images for training in accordance with specific conditions. Training steps: 

(1) To do Gabor filter value calculation to classified eye state image, to find the 

eigenvalues to generate observation sequence O i, and to regard O i as an eigenvector of 

observation images. 

(2) General model  BAMN ,,,,   , determine the number, condition number and 

state transition of components of Gaussian mixture probability allowed by model. 

(3) Calculate initial parameters of model, pay attention to corresponding with tN (t 

moment) state, and then evenly split the training data. State transition matrix ( )ijA a , 

we take 0ija  , when j i or 1j j  . The initial probability 

distribution  N ,,, 21  , assuming the first state 1 1  , if 1( 1)i i   , 

  
ij ObB   use a Gaussian probability density function,   

ij ObB  can be calculated 

based on the formula (8): 
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Wherein,  j
and j are covariance matrix and mean value of Gaussian probability 

density function. 
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(4) The determination of HMM's optimal state sequence. The parameters of Gaussian 

mixture model use Viterbi segmentation [14], combined with K-means clustering 

segmentation method. 

(5) Using Baum-Welch algorithm [14] to estimate the parameters again. Confirming 

 BAMN ,,,,   , and optimizing parameters on the basis of model, so that the 

 |OP  gets the maximum value,  |OP  is a category in eye fatigue state. 

 

4.3. HMM Eye Fatigue State Recognition 

First, we do gray difference disposal for YCbCr color space by using Laplace operator, 

then we use Gabor filter to do disposal for eye image and train in group observation 

sequence O with the help of forward - backward algorithm, and the observation sequence 

is constituted by the eigenvectors, the model used by training is  31  ii , we strike 

probability  iOP |  in turn. The corresponding model of  i
i

OP |max  is the 

categories that the eye status which is to be recognized belongs to. 

 i
i

n OP  |maxarg                                                   (10) 

 

5. Experimental Results and Analysis 

This study attempts to analyze the basic process and the principle of e-learning from a 

network learning view. The great majority of the network learners are adults, we sample 

face recognition database CAS-Peal-Rl, use research methods and means of cognitive 
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psychology, and carry out the relevant network fatigue learning experiments. By 

analyzing learning state of network learners, we improve the quality of online course 

design, improve the level of service of distance education, provide supports to network 

learning support, so that e-learning platform can get more active use. 

CAS-PEAL-R1 is a large face database in China, it includes 1040 people, 99 450 face 

images, and image size is 360 × 480 pixels, including facial expressions, gestures, lighting 

and accessories 4 kinds of changes. This algorithm of this paper is in CAS-Peal-R1, the 

number of samples is 20,000, 10,000 and 5000. The results are shown in Table 1. 

Table 1. Comparison of Velocity of Gabor + HMM Algorithms and other + 
HMM's Eye State Algorithm (Unit: Seconds) 

Experiment number of image Gabor+HMM Other+HMM 

20000 2.46 4.5 

10000 1.58 2.16 

5000 1.34 1.1 

As we can see from Table 1, when the number of test images is large (20000 and 

10000), Gabor + HMM algorithm is more efficient than other + HMM algorithms 

(including PCA + HMM, ICA + HMM, DCT + HMM), however, when the number is 

small (5000), Gabor + HMM algorithm is slower than other + HMM algorithms, because 

the use of Gabor + HMM algorithm spends more time in recognizing the facial image 

classification of facial image advance line. Therefore, we can conclude that the algorithm 

is suitable for large-scale face database, and the face database is generally greater than 

10000. 

The results are shown in Figure 5 and Figure 6. 

 

 

Figure 5. Recognition Effect of Gabor + HMM Algorithm 
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Figure 6. Recognition Performance of Other + HMM Algorithm 

Figure 7 compares the recognition rate of GABOR+HMM 、 PCA+HMM 、
ICA+HMM and DCT+HMM of this paper, and draws the following conclusions: the 

dimension of GABOR+HMM is lower, the recognition rate is lower, when the dimension 

is 1, all of the recognition rates do not exceed 75%; the recognition rate significantly 

increases with the increase of dimension (when dimension is equal to 48, it reaches a 

maximum 97.68%, and this is consistent with the set of the front Gabor filter values), for 

PCA + HMM, ICA + HMM, DCT + HMM three methods, when the corresponding 

feature dimensions respectively reach 20,7,22, the corresponding recognition rates 

basically stabilize at 93.29%, 90.89%, 92.8%. 
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Figure 7. Recognition Rate of Gabor\, PCA, ICA and DCT under Different 
Observation Vector Dimension 

In this paper, the selection of N  and M  is determined in accordance with experimental 

results, the value domain of N  is 2~8, the value domain of M  is 5~21. As it can be seen 

from Figure 8, when M = 12, N = 4, the recognition rate of confusion and fatigue is at a 

maximum. Under the promise of keeping the same number of mixed component of 

Gaussian probability, when N <4, the recognition rate increases as the increase of N; 

After N≥4, the recognition rate gradually decreases. The formula computing of 

observation probability matrix   
ij ObB   is the formula (7), j  in formula (7) can be 

calculated by formula (8),  j
represents formula (9) is used to calculate. 
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Figure 8. The Influence of the Number of Mixing Element and Condition 
Number of Gaussian Probability for Recognition Rate 

 

6. Conclusion 

In these states, the recognition rate of normal learning is relatively low, and the reason 

is that concentration and fatigue are more obvious than expression features of normal 

learning. In remote intelligent educational systems, we improve the recognition rate in 

two ways: first, we require the camera to shoot color images, and update the Gaussian 

model parameters in time according to changes of Y component; second, we refine 

classification of learning fatigue, demarcation of eye open, eye close is clearer, which can 

enhance the accuracy and stability of the identification and tracking. Recognition results 

of this paper are transmitted to a remote intelligent tutoring system as feedback 

information, the teachers can adjust teaching progress in time, re-arrange teaching 

content, correct teaching methods and provide basis, which can provide individualized 

learning environment for network learners to compensate emotion absence of network 

learners. 
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