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Abstract: With the popularization of technology products such as mobile phones and 

tablets, many students frequently use electronic products during class, which seriously 

affects the efficiency of students' listening. Based on image acquisition and data 

processing, this paper objectively evaluates the effect of classroom teaching and 

provides basis for improving the quality of classroom teaching. This paper also 

validates the results of the system to test the accuracy of the method. 
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1. Background of project research 

At present, the maintenance of classroom discipline mainly depends on teachers' 

supervision and students' self-discipline, but these ways will affect the rhythm of 

classroom teaching, and have great uncertainty. At the same time, although many 

classrooms are equipped with surveillance videos for real-time monitoring, the 

surveillance videos can not meet the needs of College classrooms, nor can they realize 

the detection and statistics of students' learning state in teaching activities, either from 

the waste of human and material resources, or from the simplicity of operation and 

the clarity of output results. This paper proposes a new method to detect students' 

rate of taking lessons, which can solve the problems mentioned above. 

 

2. Testing Method of Rate of Taking Lessons 

2.1 Residual Network 

Deep learning has been more and more widely used in computer vision, and its effect 

has been greatly improved compared with traditional methods. The deeper the 
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network is, the more obvious the phenomenon of gradient disappearance will be, 

resulting in the unsatisfactory training effect of the network. However, the shallower 

network can not significantly improve the recognition effect of the network, so the 

problem of gradient disappearance under the condition of deepening the network is 

to be solved at present. 

ResNet proposed by He Kaiming et al. introduced the residual network structure. 

Through the residual network, the depth of network layer design can reach 1000 layers, 

and the final network classification effect is very good. The basic structure of the 

residual network is shown in Figure 1. 

 

Fig. 1 Basic structure of residual network 

 

2.2 Face Recognition 

Face recognition system mainly includes two parts[1]: face detection and face 

verification. Face detection is to determine whether there is a face in a picture, and if 

there is a face, find the location of the face and circle it out. Face verification is to 

determine whether the face in two pictures is the same person. 

Dlib is a C++ toolkit that contains machine learning algorithms commonly used to 

solve practical problems. It has been widely used in industry and academia, including 

various VR devices, automation devices, embedded devices, mobile phones and so on. 

Dlib is open source and can be used free of charge in any application. In this paper, 

we use the face detection method provided in Dlib, and use the depth residual network 

to realize real-time face recognition. 

 

2.3 Head Pose Estimation 

In the field of computer vision, head pose estimation algorithm has great practical 

value [3]. Head pose estimation generally refers to the use of computer vision and 

pattern recognition methods to determine the orientation of the human head in the 

image. Head pose estimation is to identify the head pose parameters in a spatial 

coordinate system, including the head position and orientation parameters. There are 

three parameters describing head orientation[4]: yaw of horizontal rotation, Pitch of 

vertical rotation and Roll of left and right rotation. Normally, the range of head 

movement of normal adults is - 40.9 to 63.3 for Roll, 60.4 to 69.6 for Pitch and - 79.8 

to 75.3 for Yaw.   
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With the development of computer vision technology, there are many kinds of head 

pose estimation algorithms based on vision. According to the principle of judging head 

posture, there are six main types[5]: Appearance Template Method, Manifold 

Embedding Method, Geometric Method, Tracking Method, Hybrid Method and Flexible 

Models Method. 

Active Appearance Model (AAM)[6] is a typical flexible model. AAM can approach face 

image iteratively and gradually, so it can better overcome the influence of various 

detection errors and obtain relatively accurate head posture. AAM has a great 

advantage in speed, and is generally suitable for occasions with large amount of 

calculation. College students usually have 30 to 50 students in class, so the head 

posture estimation using AAM algorithm can meet the requirements of this paper. 

 

3. Detection System of Rate of Taking Lessons 

The system designed in this paper uses face recognition technology to identify each 

student to judge their attendance and calculate class rate of taking lessons; uses 

image processing technology to determine whether the students are in the state of 

head-up by calculating the ratio of the area of hair area to the total area of head area; 

calculates the ratio of head-up time to the total time of teaching activities to calculate 

individual rate of taking lessons and class rate of taking lessons. The hardware part 

includes camera module, and the software part includes face recognition, graphics 

processing and driver programming. 

 

3.1. Judgment Method of Rate of Taking Lessons 

First, the individual rate of taking lessons: is a reflection of the class state of a student, 

is used to judge whether they are serious and attentive to the standard of listening. 

In this system, the ratio of the head-up time to the total teaching time is used. 

Secondly, the whole class rate of taking lessons: is a reflection of the state of a class 

of all the students in class, used to judge the overall quality of listening. In this system, 

the ratio of the average head-up time of students to the total teaching time is used to 

get. 

Thirdly, the head-up state: that is, by processing the image, the ratio of the area of 

the human hair overlay area to the total area of the head area in the image is 

calculated, and the relationship between the area and the preset threshold is judged 

to determine whether the student is in the head-up state or not. Similarly, there is 

also a bowing state, which is handled by the same square shape to determine whether 

it is a bowing state. 
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3.2 Detection Method of Rate of Taking Lessons 

Step 1: Set up the initial time node T at the beginning of classroom teaching activities. 

Step 2: Collect the head images of all the students and judge whether the students 

are in the bow state. When a student is in the bow state for the first time, mark the 

time node TA 111  for the student, where A11 represents the students in the first row and 

column, and T 1 represents the first mark. 

Step 3: Continue to collect all the students'head images and judge the students' 

listening status. If the students who have been marked with the head down are 

marked with the head up again as TA 211 . If a student is in a bow state for the first time, 

the timer node TA 112  is marked for the student. 

Step 4: According to the time nodes mentioned above, the time values of each student 

in the state of head-up or head-down are calculated respectively. 

Step 5: Repeat steps 2 to 4 until the end of the teaching activities and mark the end 

time nodes to obtain the total time of all students in the whole class in the state of 

bowing or raising their heads and the total time of non-teaching activities. 

Step 6: According to the time value of all the students in the state of bowing or raising 

their heads and the total time value of teaching activities, the total time value of each 

student's attendance and the rate of taking lessons in class are calculated, and then 

the rate of taking lessons of all the students in the whole process of teaching activities 

is obtained, and the corresponding attendance schedule of each student is generated 

and output. 

Through the above-mentioned methods, we can clearly understand the time when all 

students are in the state of head-up or head-down, so as to judge the situation of 

individual and class rate of taking lessons in teaching activities, so as to overcome the 

problem that it is impossible to judge whether students are attending classes or not 

in the existing classroom teaching activities and to get the rate of taking lessons. 

 

3.3 Detection System Design 

The hardware environment of this experiment is Intel i7-4720 2.6 GHz, 8GB RAM. The 

software environment is Windows 10 operating system, using Visual Studio 2015 

combined with OpenCV 3.1.0, and Dlib version is 19.13. 

Before the beginning of the experiment, the photos of each student in the classes to 

be recognized are stored in the local catalogue for face verification. Each face feature 

vector is labeled in pinyin with student number and name. Using the interface of 

ResNet model, each photo will be returned to a 128-dimensional face feature vector 

for face comparison. 

Firstly, the video obtained in class captures one frame every second, and then detects 

the face of the picture. 
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Secondly, if there are faces, we use ResNet's interface to get face feature vectors, and 

compare them with the corresponding features of N identities registered in the 

database one by one to find a feature with the highest similarity value of input features. 

The similarity value is between 0% and 100%. The more similar the two, the greater 

the similarity value. Comparing this maximum similarity value with the preset threshold, 

if it is larger than the threshold value, the identity corresponding to the feature is 

returned, or "not in the library" is returned, as shown in Figure 2. In this paper, the 

similarity threshold is set to 90%. 

 

Fig. 2. Face recognition 

Then, if the identity of the classmate has been identified, the head pose is estimated 

to calculate the pitch angle and then determine the head-up or head-down state. 

Setting Pitch threshold PitchT , according to the installation height of camera in this 

experiment, PitchT  can be about - 7 degrees. When the angle of Pitch is less than the 

set threshold, the student is judged to be in the head-up state. When the angle of 

Pitch is larger than the set threshold, the student is judged to be in the head-down 

state. 

In this experiment, there are 3 rows, 4 columns and 12 students. The length of 

simulated classroom is 10 minutes, that is to say, the number of frames generated is 

N = 600. 

The experiment was divided into three groups: first, 1, 3 and 5 students were asked 

to bow their heads randomly for a period of time while the other students kept looking 

up; then, the corresponding individual rate of taking lessons and class rate of taking 

lessons were calculated systematically, and the stopwatch was used to count the 

corresponding heading time to calculate the actual individual rate of taking lessons 

and class rate of taking lessons.At last, dividing the rate of attendance by the actual 

rate of attendance to get the corresponding accuracy. 

 

3.4 Analysis of Test Results of Rate of Taking Lessons 

The calculation of rate of taking lessons is based on the number of picture frames that 

satisfy the two conditions of recognizing the Pitch angle of face and head within the 

set threshold at the same time. Noise such as motion blurring, facial expression change 

and hand occlusion caused by head-down and head-up process will interfere with face 

recognition and head pose estimation to a certain extent, resulting in accuracy 
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generally less than 100%, which is consistent with the experimental results. 

Comparing the three groups of experiments, the more the number of bowers, that is, 

the higher the proportion of the number of Bowers to the total number of experiments, 

the accumulation of errors will lead to a decrease in the accuracy of class attendance. 

The accuracy rate of individual rate of taking lessons is higher than 85%, which 

indicates that the system can obtain more accurate data of rate of taking lessons, and 

can be applied to teaching classroom. 

 

4. Conclusion 

The system designed in this paper changes the original way of human monitoring 

using video surveillance, intellectualized machine judges whether to bow, and outputs 

clear and clear results. It not only operates simply and quickly, but also saves human 

and material resources; improves the efficiency of teaching and students'listening; at 

the same time, the output results are clear and clear, which is convenient for teachers 

to analyze the situation of class in order to better improve the teaching methods. 
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