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Abstract— Education can determine one’s life, and the protection of students’ rights, along with the quality and efficiency 
of education, has become an important issue. Students should be responsible for their schoolwork and study, and teachers 
have the obligation to care about students’ learning. In consideration of the effect of education and the concern for students, 
this study proposes a class attendance system featuring the recognition of students’ faces. Aside from recording the 
attendance of all students in each lecture, the system can be used for roll call and the observation on students’ learning. It 
consists of two parts. In the first part, Raspberry, which supports image processing, is used for the front-end processing and 
placed at the entrance of the classroom; Raspicam and face detection enable the recording of the images of students, store the 
images in Network File System (NFS client) and send them to the back-end processing. The second part involves the Linux 
Server back-end processing system and the establishment of the NFS server and the Web server. For the first step, the 
images of students in the NFS are processed for the recognition and analysis of faces. The algorithm Personal Component 
Analysis (PCA) is adopted for the training and recognition of faces, and the results of the recognition are added into the 
database; then, the Web server capture the information in the database and show it for the external users. The face 
recognition technology is used to recognize the faces of 10 training samples and 3 non-training samples which use the 
system for several times within a month. The two type of face selection range for the training samples is considered; the 
threshold values for recognizing those unidentified are set and adjusted; the revised version featuring the addition of new 
samples for new training is proposed. The training samples with a smaller face selection range can reduce the background 
and other information irrelevant to face characteristics and thus have a significantly higher accuracy of recognition. 
According to the results of recognition, the accuracy of the new training-based revised version of the training samples with 
poor dynamic feedback recognition can be as high as 92%. Currently, there is revised version withonly one extra training 
sample, and all the training samples are practical in different face ranges. 
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I. INTRODUCTION 
 
With the civilization evolution and scientific 
advancement, education has become a common life 
experience as well as a process where knowledge is 
passed down from generation to generation for 
thousands of years. For the scientific development, 
the original paper-based education has been gradually 
replaced by the computer-based one. Roll call has 
always been educationally instructive and is closely 
related to the student attendance, the right and interest 
of schools, the safety of students, and the time for 
learning. The traditional roll call is based on a roll list, 
which may take 3 to 5 minutes. This not only imposes 
the pressure of teaching progress on teachers but also 
reduce the time of instruction. To solve the problem, 
this study puts forward a video-based roll call system, 
which will improve roll call and learning efficiency. 
Human eyes are equipped with the function of high 
digital visual imaging. The images formed in eyes are 
processed and analyzed by the human brain which 
would recognize the objects in the images. This is the 
most primitive image recognition as well as the 
strongest and most sophisticated recognition ability. 
According to traditional recognition methods, identity 
is recognized through such biological features as iris, 
fingerprint, sound and face. Of all these biological 
features, face is the most suitable for the attendance 

management system for the following two reasons: (1) 
Face recognition is a non-contact recognition method 
which is easier and more convenient to capture 
images than other biological recognition ones. (2) 
Featuring easy and convenient image capture, it can 
effectively prevent falsification [1] [2]. 
According to common recognition methods, a camera 
is placed on the platform in the classroom to capture 
the face images of all students at the same time and 
then analyze the faces [3] [4]. Nevertheless, to obtain 
a clear capture of all faces, the camera must create 
high-resolution images, which would increase the 
cost of the system. In this study, Raspicam, a 
low-cost and simple computer Raspberry [10], is 
taken as the camera placed at the entrance of the 
classroom. The captured image sizeis the same as the 
entire doorframe. Although the quality of images is 
not so high, the faces in the images can be clearly 
seen. 
This study aims to replace the traditional roll call in 
class by taking Raspberry as human eyes to capture 
the images of students entering the classroom and 
then regarding the back-end server as a human brain 
to recognize and analyze the faces. Principal 
component analysis (PCA) is used as the recognition 
method [5] to calculate the principal components in 
the face images. The principal component is 
eigenface [6] [7]. To create a roll call system, this 



International Journal of Advanced Computational Engineering and Networking, ISSN: 2320-2106,  Volume-4, Issue-2, Feb.-2016 

Study of Class Digital Attendance System Base on Simple Computer and Face Recognition Technique 
 

41 

study considers the face selection range of training 
samples, adjusts the setting of the threshold values for 
recognizing unidentified people, and proposes a 
revised version by adding new samples for new 
training. Moreover, it explores the benefits of the 
system and a feasible operation model. 
 
II. BACKGROUND 
 
2.1. Eigenface by PCA 
Proposed by the British statistician Karl Pearson in 
1901 [8], PCA is statistical optimal dimension 
reduction method. By removing high-order principal 
components and maintaining low-order ones, it can 
lower the dimension of data sets and preserve the 
variation of the largest data set. PCA is supposed to 
analyze the characteristics and property of the 
covariance matrix and obtain principal components 
and weighted values, or eigenvectors and eigenvalues, 
in the data. 
The Eigenface face recognition method includes the 
Eigenface training and face recognition. The general 
Eigenface training consists of the following steps: 

 
1. Input the sample set of faces to be predicted. All 

samples must be the same in size (length: N; width: 
N). 

 
Fig.1.Samples from Training Face Images 

 
2. Represent all the face samples with the vector 푥. 

Χ = {푥 ,푥 , … ,푥 } 
3. Calculate the mean face vector µ. 

µ =
1
푀 푥  

 
Fig.2.Mean Face image 

 
4. Calculate the training sample of each face and the 

difference among the mean face vectors. 
푟 = 푥 − 휇 

5. Calculate covariance matrix	S. 

S =
1
푀

(푥 − 휇)(푥 − 휇) = 푋푋  

6. Use 푋푋 to obtain eigenvector through deduction. 
Given the large array form of 푋푋 (푁 × 푁 ) , 

푋 푋(푀 × 푀)can be used as a substitute to obtain 
eigenvector 푣  and then eigenvector 푢 of 푋푋 . 

푋 X푣 = 휆 푣  
푋푋 (X푣 ) = 휆 (푋푣 ) 

S(X푣 ) = 휆 (X푣 ) 
S푢 = 휆 푢  

7. Therefore, 푋푋 	푎푛푑	푋 푋  can share the same 
eigenvalue, and the relationship between their 
eigenvectors can also be obtained. 
(normalize‖푢 ‖ = 1) 

푢 = 푋푣  
8. The process of the training can be seen as a group of 

linear combinations of K(K ≤ M) optimal 
eigenvectors, and these eigenvectors are called 
Eigenface. 
 

 
Fig.3.Eigenfaces 

 
9. For the last step, all these Eigenfaces are projected 

onto the face space to create the vector 푑 , which 
refers to the weight of each face in each Eigenface. 

푑 = 푈 (푥 − 휇) 
푈 = {푥 ,푥 ,푥 , … , 푥 } 

Eigenface face recognition is the prediction 
and analysis of the image of an unknown face. The 
predication and analysis of Eigenface comprises the 
following steps: 
 
1. Calculate the difference between the unknown face 

image and the mean face vector. 
푟 = 푥 − 휇 

2. Project the unknown face image into the face space. 
푑 = 푈 (푥 − 휇) 

3. Analyze the gap between the 푑 of each face 
sample and the 푑 of the unknown face image, and 
find out the minimum gap value 휀 . 

푒 = ‖푑 − 푑 ‖  
휀 = min	(푒 ) 

4. 휀 indicates that all features of the unknown face are 
the closest to the features of the face sample 
consistent with 휀 . If 휀 < 푇  (푇 is the self-set 
threshold value), then it is confirmed that the face 
sample and the unknown face image show the same 
person. 
 

2.2. OpenCV[9] 
As an open computer visual image function library 
developed by Intel in 2005, OpenCV (Open Source 
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Computer Vision) supports the development of 
various programming languages and platforms. Apart 
from providing many modules and the internal 
storage and retrieval management, it processes and 
calculates a large quantity of visual images. The 
internal modules and functions of OpenCV are shown 
in the following table. 

 
Table1: OpenCV Module Features 

 
 
III. SYSTEM ARCHITECTURE 

 
The system architecture consists of two parts :the 
front-end processing system and the back-end 
processing system. The former is used for front-end 
operation and processing. It is applied to capture 
target images to store and record settinginformation. 
The latter is used for information processing and use 
the front-end information to recognize and analyze 
faces. The system processing procedure is shown in 
Fig.4. After images are captured by the front-end 
Raspberry NFS is used to send the images to Linux 
server for face recognition and calculation through 
the Internet. Then, the results of the recognition are 
updated in the databaseand displayed on webpage. 

 
Fig.4.System Architecture 

 
3.1. System frontend 
Raspberry supports OpenCV library. As the front-end 
processing platform of the system, it processes simple 
images. First, Raspberry initiates Raspicam to capture 
images. Then, the faces detection is adopted to start 

the recording of images which will be stored in the 
video files, and the image information is recorded in 
the config.txt. For the last step, the images are sent to 
the NFS information files so as to facilitate the 
back-end recognition of faces. The operation 
procedure is shown in Fig.5. 
 

 
Fig.5.System Frontend Execution Process 

 
3.2. System backend 
Given the functional configuration of the system and 
the strong computation ability of the Linux server, the 
highly computed image processing of the system is 
done by Linux. First, the system reads all recognized 
face samplesand starts the Eigenface training. Then, 
the Linux server listens to the config.txt information 
in NFS. If there is new information, it means that the 
front-end platform returns new images to be 
processed. These video files include many frames, 
and there minute changes to the faces in the frames. 
Therefore, face recognition is done once every N 
frames according to the FPS setting in the video files, 
so as to enhance the execution efficiency of the 
system. For the frames selected for processing, the 
first step is to detect faces. If a face is detected, then 
eyes and nose will be detected. The purpose is to 
capture the angle and range of the faceand connect 
the centersof the two eyes to make sure on the 
horizon. Based on the distance between the two eyes, 
the setting proportion is used to adjustthe range of 
face captured. After that, the range of face is capture 
with nose as the center. Such a method can greatly 
increase the face recognition accuracy of the system. 
For the last step, the captured faces are used for the 
prediction and recognition of Eigenfaces, and the 
results of the recognition are immediately uploaded to 
the MySQL database. Then, the webpage server reads 
the information from the database and displays it on 
the webpage so that teachers or users can find it. The 
operation procedure is shown in Fig.6. 
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Fig.6. System Backend Execution Process 

 
IV. SYSTEM EXPERIMENT ENVIRONMENT 

 
4.1. System hardware specification 
In the system, personal computer is taken as the 
back-end hardware while Raspberry as the front-end 
hardware. The following table shows the 
specification of both front-end and back-end 
hardware. 

 
Table 2: System Hardware Specification 

 
 

4.2. facesamples 
The selection of face samples is an important factor 
for the system, and different selection ranges would 
lead to different accuracy rates of face recognition. 
Table.3 shows the sample recording conditions and 
content specification. Here is the how a sample was 
collected: Raspicam was used to record the video of 
each student entering the classroom; the face image 
was captured from the video and taken as a face 
sample. The number of the recognized people was 13, 
including 3 non-training samples people. Then, 104 
videos were recorded at different time within a month, 
including 24 videos about the non-training samples 
people. The total number of the frames of the videos 
was 924, including 210 ones about the non-training 
samples people. The system captures the faces in the 

videos and adjusts the images of the faces into ones 
with a resolution of 100*100. Each face is recognized 
in an image of the same size. 

 
Table3: Sample Contents 

 
 

V. EXPERIMENT AND RESULT 
 

5.1. Standards for face recognition estimation 
Here is the method of calculating the accuracy rate of 
face recognition: the results of face recognition are 
classified into four types, namely, True Positive (TP), 
True Negative (TN), False Positive (FP) and False 
Negative (FN). The definitions of the four types are 
shown in Table.4. The recognition decision-making 
method is used to check if the calculated value of 
each frame in the videos is higher than the threshold 
value. If over a half of the calculated values are 
higher than the threshold value, the face will be 
defined as an unknown identity. For those videos 
with a known identity, different weighted-values will 
be given according to the calculated values of the 
frames arehigher or lower than the threshold value. 
Finally, identity will be determined by 
weighted-value. 
As for the calculation of the accuracy rate of face 
recognition, the total number of the recognized results 
(TP+TN) is divided by the total number of the actual 
recognized videos (Total). 

 
 

Table 4: Results Classification Definitions 
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5.2. Threshold Definition 
As is mentioned in 2.1 in this study, there would be a 
face space when PCA is used to calculate Eigenfaces. 
This space will be regarded as the evidence for the 
comparative computation between the samples and 
the faces to be recognized. A lower computation 
value indicates that the face to be recognized is closer 
to one of the sample faces. How to judge if it is a 
member of the training samples? The answer is 
setting a threshold value to select reliable values. The 
threshold value would change with the number of 
samples, the number of people, the types of people, 
and the range of sample faces, for greater change to 
the above factors will result in a more complicated 
face space and a higher threshold value of 
comparative computation. 

 
5.3. Recognition and analysis of the identity with a 
face range in a complete head 
The images of the captured heads are shown in Fig.7 
All the images include complete facial characteristics 
for recognition and analysis, such as five facial 
organs, hairstyle, and face shape. Table 5 shows the 
results of recognition which consists of two types of 
data about recognition, namely, the Only One sample 
and the revised version with 1-2 training samples. 
The threshold values are 3,200 and 3,500, which are 
set according to the recognition and analysis of the 
images of the samples and the non-samples in the 
sample training. According to the 1-2 sample 
selection method in Table 5, the training with one 
sample was done to recognize identity (Before). Then, 
the samples with poor recognition were added into 
the new training set as the second training sample for 
further identity recognition (After). The average 
accuracy rate of only one sample was 62%. Although 
the average accuracy rate of a revised version was 
66% (ALL), the revised accuracy rate (After) 
increased to 92%. 
 

 
Fig.7. Samples of the Face Range with a Complete Head 

 
Table 5: The results of recognition for Fig.7 

 

5.4. Identity recognition and analysis of a smaller 
face range that merely includes five facial organs 
The face range in Fig,7 is narrowed down to the one 
in Fig.8 which merely includes the five facial 
characteristics, without background information 
irrelevant to facial characteristics. Table 6 shows the 
data about the results of recognition. Table 6 and 
Table 5 are compared. There is significant difference 
in the accuracy rate of face image in Fig.8, and both 
versions have an average increase of 11% 
(62%→73%; 66%→77%) in accuracy rate. The 
revised version is up by 17% (54% →71%) in 
accuracy rate than the previous one, but both have an 
accuracy rate of 92% after the revision. Both face 
ranges are acceptable. 
 

 
Fig.8. Samples of the Face Range with a Head 

 
Table 6: The results of recognition for Fig.8 

 
 
5.5. Recognition and analysis of those beyond the 
non-training samples 
Fig.9 shows the results of recognition in the situation 
where the training samples are taken as recognition 
subjects when the number of students in the 
classroom is a fixed one, with the number ranging 
from 2 to 10 people. The results exclude the 
non-training samples, and only the videos about the 
training samples are recognized. Therefore, there is 
no need to set a threshold value, and the results of 
recognition and calculation can be directly used for 
identity decision-making. According to Fig.9, an 
increase in the number of samples decreased accuracy 
rate. But the two curves show that the values in the 
upper one (Fig.8 face range) are significantly higher 
than the ones in the lower one (Fig.7 face range). This 
indicates that the face range of the added people to be 
recognized is the factor that influences accuracy rate. 
The Fig.8 Face Range curve showed the accuracy 
rates gradually declines from 100% to 83%~92% 
with the increase in the number of people. The 
Fig.7Face Range curve showed the accuracy rates 
gradually declines from 89% to 66%~79% with the 
increase in the number of people. The possible reason 
for the greater change to the accuracy rate of the 
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lower curve is the influence of too much background 
information. 

 

 
Fig.9. Accuracy Rates of the Changing Samples 

 
5.6. Analysis incorrect face recognition 
According to the face image in Fig.10, a side face, an 
excessive difference between facial expression and 
sample, and a great change to hairstyle are all causes 
for an incorrect recognition. All these face images 
were captured when the students entered the 
classroom. If a student moved too quickly, there will 
be a blurry face image and then incorrect recognition. 
This is one of the disadvantages of video recognition. 

 

 
Fig.10.Incorrectly Recognized Face Images 

 
CONCLUSIONS 
 
The system proposed by this study is a digital roll call 
one which uses PCA to recognize faces. The videos 
for recognition are a series of ones taken when the 
subjects entered the classroom, and the rules 
described in 5.1 are adopted to decide identity after 
recognition and calculation. The face images are 
successive ones, which offers more information for 
decision-making and can lower the rate of incorrect 
recognition. However, the accuracy rate of face 
recognition may decline because of a blurry image 
caused by the capture of a moving subject. To 
recognize those with an unknown identity, it is 
necessary to adjust the setting of the threshold values, 
or the overall accuracy rate will be affected. Hence, 
how to make a dynamic adjustment of threshold 
values for better recognition is a focus in future 

researches. According to the experiment results in 
this study, a revised version (After) with only 
oneextra training sample would increase the accuracy 
rate of the two face range samples to 92%. In the 
future, experiments about rules and timing of adding 
new training samples will be undertaken to find out 
the least number of extra training samples. 
Additionally, although the subjects in the videos 
showed a different image when entering the 
classroom, they tended to show some habitual facial 
expressions. If these habitual facial expressions are 
taken as training samples, the accuracy rate of 
recognition will increase. 
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