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ABSTRACT With the development of mobile Internet technology and the popularity of intelligent mobile
terminals, the data traffic load of mobile client users on the smart campus network platform has surged. How
to reduce the data traffic of the smart campus network platform is an urgent problem to be solved. First, this
paper discussed the key technologies of smart campus network teaching platform under the background of
the 5G network, expounded the critical technologies of the transport layer of the Internet of Things (IoT)
technology, and analyzed from the development perspective of the IoT platform. Second, by investigating the
online classroom data of five types of colleges and universities in China and comparing the advantages and
disadvantages of online classroom teaching and traditional classroom teaching, it is found that the number
of online courses in colleges and universities has exploded in the second half of 2017. Next, this paper
analyzed the demand of smart campus online teaching platform under the background of the 5G network,
thus established an online teaching platform based on the four initiatives operation model (government-led,
college sponsor, teacher subject, and academic director). Finally, this paper adopted the improved VIRE
localization algorithm to obtain the specific location information of the student users in the classroom and,
then, compared with the error obtained by the VIRE algorithm, and the error of the improved VIRE algorithm
is smaller. In the process of obtaining information, the 5G network technology is used for data transmission,
which can shorten the check-in time and can improve the positioning accuracy.

INDEX TERMS 5G network, smart campus, online teaching platform, improved VIRE location algorithm.

I. INTRODUCTION
Along with the development of the Internet of Things tech-
nology, due to the limitation of network transmission mode,
the existing 4G LTE system can no longer meet the demands
of different clients for information transmission rate owing
to the single scenario of the IoT. 5G network arises at the
historic moment and changes qualitatively in three aspects:
data transmission rate, number of connected devices and time
delay [1]. 5G network will alter the previous transmission
mode, enrich communication between users-devices as well
as devices-devices, apply to complex IoT applications, thus
to achieve seamless communication in 5G era [2].

As the prototype of a small society, the Internet of Things
framework of Smart Campus is also complicated, hence the
popularity of IoT is still low at this stage. This paper aims
to provide direction for 5G network to be applied in the

construction of Smart Campus, and develop the maximum
application of smart phone on campus. The most typical
application form of traditional Smart Campus is the applica-
tion of network teaching platform, which connects teachers
and students, helps to enrich students’ learning resources and
improves teachers’ teaching performance [3]. The construc-
tion of Smart Campus is not just a single trend, it needs
to be closely combined with the improvement of education
technology and education resource informatization [4]. Many
experts and scholars at home and abroad began to study the
construction of Smart Campus: Xia et al. [5] proposed a
Smart Campus framework based on Internet of Things and
cloud computing that integrating hardware resources through
virtualization technologies. The planning and recommenda-
tion of Smart Campus model for teaching resources proposed
by an Indian research institute made reasonable use of school
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teaching resources and improved the teaching quality [6]. The
University of California has realized intelligent control on the
campus hardware facilities, making it possible to monitor the
campus environment [7].

In view of the pain spot of students’ sign-in during the
teaching process, this study envisaged in combination with
5G network and mobile terminal to achieve more accurate
information of students’ sign-in in class, studied whether the
network teaching platform of Four Initiatives model could be
better applied under the background of 5G network. It intends
to discuss the accuracy of student sign-in information by
improving VIRE location algorithm to obtain the specific
location information of the sign-in users in class.

II. THE OVERALL FRAMEWORK OF SMART CAMPUS
BASED ON 5G NETWORK
A. KEY TECHNOLOGY ANALYSIS OF INTERNET
OF THINGS TRANSPORT LAYER
The wide application of network teaching platform is based
on the development of Internet of Things technology. IoT
frameworkmainly consists of perception layer, network layer,
common technology layer and application layer. From the
perspective of IoT platform development, the wireless net-
work layer is the core technology for device terminal and the
cloud of IoT. At present, the relatively mature IoT framework
network layer is mainly composed of IoT devices, IoT gate-
ways and IoT cloud. Devices such asWifi, GPRS, 3G/4G/5G,
etc., supports TCP/IP by its very nature, thus making it possi-
ble to apply directly to IoT network layer. However, devices
such as Zigbee, Bluetooth, etc., are not originally support
IP protocol, and it requires gateways(protocol conversion) to
be involved in the IoT transport layer. Therefore, for blue-
tooth devices in the perception layer, mobile phones act as
gateways.

The common typical application of IoT network layer in
daily life is that the mobile phone communicates through its
own blue-tooth and peripheral blue-tooth devices, and the
perception layer information can be exchanged with cloud
server through Wifi or 3G/4G/5G module. Communication
mode are shown in figure 1.

FIGURE 1. Communication mode between perception layer and the cloud.

The features of information transmission of IoT can be
explained from two aspects. In one aspect, mobile terminal,
mobile phone and PC are the most direct access to IoT, so the

core component of IoT transmission are: device end-gateway-
cloud-user end. In other aspect, analyzed from the application
developing technology perspective, major application of IoT
mainly built on the bases of TCP/IP framework, accordingly
without considering the relatively lower level gateway proto-
col, the primary component of IoT transmission are: device
end-remote end-user end.

As a result, for the purpose of service level improvement
the of IoT for human beings, it can be analyzed from the
perspective of improving the information throughput rate.

B. TECHNOLOGY ADVANCEMENT
1) TECHNICAL PRINCIPLES OF 5G NETWORK
Currently, network communication mainly uses electromag-
netic waves to carry. Different frequency of electromagnetic
wave leads to various transmission speed of information,
of which the characteristic is: the higher the frequency,
the higher the signal transmission bandwidth is, thus the
higher the information transmission rate is. At present,
the commonly used communication bands are all in the low-
frequency stage with good stability, but the low-frequency
band resources are limited, while 5G technology uses high-
frequency band, which not merely improves the information
transmission rate, also makes use of the idle high-frequency
band resources at the same time.

2) ADVANTAGES OF 5G NETWORK
According to related literature [8], the differences between
5G network communication technology and 4G mainly lies
in the number of transmission rate, time delay, connections
and mobility, etc.

TABLE 1. Comparison of two network transmission models.

According to the comparison result in table 1, the transmis-
sion rate of 5G network is 100 times faster than that of 4G,
and the response delay of 1ms is 30-50 times shorter than that
of 4G. In view of electromagnetic wave frequency band, 5G
utilizes high frequency band to solve the problem of resource
shortage in low-frequency stage. Moreover, according to the
analysis of electromagnetic wave transmission mode, 5G
network communicates directly among devices, reducing the
cost of building base stations.

In addition to the advantages listed in the above table,
the 5G network also features high reliability and low power
consumption, allowing a variety of IoT devices to access.
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For instance, it can satisfy the needs of car networking,
industrial control and automatic drive, of which the time delay
is required to be as low as 1ms, whereas protocols such as
authentication and encryption processes for Wifi/4G network
do not take into account communication requirements of
ultra-high reliability and low latency, etc.

C. IoT FRAMEWORK MODEL OF SMART CAMPUS
Smart class is a key aspect of the application of IoT in Smart
Campus. Based on the studies of IoT technology towards
methods in the teaching process from universities and col-
leges, it has become their focus and hot-spot of teaching and
research. The so-called smart class aims to improve the effi-
ciency of traditional teaching and teacher-student interactions
in class through information collection equipment, mobile
terminals, PC terminals and other IoT devices via big data,
cloud computing, IoT technology, etc.

FIGURE 2. Framework model of smart campus IoT.

Smart Campus IoT framework system contains informa-
tion transmission between human and devices, from devices
to human, and among devices. The transmission of informa-
tion between devices can be achieved by human intervention
and the information transmitted to the processing layer can
be fed back to the application layer to realize the applica-
tion of IoT devices and teaching purposes. This framework
system consists four layers: perception layer, network layer,
processing layer and application layer. The framework model
is shown in figure 2. The steady and rapid application of IoT
should be guaranteed by common technique.
• Perception Layer: The main role of the perception
layer is to accurately and rapidly identify some node
information. For example, the recognition of identity
information of teachers, of students who come to attend
the class, lesson information, participation, etc. with the
application of sensing device, infrared sensor device,
cameras and other devices.

• Network Layer: Network transmission mode makes an
essential part of the application of IoT platform. Stabil-
ity, rapidity, accuracy and other aspects of network trans-
mission are able to guarantee the real-time collection
and transmission of all kinds of information in Smart
Campus as well as bring better user experience.

FIGURE 3. Variation diagram of courses number.

• Processing Layer: Gathering the data of various user
activities, business and interactions in the perception
layer to build support of comprehensive data Smart
Campus; Integrating technologies such as raw data man-
agement, intelligent algorithm and data-mining engine
to realize efficient and scientific data cloud computing
services and provides scientific storage and computing
support for Smart Campus.

• Application Layer: The functions of application layer
are mainly embodied in three aspects: users’ appli-
cation of Smart Campus informatization, managerial
decision for students’ learning, and social information
services. Among which, managerial decision is higher-
level application. For example, information elimination
of equipment failure, teaching performance evaluation,
analysis of students’ learning effect, disciplines and
departments analysis.

III. ONLINE CLASS OF COLLEGES AND UNIRERSITYIES
Human beings has entered into the information age. Informa-
tion industry is developing at fast speed and promoting the
progress of all walks of life. Under this situation, multimedia
network teaching in the education field is emerging as an
important form of teaching. It is the product of the application
of multimedia and network technologies in teaching, also a
way for multimedia teaching to make full use of the net-
work for communication [9]. The emergence of multimedia
network teaching has brought new approaches and methods
to school’s audio-visual education programme, which will
enrich the education form of school teaching model and make
it more advanced. In the information society, the teaching
model under the network multimedia environment turns into
the dominant teaching model [10], [11]. Currently, many
schools are carrying out network construction. Based on the
new teaching model formed by the network environment,
they makes use of the unlimited information resources online,
breaks through the constraint of multimedia teaching on the
resources, distance and scale, and pushes it to the network
multimedia teaching. The appearance of global classroom is
the most representative of this trend. Global classroom uses
wide area computer network connecting a large number of
universities around the world to carry out teaching activ-
ities. At present, there are many universities in developed
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countries are conducting teaching activities in this field,
and it is constantly expanding. Therefore, the globalization
of multimedia network is the inevitable trend of network
development [10], [12], [13].

The teachingmodel of ‘‘the students asmain body, teachers
as leadership’’ (Two-Way Model) for online class is the out-
come of this era combined multimedia technology, network
communication technology and other information technolo-
gies with modern education theory. In recent years, construc-
tivism, an important branch of cognitive learning theory, has
been gradually prevailing in the west countries. Due to var-
ious characteristics of multimedia network communication
technology, it is particularly suitable for the realization of
constructivism learning environment. In other words, multi-
media network communication technology can be applied as
an ideal cognitive tool in the constructivism learning envi-
ronment, so as to better promote cognitive development of
students.

A. OVERVIEW OF ONLINE CLASS TEACHING MODEL
The teaching model of ‘‘the students as main body, teachers
as leadership’’ for online class refers to a new teaching model
that helps students to carry out active learning. Teachers,
being resource organizers and participants, their leading role
is equally important. They should not only organize learning
resources from the perspective of students, but also instruct
students how to learn. Other than guiding students to learn
independently in class and imparting professional knowledge
and skills, teachers also offer students help with the knowl-
edge and skills they mastered in their own discipline or even
outside the discipline after class [14].

It is generally believed that traditional teaching model
consists of teachers, students, teaching process as well as
teaching media. The elements of teaching model of ‘‘the
students as main body, teachers as leadership’’ for online
class are composed of students, resources, teachers and the
environment. Here, resources and environment need to be
explained. Resources are those in online class, which refers
to all the teaching resources that can be integrated in the
teaching platform constructed in online class. There are two
meanings as to the environment: one is the information envi-
ronment, including the hardware such as multimedia com-
puting online class and teaching software, network resource
software. Second, it refers to a democratic, open and equal
learning environment.

In the teaching model of ‘‘the students as main body, teach-
ers as leadership’’ for online class, students are the center in
learning process, and teachers are the designers and instruc-
tors of teaching. The teaching objectives of teachers are most
conspicuous in the following regard: first, to promote the all-
round development of students’ discipline knowledge, skills
and abilities. Second, to enhance students’ cognitive ability,
especially the ability to control information, which includes
the ability to obtain, process, utilize and exchange informa-
tion. Third, to stimulate the development of students’ per-
sonality, including their emotions, attitudes and characters.

This new teaching model can both give full play to the lead-
ing role of teachers and make students’ learning space and
contents more open, so that students at different levels can
actively participate in learning, fully reflecting the dominant
position of students.

Constructivism learning theory laid the theoretical
foundations for the ‘‘the students as main body, teachers
as leadership’’ teaching model. This new model emphasizes
conducting teaching in the network environment with rich
learning resources, always taking students as the main body,
and highlighting the consciousness of students’ active learn-
ing and the ability of independent learning. Construction of
Two-Way model requires understanding of its connotation
in the first place, which is the whole process of instructing
teachers’ teaching process and the design, development,
evaluation and management of teaching resources with the
goal of cultivating students’ learning initiative.

The learning strategies adopted by Two-Way model are
mainly about exploration on learning methods and problem-
solving methods. Under the guidance of teachers, with the
help of a variety of rich learning resources, students could
discover new knowledge, summarize rules by discovering
problems, exploring information and solving problems, thus
to achieve meaning construction. In this students-centered
teaching model, in order to achieve learning goals, students
will try various approaches and meet all sorts of difficulties.
Therefore teachers should bring into full play to their leading
role, give support and encouragement, and help them find
solutions.

In the Two-Way model, teachers’ evaluation and students’
self-evaluation are combined together, which exerts positive
effects of diagnose and incentive function of the evaluation.
The results of evaluation should not be considered as merely
the score of a test, but should stress the informatization, intel-
ligence and individualization of evaluation. Informatization
refers to the assessment of students’ information ability. Intel-
ligence evaluation means improving the computer’s ability to
respond to students’ deep-seated problems, such as learning
progress monitoring and student achievement management.
Individualization is aimed at promoting the development of
each student’s zone of proximal development(ZPD) while
giving corresponding evaluation according to the individual’s
different learning progress and outcome.

B. CHARACTERISTICS AND ADVANTAGES OF
ONLINE CLASS TEACHING MODEL
Two-Way model is a new teaching model that aroused peo-
ple’s research interests after the 1990s due to the application
of constructivism learning theory in education technology
and the progress of network multimedia technology. This
model regards students as the main body and teachers as
leadership, both are of considerable importance in teach-
ing. With the rise and evolution of network multimedia and
the establishment of global knowledge network, increasingly
attention has been paid to the Two-Way model.
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Two-Way model is featured by flexibility and Pro-activity.
Flexibility is mainly reflected in the teaching process: regard-
ing the same problem, students, as main body of learning, can
adjust and choose materials they consider valuable and select
suitable research methods to study and solve the problem
in line with their own learning style, interests and level of
capacity. Teachers in the leading position can flexibly orga-
nize valuable teaching resources by their own teaching styles
and abilities [15]. Pro-activity is reflected in the process of
learning that teachers can actively control the process and
guide students to actively study simultaneously. During the
learning process, students can take the initiative to command
the process and learning pace, and cultivate their information
and cultural skills by searching and using relevant resources
and materials provided by teachers. Comparison between
Two-Way model and traditional teaching model are as
follows (Table 2):

TABLE 2. Comparison between two-way model and traditional teaching
model.

It can be seen that Two-Way Model in online class not
only emphasizes the excellent and rich learning resources
provided by teachers, but also the inquiry and creativity of
students’ learning process, the autonomy of learning, and the
comprehensiveness and consistency of learning design.

As can be seen from the figure above, online classroom
teaching will give students more opportunities to contact the

classroom, which is more popular with students than tradi-
tional classroom teaching.

C. TEACHING SITUATION ON ONLINE CLASS
In order to study the teaching situation of online class, this
paper investigated the usage data of online class from five
universities in China, and obtained their opening time and
number of online courses. Figure 4 is the variation diagram
of courses number.

FIGURE 4. Variation diagram of courses number.

Aswe can seen from table 4, since the end of 2016, colleges
and universities have started to offer their own online teaching
courses, and in the second half of 2017, the explosive growth
shows that the demand for online class is a vast upsurge.
It shows that the demand for online teaching courses is
very extensive. By June 2018, the number of online teach-
ing courses in five schools has gradually stabilized. This is
the result of 4G limitations. It is conceivable that with the
combination of 5G network technology and online teaching
platform, the number of online teaching courses will further
increase. In this case, combining 5G network technologywith
network teaching platform will greatly improve education
level.

One of the development trends of education in the 21th
century is the informatization and digitization of education.
The network teaching platform is an vital embodiment and
component of the digitization construction of colleges and
universities. To build a mature and complete digital cam-
pus, it is necessary not only to provide complete hardware
facilities, but also to effectively use these facilities in the
existing information technology environment, so as to inte-
grate them into teachers’ daily teaching work and students’
independent learning process. Network teaching platform is
a microcosm of college informatization, a system platform
integrating teaching, management and service. It not merely
offers technical support for students’ course selection and
teachers’ evaluation, but also provides a good environment
and platform for the communication and interaction between
teachers’ auxiliary teaching and students’ independent
learning.

Some scholars started with main users of network teach-
ing platform—students, to investigate their participation
situation. According to the survey, students’ emotional
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participation in the use of network teaching platform is rel-
atively positive, but the level of behavioral and cognitive
involvement is not high. The reason for low behavioral par-
ticipation mainly on account of a lack of strong guidance and
management of the network teaching platform and teachers,
while the major reason for low cognitive involvement is the
lack of awareness and ability of students to consciously use
network learning strategies.

In a research that investigated the promotion and appli-
cation of education technology in colleges and universi-
ties within wide range, the author, combining innovative
promotion theories together with the actual situation of
education informatization, proposed the Four Initiatives
operation model (Government-led, University-sponsored,
Teacher-centered, and Academically competent four-in-one
efficient organic operating system) constructed and imple-
mented in the application and popularization of education
technology in local colleges and universities, as is shown
in figure 5.

FIGURE 5. Four initiatives diagram.

This model incorporates a number of key influencing fac-
tors in the promotion of educational technology, element one:
the government. The government is the senior management of
universities and the majority of front-line teachers. The gov-
ernment’s policy support and orientation play an important
role in the promotion and application of educational technol-
ogy.We categorize this kind of support promotion as the insti-
tutional factor in the application mechanism of educational
technology. Element 2: Learn. In the process of application
and promotion of educational technology, the society par-
ticipates in the operation process of educational technology
promotion in colleges and universities as an actor, organizer
and manager, and plays a role as a bridge and link to connect
the education hall, universities and the frontline teachers into
an organic whole. Become an important organizational factor
in the operational mechanism. Education technology in this
area has been applied and popularized effectively due to this
new model. It has produced remarkable application results
and the greater social influence.

D. MAJOR NETWORK TEACHING PLATFORMS
AND THEIR FUNCTIONS IN CHINA
As the network teaching is developing and being widely
applied, the main network teaching platforms developed
and used in China is on a fast-rising pace and has been
applied in many colleges and universities in the mainland.
For the time being, relatively mature and stable network
teaching platforms with a certain utilization rate include 4A,
Crtvu-online, THEOL, Skyclass and Whaty Class etc., yet
the well-known platforms such as Web CT, Blackboard,
Moodle, open ACS(open source) were all first developed
abroad. Among the network teaching platforms indepen-
dently developed in China, THEOL, Skyclass and 4A are the
most widely used online class. Most of these applications are
in universities undoubtedly.

Nowadays, in Europe, America and other developed coun-
tries, an increasing number of universities are applying the
Internet for auxiliary teaching. Network teaching platform
has become an indispensable means for teachers and stu-
dents. Majority of foreign universities attach great signif-
icance to the vital role of network teaching platform in
teaching assistance. According to Educause CDS (Core Data
Service) 2006-2007 survey: In the United States and some
other foreign universities, about 98% of nearly 1,000 institu-
tions of higher learning participating in the survey have been
equipped with teaching platforms, among which 93% support
at least one teaching platform, over 67% have a commercial
teaching platform, and 8% have an open source teaching plat-
form. This set of data shows that in foreign countries, colleges
and universities put great importance to the application and
popularization of network teaching platform, which plays a
core role in education teaching in colleges and universities.

As technology improves, education teaching concepts
updates and market demands increase, functions of network
teaching platform has been continuously improved and per-
fected. There are scholars started from the composition of
the network teaching platform and analyzed the functions of
complete network teaching platform: the network curricu-
lum development system mainly in charge of the network
curriculum content representation, supports basic teaching
logic design, facilitates and speeds up the network curriculum
development and so on. The network teaching support system
mainly responsible for online course publishing, teachers’
teaching support, students’ learning support and management
in teaching process, which is also the core function of the net-
work teaching platform. The network teaching management
system mainly manages online courses and academic status,
as well as collects teaching data.

In addition, some scholars have discussed network teach-
ing as a tool to support learning from the perspective of con-
structivism, which can be summarized into five categories:
resource integration, cognitive learning, communication &
conversation, teaching evaluation, and teaching assistance.

From the above scholars’ different description of network
teaching platform functions, we can conclude that network
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teaching platform grows with the promotion of network edu-
cation. For colleges and universities, the main function is
embodied in school’s teaching management, supports for
teaching and for students’ learning and so on. These three
functions complement and restrict each other.

IV. DEMAND ANALYSIS OF NETWORK TEACHING
PLATFORM IN SMART CAMPUS UNDER THE
BACKGROUND OF 5G
A. DEMAND ANALYSIS OF SYSTEMATIC BUSINESS
The research object of this paper is students, and the research
scene is in the classroom. The function to be realized is to
analyze various states of students in the classroom and make
corresponding actions through the collection and process-
ing of student information. Students’ learning level can be
improved by reminding them to concentrate on listening to
lectures, or pushing reference materials comparable to their
knowledge reserve level. The business requirements of smart
class-oriented teaching process management system can be
analyzed from the following three aspects: basic manage-
ment business, recommendation & reminder business, main-
tenance business. A detailed description of the three services
is given below:
• Basic Management Business: It focused on the client-
side. The modules involved mainly include class
management module, course management module,
attendance management module, score management
module, student management module and homework
management module.

• Recommendation&ReminderBusiness:After obtain-
ing and processing relevant data, this business is
responsible for proposing relevant reminder informa-
tion or recommending relevant materials or schemes to
the research object, namely the students in class. These
relevant data include attributes of students, behaviors of
students and scene information of students.

• Maintenance Business: The system maintenance busi-
ness refers to software maintenance that is often
involved in software development process. Any software
system needs to carry out the basic task of maintenance
after it is developed and put into operation.

B. SYSTEM USE CASE MODEL
Users of the system is divided into three categories: students,
teachers and administrators.
• Administrators: System administrators are mainly
responsible for the comprehensive management of
smart class teaching system, including the management
of class information, course information, user infor-
mation and system information. Class information—
Timely input class name and class time into the
system. It also provide class information modifica-
tion and maintenance functions. Course information—
Timely input relevant course information into the
corresponding class, and specify the class time for dif-
ferent courses. Meanwhile, the system also supports the
modification and maintenance of course information.

User information—When the user logs in through the
system, it can identify different identities of the user,
so as to give them different operation permissions
and functions according to their identities. In addi-
tion, the system offers the user with the recommenda-
tion & reminder function as well as modification and
maintenance for user’s personal information. System
information—Maintain the normal maintenance, update
and push functions of the system, making it operate
safely and efficiently in real time, so as to ensure the
normal operation of class teaching.

• Teachers:Teacher users are the principal part interacting
with student users in class. Teachers can determine the
list of unregistered students by setting the latest check-
in time, thus the system is able to send messages to
the unregistered students. Teachers can give timely and
accurate answers to the questions raised by students
online, upload the homework to be assigned, download
the homework submitted by students, and finally make
a correct evaluation of student users based on class
performance and homework completion.

Students: Students are the core users of class activities. They
can check their course schedule for this semester. They can
ask questions online, and the system will recommend corre-
sponding subject teachers to give answers. The system col-
lects students’ facial expressions during class through camera
equipment. Through the analysis of their facial expressions,
the system gives correct reminders to undisciplined ones.
If students input the materials of grade A, B, C and D they
would like to refer to (different grades represent different
levels of students’ professional courses, divided by average
score), the system will recommend corresponding learning
reference materials based on the grades. In the mean time,
student users also have some basic functions, such as down-
loading teachers’ PPT at any time on their own account
for viewing during the class. Downloading the homework
uploaded by teachers after class and submit homework to
the server after completion. When receiving the prompting
message of class time and location, students can arrive at the
classroom in time for normal learning tasks. The system use
case model is shown in figure 6.

V. RESEARCH ON EMOTIONAL LAYER OF NETWORK
TEACHING PLATFORM IN SMART CAMPUS
UNDER THE BACKGROUND OF 5G
A. DATA ACQUISITION AND PROCESSING
OF SCENE PERCEPTION LAYER
The function of scene perception layer is to collect and pro-
cess all kinds of scene information, which includes time, loca-
tion and facial information. Time information can be obtained
by the system time of mobile terminal. Location information
can be captured through GPS sensor and RFID technology of
the mobile terminal. Facial information is obtained through
camera. See table3 for specific scene information collection
device.
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FIGURE 6. System use case diagram.

TABLE 3. Scene information collection devices.

1) COLLECTION AND PROCESSING OF TIME
SCENE INFORMATION
Time scene information can be divided into two big parts,
namely, the date and the moment. To further process the date
information obtained, it needs to define the period of a day
for class and the interval. This paper stipulates that the class
time for each lesson is 45 minutes, and the break time has two
kinds: 5 minutes and 15 minutes. It takes some calculation to
determine whether the current date is a class day or a day off.
The class period of a day can be divided into eight periods,
that is, eight classes, of which the corresponding table of the
class period is shown in table 4.

TABLE 4. Class schedule.

When the time information is collected, the date is firstly
converted into the class day or the rest day, then the acquired
time information is converted into the corresponding period

in the above table. At this point, the processing of time
information is completed.

2) COLLECTION AND PROCESSING OF
LOCATION SCENE INFORMATION
Location scene information can be divided into two big parts,
namely, acquisition of indoor and outdoor location infor-
mation. RFID-based indoor positioning technology is used
in the acquisition of indoor location information, and the
GPS positioning sensor of mobile terminal is used in the
acquisition of outdoor location information. Among them,
the purpose of collecting indoor location information is not
only to determine the specific location of students who signed
in in class, but also to prevent some students from signing
in to the system outside class. Collecting outdoor location
information is to acquire the location of students who did not
sign in in class, so as to send reminders to them.

In order to obtain the location information, a simple
arrangement in the classroom is necessary. Four readers are
assigned at the four corners in the classroom, and sixteen
reference tags are evenly distributed in the square space sur-
rounded by the readers. In addition, RFID tags are distributed
to all the students in this class in advance, making sure each
student has one.

If GPS signal collected by GPS sensor of the mobile ter-
minal is strong, and the RSSI value of the RFID tag on any
two readers is particularly weak or there is no RSSI value,
then the student user is judged to be outside the teaching
building, that is, outside the classroom. If the GPS signal is
weak and the RSSI value of RFID tag on any three readers is
strong, the student user is judged to be inside the classroom.
If both the GPS signal and the RSSI value on each reader are
weak, the student is judged to be inside the teaching building
but outside the classroom, that is, they are on the teaching
building floors [16], [17].

B. POSITIONING MODEL OF VIRE ALGORITHM
VIREVIRE algorithm takes advantage of LANDMARC
algorithm principles while introducing the concepts of virtual
reference tags and neighborhood maps.

It can be seen from the analysis that the positional accu-
racy of LANDMARC algorithm is largely dependent on the
number of reference tags. However, the addition of too many
reference tags will not only increase the early cost, but also
the density of tagswill greatly interferewith the signal of tags,
hence adversely affect positional accuracy. Based on this idea,
the concept of virtual reference tags is proposed skillfully:
interpolation method is applied to estimate the signal inten-
sity value of virtual reference tags, and these virtual reference
tags are put to use as actual reference tags for later calculation
and positioning. The positioning model of VIRE positioning
algorithm is shown in figure 7.

In the positioning model of VIRE algorithm, the four
readers are distributed at four corners in the space, and
the reference tags are evenly distributed inside the space.
The general idea of VIRE algorithm is to regard every four
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FIGURE 7. VIRE positioning model.

FIGURE 8. Layout of virtual reference tags.

practical reference tags as a unit grid, then further divided
them into NxN small grids, which means inserting (2-4) vir-
tual reference tags in each of the four practical reference tags.
The layout of the virtual reference tags are shown in figure 8.
The distribution of the virtual reference tags is uniform and
equally spaced. Since the coordinates of the actual reference
tags are known, as a result, the coordinates of the virtual
reference tags are easy to calculate, which is equivalent to
adding a lot of reference tags in LANDMARC algorithm.
We can obtain the RSSI value of the grid virtual reference
tags through the RSSI value of the actual reference tags and
the linear interpolation.

VIRE algorithm is the same as LANDMARC algorithm:
selecting the nearest neighbor reference tags according to the
value difference between field intensity value of the pending
positioning tags and the reference tags. The difference is that
VIRE algorithm introduced the threshold value and marked
the position where the value difference of field intensity value
between pending positioning tags and reference tags is below
the threshold value as 1, whereas marked as 0. Those places
marked as 1 therefore constitute a fuzzy map. Since each
reader has its own fuzzy map, the intersection of these fuzzy
maps can obtain the nearest neighbor reference tags, which
are, the reference tags represented by the position of 1 in each
fuzzy map.

Besides, VIRE algorithm uses the same weight factor
as LANDMARC algorithm when calculating the position
coordinates of the pending positioning tags. However, the

difference is that the weight factor number of VIRE algorithm
is increased from one factors of LANDMARC algorithm to
two factors. Calculating the two weight factors according to
formula (1) and formula (2):

w1i = 1−
K∑
p=1

∣∣Sp(Ti)− Sp(R)∣∣
K × Sp(Ti)

(1)

w2i =
pi
na∑
i=1

pi

=
nci
na∑
i=1

nci

(2)

As we can draw from the above, in w1i, Sp(Ti) represents
the RSSI value of the i reference tag on the PTH reader.
Sp(R) represents the RSSI value of the pending positioning
tag on the p reader. The total number of readers is K. w2i is
related with the number of virtual reference tags distributed
(i.e., density). pi represents the ratio of adjacent regions con-
nected in the space of the pending positioning region. nci is
the number of contiguous adjacent regions, na is the total
number of adjacent regions.

Finally, the idea of calculating the position coordinates
of the pending positioning tags is the same as that of
LANDMARC algorithm. The product sum of the weight
factor and the nearest neighbor tag position coordinates is
calculated as follows:

(x, y) =
na∑
i=1

Wi(xi, yi) (3)

Wi = W1i ×W1i (4)

C. POSITIONING MODEL OF IMPROVED VIRE ALGORITHM
Due to the low positioning accuracy of the VIRE algorithm,
the following improvedVIRE algorithm is used here to obtain
the specific coordinate position of the student user in the
classroom.

1) SETTING THE THRESHOLD INTERVAL
The original VIRE algorithm employed threshold and fuzzy
map to find the intersection, thus obtaining the last nearest
neighbor reference tags. Here is the specific idea: marking
the position where the difference of field intensity value
between pending positioning tags and reference tags is below
the threshold value as 1, whereas as 0. In virtue of k readers
corresponding to k fuzzy maps, the intersection of these k
fuzzy maps can be calculated to obtain the optimal nearest
neighbor reference tags. In this process, the selection of
threshold value is comparatively important. If the threshold
value is too low, and the number of positionsmarked as 1 from
the intersection of k fuzzy maps is too small, some effective
nearest neighbor reference tags will be lost being the result.
If the threshold value is too high, and there are too large a
quantity of the number of positions marked as 1, redundant
position information cannot be effectively removed, leading
to an inaccurate final positioning result. To prevent the above
situation from happening, a concept of threshold interval is
proposed [18]–[20].
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First, set the initial threshold interval [a, b] as the larger
interval. Next, during the running time, checking the number
of positions(num) marked as 1 from the intersection of fuzzy
maps. Then formula(5) is used to dynamically transform the
threshold interval, making sure the value of num be controlled
among the interval {4, 5, 6}. Afterwards, the integers in
the threshold interval is taken respectively as the threshold
value of the improved algorithm to calculate the position
coordinates of pending positioning tags. Finally, the mean
value of pending positioning tags under these thresholds is
calculated as the final position coordinates.

Set the interval A and B belonging to the following
set respectively, and evaluate from left to right from the
set A and B belong to.

[a1, b1] =
{
[a, b]+ A, num ≤ 3
[a, b]+ B, num ≥ 7

(A ∈ {[−1, 0], [0, 1], [−1, 1]},

B ∈ {[1, 0], [0,−1], [1,−1]}) (5)

Among the above formula, [a1, b1] is the new threshold
interval after the threshold interval transformation. After the
application of threshold interval, the threshold does not have
to perform the procedure of ‘‘++’’ every time in the process
of algorithm operation, but can perform ‘‘++’’ or ‘‘–’’ at the
upper and lower limits of the threshold interval respectively,
which allows threshold transformation more flexible and
convenient.

2) MODIFICATION OF WEIGHT FACTOR
It can be concluded from formula (1), w1i decreases as the

number of
K∑
p=1

|Sp(Ti)−Sp(R)|
K×Sp(Ti)

increases. Besides, the error is

relatively big in the event of using the first weight factor
obtained by formula (1) to calculate the position of the final
pending positioning tag, whereas variance formula (6) is
the right match: the smaller the variance is, the smaller the
fluctuation range of data will be, thus making the positioning
error smaller. Therefore, a new calculation method of weight
factor is proposed based on this idea, and the calculation
formula is shown in formula (7).

σ 2
=

∑
(x − µ)2

N
=

w
′2
1i

K × Sp(Ti)
(6)

w′′1i =
1

w
′

1i × w
′

1i

(7)

As the above,w
′

1i =

K∑
p=1

|Sp(Ti)−Sp(R)|
K×Sp(Ti)

, w
′2
1i =

K∑
p=1

|Sp(Ti)−Sp(R)|
2

(K×Sp(Ti))2
. It can be conclude accordingly 1

σ 2
=

K×Sp(Ti)

w
′2
1i
= w′′1i × (K × Sp(Ti)) that using w′′1i to replace the

first original weight factorW1i can relatively reduce the error
of pending positioning tags.

The formula of w2i remains as formula (2). Therefore,
the calculation method for the weight factor of the nearest

neighbor reference tags at this time is formula (7).

wi = w′′1i × w2i =
1

w
′

1i × w
′

1i

× w2i

=
w2i

K∑
p=1

|Sp(Ti)−Sp(R)|
K×Sp(Ti)

×

K∑
p=1

|Sp(Ti)−Sp(R)|
K×Sp(Ti)

(8)

According to the improved VIRE algorithm from the
above, it can be determined that each pending positioning tag
is the specific position coordinate of the student user in class.
When the student user in this coordinate position needs to ask
online questions or in a state of doze off, the system will send
necessary reminder messages to him.

FIGURE 9. Positioning errors of different algorithms.

FIGURE 10. CDF error curves fitted by different algorithms.

D. RESULTS ANALYSIS
When obtaining the location scene information, outdoor
information could be obtained through the built-in GPS sen-
sor of android system. The built-in class location manager
in android system could locate the mobile phone. For indoor
location scene information, RFID is used to determine the
specific location of students. The specific method is the
improved VIRE algorithm. Figure 9 and figure 10 are the
comparison between VIRE algorithm and the positioning
error of VIRE algorithm and LANDMARC algorithm.

Through the comparison result analysis of figures 8 and 9,
we can draw the conclusion that the improved VIRE algo-
rithm has the minimum error and the best effect.
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It can be seen from Fig. 8 that the average positioning
error of the tag to be located estimated by the improved
algorithm is the smallest. Among all 10 to-be-positioned
tags, the LANDMARC algorithm has an average positioning
error of 0.6732m. The average error of the VIRE algorithm
is 0.3517m. The average positioning error based on the
improved VIRE algorithm is 0.1738m, which is 0.5058% and
0.7418% lower than the former two. Through the analysis of
Figure 9, the improved VIRE algorithm and VIRE algorithm,
LANDMARC algorithm positioning error can be compared
to obtain the improved VIRE algorithm with the least error
and the best effect.

Compared with the traditional VIRE algorithm, the
improved VIRE algorithm has more advantages in accuracy,
but it takes more time to determine the threshold. There-
fore, the VIRE algorithm is suitable for positioning prob-
lems with high accuracy and low running time. Therefore,
it is more suitable to locate students’ specific positions in
schools or employees’ specific positions.

VI. APPLICATION PROSPECT AND TECHNICAL
REALIZATION OF 5G ON NETWORK
TEACHING PLATFORM
5G network not only has a higher transmission rate, but also
presents the characteristics of low latency, high reliability
and low power consumption in transmission, and low power
consumption could better supports the application of Smart
Campus. 5G network realizes seamless connection among
people and could further strengthen the high-speed connec-
tion between humans and things as well as between things.
Future applications will be developed in a mufti-platform
environment. The ultra-high speed of data transmission and
senseless delay based on 5G network will bring new experi-
ence to students [21], [22].
• Virtual navigation. Students can access the location
database of the learning areas such as library and class-
room in real time.

• Mobile Distance Teaching. Students can obtain the
teacher’s study instructions through the network teach-
ing platform in the self-study room.

• Students Learning Status Monitoring & Smart
Class. In 5G era, through Internet of Things system and
seamless coverage of various teaching areas, teachers
can monitor the students’ status in class in real-time to
get the latest best learning effect. Through observing the
state of students, the teaching plan should be adjusted to
achieve the best teaching effect.

• Emergency Communication. Bad weather conditions
and special circumstances will bring down the commu-
nication system, yet 5G network will enable the para-
lyzed communication system to resume work quickly in
a short time.

VII. CONCLUSION
This paper introduces the overall framework of Smart Cam-
pus based on 5G network in detail. Firstly, this paper analyzes

the model of network teaching and the application of network
teaching platform in colleges and universities, and finds that
the number of network teaching platforms used by colleges
and universities increases exponentially. Secondly, this paper
conducts business demand analysis, performance demand
analysis and function summary design of network teaching
platform under the background of 5G. Next, it describes in
detail the acquisition and processing of time scene informa-
tion, location scene information and user scene information in
the scene perception layer of Smart Campus network teaching
platform under the background of 5G, and uses the improved
VIRE algorithm to obtain the positioning effect of small error.
At last, this paper illustrates the application prospect and
technical realization of 5G network in network teaching plat-
form, which provides a good reference for the construction of
network platform of Smart Campus.
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