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Today, ZigBee technology has become one of the most widely used wireless communication technologies. Electronic engineering
majors need a more efficient management system, which is supported by a database system to achieve overall learning
management. The new system can improve students’ dominance in moral education and student leadership. Therefore, this
system will also bring educational leadership. At the same time, this system is also the first of its kind. It is an interactive
system for communication between schools, students, and parents. It provides a timely and comprehensive platform for
information retrieval and management and improves educational arrangements, educational management and students.
Nowadays, various colleges and universities are constantly reforming and innovating their teaching management systems, and
their teaching methods are also more diversified. This leads to the increased complexity of teaching management, and the
existing teaching system software functions cannot meet the increasing demand. Therefore, this paper first introduces the
concept and characteristics of ZigBee technology; then, the routing algorithm of the ZigBee network layer is used to analyze
the role of the ZigBee technology in interactive systems. In the undergraduate class, applying the interactive teaching system
proposed in this paper to student practice, experiments were also performed on this system. The results show that it can be
found that in the daily teaching management and operation, the system meets a variety of operational and performance
requirements, which is actually the test steps passed before the platform is deployed. In addition, based on the characteristics
of ZigBee, the system platform has good practicability and is easy to maintain; after making corrections to the exposed
problems, good experimental results have been obtained, and the purpose of the system has been achieved.

1. Introduction

Wireless information network technology is a new concept,
often used for monitoring and identification in unguarded
environments, and is made more regulated by expert physi-
cal layers and upcoming ZigBee standards. The rise of the
information technology has stimulated the interest of Inter-
net companies in research in this field [1]. Today, expert
organizations are using ZigBee to effectively deliver solutions
to multiple fields; the smart home grid is very flexible. The
home application combines a variety of Internet communi-
cation technologies and forms a versatile platform to execute
commands [2]. As an important communication field, wire-
less sensor network supports many new applications, such as

monitoring, property management, factory automation,
vehicle identification and so on [3]. MPWiNodeZ provides
an array of mesh acquisition devices ready to be deployed
in the vineyard. The equipment not only includes the hard-
ware composition and environment of the test system, but
also measures the performance of the equipment in the envi-
ronment. The process should be paid attention to ecological
protection, which is essential to achieve self-sustaining oper-
ation [4]. Internet companies are deepening their research
on ZigBee technology, focusing on online communications
and efficient education. The ZigBee Alliance has identified
a number of areas for the technology: electronics produc-
tion, environmental monitoring, teaching systems, etc. [5].
Realizing interactive learning has been the biggest problem
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of electronic engineering professional teaching for many
years, which has affected the interest of teachers and stu-
dents in learning; in the teaching system of introducing the
entry learning unit of electronic engineering student courses,
the use of professional teaching methods is very effective [6].
The authors demonstrate an educational approach based on
the concrete application of the concept of quality to the
development of a digital electronics laboratory course over
two academic years, with achievement levels and student
evaluations indicating that goals have been achieved. Fur-
thermore, the interdisciplinary nature of this approach
allows it to be applied to other disciplines [7]. CDIO is
MIT’s current classic technical education model, emphasi-
zing that technical education must focus on practice, be
based on modern science and technology, rooted in the
real-life cycle of products or systems, and aim to cultivate
new high-level talents [8]. The methods of reforming elec-
tronic engineering major in many domestic universities
make this major more extensive and have been praised and
supported by government policies. These policies require
that all programs be inclusive and develop specific graduate
attributes [9]. In the European higher education, we describe
the gold content of a professional degree in electronic engi-
neering from universities in the region; the purpose is to
clarify the completed professional work, and to make an
evaluation to better fill the previous mistakes [10]. The Brit-
ish government published the policy mainly to improve the
interactive teaching in colleges and universities and to apply
it to practice. When the activity courses involving various
technologies were concerned about the interactive teaching
cases, the policy clarified how students use the ICT informa-
tion resources, which enhances the potential of students
when working independently [11]. In recent years, the the-
ory of digital information processing has been upgraded
from a low-level approach to an advanced level, and the cur-
riculum has evolved to a core part of expertise. This paper
summarizes the basic theory and applications of information
processing and introduces the interactive teaching methods
that it applies in the 24-hour course practice [12]. We cre-
ated a classroom interactive teaching tool to monitor stu-
dents’ learning, aiming to understand the effectiveness of
classroom teaching strategies, while designing a program
for using teaching tools to gather information [13]. The
Zambia survey investigated the system of ZigBee technical
support for applying interactive teaching to classroom prac-
tice. This project explores the types and use methods of
wireless information technology, which can achieve interac-
tive teaching by creating a network environment and
actively explore in the school teaching curriculum [14]. As
a teaching mode commonly used in the electronic engineer-
ing professional teaching, the teaching management system
design rarely studies the hardware equipment or the require-
ments for the equipment are not high, and the students are
able to learn for the system practice is efficient [15].

2. Introduction to ZigBee Technology

2.1. Overview of ZigBee Technology Development. Compared
with other wireless communication technologies, ZigBee

technology has significant performance advantages, and its
scope is constantly expanding. Further optimizing network
performance and solving some problems encountered by
this technology have gradually become the focus of research.
The continuous development and improvement of network
specifications and their applications have attracted the
research of many universities and commercial companies
in communication technology. Their focus is mainly on
two aspects: the standard and perfect system of ZigBee pro-
tocol specifications and ZigBee technology applied to teach-
ing systems and product design.

2.2. ZigBee Protocol Stack. The ZigBee protocol stack frame-
work simplifies the network communication protocol model
into physical layer, network layer, and application layer,
making the protocol easier to understand. According to the
IEEE 802.15.4 standard, the Communication Alliance has
configured the standard protocols of the network layer and
the application layer. The application object specified by
the manufacturer uses the frame layer to share APS and
security services with ZDO. The ZigBee protocol framework
is shown in Figure 1.

2.3. IEEE802.15.4 Standard. Completed in May 2003, the
IEEE 802.15.4 standard protocol is a communication specifi-
cation for slow wireless personal area networks. Through its
low energy consumption characteristics, the standard strives
to provide a unified standard for slow connections between
different devices accessible to individuals or homes. Com-
pared with other wireless protocols, it has the advantages
of strong networking capability, high efficiency and low
energy consumption.

2.4. ZigBee Network Layer Specification. The network layer,
application layer, and related security configurations are all
based on the physical IEEE 802.15.4 layer and the media
access control layer. The network layer allows the MAC
layer to work properly and provide services for the applica-
tion layer, while the NLME is responsible for the application
layer management services, including the ability of routers
or coordinators to join or leave the network; network related
devices (end nodes) assign addresses, neighbor identification
and route detection through coordinators or routers.

2.5. ZigBee Application Layer Specification. The application
layer is mainly composed of the application support sub-
layer, device objects, and application objects specified by
the manufacturer. The key functions of the application sup-
port layer are the data transmission between interface
devices, the maintenance of the binding table, and the APS
communication mechanism. The so-called bundling is to
bind two devices according to their own needs and services.
The application support sublayer is used to connect the
application layer and the network layer. The function of
the device object is to define the role of the device on the net-
work, create a security mechanism, and respond to the user’s
request. Bind requests, search for existing devices on the net-
work, and terminate application services in favor of their
provisioning devices.

2 Wireless Communications and Mobile Computing



3. Basic Routing Algorithm of ZigBee
Network Layer

3.1. ZigBee Address Allocation Mechanism. The master node
of the ZigBee network combines the distributed address allo-
cation algorithm (DAAM) to assign address segments and
16-bit short addresses to child nodes, allowing nodes to
build logical structures. The exact addressing process is as
follows: The ZigBee network addressing process has three
important parameters: Lm, Cm, and Rm. These are defined
by the coordinator at the beginning of the network construc-
tion. Usually, the size of the address assigned by the parent
node to the child node is calculated as shown in Formula
(1), and CskipðdÞ is set as the address offset:

Cskip dð Þ =
1 + Cm ⋅ Lm − d, Rm = 1
1 + Cm − Cm ⋅ RL

m

Rm + 1 , Rm ≠ 1

8><
>: : ð1Þ

Typically, the coordinator depth in a ZigBee network is
set to 0, and other nodes in the network increase the current
depth from top to bottom according to their positions. The
master node assigns an address 1 greater than its own
address to the first added FFD child node and then uses
the following formula to represent the associated node; if it
is A, this node is the end node. Together with the various
child nodes of the network, address determination can be
made according to the following formula:

Ai = Ap + Cskip dð Þ ⋅ i − 1ð Þ + 1, i ∈ 1, Rm½ �: ð2Þ

The network address of the p-th endpoint whose parent

is

An = Ap + Cskip dð Þ ⋅ Rm + n, n ∈ 1, Cm − Rm½ �: ð3Þ

The calculation result of the maximum number of nodes
that the ZigBee network can accommodate is shown in the
following formula:

Ntotal = Cskip 0ð Þ ⋅ Rm + Cm − Rmð Þ + 1: ð4Þ

3.2. Cluster Tree Algorithm. The cluster tree algorithm is a
hierarchical routing algorithm of the static type, in which
packets are sent and forwarded through a tree topology. This
algorithm is often used when the ZigBee network topology is
a cluster tree. If FFD is the target node, the node responds to
the top level. Otherwise, the following formula can be com-
bined to evaluate whether the child node corresponds to the
target node, as follows:

A <D < A + Cskip d − 1ð Þ: ð5Þ

So the following formula can be used to specify the next
hop address required to reach the child node.

N = D − A − 1
Cskip dð Þ

 !
⋅ Cm + A: ð6Þ

3.3. Common Performance Indicators of Routing Protocols.
The purpose of NS2 simulation is to compare the perfor-
mance of ZigBee routing protocol Cluster tree, AODvjr,
and ZBR in different network scenarios. In general, we
choose the following dimension metrics when evaluating
and analyzing the performance of routing algorithms, which
are defined as follows:

Application support layer
(APS)

Network layer (NWK)

IEE (MACE.15.4 media access
layer)

IEEE 802.15.4 physical layer
(PHY)

ZigBee
alliance

Application object
1...application object n

IEEE
802.15.4

Application layer

Figure 1: ZigBee protocol framework.
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(1) The packet delivery rate GK is an important indica-
tor to measure the accuracy of the routing protocol,
and the delivery rate of the data packet is shown in
the following formula:

Gk =
Gd + 1
Gs

: ð7Þ

(2) Average end-to-end delay: The average end-to-end
delay of all successfully transmitted packets, this
indicator shows the degree of network congestion
and the real-time nature of network data to be trans-
mitted. LetM be the number of packets successfully
delivered to the destination node, tdðiÞ is the time
when the packet is received, and tsðiÞ is the time
when the packet is sent, so the end-to-end average
delay is defined as follows:

Td =
1
M

〠
M

i=0
td ið Þ − ts ið Þ½ �: ð8Þ

(3) The routing cost reflects the average number of con-
trol packets required to transmit a data packet.
Assuming that M groups of data packets are trans-
mitted, the corresponding average routing cost is as
follows.

(4) Node survival rate is used to represent the energy
balance of the network. The specific definition is as
follows: that is, the ratio of the number of surviving
nodes in the network to the total number of nodes
after the network runs for a certain period of time.
The specific definitions are as follows:

Node Survival Rate = Number of SurvivingNodes
total number of nodes : ð9Þ

(5) The remaining energy of the network is easy to
understand, and the continuous operation of the
ongoing network will continue to consume node
energy. Therefore, the calculation formula of the
residual energy of the network is as follows:

Network residual energy =〠residual energy of a single node:
ð10Þ

3.4. Classification of ZigBee Clock Synchronization
Algorithms. In the whole wireless sensor network, the main
reasons for clock synchronization are the difference of hard-

ware clock frequency and transmission delay. At present, the
more mature clock synchronization algorithms are mainly
divided into two categories.

Based on the transceiver bidirectional clock synchroniza-
tion algorithm, each node synchronizes time with its supe-
rior node through bidirectional message synchronization
and finally synchronizes between all nodes and the master
node. When the local time of node B is T, the time between
node A and node B is T. When the clock offset is Δ, there is

T2 = T1 + Δ + d: ð11Þ

In the case of clock skew, the formula is as follows:

T4 = T3 − Δ + d, ð12Þ

can be calculated

Δ = T2 − T1ð Þ − T4 − T3ð Þ
2 ,

d = T2 − T1ð Þ + T4 − T3ð Þ
2 :

ð13Þ

Node B changes its local time to T4 + Δ at time T4 so
that it can achieve synchronization with node A at this time.

Based on receiver-receiver clock synchronization algo-
rithm, its working principle is not to synchronize the time
of the sender and the receiver, but to synchronize the
received time. According to the time synchronization statis-
tics, it can be assumed that the receiver receives the reference
synchronization message at the same time. Based on the
continuous interest rate model, it is assumed the following:

Node 1’s local clock is

c1 tð Þ = α1 + β1t: ð14Þ

Node 2’s local clock is

c2 tð Þ = α2 + β2t: ð15Þ

The local clock skew of the 2 nodes is

of f et tð Þ = α1 − α2ð Þ + β1 − β2ð Þt: ð16Þ

For a given time, a set of clocks offset data can be
obtained, and a least squares linear regression method is
used to fit the offset data. The intersection of the resulting
lines is the original clock skew of the two nodes, and the
slope of the line is the clock skew of the two nodes.

3.5. Algorithm Error Analysis. When analyzing the clock
synchronization error according to the principle of the
TPSN algorithm, the influence of the transmission time
and the access time on the error is eliminated. Assuming
that the local times of the two nodes in the synchronization
process are t1, t2, respectively, the following formula can be
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obtained:

t2 = t1 + SA + PA⟶B + RB,
T2 = T1 + SA + PA⟶B + RB +DA⟶B

t1

DA⟶B
t =DA⟶B

t1 + RDA⟶B
t⟶t4

(
:

ð17Þ

T1, T2 is the time measured by the local node corre-
sponding to t1, t2, SA is the time when the parent node infor-
mation is sent, PA⟶B is the time when the synchronization
data packet is propagated from the parent node to the child
node, RB is the processing time of the child node informa-
tion receiving process, and DA⟶B

t represents the clock offset
between the parent node and the child node at time t1.

Similarly, T4 can be obtained:

T = T3 + SB + PB⟶A + RA +DB⟶A
t1 : ð18Þ

In summary, the clock skew can be obtained:

Δ = sA − sB
2 + RB − RA

2 + RDA⟶B
t⟶t4
2 : ð19Þ

Therefore, the synchronization error can be calculated as

Error = Δ −DA⟶B
t⟶t4 =

sA − sB
2 + RB − RA

2 + RDA⟶B
t⟶t4
2 : ð20Þ

In order to analyze the clock synchronization error
between the routing node and the end node, according to
the basic principle of the DMTS algorithm, the sending node
A sends and starts the preamble synchronization word at
time t, and the receiving node B adds a timestamp. Send a
timestamp to the message when the message arrives, register
the current local time before setting the local time, and
adjust the local clock to the specified time; you can get

T2 = T0 + TB + PA⟶B + RB +DA⟶B
t1

DA⟶B
t0 =DB⟶A

t1 + RDA⟶B
t0⟶t4

(
: ð21Þ

Among the many time synchronization algorithms in
wireless sensor networks, the delay measurement time syn-
chronization (DMTS) algorithm is widely used because of
its simple principle, low computational complexity, and
low energy consumption, but its accuracy and stability are
insufficient. Finally, the error of the DMTS is obtained as

Error = Δ −DA⟶B
t⟶t4 = PA⟶B + Terror + Rerror + RDA⟶B

t0⟶t4:

ð22Þ

Although the TPAN algorithm has high accuracy, it
must send 2 messages and synchronize after receiving 2
messages, resulting in a total power consumption of 4 mes-
sages; the DMTS algorithm is less accurate but only needs
to send 1 message and receive 1 message Sync once, con-
suming 2 messages in total. By combining wireless sensor

networks, the advantages of both ensure network power
and network power consumption.

4. Realization of Interactive Teaching
System Platform

4.1. Design of Interactive Teaching System. The interactive
teaching system created above is aimed at teachers and stu-
dents majoring in electronic technology in South China Uni-
versity of Technology, and all the courses involved are based
on the electronic technology courses in South China Univer-
sity of Technology. The purpose of the system is to design a
new interactive e-learning assessment system focused on
improving the entire teacher assignment process and course-
work grading, bringing students’ work closer to real business
teamwork to complete tasks, improve skills, expand knowl-
edge to improve Competitive job market. Compared with
the previous offline process of organizing and judging cour-
sework, the interactive course evaluation system proposed
by the system aims to provide teachers with more valuable
reference information, while reducing the workload of
teachers to evaluate courses. Previously, our student evalua-
tion and coursework the evaluation is ultimately based on a
percentage as the result of the evaluation. Every student has
his own strengths and embodies his own qualities in many
ways. Students may not perform well on exams, but have
excellent coding skills and are team players. If the previous
grading method is used, there is no way to show his/her
interest, see from the transcript how the student did this.
Therefore, we need a new grading system that includes mul-
tidimensional assessment metrics that allow for multi-
dimensional assessment not only of each coursework, but
also of each student at the end of the course.

4.2. Functional Analysis of Interactive Teaching System. In
this system, the users include teachers and students. Among
them, the administrator has the most authority and can
manage other users arbitrarily. The interactive teaching sys-
tem designed here uses SQL Server database to run the sys-
tem. The database mainly includes the following data tables:
user table, teacher table, student table, administrator table,
curriculum table, announcement table, topic table, reply
topic table, and courseware on-demand table. The composi-
tion of several main tables is briefly introduced:

(1) Work unit Table 1

(2) Teacher table, used to record some information of
teachers, as shown in Table 2

(3) Student table, used to record student information, as
shown in Table 3

(4) Table of discussion content, as shown in Table 4
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(5) User table, used to record user information, as
shown in Table 5

(6) The student’s achievement table, as shown in Table 6

4.3. System Experiment. In order to evaluate the feasibility of
this evaluation system, the interactive education system
developed in this paper is mainly used in the teaching of
electronic engineering majors in the School of Software.
We selected students from two undergraduate classes of
electronic engineering in South China University of Tech-
nology for experimental comparison; the practicability of
the system can be verified. The experiment is about the eval-

uation system proposed by the subject of IT project manage-
ment on the interactive teaching system. There are 6 groups,
and the best student is selected as the group leader. Figures 2
and 3 are the experimental results of the 2018 electronic
engineering class 6 group and teachers in the IT project
management course.

From the score distribution in Figure 2, it can be seen
that if the captain has too much power, it is no problem to
give himself a high score, but the experimental results are
not ideal. After communicating with classmates, I noticed
that not all team members have the same score. Participate
in the project in a way that the team leader is particularly
concerned about low-scoring team members developing
psychological imbalances and being ashamed of themselves
for underperforming. For example, the tasks assigned by
the teacher to each group of algorithm classes may be differ-
ent algorithms, and if the students in each group only partic-
ipate in the assignments of that group, the impact of the
coursework will be greatly reduced due to the unintended
teacher. As shown in Figure 3, the peer review results among
the groups are in good agreement with the final teacher’s
evaluation results, and the expected effect is achieved.

Figure 3 shows that when peer review and group-to-
group grading are introduced, it can stimulate thinking
and expand students’ knowledge without burdening many
students. Secondly, the students checked the homework of
other groups and gave each indicator a score in their hearts,
which is also a good reference for the teacher, and it is very
helpful for the teacher to understand the quality of each
homework; according to the experimental results, students
are also able to take peer review very seriously and
responsibly.

Learning from the failure of the last experiment, we
decided that the total score for each group of students is
100 so that students can compromise between workload
and grades. In addition, the teacher suggested that the stu-
dents should be different in the evaluation, instill the idea
of investing in the evaluation, and try to let the team leader
free his hands and feet to evaluate. The data of this experi-
ment are shown in Figure 4. It can be seen that except for
the fifth group, the score distribution of the other six groups
is very ideal, providing very effective reference information
for teachers. The peer-reviewed results are shown in

Table 1: Worksheet.

Field name Data type Major key Is it empty Field description

Id Text Yes Not null Job number

Zxuehao Text Not null Student ID

Ztihao Text Not null Homework question number

Zzhengwen Text Null Homework body

Zchengji Figure Null Homework results

Zkecheng Text Not null The course

Zjianshi Text Not null Class teacher

Zbiaoshi Text Not null Job identification

Zbezhuu Text Null Homework remarks

Zshijian Text Not null Submission time

Table 2: Teacher table.

Field
name

Data
type

Major
key

Is it
empty

Field description

Jjiaoshi Text Yes Not null Teacher number

Jxingming Text Not null Teacher’s name

Jxingbie Text Not null Teacher gender

Jbumen Text Null The department

Jdianhua Text Null
The teacher
telephone

Jemai Text Null Teacher email

Jzhicheng Text Null Teacher title

Table 3: Student table.

Field name
Data
type

Major
key

Is it empty Field description

Xxuehao Text Yes Not null Student ID

Xxingming Text Not null Name of student

Xxinbie Text Not null Student gender

Xbanji Text Null The class

Xdianhua Text Null
Student
telephone

Xdianyou Text Null Student email
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Figure 5, which are the same as the previous experimental
results and also meet expectations’ effect.

The experimental results in Figure 5 show that the previ-
ous rule design was flawed; even if the team leader wanted to
be a good person, he did not want to score based on the
actual contributions of team members. After improving the
plan, the team leader can score according to the actual con-
tributions of team members, who have achieved good exper-
imental results and achieved the goals of the system.

4.4. System Function Test. Apart from resource usage, scal-
ability, system capacity (concurrency, etc.), and system sta-
bility, software performance is first expressed in response
time. The system is used to manage the daily education of
the school, including notification management, file manage-
ment, system note management, personal user information
management, course management, and other functions.
The main significance of performance testing is to ensure
that the functions of the system meet the requirements of
users. The scene description of the functional test is shown
as follows in Table 7.

The measured hardware foundation of this platform is
shown in Table 8.

4.5. System Performance Comparison. System performance
includes the following aspects:

(1) Security test: For the security test of the system, the
user needs to input information in the system, and
the system will determine and analyze the informa-
tion. If the information is incorrectly entered or
three consecutive errors are made, the entire system
will be locked, and the user will be given a certain
prompt, requiring the system to run for a long time,
and there will be no abnormal situation or occur-
rence, and all functions can be performed normally

(2) Sustainability test: The operation and operation of
the entire system are coherent, and there will be no
abnormal situations such as freezes, which can detect
whether the system can run smoothly

(3) Failure handling speed test: After the system fails,
the system can be restored immediately, and the
recovery time of the entire system does not exceed
30 minutes

(4) Efficiency test: The system requires simulated multi-
user access to the system, and the system will not
appear abnormal and maintain normal operation.
When an exception occurs, you can immediately
switch to the backup server and notify the relevant
personnel to solve and deal with it

(5) Response time test: For users, it is required to pro-
vide a fast and stable system. If the running time is
too long, the user cannot accept this system

4.5.1. Internal Data Throughput Comparison. The compari-
son results of the measured data throughput of the interac-
tive system based on the ZigBee method with conventional
LPWAN techniques are shown in Figure 6. Throughput
refers to the total amount of data transmitted over the net-
work during a performance test. For interactive applications,
throughput metrics reflect the stress on the server. In
Figure 6, the data throughput corresponding to the surge
in the number of accessing users can meet the operating
requirements and meet the design conditions of the teaching
system.

It can be seen from the comparison of the internal data
throughput of the teaching system operated by ZigBee tech-
nology and traditional LPWAN technology in Figure. The
results show that the system of ZigBee technology can main-
tain a higher throughput and a more stable system. Different
from LPWAN technology, in the case of the same number of
users under the hood, ZigBee provides more data through-
put with low power consumption.

4.5.2. Comparison of Fast Response Performance. Figure 7
shows the comparison of the response time performance of
the learning system run by ZigBee technology and tradi-
tional LPWAN technology. In the comparison of the mea-
sured feedback results of the fast response system
supported by the two technologies in Figure 7, the response
time between 1.5 s and 2 s is the average value, and the

Table 4: Content table.

Field name Data type Major key Is it empty Field description

Ccid Text Yes Not null Number

Users Text Null Debater

Ctime Text Not null Published time

Cisid Text Not null Subject number

Content Text Null
Published
content

Table 5: User table.

Field
name

Data
type

Major
key

Is it empty Field description

Uid Figure Yes Not null User number

Login Text Not null
Accession
number

Name Text Null Name of user

Pass Text Not null User password

Urid Figure Not null User role

Table 6: Results table.

Field
name

Data
type

Major
key

Is it empty Field description

Ccid Text Yes Not null Job number

Xuehao Text Not null Student ID

Keming Text Null Course title

Chengji Text Null
Homework
results
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Figure 2: 2018 grade 6 electronic engineering 6 team leader’s score and teacher’s score results.
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system performance indicators and parameter values under
extreme operating conditions (excessive user access at the
same time) are only slightly higher than 3 s. This time is per-
fectly acceptable in normal use and is in the fully user-
acceptable time frame compared to multiuser latency.

The comparison results of Figure 7 illustrate that the
system of ZigBee technology can meet the dual require-
ments of operation and performance in daily training
management and operation. Up to 200 users who use
the system alone cannot meet any operational problems.
Except for a delay of about 1.5 seconds, there are no other
problems. Meanwhile, the system supported by ZigBee
technology has a shorter response time than the LPWAN,
and the interval time is less, and ZigBee technology is
more dominant in the comparison of fast response perfor-
mance. At present, the precommissioning stage of the plat-
form has been basically completed, and the system
platform has strong portability and easy maintenance due
to the characteristics of ZigBee.

Since the system supports multiple users to access data
concurrently, it is necessary to monitor the performance
characteristics of the server. For the teaching system sup-
ported by ZigBee and LPWAN technologies, Loadrunner is
used to cooperate with users to test the software perfor-
mance. After analysis, the comparison of the test results is
shown in Figure 8.

By comparing the performance test results of the CPU
occupancy rate test results of the teaching system supported
by ZigBee and LPWAN technologies in Figure 8, the results
show that as the number of users increases, the response
speed of the platform always keeps up, and it is not affected
by users. Under the same conditions, the CPU occupancy of
the system of ZigBee technology is low, which is more con-
venient for users to operate and use, and can also aggregate
more resources.

5. Conclusion

The application description of the interactive teaching sys-
tem supported by ZigBee technology basically meets the
requirements of the school management system in terms of
its function and practicality and also achieves the initial goal
of establishing the system. After completing the application
experiment of the teaching system, I have a deeper under-
standing of the entire B/S architecture software development
process. The design of each link is very important; another
in-depth experience needs to be considered. If you really
want to learn and master JSP, you still need to have a deeper
understanding of Java in order to truly understand the
development benefits of JSP. In the long process of system
development, it is not only a test of my technology, but also
a test of my will and quality. I am very happy that I have
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Figure 5: Mutual assessment results between the 5 teams of 2018 software engineering.

Table 7: Test scenario description.

Test script description IE interface login, consult the schedule, download the schedule, and modify personal information
Number of virtual users 600 User login mode Log in to 4 accounts every 3 seconds

Load run time 50 minutes User exit There are 10 accounts in total every 3 seconds

Concurrent point experiment mode View information Number of concurrent users 200

Table 8: Measured hardware basis.

Server HP RP4440

CPU 8CPU

Internal storage 16G memory

Caliche 146G∗2

Network 100M broadband

Operating system UNIX

The web service running environment WebSphere5.0

IE edition IE7.0

Data base SQL server
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overcome many difficulties and finally completed the devel-
opment of the system. Interactive teaching system is a kind
of interactive or online learning different from traditional
teaching methods. It is the starting point of modern educa-
tion reform and also the hot spot of information technology.
In terms of security, because the system design is aimed at
the student group, the confidentiality requirements are not
very high, and no attention is paid to the security design;
in software testing, the time in the testing phase has not
reached the testing intensity of commercial software prod-
ucts, and it has not been able to strive for excellence.

Data Availability

The experimental data used to support the findings of this
study are available from the corresponding author upon
request.
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