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In order to explore the intelligent education mode in the context of the Internet of Things, this paper combines the Internet of
Things technology and sensor technology to improve the sensor technology and proposes a multisensor information fusion
technology based on Kalman filtering. Moreover, this paper combines the wireless network technology to construct the system
and structure, obtains the functional modules of the intelligent education system based on the Internet of Things technology
and the new sensor technology, and analyzes the system realization process. In addition, this paper constructs a smart
education system based on the Internet of Things and new sensors and designs experiments to verify the system. The research
shows that the method proposed in this paper has good data transmission effect, can effectively improve the effect of intelligent
education, and meet the actual needs of current education.

1. Introduction

After years of development, the Internet of Things is no lon-
ger a connection between things based on RFID technology,
and its definition has been extended and changed very
much. In general terms, the current Internet of Things refers
to connecting all devices through Internet technology, allow-
ing them to exchange data and information, and completing
the intelligent management and control of devices [1]. More
specifically, the Internet of Things acts as an information
aggregation platform and provides a common language for
the interaction of different devices and applications. The
transmission of encrypted data is completed between the
device and the Internet of Things platform. The Internet of
Things integrates data from various devices and applications
and realizes data interaction between applications through
data analysis [2].

With the development and maturity of information
technology and multimedia technology, classrooms have
evolved from traditional multimedia classrooms to intelli-
gent and intelligent classrooms [3]. It can be expected that

with the maturity and popularization of the Internet of
Things technology, mobile devices represented by smart-
phones, as well as terminal devices such as cameras and
sensors, can extend and strengthen the various senses of
classroom participants. At the same time, wearable devices
can assist teachers and students in teaching activities to
directly experience virtual reality/augmented reality
(VR/AR) and assist classroom learning [4].

With thematurity and popularization of technologies such
as artificial intelligence and deep learning, learning data will be
analyzed using deep learning methods in the learning process
to provide guidance or feedback for teaching behavior and
provide analysis and prediction for teaching results. By analyz-
ing the learning process data recorded by smart cameras,
wearable devices, and various sensors, the smart classroom
can automatically analyze the facial expressions and gestures
of learning in real-time, so that teachers can get more teaching
feedback information and improve teaching and learning. The
purpose is to improve student learning efficiency.

As the most typical teaching environment application
for the development of educational informatization, “smart
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classroom” has different understandings from different
countries, experts, and scholars. The smart classroom is a
new type of smart classroom that includes five dimensions:
“presentation of teaching content,” “classroom environment
management,” “teaching resource acquisition,” “timely
classroom interaction,” and “environmental situational
awareness.” It is an intelligent learning environment. Con-
centrated embodiment, high-end multimedia and network
classrooms and smart classrooms are able to satisfy adminis-
trators to intelligently control all the teaching equipment in
the classroom, and at the same time, it can promote teaching
activities between teachers and students through remote
teaching and other methods. It is characterized by computer
interaction, relying on smart space technology to improve
and expand the functions that can be provided in the class-
room; the smart classroom is an enhanced classroom based
on electronic technology; the smart classroom can push dif-
ferent learning content to students according to the differ-
ences of different students and really do to personalized
teaching. The entire classroom is people-oriented, and the
effective interaction between people and smart devices pro-
motes the achievement of learning goals; the function of
the smart classroom is to use smart teaching equipment to
collect and store the behavior data of students in teaching
and to improve the teaching content through feedback infor-
mation. Some smart devices that can quickly collect and find
information can also be used to enhance the intelligence of
the classroom. It can be found that the definition of the
smart classroom is very broad, and the realization of differ-
ent intelligent functions of the smart classroom depends on
the corresponding different technical foundations.

This article combines the Internet of Things technology
and new sensor technology to study the intelligence of the
education field and combines the contemporary education
needs to construct an intelligent education system to
improve the effect of subsequent intelligent education.

2. Related Work

In the early stage of classroom construction, the data source
of education and teaching was relatively single, the data
structure was relatively single, and the main type is relational
data. Moreover, the storage method is mainly based on rela-
tional databases, among which the more representative ones
are MYSQL, Oracle, etc. With the rise of computers and the
Internet and the development of the electronics industry, the
application of computers in all walks of life, data sources
have become widespread, and data types have become
diverse. It is mainly divided into structured data and
unstructured data. Databases used to store data are divided
into two categories: relational databases and NoSQL (not
only structured query language) databases. The application
and development of these technologies have expanded the
source of data. However, these data are stored independently
in different systems. They are all data in a single field. There
is no data circulation and data sharing, which has caused the
phenomenon of data closure and formed a block of data [5].
Moreover, the source of the data is based on the transaction
flow, so there is a lack of behavioral data, humanistic data,

and social activity data associated with people. At the same
time, due to technical limitations, these data have not been
well utilized [6].

The high integration of sensors, collaborative sensing
technology, mobile sensing technology [7], and other tech-
nologies are widely used in various fields to promote the
development of sensing technology. Navigation is a typical
application of location-based perception technology, which
is mainly divided into two categories: car navigation and
mobile phone navigation. In the early days, GPS- (Global
Positioning System-) based location-aware technology
achieved real-time recording and reporting of bus arrivals
in modern urban traffic. Real-time information acquisition
has improved travel convenience and made public travel
more inclined to choose public transportation. In modern
transportation systems, perception technology and intelli-
gent technology are used to realize unmanned driving tech-
nology [8]. The development of mobile communication
technology and wireless communication has played down
the acquisition of geographic information. Even if the loca-
tion of the other party is not known, instant communication
can still be carried out. With the development of spatial
information, it has emerged in various fields, especially situ-
ational awareness. In order to solve the problem that sensor
devices in the Internet of Things need to manually set up the
Internet, the context-aware dynamic discovery of things
(CADDOT, Context-Aware Dynamic Discovery of Things)
model [9], which can automatically identify, add and set sen-
sor devices to expand perception range and perception data
types. Pervasive perception is also a newly proposed concept.
In intelligent sensing devices (mobile phones, tablets) with
highly integrated sensors, the perception of smartphones
has also become a research hotspot of data perception [10].
According to different perception objects and different
application purposes, it can be roughly divided into five cat-
egories: physical environment perception, object informa-
tion system identification perception, human body-related
biological characteristics perception, spatial perception, and
interactive information perception. The data included in
physical environment perception is mainly structured data,
and it is widely used in industry and agriculture. Object
information system identification perception is widely used
in logistics and other aspects, mainly for identification of
objects. Spatial perception is the most widely used for loca-
tion positioning. Interactive information perception has
been widely used in applications such as personalized rec-
ommendation. Sensors with physiological related character-
istics have also been widely used, and personal information
data has been expanded to include personal information,
personal behavior, personal physiological, and social activi-
ties and other related information [11].

In early research, foreign scholars believed that smart
classrooms are classrooms enhanced by information tech-
nology [12]. At present, the concept of smart classroom
has undergone significant changes. Foreign countries no
longer define the concept of smart classroom from the aspect
of classroom information technology, but from the learning
environment [13]. The literature [14] pointed out that the
classroom is a learning environment. Moreover, it is believed
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that the classroom not only includes all aspects of technol-
ogy and resources but should also include various methods
of education, and the classroom is a learning environment
composed of teachers and learners. This literature incorpo-
rates the main body of teaching and learning into the study
of the learning environment of the smart classroom. The lit-
erature [15] put forward the concept of an upside-down
classroom. This teaching method gives students more free-
dom and further reflects the concept of education and teach-
ing that students are the main body of learning.

3. New Sensor Technology Based on the
Internet of Things

Sensor technology is one of the main contents of modern
information technology. The sensor is a device that converts
the amount of external environment information that can be
felt into a required output signal through a set rule. It is gen-
erally composed of conversion components and sensitive
components. The sensitive element refers to the part that
can perceive external environmental information, and the
conversion element refers to the part where the sensor trans-
forms and outputs the external environmental information
sensed by the sensitive element through certain rules.

The basic requirement for the static characteristics of the
sensor is that when the input is 0, the output is also 0, or the
output should maintain a certain corresponding relationship
with the input. As shown in Figure 1, if the input of the sen-
sor is x and the output is y, then y = f ðxÞ, and x/y is prefer-
ably a constant proportional relationship [16].

Sensitivity and SN: sensitivity is the primary consider-
ation when selecting a sensor. If the sensitivity required for
measurement is not achieved, this sensor cannot be used.
However, sensors with high sensitivity are susceptible to
noise. In addition to environmental noise, there is also noise
from the sensor itself [17].

Linear: there is a linear proportional relationship
between input and output, which is called linear relation-
ship. In fact, most sensors have a nonlinear relationship.

Hysteresis: when the input quantity increases to X1, if
the output quantity is Y1, the input quantity continues to
increase and then decreases to X1, and the output quantity
is Y2 at this time. In fact, the output Y1 and Y2 are not equal,
and there is a certain difference, which is a time lag. In this
way, there is no one-to-one correspondence between input
and output.

Environmental characteristics: the biggest influence on
the sensor is the temperature in the surrounding environ-
ment. Moreover, many sensor materials choose semiconduc-
tors with high sensitivity and easy signal processing.
However, semiconductors are sensitive to the environment,
so special care must be taken when using them.

Stability: when sensors with ideal characteristics are
added with the same input, the output is always the same.
In actual use, the sensor changes with time, and the output
may be different for the same input. During continuous
work, temperature drift may also occur [18].

Accuracy degree: accuracy degree is used to evaluate the
degree of excellence of the system. Accuracy is divided into

accuracy and precision. Accuracy refers to the deviation
between the measured value and the true value, and correc-
tion is needed to correct this deviation. Precision refers to
the same object, and each measurement will get a different
measurement value, which is the discrete deviation.

The input signal to be detected by the sensor changes
with time, and the characteristics of the sensor should be
able to track the change of the input signal, so that an accu-
rate input signal can be obtained. If the change is too fast, it
may not be tracked. This is the response characteristic, that
is, the dynamic characteristic. The dynamic characteristic
is one of the important characteristics of the sensor. The
relationship between sensor and response is shown in
Figure 2.

Among the functional models of multisource informa-
tion fusion systems, the JDL model and its evolutionary ver-
sion occupy an important position, and it is currently a
widely recognized model. The recommended information
fusion model based on JDL is shown in Figure 3.

Level 0 signal/feature estimation: it estimates the state of
the signal or feature. Signals and characteristics can be defined
as data obtained from observations or measurements.

Level 1 entity estimation: it estimates the state or charac-
teristics of the observed entity.

Level 2 situation estimation: it is an estimation of the
actual observed environmental structure, that is, an estima-
tion of the relationship between entities.

Level 3 impact estimation: it is an estimation of the avail-
ability and cost of signals, entities, and situational states.

Level 4 process estimation: the process of self-estimation
of the system performance completed by comparing with the
expected performance and efficiency.

As can be seen from the above figure, the recommended
information model clearly divides the functions of each level
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Figure 1: The relationship between input and output.
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Figure 2: The relationship between input and response.

3Journal of Sensors



of information fusion from the aspects of input data, model,
output data, and reasoning type.

Multisensor information fusion is very different from
previous single-sensor systems. The key is that the multisen-
sor information of information fusion has a more complex
form and can work at different information levels. There
are many classification methods for data fusion. One is to
classify the sensor data according to the degree of processing
before it is sent to the data fusion processing center, which
can be divided into sensor data fusion, central-level data
fusion, and hybrid data fusion. The so-called hybrid data
fusion means that it includes both sensor fusion and
central-level fusion in its fusion process [19].

3.1. Sensor Data Fusion. Sensor data fusion is a distributed
fusion structure. The basic principle is that different sensors
collect the data of their respective observation targets and
then input them to different local processors for local pro-
cessing. After local processing, a local analysis result is
formed. Finally, each local processor transmits different local
estimates to the fusion center, and then the fusion center
performs final processing on the data to form a global
estimate.

It can be seen from the above that the sensor data fusion
structure can perform simple partial processing on the data
after the sensor collects the data, optimizes the data, and
makes the system very simple, so it is widely used at present,
and its structure is shown in Figure 4.

3.2. Central Fusion. Central fusion is also called centralized
fusion, which means the fusion of original observation data.
It transfers the data of each sensor to the data fusion center
and performs data calibration, data association, track/point-
track fusion, prediction, and tracking in the data fusion cen-

ter. Its structure is shown in Figure 5. If the data collected by
each independent sensor can be accurately fused in the
fusion center, the structure of the central fusion is the
method that can obtain the most accurate observations.
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Figure 3: Recommended information fusion model.
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However, under actual conditions, due to the large number
of sensors, the data collected by some sensors may have seri-
ous errors that cannot be collected. Moreover, it is some-
times difficult to distinguish which sensors are collecting
data from the same target. This makes the processing accu-
racy of the central-level data fusion structure higher, but
the cost is also high and the stability is poor.

The hybrid fusion structure emphasizes the monitoring
fusion process and effective scheduling data-level fusion, so
it has strong adaptability, and takes into account the advan-
tages of centralized fusion and distributed fusion structure,
and has strong stability, as shown in Figure 6. However, this

structure increases the complexity of data processing and
needs to increase the data transmission rate, so it is time-
consuming in communication and calculations [20].

As an intelligent education system, angle sensors can be
installed in the classroom to detect the rotation joints of the
camera device, so that the angle between the joints can be
accurately obtained. After the angle is obtained, the calcula-
tion can be performed according to Equation (1) to obtain
the pose equation of the wrist joint [21].

0T3 = 0T1
1
T2

2T3, ð1Þ

0T1 =

cθ1 0 −sθ1 0
sθ1 0 cθ1 0
0 −1 0 0
0 0 0 1

2
666664

3
777775

1

T2 =

cθ2 −sθ2 0 a2cθ2

sθ2 cθ2 0 a2cθ2

0 0 1 0
0 0 0 1

2
666664

3
777775,

ð2Þ

2T3 =

cθ3 −sθ3 0 a3cθ3

sθ3 cθ3 0 a3cθ3

0 0 1 0
0 0 0 1

2
666664

3
777775: ð3Þ

cθ1 = cos θ1, sθ1 = sin θ1, and a2 are the length of the big
arm, and a3 is the length of the forearm.

That is, as long as the value of θ1, θ2, θ3 is known, the
pose of the wrist relative to the origin of the shoulder joint
can be calculated according to Formula (1).

In actual working conditions, the data collected by the
sensor may contain errors due to environmental interfer-
ence, and the data collected by a traditional single sensor
loses the characteristics after the information combination.

Kalman filtering has a good filtering effect in the field of
linear filtering, especially the optimal state estimation can be
obtained in the filtering process under the assumption of lin-
ear Gaussian white noise. Because the Kalman filtering
method is simple and the linear filtering effect is good, it
has been widely used in various fields, especially in the appli-
cation of target tracking.

A discrete-time system described by the vector difference
equation is considered. Due to the influence of Gaussian
noise in the system, the state equation of the system is

X k + 1ð Þ = F kð ÞX kð Þ +G kð Þu kð Þ + v kð Þ, k = 0, 1, 2,⋯: ð4Þ

In the formula, XðkÞ ∈ R is the state vector and uðkÞ ∈ R
is the known input vector. vðkÞ ∈ R is the white noise
sequence of the mean Gaussian process, and its covariance is

E v kð Þv kð ÞT
� �h i

=Q kð Þ: ð5Þ

The measurement equation of the system is

z kð Þ =H kð ÞX kð Þ +w kð Þ: ð6Þ
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In the formula, zðkÞ ∈ R is the observation vector, wðkÞ
∈ R is the zero Gaussian noise sequence with mean value,
and its covariance is

E w kð Þw kð ÞT
� �h i

= R kð Þ: ð7Þ

The matrices FðkÞ, GðkÞ, HðkÞ, QðkÞ, and RðkÞ are
assumed to be known and may change over time. That is,
the system may change with time, and the noise may also
be non-stationary random noise.

Kalman filtering has two types of algorithms: continuous
and discrete. Among them, the discrete algorithm is cur-
rently widely used in the state estimation of linear systems.

The algorithm flow of Kalman filter is as follows: filter
estimation [22]:

X̂ k + 1 ∣ k + 1ð Þ = FX̂ k ∣ kð Þ + K k + 1ð Þ Z kð Þ −HFX̂ k ∣ kð Þ� �
:

ð8Þ

Filter gain:

X k + 1ð Þ = P k + 1 ∣ kð ÞHT HP k + 1 ∣ kð ÞHT + R kð Þ� �−1
: ð9Þ

Single-step prediction error covariance matrix:

P k + 1 ∣ kð Þ = FP k ∣ kð ÞFT + ΓQ kð ÞΓT : ð10Þ

Filtering error covariance matrix:

P k + 1 ∣ k + 1ð Þ = I − K k + 1ð ÞH½ �P k + 1 ∣ kð Þ: ð11Þ

It should be pointed out that Pðk + 1 ∣ k + 1Þ can be
regarded as the performance evaluation of Kalman filtering,
because:

P k + 1 ∣ k + 1ð Þ = E X k + 1ð Þ − X̂ k + 1 ∣ k + 1ð Þ� �
X k + 1ð Þð�

− X∧ k + 1 ∣ k + 1ð ÞÞT�:
ð12Þ

It can be seen from the Kalman filter process that the
algorithm process of Kalman filter is actually a set of recur-
sive formulas. The calculation process is a process of contin-
uous prediction and correction according to the set initial
value, state equation, and prediction equation. First, accord-
ing to the state estimation at the previous moment, the next
prediction value at the observation moment is obtained from
the state equation; then, the correction value of the predic-
tion value is calculated by combining the current real-time
observation value and information, so as to obtain the opti-
mal estimated value and complete the prediction.

In the design process of the Kalman filter, an important
step is to determine the state vector of the filter, because the
state vector often has an important influence on the entire
algorithm. In the algorithm design process, considering the
derivative relationship between speed and acceleration,
speed can be regarded as a state vector. For the selection of
another state vector, since once the deviation value of the
acceleration is determined, the acceleration can be accurately
estimated, so this deviation value can be selected as another
state vector instead of directly estimating the acceleration.

We set

v = f xð Þ +wv , ð13Þ

a = a xð Þ − ρ +wa: ð14Þ
In formulas (13) and formula (14), v is the measured

value of the speed sensor, a is the measured value of the
acceleration sensor, wv and wa are the noise interference of
the speed sensor and acceleration sensor, respectively, and
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Figure 7: Multisource heterogeneous data processing model.
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ρ is the measured deviation value of the assumed accelera-
tion sensor.

The matrix equation is established as follows:

v

ρ

" #
=

0 −1
0 0

" #
v

ρ

" #
+

1
0

" #
a +

wa

0

" #
, ð15Þ

v = 10½ �
v

ρ

" #
+wv: ð16Þ

Since the state vector selects the speed value and the
deviation value from the acceleration, respectively, x =
v ρ½ �T , and the sampling time interval of the system is
Δt, and

x k + 1ð Þ = x kð Þ + Δt ⋅ a: ð17Þ

By combining formula (15) with formula (13), after sort-
ing, we get

x k + 1ð Þ =
1 −Δt

0 1

" #
x kð Þ +

Δt

0

" #
a kð Þ +

wa kð Þ ⋅ Δt
0

" #
:

ð18Þ

After completing the design of the Kalman filter, the
simulation environment is designed according to the known
algorithm flow.

3.3. Selection of Simulation Tools. The selection of simula-
tion tools should take into account the simplicity of algo-
rithm writing and the ability to intuitively generate
simulation results. Since the Kalman filter algorithm
involves matrix operations and recursive operations, the
MATLAB tool, which has powerful numerical analysis and
matrix operations, and can intuitively generate graphs, is
selected for simulation in this design.

3.4. Determination of the Initial Value of the Filter. After
determining the simulation tool to be used, it is necessary
to program and simulate the filter. In order to find the deriv-
ative more convenient, and to control the upper and lower
boundaries of the function, we can choose the sine function
and cosine function for simulation, as follows:

v = sin 4tð Þ +wv , ð19Þ

a = 4 cos 4tð Þ − 5 +wa: ð20Þ
Formula (18) is derived from formula (17) and obtained

by setting the deviation value. wv and wa represent the var-
iance values of the velocity function and acceleration func-
tion noise, respectively, and the values of wv and wa can be
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Education cloud data exchange platform

Data
warehouse D

at
ab

as
e s

ch
em

a
da

ta
 ex

ch
an

ge
 en

gi
ne

D
ire

ct
or

y 
sh

ar
in

g 
m

od
e

da
ta

 ex
ch

an
ge

 en
gi

ne

Se
rv

ic
e e

xc
ha

ng
e

m
od

e d
at

a e
xc

ha
ng

e
en

gi
ne

Connect to the
database through

JDBC, etc

The school is using
third-party applications,
such as library, all-in-one

card and other systems

In
te

rn
et

 b
us

in
es

s
clo

ud

Soap
and

other
protocols

New applications
in municipal

schools

Figure 9: Data exchange function of education platform based on
wireless network.

7Journal of Sensors



set to 0.04 and 1, respectively. When the time interval of the
system is set to Δt = 0:01s, the matrix function is as follows:

f =
1 −Δt

0 1

" #
, F = Δt 0½ �T , p =

0 1
1 0

" #
,H = 1 0½ �,Q =

Δt2 0
0 0

" #
,

sgmΓ = 0:2, x = 0 0½ �T : ð21Þ

Multisource heterogeneous data has the characteristics
of large quantity, many data types, low value density, and
authenticity. In order to realize the full application of multi-
source heterogeneous data, effectively carry out systematic
analysis and data mining of multisource heterogeneous data,
and obtain higher use value, this paper summarizes the mul-
tisource heterogeneous data processing requirements into a
five-layer model, as shown in Figure 7.

4. Smart Education System Based on Internet of
Things and New Sensor Technology

Figure 8 shows the processing model of big data at the net-
work edge based on cloud computing. The model is divided
into data collection layer, edge network layer, core network,
and cloud computing layer. The data collection layer is
responsible for collecting data, which is transmitted via the
edge network and the core backbone network to the cloud
computing center for processing. Among them, the edge
network will be quite different according to different appli-
cation scenarios. In this paper, it is assumed that the topol-
ogy of the edge network is unknown.

The data exchange function of the education cloud plat-
form can solve the problem of interconnection of business
data generated within the smart class card system and exter-
nal data such as education cloud, Internet commercial cloud,
and school in-use information system. The data source of
data exchange includes not only the business data generated
by the smart class card system but also a large amount of
event data using the smart class card system. Based on these
two types of data sources, it satisfies the data query and
retrieval, data mining, statistical analysis, and in-depth anal-
ysis. Figure 9 shows an example of the data exchange func-
tion of the education cloud platform.

As shown in Figure 10 is the overall architecture of the
smart cloud platform, then all the subsystems, such as the
teaching resource sharing subsystem, the educational
administration system, and the all-in-one card system, will
run on the service integration platform. Each application
developer conducts unified planning to share and manage
school, student personal information, and other data.

After constructing an intelligent education system
based on the Internet of Things and new sensors, the per-
formance of the system is verified. This article carries on
simulation experiment through this Matlab, evaluates the
performance of the intelligent education system through
many groups of experiments, and counts the data trans-
mission speed and teaching effect; the statistical result is
shown in Table 1.

It can be seen from the above research that the method
proposed in this paper has a good data transmission effect,
can effectively improve the effect of intelligent education,
and meet the actual needs of current education.
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Figure 10: The framework of an intelligent education system based on the Internet of Things and new sensors.
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5. Conclusion

With the further in-depth integration of computer technol-
ogy, information technology, Internet technology, artificial
intelligence, and other technologies and education, the
appearance of smart education will undergo earth-shaking
changes. This article discusses the basic principles and
related knowledge of sensor technology and multisensor
information fusion theory, as well as the application of
Kalman filter in sensor data fusion, including the definition,
classification, characteristics, and selection of sensors.

This article focuses on the analysis of the business
needs of the cloud application platform. The cloud appli-
cation platform of the smart campus requires basic plat-
form construction, smart portal construction, smart
teaching construction, and smart management construc-
tion. At the same time, this paper mainly elaborates the
construction plan of the smart campus cloud service net-
work platform and implements it. In addition, this paper
constructs a smart education system based on the Internet
of Things and new sensors and designs experiments to
verify the system. Through the research results, it can be
seen that the method proposed in this paper has a good
data transmission effect, can effectively improve the effect
of intelligent education, and meet the actual needs of cur-
rent education.
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