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Abstract

Multi source fusion of data collected by various sensors to realize accurate
perception is the key basic technology of the Internet of things. At present,
there are many problems in the fusion of various kinds of data collected
by sensors, such as more noise and more null values. In this paper, the
fuzzy neural network algorithm is proposed to establish the model, combined
with the Delphi method and the null value estimation method based on the
prediction value to construct the data fusion system. This method has rich
application scenarios in the construction of IOT system in the field of power
and energy.

Keywords: Artificial neural network, fuzzy neural network, Data fusion
algorithm, Multi-platform sensor.

1 Introduction

Multi-platform sensor and multi-source data fusion was first proposed by
American scholars in the 1980s. A series of achievements have been made in
the field of system structure, state fusion and energy efficiency evaluation in
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foreign countries, and it has been applied in the military. However, the domes-
tic research is basically in its infancy. Because the foreign research is mainly
used in the military field, there are few channels to learn from in China.
Moreover, the demand for multi-source data collection of multi-platform
sensors in the early stage is not urgent. Limited by the impact of commu-
nication transmission bandwidth and quality, it cannot meet the requirements
of quasi real-time large data transmission. Therefore, the domestic research
in this direction The progress of research is also slow, basically staying
in the research of basic concepts. At the same time, compared with the
military, the civilian collection and transmission protocol is more abundant,
the transmission content is more, but the reliability is lower. Therefore, in
the civil field, the research direction is different from the military for the
unreliable data transmission of the complex heterogeneous platform.

With the popularity of 4G and the large-scale commercial use of 5g, the
bandwidth limit of sensors transmitting more accurate data to the background
is gradually broken. The perception demand of large state-owned enterprises
for terminal equipment and station buildings has become an urgent driving
force for the implementation of the Internet of things. Integrating all kinds
of sensor data, transmitting data to the cloud through multiple platforms
and carrying out data fusion analysis, it has become an urgent need for
enterprises to master the edge conditions more comprehensively to improve
their benefits.

This paper mainly analyzes the multi-sensor data, points out the exist-
ing problems, including the basic principle, functional model, hierarchical
structure and fusion method, as well as the space-time registration and
performance evaluation method for multi-source complex system.

1.1 Basic Principles, Fusion Levels and Models of Data Fusion
in Complex Systems

1.1.1 Basic principles
MSDF can mimic the state of the human brain when it synthesizes complex
problems. MSDF uses multiple sensor resources to reasonably control and
utilize the sensor information, and combines the information of the sensor
in space or time, so that the information system has superior performance.
MSDF can be interpreted as: information and data detection, correlation,
estimation and synthesis of multi-stage, multi-faceted processing, so as to
get the exact state and category, determine the situation and threat estimation.
According to the hierarchical classification of data abstraction, fusion can be



Research on Data Fusion Method of Multi-source Complex System 1555

Figure 1 Illustrates the data fusion hierarchy of data abstraction.

Figure 2 JDL data fusion model.

divided into three levels, and the specific hierarchical situation is shown in
Figure 1.

The structure of data fusion is described from different angles, and one
or more data processing structures are adopted from the functional layer. For
example, the location level fusion is divided from the fusion function. See
Figure 2 below for details of its specific hierarchy [1–5].
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1.1.2 Research direction and existing problems of data fusion of
complex systems

In China, the research on data fusion just started, mainly focusing on the
algorithm of target tracking and recognition and the conceptual design and
discussion of multi-sensor and multi-soure data fusion platform. Because the
technique of data fusion involves the research and application in the military
field, there is a great degree of secrecy about this research, and the key
technology is even more blocked. Data conversion, correlation and fusion
algorithm are still the research focus of domestic data fusion, and multi-
objective and tracking are also hot issues in domestic and foreign research
under the complex background, all of which are highly valued by all parties.

At present, it is very urgent to realize unattended power station building
through omni-directional perception. However, station state perception needs
to integrate all kinds of sensor information scattered on multiple platforms,
such as the ambient temperature and humidity collected by the traditional
dynamic and environmental monitoring system, UPS and electric power
cabinet voltage, current and other information collected by traditional power
environment monitoring system, target tracking and recognition information
of camera image and video class collected by unified video platform, and
running state of information equipment collected by integrated network man-
agement system. Modular cabinet monitoring module also collects data such
as temperature inside cabinet, video, air conditioning status, door switch and
access information. The wearable devices of operators also collected relevant
video and location information.

Therefore, it is urgent to solve the problem of false alarm and missed
alarm caused by single platform or single sensor by information fusion
technology. On the one hand, it can eliminate redundant and contradic-
tory information. On the other hand, realize information complementarity,
better identify and eliminate alarm errors, form a relatively complete consis-
tency description of the system environment, help improve the accuracy of
decision – making, and reduce decision – making risk.

This paper holds that the above multi-platform and multi-dimension data
fusion and MSDF database construction are needed to achieve accurate
monitoring of the status of the computer room, but there are few studies on
this in China. To some extent, the data integrity and accuracy of topological
relationships in MSDF databases determine the recognition rate of targets
and identities to some extent. Therefore, on the one hand, we need to fully
obtain various target platforms and their feature data; on the other hand, how
to determine the appropriate feature vector dimensions and feature vectors
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Figure 3 System structure block diagram of CPF MSDF.

of the database is also the main content of the database construction. See
Figure 3 below for the specific architecture diagram.

1.2 Research on Random Set Representation of Multi-source
Information

1.2.1 Establishment of fuzzy model
Multi-source data fusion using fuzzy neural network algorithm has its unique
advantages, and embodies the fuzzy neural network does not need any priori
information, not only improved the ordinary artificial neural network’s ability
to deal with accurate information, but also deal with uncertain information
and fuzzy information at the same time, it will contain in the structure of the
neural network fuzzy logic reasoning mechanism, without a priori knowledge
about the other, and of the trained network is able to multi-sensor information
fusion, the fuzzy rule extraction and membership function determination in
fuzzy theory fusion multi-sensor information are solved, greatly improve the
fusion system integration ability and accuracy, the fuzzy system is highly
adaptive ability of the system model, It has the characteristics of both auto-
matic updating system and fuzzy membership function [6, 7]. The standard
t-s fuzzy system is usually described by the rule of “if-then”. Generally, under
the model with rule R’, we define the fuzzy inference rule as:

Rj : If x1 is A
1
j , x2 is A

2
j , . . . , xm is Amj then yj

= p0
j + p1

jx1 + · · ·+ pmj xm (1)

In the above formula, A′ is called the fuzzy set of the system, p(I+ =
2, 2 . . .M) is the system parameter, and y is the fuzzy rule output element.
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The input type is fuzzy, and the output result is clear. According to the fuzzy
rule, the fuzzy membership value of the input variable x is calculated as
follows:

µij = exp[−(xi − cij/bij)] i = 1, 2, . . . ,m j = 1, 2, . . . , n (2)

The following fuzzy continuous multiplication operator is used for fuzzy
calculation:

ωk = uA1
j (x1) ∗ uA2

j (x2) ∗ . . . ∗ uAij(xi) i = 1, 2, . . . ,m (3)

1.2.2 Fuzzy neural network
The standard t-s fuzzy neural network adopts the network structure as shown
in Figure 4: It is divided into four layers, namely input layer, fuzzy layer,
fuzzy rule layer and the output layer respectively. The input layer is linked to
the input vector x, and the number of network input nodes is the same as the
dimension of the input vector. For input value of the network fuzzification
layer, formula (4) is used to fuzz the output value of fuzzy membership.
Formula (5) is applied to calculate the output of the fuzzy rule layer. Formula
(6) is applied to calculate the final output of the fuzzy neural network. The
specific standard algorithm is as follows [8–10]:

e =
1

2
(ys− ym)2 (4)

Coefficient correction:

pij(k) = pij(k − 1)− α αe
αpij

(5)

Where, p is the weight of the fuzzy neural network, a is the learning rate
of the fuzzy neural network, x is the input parameter of the fuzzy neural
network, and ok is called the membership degree continuous multiplication
operator.

cij(k) = cij(k − 1)− β αe
αcij

bij(k) = bij(k − 1)− β αe
αbij

(6)
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Figure 4 Fuzzy neural network structure.

1.2.3 Function establishment
By introducing the concepts of trust function and likelihood function, d-s
theory has been widely used in uncertain information problems to express
the uncertainty interval. In the evidence theory, for element A in U, the
trust function and likelihood function described by the support degree are
as follows:

Trust function: Bel(A) =
∑
B⊆A

m(B)

Likelihood function: pl(A) =
∑

A∩B 6=φ
m(B) (7)

The trust function Bel is analogue to the probability density function.
The summary of the basic probability assignment values of all subsets in A
is used to express the total trust to A. The interval [Bel(A),Pl(A)] is the trust
interval of A, indicating the possible range from the lower limit estimation to
the upper limit estimation of A. On the other hand, Pl(A)−Bel(A) indicates
A measure that neither trusts nor denies A, and is A measure of ignorance.
The degree of contradiction is calculated as follows:

K−1(m1,m2) =
∑

X∩Y 6=φ
m1(X)m2(Y ) (8)
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M is used to represent the mass function m = m1 star m2 synthesized by
the two pieces of evidence on U. The rule of synthesis is:

m(A) = (m1 ⊕m2)(A) = K ×
∑

X∩Y=A

m1(X)m2(Y ) (9)

Evidence theory hypothesis of space mapping: 2 u Σ Ω – is A set of
random mapping, Σ (omega) = have A:

m(A) = P

{ −1∑
(A)

}

Bel(A) = P

{∑
∗

(A)

}
(10)

Pl(A) = P

{ ∗∑
(A)

}
Trust function and the likelihood function, m (A) said here will be the

probability of random sets A equivalent to the degree of evidence theory in A
precise, i.e. p = m (Σ = A) (A) are:

Bel(A) = p(B ⊆ A) =
∑
B⊆A

p(B) =
∑
B⊆A

m(B)

Pl(A) = p(A ∩B 6= φ) =
∑

A∩B 6=φ
p(B) =

∑
A∩B 6=φ

m(B)

(11)

U two statistically independent random subset Σ and Λ, m Σ and m Λ is
their mass functions respectively. Then for any subset A of U, there is:

mΣ∩Λ(A) = p(Σ ∩ Λ = A) =
∑

X∩Y=A

p(Σ = X,Λ = Y )

=
∑

X∩Y=A

p(Σ = X)p(Λ = Y ) =
∑

X∩Y=A

mΣ(X)mΛ(Y )

(12)
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Equivalent to K−1 in evidence theory, applied to describe the degree of
contradiction between two random sets. The rule of evidence theory is:

p(Σ ∩ Λ = A||Σ ∩ Λ 6= φ) =

∑
X∩Y=A p(Σ = X)p(Λ = Y )

1− p(Σ− Λ 6= φ)

=

∑
X∩Y=AmΣ(X)mΛ(Y )∑
X∩Y 6=φmΣ(X)mΛ(Y )

= (mΣ ⊕mΛ)(A)

(13)

2 Methods

2.1 Random Set Representation of Basic Probability
Distribution of Expert Opinions

The state of power computer room involves knowledge in different fields of
strong current, weak current and information. When it comes to condition
monitoring and fault diagnosis, need to rely on experts in different fields
to put forward various opinions. Experts give subjective judgments based
on their own experience. Due to their rich expertise and experience, they
play an important role in determining diagnostic results and adjusting model
parameters. After observation and test, experts give judgment results based
on their own domain knowledge and experience. Here, comment set {1,
2. . . MF = FFF} is all possible states. Set {1, 2. . . NM = MMM} represents
the set of experts. N is the total number of experts. Due to experts’ own
domain knowledge and other conditions, different weights are assigned to
each expert in different situations, and w:M→[0,1] is defined to repre-
sent the weights of experts. For each monitoring and diagnosis situation,
choose to adopt the expert opinion that the weight is greater than a average
value [11, 12].

For element fi in the comment set, the expert’s comprehensive opinion
in a diagnosis can be regarded as a measure of the degree of confidence
of the random expert group in the support degree of the current state of
fi of the diagnosed object, which is expressed by ib. Because each of the
selected experts will give the corresponding advice, so random set Σ M and
the number of elements in the fi Σ is must be equal. When calculating the ib
values, methods, M Σ and fi Σ corresponding position in small operations, the
elements which are the results to get the maximum, the specific formula is:

bi = max
(∑

M ∩
∑

fi
)

= max{min{w(m), µifi(m)}} (14)
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Figure 5 Single point coverage function diagram of every sensor.

Taking equipment X for monitoring and fault diagnosis as an example,
temperature C is the influencing factor. Sensors set {1, 2, 3}Θ = theta.
Theta. Theta X to equipment to monitor the temperature of the three inde-
pendent sensor respectively in ∆ t time to obtain a set of observations, theta
I mu is used to describe the I number sensor measurement random set theta I
Σ single point cover function. Here it is expressed in gauss form:

µθi = exp(−(c− c̄i)2/2σ2
ci) (15)

Θ as global sensor, theta. 1, 2, theta, theta 3 three sensors function graphic
intersecting for global sensor number range interval, in the intersection
interval take to establish a data set, gaussian fitting is used to determine
the Θ Σ single point cover function Θ mu the values of the parameters,
including Θ has a value of 24.49 c, sigma Θ value of 2.522, mu Θ still take
coefficient value is 1, the exp (12.72) (24.49) = 2 − Θ mu c. The graph of
the coverage function of the three independent sensors and the global sensors
they determine is shown in Figure 5 below.

Set up comment set {1, 2 . . .MF = FFF} corresponds to the comments
of three device states. Here, it is only assumed that the device has three
states, namely, F = {safe, ordinary, dangerous}. For factor temperature C,
each state corresponds to a certain value and is represented by a random set.
Here, the gaussian form is also applied to represent the single-point coverage
function of each random set. The specific function expression is as follows:

µfi = exp(−(x− xfi)2/2σ2
fi) (16)

Global sensor Θ observation and sample database corresponding to each
state for the matching results below 6 for details.
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Figure 6 Matching results of observation and security state.

2.2 Research on Null Value Estimation Algorithm Based on
Predicted Value

The acquisition system composed of multi-source data is usually an incom-
plete acquisition system, in which there are many types of null values. This
chapter first studies the problem of missing null value estimation in incom-
plete acquisition system. Secondly, the method of empty value estimation
based on similarity relation model is introduced in detail, and the problems
in sparse data processing are analyzed. Thirdly, an improved score prediction
method for sparse data is proposed, and a new feature weight method is
introduced. Finally, the effectiveness and performance of the algorithm are
verified by experiments. Rough set theory assumes that information systems
contain only accurate data and that any attribute of any object has a unique
exact value. In accuracy: refers to the ratio of the total number of correctly
estimated attribute values to the total number of filled attribute values,
denoted as C, that is:

C =
card(x|x ∈ U, a ∈ A, a(x) 6= φΛPre(x, a) = a(x))

card(x|x ∈ U, a ∈ A, a(x) 6= φ)
(17)

MAE (mean absolute error) is one of the standards to evaluate the quality
of recommendation algorithm. The accuracy of prediction is measured by
calculating the deviation between the prediction score and the actual score of
users. The smaller the value of MAE, the higher the accuracy of recommen-
dation [13–15]. MAE is the most commonly used recommendation quality
assessment method because it is easy to understand the intuitive measurement
of recommendation quality. The calculation method of average absolute error
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Figure 7 Comparison of accuracy of filling data sets under different thresholds.

MAE is as follows:

MAE =

∑
j=1 |CIi||pij − rij|

|CIi|
(18)

K = 0.4, k = 0.5, 0.6 k = three different thresholds for the sparse degree
of 0.54 shown in Table 4.2 the training data set, so through the use of MAE
two indicators to evaluate accuracy and average error analysis of the result of
the training, observe different threshold set to the effects of the experimental
results, the resulting data set, the optimal threshold. According to Table 4.3,
when the threshold of sparsity is 0.4, 0.5 and 0.6, the accuracy after the
completion of data set filling is 68.9%, 73.3% and 65.6%, respectively. In
order to observe the whole data set along with the change of the sparse
degree to fill the accuracy of change, with sparse, the abscissa denotes the tau,
accuracy as the ordinate, respectively under three different threshold value to
get the accuracy in three different curve c1l, c2l, c3l, details see below 7.

3 Experimental Treatment

3.1 Data Preprocessing

In this paper, the fuzzy multilayer feedforward network in Figure 4 is used for
data fusion, belongs to feature level fusion. Firstly, the weights between the
first layer and the second layer, and between the second layer and the third
layer of the network are initialized, all of which are set as constant 1. We
take the HCH method as the membership degree. In the calculation process,
BP algorithm with input of 5 neurons is applied to modify the weights of
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the neural network, so as to improve the data fusion efficiency. This not only
realizes distributed data fusion and effectively solves the problem of evidence
conflict, but also maintains the good properties of d-s synthesis rules such
as the original associativity and commutativity. The concept of “discount
rate” of basic probability distribution function and the calculation formula
of relative reliability coefficient vector [16, 17]:

W ∗ =
(w1, w2, . . . wn)

max{w1, w2, . . . wn}
(19)

Matlab is used for simulation. According to the three expressions in
Equations (6)–(8), the output data values of the sensor are generated respec-
tively. Each sensor generates 100 random Numbers. In order to improve
the accuracy of the above, a total of 10,000 sets of data were generated
for training in the experiment. Finally, the expected value was taken as the
expectation and applied to the actual distributed data fusion. Only part of the
experimental data and the obtained values are presented here [18–22].

The random Numbers generated by the first group of experiments are as
follows:

A = {26, 22, 16, 20 . . .}

B = {23, 26, 19, 25 . . .}

C = {19, 20, 20, 29 . . .}

The basic probability distribution value obtained from the above random
Numbers is as follows:

mA1(low) = 0.14, mA1(middle) = 0.73, mA1(high) = 0.13

mB1(low) = 0.10, mB1(middle) = 0.82, mB1(high) = 0.08

mC1(low) = 0.09, mC1(middle) = 0.77, mC1(high) = 0.14

The sample results are detailed in Table 1 below.
The analog sensor produces different data due to different noises on the

sine curve. In this paper, 10 sensor data were selected for the simulation test.
The test information data are shown in Table 2 below. The corresponding data
from I to 5 were selected by the fuzzy neural network for network training.
The trained network is fused to the data from I from 6 to 10, and the results
are shown in Figure 9, as shown in the error data in Table 2.



1566 Y. Cai

Table 1 Results of training samples

Sensors Collision The Normalized Reliability
Sensors Vector Vector Conflict Coefficient α Value

A (0.12,0.05) (0.7059,0.2941) 0.3532 –

B (0.12,0.06) (0.6667,0.3333) 0.3362 –

C (0.05,0.06) (0.4545,0.5455) 0.3106 –

Table 2 Absolute error table of fuzzy neural network training fusion
The
Number Mean
of 1 2 3 4 5 6 7 8 9 10 Error

Training 0.0345 0.0354 0.0347 0.0381 0.0396 0.0404 0.0461 0.0343 0.0345 0.0462 0.03838
error

Fusion 0.0436 0.0452 0.0489 0.0436 0.0432 0.0468 0.0597 0.0565 0.0487 0.0633 0.04995
error

Figure 8 Sensor graphics.

Figure 9 Network training diagram and fusion diagram.
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3.2 Empirical Analysis

The DFDM MSDF fusion system takes CPF as the platform and USES the
existing sensors on CPF to conduct the position fusion and attribute fusion
of the target [23–28], so as to obtain the accurate target and target identity
identification. DFDM can operate in two modes: (1) “simulation mode”,
fusing data from CPF’s sensor actuator; (2) “real mode”, the data comes
from the sensor data in the CPF real task. CPF adopts a distributed structure.
MSDF system directly reads sensor data after adding interface CARDS from
the monitoring nodes of CPF’s SHINPADS bus. See Figure 10 for details of
its software frame diagram.

IM split output after selection, classification and format transformation
from the SHINPADS bus, one channel output to the CCS database, another
channel output to the MSDF queue for fusion. Target tracking data and
attribute identity information obtained from the MSDF fusion processing is
exported to the MSDF database. PE reads the CCS and MSDF database data
and sends the results to the PE database. DM supports MSDF man-machine
interface, Since the display of MSDF s is similar to that of CPF, Two systems
can be easily compared.

HCH characteristic is to deal with the problem of conflict evidence
convergence faster, according to the above table, through the alpha value
and historical data can get reliability coefficient, and the HCH ict between
the value of the error is very small, forecast reliability coefficient of data
fusion can be used to better solve the problem of evidence conflict with good
convergence. In addition, the predicted reliability data fusion can calculate
the reliability coefficient of each data source before the arrival of the next

Figure 10 Software functional block diagram of CCP MSDF system.
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Figure 11 Time comparison of distributed fusion and HCH method fusion.

fusion data, which can save the time to calculate the reliability coefficient
and improve the efficiency. See Figure 11 for details.

4 Conclusion

The demand quantity is calculated in the current solution, so it is necessary
to find a feasible multi-sensor registration method suitable for engineering
application. In a multi-platform multi-sensor system, there is a feature of
each platform moving with each other, so we must allocate the problem
dynamically. With the continuous development and progress of sensor tech-
nology, there are some uncertain error sources, so it is particularly important
to establish a registration model in the registration process. The advantages
of neural network itself can ensure the convergence of different deviation
training according to the data definition in the training set, so the data of the
set can be controlled on the premise of lacking experience. In terms of sensor
bias, the shortcomings of random neural network are solved by using network
weight or computational intelligence theory to adapt to the variation of sensor
bias by combining knowledge base. Open and modular system can ensure
the system to obtain as much flexibility and repeatability as possible, make
full use of the existing fusion algorithm research results, save a lot of time
and resources. On this basis, we also need to further study the order degree
of the organizational structure of the information fusion system from the
perspective of sensor management, so as to study the quality and timeliness of
information transmission between each link of the fusion system. It provides
reliable data support for comprehensive research and judgment to reduce false
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alarm, and lays a foundation for holographic sensing of power information
room.
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