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Abstract: The wireless sensor networks (WSNs) link the virtual information world and the objective physical 
world together which changed the interacting mode between human and the nature. This kind of networks can 
work in the unattended or severe environment for a long time. For this advantage, WSN has important studying 
value and wide market outlook in many domains such as national defense and military, industries and 
agriculture, city management system, environment detective and so on. However, there are some defects for the 
WSN. For example, if its energy is enough for the system, if the working life is long enough, or the saving 
performance is not good. For this, the WSNs need the information fusion technology for better effect. To 
different environments, we should use different fusion algorithms, in this paper, we have analyzed the 
applications of three main algorithms at present in the WSNs. To these algorithms, there are corresponding 
resolutions in different environments. Copyright © 2013 IFSA. 
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1. Introduction 

 
Since the 1990s, with the fast development of 

embedded system, wireless communications, 
computer networks and the micro electronic 
mechanical system (MEMS), sensors with 
perception, computing and wireless communicating 
power and the wireless sensor networks have been 
paid great attention by the researchers [1]. WSNs are 
self-organized by the integrated sensors distributed 

randomly, processing data units (PDU) and 
communication modules, perceiving and collecting 
the information of monitoring subjects in the 
networks with the help of sensors in various forms 
which are built-in the nodes and than sending the 
information accurately with details and to users who 
need after processing. So that people can obtain lots 
of real and reliable information at any time, place or 
in any environment. Therefore, this kind of network 
system can be used in many import industrials. Also, 
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for WSNs’ great applied value, it has been 
researched widely [2, 3]. 

Distributed multi-sensor information fusion is 
developed in recent years a new research field. It is 
to use multiple or many kind of sensor system and 
carry out a method of information processing. As to 
eliminate uncertain factors and improve the accurate 
observations or beneficial decisions of intelligent 
information processing technology, it’s on the 
digital image processing, pattern recognition, 
medical diagnosis system, target positioning, 
tracking, and social behavior decision-making, and 
other fields have broad application prospects. The 
United States is the information fusion technology 
started earlier, the fastest growing country. As early 
as the 70s the United States department of defense 
funding the research of sonar signal understanding 
and fusion. In 1988, the department of defense has 
classified information fusion technology in the 
ninety s one of the key development 20 key 
technology, and obtained some research 
achievements, developed a series of C4I system and 
IW system. In addition to the United States and 
other western countries generally also attaches great 
importance to the study of information fusion 
technology. The British army has developed such as 
artillery intelligent information fusion system 
(AIDD), motor and control system (WAVELL), 
etc., and in 1982 put forward to develop “naval 
battle command system knowledge base”; In 1987, 
with the five west Germany and other European 
countries established to “multi-sensor signals and 
knowledge with decision control integrated system 
(SKIDS)” research plan, in addition, France, 
Germany and other NATO countries in this research 
work is also very active, such as Tom fast company 
has information fusion technology was applied to 
MARTHA in air defense command and control 
system, Germany is in the improvement plan of “the 
leopard II tanks” in key technologies such as 
information fusion, artificial intelligence. At home, 
many scholars for distributed multi-sensor 
information fusion technology has carried on the 
thorough research, information fusion model, the 
fusion algorithm in a number of achievements; 
Some of the researches aimed at UK intelligence, 
Boyd (OODA loop) of control circuit, JDL model, 
waterfall model, Dasarathy model, Mark Bedworth 
hybrid model of the fusion model, and the theory of 
probability and inference network, fuzzy theory and 
neural network information fusion algorithm, have 
carried on the comparative analysis to these 
algorithms’ performance [4], the researchers 
indicated that the model and algorithm are each has 
certain advantages and disadvantages, but 
information fusion model is not form a unified 
theoretical framework; In multi-sensor information 
fusion, the algorithm of adaptive hybrid approach 
should be adopted to solve the problem of multi-
sensor information fusion.  

2. The Relationship Between  
the WSNs and the Information  
Fusion Technology 

 
WSNs are composed with a great number of 

cheap micro-sensor nodes distributed randomly in the 
monitoring district. Information fusion technology, 
namely multi-sensor data fusion technology, 
comparing with the single sensor, it can overcome 
the uncertainty of the detected data to improve the 
effectiveness for the whole sensing system and 
describe the detected subjects more accurately. Now 
commonly used at home and abroad of multi-sensor 
information fusion algorithm are: weighted average 
algorithm, Kalman filter, the cluster analysis 
algorithm, Bayesian estimation, classic reasoning, 
statistical decision theory algorithm, algorithm of  
D-S evidence theory, fuzzy inference and neural 
network algorithm, genetic algorithm, quality factor, 
the method of logical template, entropy theory 
algorithm and so on. There are three main and 
normal algorithms: D-S evidence theory, Kalman 
filtering and BP neural network algorithm. The main 
applications of information fusion technology in the 
WSNs are three. Firstly, it can save the energy and 
extend the lifetime of the networks. Secondly, it 
makes the veracity and efficiency for data collection 
better. The last one application is that it can optimize 
the resources and improve the performance of the 
whole system.  
 
 
3. Analysis on Models of the Information 

Fusion Algorithms in WSNs 
 
3.1. Analysis on D-S Evidence Theory Model 
 

In the multi-sensor information fusion system, 
each piece of information in classic D-S evidence 
theory model can provide a group of evidence and 
proposition, at the same time, it will establish a 
corresponding quality distribution function. 
Therefore, each sensor can be regarded as a body of 
evidence. Under the same identification, different 
evidence body by D-S merger rules and into a new 
body of evidence, and calculating the verisimilitude 
of evidence body, with a particular decision selection 
rules, finally obtain the final recognition results. The 
evidence theory fusion model is set up as shown  
in Fig. 1.  

In evidence theory, the general will produce the 
evidence, the target running state, such as normal 
work and does not work properly, the focus of these 
formulas as fusion element such as uncertain. 
Evidence for multiple, two of the first fusion, and 
then will be evidence of the fused with other fusion, 
until the end of evidence fusion, and the order of the 
fusion does not affect the final result. According to 
the above analysis, we know the general process of 
multi-sensor information fusion with evidence 
judging theory. There three main steps. The basic 
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credible number of each sensor, credible degree 
function and plausibility function are calculated first. 
The second step is that the system can seek the three 
functions by the Dempster union rule. Thirdly, under 
a certain judging rules, the computer chooses the 
goal with maximum reliability to obtain the 
identification results. Using evidence theory fusion, 
between all the evidence to be combined to 

independent each other, this is because in assuming a 
definition when the definition of observation space is 
exclusive and complete. The emphasis and difficulty 
in evidence theory is the function of the reliability of 
evidence signal distribution. The key is to each 
sensor to calculate the relative membership degree 
function, need through long-term operating 
experience and expertise to calculate.  

 
 

 
 

Fig. 1. D-S Evidence Theory Model. 
 
 
3.2. The Classic Kalman Filtering  

Fusion Model 
 

Kalman filtering introduces the concept of state 
space to the stochastic estimation theory, the signal 
process as white noise under the action of the output 
of a linear system using state equation to describe the 
relationship between input and output, estimates that 
in the process of using the system state equation and 
observation equation and white noise excitation 
(system noise and observation noise), the statistical 
properties of forming filter algorithm. Due to the 
amount of information is used in time domain, so the 
Kalman filter is not only suitable for single parameter 
of state estimation of stationary stochastic process, 
can also be applied to the vector of state estimation 
of non-stationary random process. In the wireless 
sensor network (WSN), Kalman filtering fusion rule 
in dynamic environment real-time redundant sensor 
information fusion, reduced to a great extent caused 
by more redundant information in the process of 
fusion energy waste, the fusion model is as shown in 
Fig. 2. This algorithm includes the time and 
measurement update. For time update forecasting, it 
can estimate the state of the next time according to 
the present. For measurement update, it can calculate 
the evaluation value at this time by revising the 
discreet value.  

 
 

3.3. BP Neural Network Algorithm 
 
On the basis of the multilayer perception increase 

the error back propagation of signals, can deal with 

nonlinear information, we call this kind of network 
error back propagation of forward network, namely 
BP network [5]. The BP network is a kind of 
nonlinear mapping of neural network, the network 
topology consists of an input layer, one or more of 
the hidden layer and one output layer. Often used in 
multi-sensor information fusion of three layer 
perceptron model and BP network.  

 
 

 
 

Fig. 2. Kalman filtering fusion model. 
 
 

Because most of the sensors to collect 
information by random signal interference is more 
serious, therefore, first of all need to collected in 
multi-sensor information preprocessing, such as 
feature extraction, data normalization processing. 
Using BP neural network fusion after pretreatment 
process has several patterns, there are two commonly 
used: one kind is respectively for each sensor data 
after pretreatment using BP network was trained, and 
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then put the training after get decision output 
information fusion, the fusion process is as shown in 
Fig. 3. The other is after pretreatment of information 

fusion in the first place, then the information 
processing using BP neural network, decision output, 
the process is as shown in Fig. 4. 

 
 

 
 

Fig. 3. One kind of BP neural networks fusion model. 
 
 

 
 

Fig. 4. Another kind of BP neural networks fusion model. 
 
 

On the fusion layer of BP neural network model, 
we can take different algorithm to fuse for better 
effect. The general process of multi-sensor 
information fusion by BP neural network has the 
following 8 steps: 

(1) Network initialization, set up initial value of 
weights and thresholds for each layer, and preprocess 
data for each sensor. 

(2) Providing sample data. 
(3) Calculating the state of output layer and 

hidden units to get the training error of output layer 
and hidden layer. 

(4) The revised weight of output layer and hidden 
layer are calculated separately. 

(5) Determine whether the mean square error can 
satisfy the permitted error, continue for yes, 
otherwise return to step 2 and read a set of samples to 
continue training. 

(6) Stop the BP neural network. 
(7) Fuse again with fusing rules after the data of 

each sensor was processed by BP neural network. 
(8) Output the fusion results. 
In practice, W-T Sung [6] used BP neural 

network for environmental monitoring system of 
multi-sensor data fusion, greatly reduce the feature 
dimension data, improved the efficiency of 
environmental monitoring system of data fusion.  

4. Flaws and Improvements  
of the Fusion Algorithms 

 
4.1. Flaws and Improvement  

of D-S Evidence Theory 
 

Dempster combination rules will hide the conflict 
existing itself of evidence, the fusion result is not 
perfect. According to the actual situation of demand, 
only for redistribution conflict information according 
to certain rules to solve this problem, but this 
assignment is facing two problems need to be solved: 
the first is: to conflict which subsets distribution? 
Second, with the proportion of these can receive a 
subset of the conflict. In the reference 7, presents a 
kind of weighted similarity based on improved D-S 
evidence theory, to solve the conflicts between the 
degrees of similarity between the algorithms on the 
basis of evidence body size, adjust every body weight 
of evidence, to modify part of the conflict, thus 
reducing the computational complexity [7]. In view 
of the large amount of measured data, a relatively 
large amount of calculation of D-S algorithm, the 
problem of accuracy is not high, in the study of 
reference 8, another kind of hierarchical data fusion 
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algorithm [8]. The algorithm of different levels of 
data according to the different processing methods. In 
the gathering node within the cluster data using the 
least squares fusion, reduce gathering node and 
traffic monitoring center; In the monitoring terminal 
the D-S evidence theory, establish recognition 
framework, by accumulating evidence, improve the 
identification accuracy of wireless sensor network to 
detect events.  

Classic D-S evidence theory appears powerless in 
dealing with fuzzy information, the present research 
is few, we needs further research for this.  
 
 
4.2. Flaws and Improvement of Kalman 

Filtering Algorithm 
 

Because the random signal estimated by Kalman 
filter does not have established rules, the estimates 
also can not be completely accurate. At present, the 
research focus of Kalman filtering is how to further 
improve the accuracy of the algorithm and save the 
network energy consumption. In the study of 
reference 9, the researchers first concept to solve the 
single sensor hybrid chaotic system is estimated 
based on the chaotic optimal estimation problem, and 
then based on multi-step optimal Kalman prediction 
and minimize fusion estimation error variance matrix 
distributed weighted fusion technology, establish a 
random disordered information online tracking 
system can apply to general fusion algorithm of the 
optimal ‘disorderly estimate’ [9]. And the other a 
research is put forward using the optimal state 
estimation fusion of cluster Krein space [10], Kalman 
filtering method to get information in the form of a 
robust Kalman filtering. Cluster head nodes through 
observation model, the clusters of robust Kalman 
filter to realize the use of information in the form of 
the discrete form of Kalman filtering. So as to reduce 
traffic, reduce the network energy consumption.  
 
 
4.3. Flaws and Improvement of BP Neural 

Network Algorithm 
 

BP neural network has the problems of slow 
training, easy to fall into local minimum point and 
‘overfitting’, some researchers have proposed by the 
base station to run the BP neural network algorithm 
[11], and effectively solve the calculation of energy 
consumption is greater than the transfer not fitting the 
data of energy consumption. The study in reference 
12 has put forward the basic BP algorithm based on 
the introduction of chaos with global motility 
mechanism design [12] the chaotic neural network, 
improve the quality of the information fusion and 
sensor output accuracy, eliminate the influence of the 
target parameter of sensor output. The researchers in 
reference 13, achieved the purpose of efficient use of 
energy sensor for BP neural network is able to 
infinite curve approximation properties to the 
monitoring data of wireless sensor data fitting [13], 

and then transmit fitting good weights and threshold, 
at the same time through the last fitting the weights 
and threshold to the next steps fitting to reduce the 
training of neural network.  

In order to make the BP neural network has a 
wider application, many scholars with the 
combination of new technology to make up for the 
shortage. As with particle swarm optimization 
algorithm, genetic algorithm, fuzzy logic, the 
combination of rough set, wavelet transform 
technique. In reference 14, the author used rough set 
neural network to classify vehicles [14], the first 
system to filter and digital processing of the data, 
using rough set to extract useful feature, the feature 
information input to the neural network classification. 
Using the genetic algorithm for training, performance 
is superior to the BP model, the network convergence 
speed is fast. Aiming at this problem, BP neural 
network and sensor networks can also be an organic 
combination of clustering routing protocol [15], each 
cluster will be designed as a neural network model, 
through the neural network to extract the 
characteristics of a small amount of data in the raw 
data, and then the characteristics of the data sent to 
the gathering node, so as to improve the efficiency of 
data collection, prolong network life time.  
 
 
5. Conclusions 
 

In this paper, we analyzed the applications of 
information fusion technology in WSNs and 
summarized three main algorithms and the 
improvements of them. To introduce the information 
fusion algorithms into the WSNs can effectively 
reduce the communication quantity and save the 
energy of nodes to extend the lifetime, at the same 
time, it can also improve the accuracy and efficiency 
of data collection. The introduction of information 
fusion algorithms means a lot to the design and 
applications of WSNs. With the development of 
science technology, the WSNs technology will also 
develop continuously. In the meanwhile, the 
information fusion algorithms applied in sensor 
networks will develop and be improved in order to 
take more and more important roles in WSNs. 
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