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Abstract:  With the development of sensor technology, multi-sensor information fusion technology has 

become an important research direction in the field of sensors. This paper focuses on the development 

of multi-sensor information fusion technology, the concepts, the levels of fusion and the main algorithms 

for information fusion. The development trends of multi-sensor information fusion algorithms and their 

characteristics are also foreseen now and in the future period. 
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I. INTRODUCTION 

 

n order to meet the needs of detection and data 

acquisition, a large number of sensors and various 

types are widely used in various fields such as military 

equipment, instrumentation, communication equipment, 

household appliances, health care and electronic 

power[1]. 

If the information collected by various sensors is 

processed separately and in isolation, it will not only 

increase the workload of data processing, but also cut off 

the internal connection between the information of each 

sensor, and eventually lead to the loss of key information 

after the combination of the information of each sensor. 

Therefore, it has become a research focus in the field of 

sensors to combine the data collected by multiple sensors 

organically by utilizing the complementary data 

characteristics of multiple sensors [2]. 

In nature, information fusion is an intrinsic 

characteristic inherent to living organisms. Information 

fusion is the basis for an organism's environmental 

perception and behavioral actions, and its processes are 

essential elements of the organism's ability to survive, 

evolve and develop. It is a fundamental function 

prevalent in human and other biological systems. 

Organisms are able to use this ability to combine 

environmental information gathered from various sensor 

senses in the body and use a priori knowledge to estimate 

and understand their surroundings and the events that are 

taking place. In the field of science and technology, 

multi-sensor information fusion is an emerging 

discipline born with the development of sensor 

technology, computer technology, data processing 

technology and other software and hardware related 

technologies. 

The concept of "information fusion" was first 

introduced in the 1960s, initially to meet the need for 

multi-source correlation in military systems. In 1983, the 

U.S. Defense Advanced Research Projects Agency 

(DARPA) listed multi-sensor information fusion as a 

major research topic in a series of strategic research 

programs.In 1984, the U.S. Department of Defense 

established the Data Fusion Expert Group (DFS) to guide 

the systematic study of multi-sensor information fusion 

technology. At the same time, other developed countries 

and international organizations also actively carry out 

research on multi-sensor information fusion technology. 

Since 1986, there has been a special discussion on multi-

sensor information fusion at the annual IEEE Robotics 

and Automation conference. The International Society 

for Information Fusion was founded in the United States 

in 1998. In the 21st century, with the rapid development 

of computer hardware and software technology and the 

increasing maturity of control technology, multi-sensor 

information fusion technology has gradually penetrated 

from the military field to the non-military field. At 

present, multi-sensor information fusion technology is 

booming in environmental monitoring, medical 

I 

Tianjin University of Science and Technology,   

College of Electronic Information and Automation, China 

Email: 1 lupeng970504@163.com, 2 daifz@tust.edu.cn 

Article ID: #70143993. Received: July 28, 2021. Revised: August 10, 2021. Accepted: December 23, 2021 

 



 Journal of Information and Communication Engineering (JICE), 7 (2): 494-500,December 31, 2021 

 

 495 

diagnosis, fault detection, intelligent robots and other 

fields.It can be said that multi-sensor fusion technology 

and penetration of modern information society every 

corner [3]. In recent years, with the continuous 

development of artificial intelligence technology, multi-

sensor fusion technology has become more intelligent 

and integrated. 

Multi-sensor information fusion was first proposed by 

the military, which gave it a definition with a strong 

military dimension, and therefore its definition does not 

apply to, well, non-military areas. The current definition 

of the universal applicability of multi-sensor information 

fusion technology is to make full use of multi-sensor 

information resources from different times and spaces, 

analyses, synthesize and apply them under certain 

guidelines to obtain a consistent description of the object 

to be measured and thus achieve corresponding decisions 

and estimates [4]. In fact, the basic principle of multi-

sensor information fusion is to make full use of the 

information collected by each sensor, to process this 

information effectively, to find out the key information 

contained in it, and to obtain more accurate and 

comprehensive information about the object, so as to 

improve the performance of the total sensor system and 

eliminate the limitations of individual sensors. 

 

II.   STRUCTURAL MODEL FOR MULTI-

SENSOR INFORMATION FUSION 

 

The diversity of multi-sensor data forms makes the 

process of multi-sensor information fusion to be carried 

out in a hierarchical and step-by-step manner according 

to the type of data, the characteristics of the acquisition 

method or the needs of the project, which requires the 

introduction of a structural model of information fusion. 
There are various ways to divide the structural model of 

multi-sensor fusion [5]. According to the level of 

information fusion, information fusion can be divided 

into data layer fusion, feature layer fusion, and decision 

layer fusion. According to the way sensor information is 

involved in the fusion, it can be divided into distributed, 

centralized and hybrid. The choice of the fusion structure 

to be used in a multi-sensor system should be based on 

aspects such as the function of the fusion system, the 

relationship between all the information involved in the 

fusion, etc. The principles for selecting the information 

fusion structure are [6]: 
1. Meeting the functional requirements of a multi-

sensor information fusion system. 

 

 

2. The information fusion structure is achievable. 

3. The structure of the information fusion system 

should be as simple and efficient as possible. 

This paper focuses on the structural model by sensor 

information fusion level. 

 

A. Data layer fusion 

Data layer fusion, also known as pixel-level fusion, 

is shown in Fig.1. 

 
Fig. 1 Data layer fusion 

 

Data layer fusion is the lowest level of information 

fusion. This fusion is a fusion directly on top of the 

collected raw data layer, where the data is synthesized 

and analyzed before the raw measurement data from the 

various sensors is processed. Since the original data has 

not yet been processed, data layer fusion allows for 

maximum retention of detailed information about the 

original data. The data layer fusion does not suffer from 

data loss and gives the most accurate results. However, 

the method is computationally intensive and poorly 

resistant to interference. The performance and state of 

the sensors can have a significant impact on the data 

layer fusion [7]. 

 

B. Feature layer fusion 

The feature layer fusion is shown in Fig.2. By 

classifying and summarizing the raw data information 

from each sensor, we extract valid information with 

sufficient discriminative power. This information is 

fused into a single feature vector and then processed 

using pattern recognition methods. Feature layer fusion 

is sufficient to further process and compress multiple 

pieces of information into a package. Thus, feature layer 

fusion maximizes the feature information required for 

decision analysis. Although, this method requires less 

communication bandwidth, but its accuracy is degraded 

by the loss of data. 
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Fig. 2 Feature layer fusion 

 

Depending on the content of the fusion, feature layer 

fusion can be subdivided into two main categories: 

fusion of target state information and fusion of target 

characteristic information. The former of these is 

characterized by data alignment first to achieve 

correlated estimates of states and parameters. The latter 

is a combination of classification with feature pre-

processing, borrowed from traditional pattern 

recognition techniques. 

 

C. Decision level fusion 

The decision level convergence is shown in Fig 3. 

This is the highest level of information fusion. Decision 

layer fusion requires processing raw information from 

different types of sensors for the same observed target 

and completing feature extraction, classification and 

discrimination to draw preliminary conclusions. The 

optimal decision judgment is then made based on certain 

decision criteria and the confidence level of each sensor 

data. Decision layer fusion has the advantages of good 

real-time and high fault tolerance, and can still give 

reasonable decisions in the face of the failure of one or 

some sensors. However, decision-level fusion 

sometimes results in significant information loss and 

requires extensive data pre-processing prior to fusion. 

 

 
 

Fig. 3 Decision level fusion 

III. METHODS FOR MULTI-SENSOR 

INFORMATION FUSION 

 

The essence of multi-sensor information fusion is the 

processing of uncertain information, and the fusion 

method is the mathematical method to realize the 

processing of uncertain information. As one of the 

research hotspots of multi-sensor information fusion 

system, fusion algorithm has been paid much attention. 

After decades of research, scholars have proposed many 

effective fusion algorithms based on specific problems, 

and many of them have been successfully applied in 

practice[8]. Because multi-sensor information fusion 

involves many theories and technologies, there is no 

completely unified algorithm that can adapt to all 

scenarios, so it is necessary to select the corresponding 

algorithm according to different application background. 

At present, multi-sensor information fusion algorithms 

are mainly divided into three categories: physical model 

based classification, parameter based classification and 

cognitive method based classification [9][10].  

 

A. Physical model based classification 

Such algorithms are based on physical models to 

observe the results and obtain the feature correlation 

between them and the real observed objects, and judge 

the degree of matching between the two by a pre-set 

coefficient threshold. One of the most prominent 

representatives is the Kalman filter method. 

The Kalman filter is a recursive optimal estimation 

algorithm [11]. It is the use of state-space equations and 

measurement models to recursively estimate the optimal 

fusion information in a statistical sense, given a known 

mathematical model of the system. If the system has a 

linear dynamics model and both the system noise and 

sensor noise are Gaussian-distributed white noise 

models, Kalman filtering can provide a unique optimal 

estimate for information fusion in a statistical sense, and 

the recursive nature of Kalman filtering eliminates the 

need for extensive data storage and computation for 

information processing. Therefore, Kalman filtering is 

mainly applied to low-level information fusion, and the 

algorithm has high fusion efficiency and small fusion 

result error. 

 

B. Parameter-based classification 

Parametric classification algorithms are the most 

common, applied and studied class of algorithms in the 

history of multi-sensor fusion technology development. 

Such algorithms can be further divided into those based 

on statistics and those based on information theoretic 
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techniques. Commonly used algorithms in this category 

are weighted average, Bayesian estimation, D-S 

evidence theory, entropy method, neural network, and 

cluster analysis. 

1. Weighted average method 

The weighted average method is the most easily 

understood and most used method in the parameter 

classification fusion algorithm. The main steps are: 

assuming that there are multiple sensors working 

together to monitor the same target, the algorithm takes 

a weighted average of the data collected by all sensors, 

and the resulting weighted value is the result of the 

fusion. Weights can be interpreted as the difference 

between the accuracy of different sensors, or a varying 

weight can be fused with the observations of an 

individual sensor over a time series to obtain a more 

accurate observation. Application of this method must be 

preceded by a detailed analysis of the system and sensors 

to obtain the correct weights. 

2. Bayesian estimation 

Bayesian estimation is a method of representing 

various uncertain information provided by multiple 

sensors as probabilities and processing them using the 

Bayesian conditional probability formula in probability 

theory [12]. Bayesian estimation is a common method 

for multi-sensor low-level redundant data fusion, and is 

best applied especially when the measurement outputs of 

the sensors conform to a normal distribution. Bayesian 

estimation takes information from multiple sensors for 

local processing decisions, removes unusable 

information, and computes inference based on Bayesian 

rules to obtain the hypothetical probability of each sensor 

output. Then the sensor information is filtered and 

analyzed based on the maximum a posteriori probability 

discrimination criterion, and the remaining information 

after filtering is used to complete the information fusion 

calculation. Finally, the final decision result can be 

obtained according to the corresponding specific rules 

[13]. 

The multi Bayesian estimation method is another 

mathematical and statistical approach to multi-sensor 

information fusion proposed by Durrant Whyte. The 

multiple Bayesian estimation method treats each sensor 

as a Bayesian estimate. The association probability 

distribution of each individual subject is synthesized into 

a joint posterior probability distribution function to 

provide the final fused value of the multi-sensor 

information by using the joint distribution function with 

a minimum likelihood function. An a priori model that 

fuses information with the environment provides a 

characterization of the entire environment. 

3. D-S Evidence Theory 

The D-S theory of evidence was originally proposed 

by Dempester in 1967 and was later expanded and 

developed by Shafer so that it eventually developed into 

one of the mathematical methods that can better handle 

uncertainty inference problems [14]. The three basic 

elements of D-S evidence theory are: the underlying 

probability distribution function, the confidence function, 

and the likelihood function. The reasoning structure of 

D-S evidence theory is divided into three levels from top 

to bottom. The first stage is target synthesis, which 

serves to synthesize observations from multiple 

independent sensors into a single total output. The 

second level is inferred, and its role is to obtain and infer 

the sensor observations and expand the sensor 

observations into a target report. The third level is the 

update. Various sensors generally have random errors, so 

a set of time-independent continuous reports from the 

same sensor is more reliable than any single report. 

Therefore, the sensor observations are combined before 

inference and multi-sensor information synthesis. 

The D-S evidence theory is an extension of the 

Bayesian estimation method [15] and can compensate 

for the uncertainty of the information fusion process 

caused by the difficulty of determining the prior 

probabilities in Bayesian estimation. D-S evidence 

theory utilizes probability intervals and uncertainty 

intervals to determine the likelihood functions of 

hypotheses under multiple evidence, and Bayesian 

estimation produces the same results as D-S evidence 

theory when all hypotheses are mutually incompatible 

and complete. The problem with the D-S theory of 

evidence is that it does not deal effectively with 

conflicting evidence；A computational volume with 

power exponential growth；The inconvenience of using 

evidence theory when the chain of reasoning is long；
The D-S combination rule is combinatorially sensitive, 

but sometimes a small change in the underlying 

probability assignment can lead to a large change in the 

results. 

4. Artificial Neural Network 

Artificial neural network are proposed on the basis of 

modern neuroscience research results [16]. Neural 

network composed of interconnected neurons with 

learning, memory, computational capabilities, and 

various intelligent recognition and processing 

capabilities are nonlinear network systems [17]. It 

simulates the perceptual process of each human nerve 

endings and the information processing ability of the 

cerebral cortex. In a multi-sensor system, there is some 

uncertainty in the environmental information provided 

by individual sensors. In contrast, artificial neural 

network can be expressed in the network structure in 
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terms of network weights based on the similarity of the 

samples received by the current system. In a multi-sensor 

system, each sensor can be viewed as a node of a neural 

network, and the excitation function is the output 

function of each node. The weighted value between two 

connected nodes is called the weight, which indicates the 

degree of approximation between two nodes. The 

implementation of multi-sensor information fusion in 

artificial neural network begins with the selection of the 

model, topology and learning rules of the neural network 

according to the requirements of the intelligent system 

and the form of sensor information fusion. 

The input information of the sensor is processed into 

a global input function, and the function mapping is 

defined as the mapping function of related units and this 

function mapping is defined as a mapping function for 

the relevant units. The statistical laws of the environment 

are reflected into the structure of the network itself 

through the interaction of the artificial neural network 

with the environment, and then the sensor output 

information is learned, understood, and the assignment 

of weights is determined to complete knowledge 

acquisition and information fusion. In turn, the input 

patterns are interpreted and the input data vectors are 

converted into high-level logic concepts. The process of 

trained artificial neural network participating in the 

actual multi-sensor information fusion is shown in Fig 4. 

 
Fig. 4 Artificial neural network based fusion process 

Artificial neural networks can obtain the network 

structure and mapping relationships through extensive 

training of test data in the absence of function models for 

multi-sensor fusion systems, and have good self-

adaptability, which is very suitable for complex multi-

sensor information fusion scenarios. At the same time, 

because neural networks have the ability of parallel 

large-scale information processing, they can make the 

system information processing speed up. 

 

C. Cognitive approach based classification 

The cognitive-based approach is based on a priori 

knowledge and requires in-depth understanding of the 

composition and internal association structure of the 

observed target to make discriminations based on raw 

data or attribute features that mimic the human reasoning 

process. The fuzzy logic theory is most commonly used. 

Due to the complex and diverse operating 

environment of the controlled system, not all 

environmental factors can be represented using precise 

physical quantity relations, so L.A.Zadeh proposed the 

fuzzy concept to solve the problem that some features of 

the environment cannot be precisely described [18]. In 

practical applications in the field of information fusion, 

the information obtained from multi-sensor systems has 

a high degree of uncertainty, but there is a need to output 

results with high accuracy, so fuzzy inference algorithms 

are widely used in this field. Fuzzy logic theory uses 

theoretical domains and affiliation functions to establish 

an uncertainty description of multi-sensor information, 

and then performs synthetic operations by fuzzy theory, 

which leads to inference of the corresponding fusion 

results. In fact, in the process of reasoning, fuzzy logic 

theory will generalize the known rules into fuzzy 

relations between two theoretical domains of antecedent 

and consequent, and then the existing knowledge of the 

antecedent domain and the fuzzy relations obtained by 

generalization will be operated synthetically to launch 

the conclusion under the current knowledge. This fuzzy 

relationship not only achieves a nonlinear mapping 

relationship between the multi-sensor output data space 

and the destination data space, but also has strong 

robustness and fault tolerance [19]. The key to the fuzzy 

logic inference process is the determination of the set of 

fuzzy languages and the corresponding affiliation 

functions [20]. In practical applications, instead of using 

fuzzy inference algorithms alone, algorithms such as 

neural networks, expert systems, or PID control are 

usually used to reduce the influence of human factors in 

fuzzy systems and improve the accuracy of the output 

results [21]. 

 

IV. THE FUTURE OF MULTI-SENSOR 

INFORMATION FUSION TECHNOLOGY 

 

Although the fusion algorithms are classified as 

described above, there is no strict boundary between 

these three types of methods, and each type of fusion 

algorithm has its own advantages and disadvantages. 

Therefore, it will be a research trend in the future to 

organically combine different fusion algorithms to form 

a new information fusion method and further improve 

the performance of the fusion system. At present, there 

are some fusion methods that combine fuzzy logic theory, 
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artificial neural network, wavelet transform and Kalman 

filter. 

1. Combination of Fuzzy logic and artificial neural 

network 

Neural networks have the advantages of distributed 

storage, parallel processing, self-learning, self-

organization, and nonlinear mapping, which can 

simulate complex nonlinear systems. But the 

convergence of artificial neural network learning is poor. 

Taking the BP algorithm as an example, the network 

weights are adjusted based on the error gradient descent. 

When the gradient is 0, the algorithm cannot 

discriminate the very small point property. Therefore, 

the network training is often stuck in some local minima, 

making it difficult to converge to a given error. In 

contrast, the division of input and output spaces and the 

determination of the affiliation function and its 

parameters in the system construction process of fuzzy 

logic theory mainly rely on personal experience and 

often require repeated trial and error. There are too many 

fuzzy logic control rules, and the fuzzy system lacks self-

learning and self-adaptive capabilities. Combining the 

two to form a fuzzy neural network (FNN) can achieve 

complementary advantages and can realize automatic 

acquisition of fuzzy rules and automatic generation of 

affiliation functions [22]. 

2. Combination of fuzzy logic and Kalman filtering 

The Kalman filter algorithm is suitable for target 

tracking of linear systems and is generally applicable to 

smooth stochastic processes. It requires that the system 

has a linear dynamics model and that the system noise 

and sensor noise are Gaussian distributed white noise 

models. It is also computationally intensive and very 

sensitive to erroneous data. However, in practice, the 

state parameters of the system are subject to unknown 

disturbances, and the use of inaccurate models and noise 

statistics to design the Kalman filter can make the 

distortion of the filtering results and the filtering process 

easily diverge. To prevent this problem, the filter must 

be made adaptive [23]. An adaptive Kalman filter data 

fusion algorithm based on fuzzy logic was proposed by 

Escamilla-Ambrosio et al. The algorithm uses fuzzy 

logic to adjust the values of the filters to match the 

estimates of the covariance as closely as possible. 

3. Combination of wavelet transform and Kalman 

filtering 

Each sensor information system acquires data 

information with different resolutions; therefore, only by 

solving the fusion techniques and methods for multi-

resolution data can we better utilize the complementary 

information of different resolution data and achieve the 

best fusion effect. Kalman filtering has a strong 

estimation capability for non-smooth signals and can 

process all frequency components of the signal at the 

same time. The wavelet transform not only has good 

localization properties in both time and frequency 

domains, but also has good resolution for high-frequency 

signals in the time domain and for low-frequency signals 

in the frequency domain, so that all details of the target 

can be observed [24]. Therefore, combining Kalman 

filter method and wavelet transform method to form a 

new fusion algorithm can combine the advantages of 

each of the two methods to obtain better multi-sensor 

information fusion results. 

 

V. CONCLUSION 

 

Multi-sensor information fusion can make full use of 

sensor resources to obtain a more accurate and 

comprehensive understanding of the object under test. 

Multi-sensor information fusion technology expands the 

coverage of observation information, improves the 

confidence and resolution, and enhances the robustness 

and fault tolerance of the sensor system. Information 

fusion is an inevitable stage in the development of 

information science. With the continuous development 

of modern science and technology and the continuous 

improvement of fusion algorithms, multi-sensor 

information fusion technology will definitely become an 

important technology constituting an intelligent society 

in the future. 
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