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Abstract — Music therapy has been developed rapidly in a short time because of its prominent application characteristics. In 
this paper, we introduce the development of music therapy at home and abroad, and introduce the different schools of music 
therapy. We analyze the existing problems and possible solutions of music therapy, and discuss its future development. Physiology 
is the study of various life phenomena represented by the function of the human organism, such as respiratory rate, blood pressure, 
muscle movement, etc. Its task is to study the physiological functions of these physiological conditions under different conditions 
and the impact of various physiological changes. Physiology is closely related to the clinical practice of music therapy. In music 
therapy, many clinical problems should be studied and analyzed through the changing physiological function of human body. 
Physiology is also the basis of clinical research in music therapy. Music therapy is a new interdisciplinary subject, which combines 
music, medicine and psychology. After half a century, music therapy has been greatly developed, showing a bright future.  
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I. INTRODUCTION 

Music therapy is one of the most applied psychotherapy, 
which integrates the theory and practice of music, medicine 
and psychology. Music therapy has broad application 
prospects in health care and the treatment of physical and 
mental diseases. As an independent discipline and formal 
research field, music therapy was established in the United 
States in the mid twentieth century. However, the origin of 
music therapy can be traced back to ancient times and early 
human activities. 

As early as in primitive society, Westerners believe that 
music can affect the mental and physical health. It is 
generally believed that the pioneer of music therapy was the 
ancient Greeks. Pythagoras’s, Platon’s and Aristotle's theory 
can be said to be the origin of the principle of music therapy. 
Pythagoras first proposed the concept of medical music and 
he believed that music can affect the harmony of the soul, to 
increase or remove the human passion. Platon pointed out 
that music can affect people's behavior and consciousness. 
Aristotle believed that music has the value of emotional 
catharsis.  

The understanding of the role of the ancient Greeks in the 
medical treatment of music has gone up from the angle of 
witchcraft to philosophy and ethics, and they began to pay 
attention to the psychological impact of music, especially the 
role of emotion. At that time, most politicians and 
philosophers believed that music has the power to heal. 
During the Renaissance, medicine was greatly developed, 
and the music began to be integrated with everyday medical 
practice. Many doctors and scientists began to observe the 
effects of music on human beings and animals. Doctors not 
only use music to treat depression, despair and madness, but 
also believe that certain music can enhance emotional health. 

Since seventeenth century, most of the medical 
practitioners have treated the therapeutic effects of music 
from the perspective of physiology and psychology. Music is 
regarded as a means of relaxation and stress relief. It can 
comfort people and get rid of worry, fear and anxiety. Music 
therapy had an important period of development during the 
Second World War, many countries focus on the 
development of rehabilitation measures for veterans, 
especially in the United States. Performers, music teachers 
had become members of the hospital treatment group since 
then.  

So far, there are nearly 300 medical units in our country 
carrying out music therapy, and the initial formation of 
musicians, psychologists, doctors and other professionals 
composed of music therapy team. At present, music therapy 
is still a developing subject. Compared with the development 
of foreign music therapy, the development of music therapy 
in China is not long, and the technology is still not catching 
up to the same level of foreign countries. As an ancient 
subject, there are some problems to be solved in the field of 
clinical application and theoretical research. There is a close 
relationship between music and a variety of physiological 
functions of the human body, music can affect the blood 
circulation, heart rate, pulse, breathing and muscle 
physiology change, which has already been confirmed by 
experimental study of modern science.  

In music therapy, it was found that the music itself has 
regular the same sound wave vibration frequency to the 
physiological rhythm of the human body which will produce 
resonance response, so that the physical state of the human 
body changes beneficially. There is no uniform definition of 
music therapy, and different people have different 
understanding of music therapy. Music therapy is a 
systematic intervention process in which therapists use music 
to help patients.  
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China is also one of the oldest birth-land of music 
therapy, and we can find a great deal of discussion about 
music therapy in our ancient literature. The influence of 
music therapy is expanding, radiating to all countries in the 
world. Music therapy research has also made a lot of 
progress. Although music therapy has a long history, 
however, it is still a new subject, and it has many difficulties 
to be solved. We believe that music therapy has a broad 
prospect in the treatment of psychosomatic diseases. 

II. FUZZY NEURAL NETWORK 

      The fuzzy neural network is one of the three most 
important fields in artificial intelligence. In recent years, 
neural network has played an important role in fuzzy control, 
fuzzy decision-making, expert system, pattern recognition 
and other fields, and its theory, model, algorithm and 
application technology are important research topics in the 
field of computer science. We briefly introduce research 
status, development trend and application fields of fuzzy 
neural network. The basic concept, basic model and 
algorithm of fuzzy logic system, artificial neural network 
and fuzzy neural network are introduced. Soft computing is 
a set of methodologies that includes fuzzy logic, neural 
computing, evolutionary computation, and probabilistic 
computing. Fuzzy neural network is a kind of network 
structure which can deal with abstract information.  
Therefore, the research of fuzzy neural network is of great 
significance to the development of soft computing and 
intelligent control.  
      With the advance of the information revolution, which is 
characterized by digitalization and networking, human 
beings have deepened their understanding of nature and 
society. Traditional analytical and computational tools are 
not suitable for nonlinear systems, and we urgently need to 
develop new theories and methods [1-5].  

A. Fuzzy System 

Fuzzy phenomenon is a common phenomenon in nature. 
The human brain can make accurate judgments and decisions 
in the case of incomplete and inaccurate information, which 
is called fuzzy information processing. Fuzzy mathematics is 
a new science to study and deal with the fuzzy phenomena in 
nature. Fuzzy system can make good use of expert 
knowledge, and fuzzy logic itself provides the expert to 
construct language information, which can be transformed 
into control strategy or system feature model.  

The artificial neural network simulates the structure and 
function of the nervous system of the human brain and uses a 
large number of processing elements to form a network 
structure. The theory of artificial neural network breaks 
through the limitation of traditional digital computer, and it 
is a nonlinear dynamic system with characteristics of 
distributed storage and parallel processing. Although the 
structure and function of individual neurons are very simple 
and limited, but a large number of neural network systems 
can achieve many functions. Artificial neural network has 

been studied for more than and 50 years, but its 
development is unbalanced.  

 

Fig. 1. Fuzzy System 

B. The integration of fuzzy system and neural network 

At present, fuzzy systems have been widely used in many 
fields such as automatic control, information processing and 
artificial intelligence. The important characteristic of fuzzy 
system is that it can express logic directly, and it is suitable 
for direct or advanced knowledge expression. Although 
fuzzy reasoning is a good method to represent knowledge in 
fuzzy system, it has no ability to acquire knowledge. Fuzzy 
rules are difficult to determine, and usually need to rely on 
the guidance of expert knowledge, so the fuzzy system still 
has some shortcomings [6-7].  

The fuzzy rule base is the core of the fuzzy system, but it 
will take a long time to establish the fuzzy rule base. In 
particular, it is very difficult to establish proper fuzzy rules 
and membership functions in very complex systems. 

The fuzzy rule base of fuzzy system is often very large, 
so it is difficult to find out the relationship between rules and 
rules. 

Once the fuzzy rule base is established, it is difficult to 
make a change that means it is difficult to realize self-
adaptation and self-adaptation of rules. 

Fuzzy system is a nonlinear system, so it is difficult to 
analyze the stability of the system [8-9]. 

In contrast, artificial neural network, it can learn and be 
trained to obtain knowledge expressed by the data. Artificial 
neural network has strong generalization ability and 
associative memory ability. The application of artificial 
neural network theory has penetrated into various fields, 
such as intelligent control, computer vision, pattern 
recognition, adaptive filtering, nonlinear optimization, 
signal processing, knowledge processing and so on.  

With the development of the two fields of fuzzy system 
and neural network, the relationship between them has 
changed gradually. Scholars combine the fuzzy system and 
neural network in order to obtain the advantages of both, so 
that they can complement each other. This fusion leads to 
the emergence of fuzzy neural networks. As a hybrid 
intelligent system, fuzzy neural network is based on fuzzy 
system and neural network. Fuzzy system can imitate the 
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logical thinking of human brain, and it can be used to deal 
with unknown or imprecise control problems. However, the 
artificial neural network can simulate the function of human 
brain neurons, and can be used as a general function 
estimator.  

 

Fig. 2. Fuzzy Neural Network 

C. Fuzzy System 

      Takagi-Sugeno fuzzy logic system is a special case of 
general fuzzy logic system, and it has been applied 
successfully in many practical fields. The structure is shown 
as follows: 

 
Fig. 3. Takagi-Sugeno Fuzzy Logic System. 

      The output of fuzzy system is defined as follows: 

      

( )

1 1

( )

1 1

nM
i i x

F
i i

nM
i x
F

i i

y u
y

u

 

 


 


                                                       (1) 

      The main advantage of the fuzzy logic system is that its 
output can be determined by the membership functions of 
the variables in the rule base. The disadvantage of this 
system is that the conclusion of the rules is non fuzzy, 
which brings great inconvenience to the experience of the 
experts.  

D. Robustness of model to perturbation 

      As a generalization of two valued logic, fuzzy logic is a 
kind of infinite valued logic. Since the emergence of fuzzy 
mathematics, scholars began to conduct fuzzy logic and 
fuzzy reasoning research, and the relevant research results 
have been widely used, especially in industrial control and 
artificial intelligence and other fields. Fuzzy inference is the 
theoretical basis of fuzzy control system, fuzzy expert 
system and decision support system. The main reasons for 
the perturbation of rules or training patterns in fuzzy 
systems are: the lack of the given information, the fuzzy 

nature of human perception of things and the limitations of 
the models.  

E. Regular FNN learning algorithm 

In 1993, regular FNN was proposed by Buckley, 
Ishibuchi and Gupta. Because the regular input, the 
connection weight and the threshold value are all fuzzy 
numbers, the design of the learning algorithm of the 
connection weights and thresholds is much more difficult 
than that of the ordinary artificial neural network. The basic 
idea to solve this problem is to define the appropriate error 
function. In order to guarantee the validity of the algorithm, 
the following optimization problems must be solved: 

      1 2

1 2 1 2

min{ ( , ,..., )}

. . , [0,1] : , {1,..., }
nE W W W

s t i n   

     

                  (2) 

      
By using fuzzy genetic algorithm to find the right 
connection weights and threshold value of fuzzy numbers is 
strictly limited.  

F. Line FNN learning algorithm 

      The fuzzy neural network is proposed in order to judge 
the approximate equivalent conditions of regular FNN. Due 
to the fuzzy number of the line meets certain conditions, the 
main goal of the research is to determine the value of the 
finite point. Therefore, the learning algorithm can also learn 
from the relevant research results of regular fuzzy neural 
network.  
     Quantum genetic algorithm (GA) is a newly developed 
probabilistic optimization algorithm based on quantum 
computing theory. It has aroused the interest of scholars and 
become a new research direction. QGA based on the 
concept and theory of quantum computing, using quantum 
bit coding to represent chromosomes, the use of quantum 
gates is to update the chromosome and to complete the 
evolution of the search process [10-15].  
      In this paper, based on the above theories, using the 
regular learning algorithm, the genetic algorithm and the 
quantum genetic algorithm are applied to the connection 
weights of the broken line.  

G. Universal approximation 

      In this paper, we propose a new class of fuzzy neural 
networks in the study of the universal approximation of 
regular fuzzy neural networks.  The fuzzy neural network 
inherits the topology of canonical fuzzy neural network, and 
its internal operation is based on the simplified expansion 
principle.  

      The research of fuzzy number is always a hot topic in 
the field of fuzzy theory and its application. In recent years, 
great progress has been made in the related system theory 
and practical model. Even so, there are still obstacles in the 
practical application of fuzzy numbers.  
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Fig. 4. Membership curve of fuzzy number 

H. Genetic Algorithm and Quantum Genetic Algorithm 

 
In the algorithm design, we introduce the genetic 

algorithm and the quantum genetic algorithm to optimize 
the learning parameters.   

Evolutionary computation is a kind of self-organizing 
and adaptive artificial intelligence technology, which is used 
to simulate the evolution process and mechanism. 
Evolutionary computation includes three strategies, namely 
genetic algorithm, evolutionary strategy, evolutionary 
programming. Biological evolution itself is a natural, robust, 
parallel optimization process.  

Genetic algorithm (GA) is a kind of bionic algorithm in 
the macro sense. It takes all the life and the generation and 
evolution of intelligence as the imitation mechanism. As a 
stochastic optimization method, genetic algorithm can be 
applied to the optimization of complex systems. Genetic 
algorithm uses the coding of decision variables as the object 
of operation. However, the traditional optimization 
algorithm is usually used to calculate the actual value of the 
decision variable. Genetic algorithm allows us to optimize 
the process of calculating the biology of chromosome and 
gene concepts, and can imitate the nature of the biological 
evolution mechanism. 

Genetic algorithm directly uses the objective function 
value as the search information. However, the traditional 
optimization algorithm not only needs to use the objective 
function value, but also use the gradient of the objective 
function and other related high-order information to 
determine the search direction. Genetic algorithm can use 
multiple search points at the same time. Genetic algorithm 
uses probabilistic search technology. Genetic algorithm has 
three basic operations: selection, crossover and mutation.  

Fuzzy neural network is a theory and technology 
developed over the past few years with the rise of artificial 
neural network theory. Fuzzy neural network provides a 
new approach for the study of human brain science and has 
been widely used in various fields. Therefore, based on the 
previous studies, this paper focuses on the problem of 
perturbation robustness, pan approximation and learning 
algorithm of fuzzy neural network [16-21].  

III. ADAPTIVE FILTERING 

 

The research of adaptive filtering algorithm is one of the 
most active research topics in adaptive signal processing. It 
is the goal of researchers to pursue the adaptive filter 
algorithm with fast convergence speed, low computational 
complexity and good numerical stability. Based on the 
discussion of the basic principle of adaptive filtering, we 
introduce several typical adaptive filtering algorithms and 
their applications. The performance characteristics of several 
typical adaptive filtering algorithms are compared, and the 
comprehensive evaluation of the performance of the 
algorithm is given in this paper.  

Adaptive filtering is an optimal filtering method 
developed in the past 30 years, which is based on Wiener 
filtering, Kalman filtering and other linear filtering. Because 
of its strong adaptability and better filtering performance, it 
has been widely used in engineering practice, especially in 
information processing technology. The research object of 
adaptive filtering is uncertain system or information process. 
Any actual information process has a different degree of 
uncertainty, which sometimes appears in the process, 
sometimes out of the process. These perturbations are 
usually not measurable, they may be deterministic or 
stochastic. In the face of the objective existence of every 
kind of uncertainty, how to deal with the comprehensive 
information process, and makes some specified performance 
indicators to achieve optimal or near optimal, are for 
adaptive filter to solve these problems. 

 

Fig. 5. The process of Adaptive Filtering 
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The research of adaptive filtering algorithm is one of the 
most active research topics in adaptive signal processing. 
Adaptive filtering algorithm is widely used in many fields 
such as system identification, echo cancellation, adaptive 
line enhancement, adaptive channel equalization, linear 
prediction of speech, adaptive antenna array and so on. 
Although the linear adaptive filter and the corresponding 
algorithm have the advantages of simple structure and low 
computational complexity, but it has the limited processing 
capacity of the signals. Adaptive filter is essentially a kind of 
Wiener filter which can adjust its transmission characteristics. 
The adaptive filter does not require a priori knowledge about 
the input signal, and is especially suitable for real-time 
processing.  

A. Signal Enhancer 

A simple application of the adaptive filter is the signal 
enhancer, which is used to detect or enhance the narrowband 
random signal submerged in the width noise. The signal 
booster includes a delay unit and a predictor. The delay unit 
is used to remove the noise part of the input signal, and the 
predictor is a IFR filter with adjustable coefficients.  

The characteristics of the adaptive filter can be given by 
the following equation: 
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k k k
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k k ke d y                (4) 

B. Adaptive Channel Equalization 

      The application of adaptive equalization has greatly 
improved the speed and reliability of digital telephone 
communication.  

      The function of the channel equalizer is to form an 
inverse of the channel transfer function in the passband of 
the channel while its gain is small or zero outside the 
passband and thus, the system consisting of a channel and an 
equalizer cascade with a substantially uniform amplitude 
characteristic in the passband. Adaptive filtering algorithm 
can be divided into two kinds of basic algorithms according 
to the different optimization rules: least mean square error 
algorithm and recursive least square algorithm. So many 
different adaptive filtering algorithms are derived from these 
two criteria. 

C. Kalman Filter Theory 

In order to make the adaptive filter work in a stationary 
or non-stationary environment, an adaptive filtering 
algorithm is derived by means of the Kalman filter. For a 
linear dynamic system, the Kalman equation can be 
described by the state equation and the measurement 
equation. Kalman filter is linear unbiased minimum variance 
estimation, so there are different methods to deduce the 
recursive formula of Kalman. For stationary cases, a fixed 
state model can be used, and its weight vector or state vector 
is equal to a constant. However, the main limitation of these 

algorithms is its computational complexity, resulting in large 
calculation. 

The state equation and measurement equation of the 
system model are as follows: 

1( 1) ( 1, ) ( ) ( )x n n n x n v n                    (5) 

2( ) ( ) ( ) ( )y n C n x n v n                  (6) 

The statistical characteristics of dynamic noise and 
observation noise are denoted as follows: 

11 1 1 1 1[ ( )] 0,cov( ( ), ( )) [ ( ) ( )] ( )H
nkE v n v n v k E v n v k Q n     (7) 

22 2 2 2 2[ ( )] 0,cov( ( ), ( )) [ ( ) ( )] ( )H
nkE v n v n v k E v n v k Q n     (8) 

11 1 1cov( ( ), ( )) [ ( ) ( )] 0Hv n v k E v n v k            (9) 

D. Adaptive filtering based on neural network theory 

Artificial neural network (ANN) is a computational 
structure to simulate the signal processing ability of 
biological neural models. Thinking and memory are very 
important functions of human brain. The neural network is a 
network system which is connected by a large number of 
neurons. In fact, it is a highly nonlinear dynamic network 
system. This system is adaptive, with strong self-learning 
and self-organizing ability. 

E. Variable step size adaptive filtering algorithm 

The iterative formula of the minimum mean square error 
algorithm based on steepest descent method is as follows: 

( ) ( ) ( ) ( )Te n d n X n W n             (10) 

( 1) ( ) 2 ( ) ( )W n W n e n X n                 (11) 

The initial convergence rate, the time varying system 
tracking ability and the steady-state maladjustment are three 
most important technical indexes used to evaluate the 
adaptive filtering algorithm.  

F. RLS adaptive filtering algorithm 

The RLS algorithm is a recursive estimation of the 
inverse of the auto-correlation matrix of the input signal. Its 
convergence performance is independent of the spectral 
characteristics of the input signal. However, the 
computational complexity of RLS algorithm is very high. In 
order to reduce the computational complexity of RLS 
algorithm and preserve the fast convergence speed of RLS 
algorithm, the improved RLS algorithm is proposed in many 
references, such as fast recursive least squares lattice.  

G. Affine Projection Algorithm 

APA was proposed by K. Ozeki and T. Umeda, which is 
a generalization of the normalized least mean square error 
algorithm. The performance of affine projection algorithm is 
between LMS algorithm and RLS algorithm, and its 
computational complexity is lower than RLS algorithm. 
NLMS is an improved algorithm.  
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In the fast affine projection algorithm, the fast transversal 
filter algorithm based on sliding window is used to calculate 
the pre filtering vector. Although the computational 
complexity of the fast affine projection algorithm is reduced, 
the implementation of the fast transversal filter algorithm 
based on sliding window is relatively complex.  

H. Performance analysis of LMS algorithm 

LMS algorithm can be denoted as: 

( 1) ( ) 2 ( ) ( )W n W n e n X n           (12) 

Where ( )W n  is weight vector, ( )X n  is input signal 

vector, ( )n  is system output error. Therefore, steady-state 
mean square error of LMS algorithm is: 

min min(1 )excMSE trR                 (13) 

1
min [ ( ) ( )] TE d n d n P R P             (14) 

Where ( )d n  is expected response, [ ( ) ( )]P E d n d n  is 
cross correlation vector.  

According to the definition, we have: 

00 01 0( 1)

10 11 1( 1)

, ,

( 1)0 ( 1)1 ( 1)( 1)

, ,...,

, ,...,
[ ]

, ,...,

N

NT
N n N n N

N N N N

r r r

r r r
R E X X

r r r





   

 
 
    
 
  

      (15) 

, 0 2 1[ ] [ , ,..., ]T
N n n N NP E d X p p p              (16) 

When the filter order is increased to N+1, we have: 
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1 , 1 0 2[ ] [ , ,..., ]T
N n n N NP E d X p p p           (18) 

Where [ ],0 ,ij n i n jr x x i j N     and 
[ ],0i n n ip E d x i N   . Therefore we have the following 

equations: 

11 22,N NNR R R r          (19) 
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The relationship between steady-state mean square error 
and filter order is shown in Table 1. 

TABLE I.  THE RELATIONSHIP 
Filter 
order

Sinusoidal steady-state 
mean square error 

DC signal steady-state mean 
square error

4 0.2136 0.1488
8 0.2134 0.1432
16 0.2149 0.1390
32 0.2152 0.1265
64 0.2303 0.1493

 

Firstly, the performance of LMS algorithm is analyzed in 
detail. The relationship between the steady-state mean square 
error and the order of the filter and the correlation coefficient 
of the input signal is derived. For the specific input signal, 
there exists an optimal order to minimize the steady-state 
mean square error. If the order is increased, the steady-state 
mean square error may become larger.  

In most adaptive filtering algorithms, the weight vector 
of the adaptive filter will be severely affected by the 
impulsive noise, and the performance of the algorithm is 
significantly getting worse. Therefore, the nonlinear 
technique is usually used in the algorithm to reduce the 
influence of the impulse noise on the weight vector, so as to 
improve the performance of the algorithm. Quasi Newton 
algorithm is also a common adaptive filtering method. In the 
case of pulse interference, its performance will be seriously 
affected. Under normal circumstances, the nonlinear 
technique can be used to reduce the influence of impulsive 
noise on the weight vector. Adaptive simulation and inverse 
simulation play important roles in control system, 
communication, radar and signal processing. In fact, in 
addition to the field of engineering, such as the study of 
social, economic or biological systems also used a simulation 
method.  

Adaptive filtering system is divided into adaptive 
simulation system and adaptive inverse simulation system. 
An adaptive system can be used to simulate an unknown, 
slowly varying system. Adaptive inverse simulation can 
eliminate the influence of signal transmission in devices and 
media. Channel estimation belongs to the former one, while 
channel equalization belongs to the latter one. For channel 
estimation and equalization, time-varying channel is also an 
unknown system. The adaptive filter can be adjusted to 
obtain an output that matches the unknown system.  

IV. CONCLUSION   

Music therapy has been developed rapidly in a short 
period of time because of its outstanding application 
characteristics, and its main achievement lies in the creation 
of therapeutic method and the curative effect. Music therapy 
has got rid of the simple bio-medical model, and gradually 
transformed into the social model. Music therapy introduces 
music, psychology, society, culture and aesthetics into the 
treatment. In the future medical, health and social life, music 
therapy will be further developed. Although music therapy 
has a long history, while however, it is still a new subject and 
it is also facing many difficulties. Although the technique of 
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music therapy is developing rapidly, the development of 
basic research is very slow. By the way, there are many 
difficulties in training music therapy professionals. However, 
the effect of music on human body and mind is active, so 
music therapy has a broad prospect in the treatment of 
psychosomatic diseases. 
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