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Abstract 
 
This paper presents a new approach to acoustic noise control, by introducing a fuzzy model-based 

control strategy. Classical linear identification and control tools have been applied to active noise 

control in the last two decades. In this type of control, the limitations of their applicability are well 

defined. Recent research in control has emphasized the importance of nonlinear model-based 

control, increasing the performance of several types of systems. From the different nonlinear 

techniques, fuzzy modeling is one of the most appealing. This paper discusses development of 

knowledge base, rule base etc. to support the fuzzy inference. Fuzzy inference for condition 

monitoring using compositional rules have been designed and developed.  
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1. Introduction 

Communication noise refers to influences on effective communication that influence the 
interpretation of conversations. While often looked over, communication noise can have a 
profound impact both on our perception of interactions with others and our analysis of our own 
communication proficiency. Forms of communication noise include psychological noise, physical 
noise, physiological and semantic noise. All these forms of noise subtly, yet greatly influence our 
communication with others and are vitally important to anyone’s skills as a competent 
communicator. Psychological noise results from preconceived notions we bring to conversations, 
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such as racial stereotypes, reputations, biases, and assumptions. When we come into a 
conversation with ideas about what the other person is going to say and why, we can easily 
become blinded to their original message. Most of the time psychological noise is impossible to 
free ourselves from, and we must simply strive to recognize that it exists and take those 
distractions into account when we converse with others. Physical noise is any external or 
environmental stimulus that distracts us from receiving the intended message sent by a 
communicator. Examples of physical noise include: others talk in the background, background 
music, a startling noise and acknowledging someone outside of the conversation. This is noise 
caused by the sender. i.e. the encoder. This type of noise occurs when grammar or technical 
language is used that the receiver (the decoder) cannot understand, or cannot understand clearly. 
Technological and industrial development has resulted in an increase of noise level from 
machines, factories, traffic, etc. Many reasons have been taken into account to develop some 
research in the sound attenuation area, such as environmental and legal restrictions concerning 
people’s safety and health. There are two ways to achieve noise reduction. The first one is the 
passive systems, which are based on the absorption and/or reflection properties of materials, and 
present excellent results for frequencies higher than 1 kHz. The other consists of active systems, 
which show good performance for lower frequencies and are based on the principle of 
interference, where a sound with the same amplitude as the noise source but an opposite phase is 
generated in order to cancel the primary noise. This is usually known as Active Noise Control 
(ANC). 

2. Active noise control 

Active noise control (ANC) (also known as noise cancellation, or active noise reduction (ANR)) 
is a method for reducing unwanted sound. Sound is a P-wave, which consists of a compression 
phase and a rarefaction phase. A noise-cancellation speaker emits a sound wave with the same 
amplitude but with inverted phase (also known as anti-phase) to the original sound. The waves 
combine to form a new wave, in a process called interference, and effectively cancel each other 
out - an effect which is called phase cancellation. Modern active noise control is generally 
achieved through the use of analog circuits or Digital Signal Processing. This inverted signal (in 
antiphase) is then amplified and a transducer creates a sound wave directly proportional to the 
amplitude of the original waveform creating destructive interference. Noise reduction is more 
easily achieved with a single listener remaining stationary but if there are multiple listeners or if 
the single listener turns his head or moves throughout the space then the noise reduction challenge 
is made much more difficult. Most of the ANC applications use linear identification and control 
techniques, relying on the linear superposition of a primary field and a destructively interfering 
secondary field to achieve the desired noise cancellation.The earliest ideas for active noise control 
is outline in the patent granted to Paul Lueg in 1936. But it was only in the 80’s, when the digital 
controllers became accessible for everyone, that the active noise control became efficient. In the 
present-day ANC applications, the controllers are usually Finite Impulse Response (FIR) adaptive 
filters, where a feed forward control loop is used. When a feedback loop is used, the filters are 
designed in the frequency domain using, for instance, robust control analysis. ANC was already 
implemented successfully in several systems, such as air conditioning ducts to attenuate the low 
frequency noise produced by fans, or in transport systems, such as cars or planes, to reduce the 
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sound produced by the engines. Nonlinear modeling techniques may bring a new insight and 
develop the possibilities of active noise control. 

 

3. Fuzzy Logic model development 

A multilayer type-I fuzzy logic controller (ANFIS) has been developed for the stability 
enhancement of the electric power system while making use of a dynamic braking strategy. The 
outputs of the SCs are then fuzzily combined to achieve the overall objective of the system. A 
comparison with a two-level hierarchical controller was made to show the effectiveness of the 
proposed method. The simulation results obtained support the concept of the multilayer fuzzy-
logic-based braking resistor control scheme and that it is also a valuable tool for short-term and 
long-term stability crisis management [22]. A new model of quantizer has been developed which 
is used when a large part of time base distortions is the result of non-random quantization error 
that is known. A compensation method based on this model has been applied to time base 
quantization. The simulated results show that the proposed compensation method reduces the 
cumulative time base quantization error, change the non-normal R.M.S., quantization error to be 
normal and improves the measurement accuracy. The experimental results from a wideband 
sampling voltmeter confirm that the proposed method improves the measurement accuracy of 
sampling instrument [14]. A new approach to fuzzy rule based modeling of nonlinear systems 
from numerical data has been developed. The novelty of the approach lies in the way of input 
partitioning and in the syntax of the rules. It improves the approximation quality and allows for 
limiting the number of rules. Additionally, the resulting linguistic description better captures the 
system characteristics by exposing the interactions between the input variables [8]. A non-
singleton type I fuzzy a logic system (ANFIS) has been developed. It shows how they can be 
efficiently computed. Examples for special cases of membership functions and inference have 
been given. It has been shown that how an ANFIS Sugeno model can be expressed as a “non-
singleton fuzzy basis function”. It also presents an analytical comparison of the non-singleton and 
singleton type-I fuzzy logic systems formulations. Specifically by using interval estimation 
techniques of statistics, the statistical estimates of confidence limits on the mean of type I fuzzy 
logic system output error as well as on the means of prediction errors of individual IF-THEN rules 
have been presented. With these quantitative measures incorporated the performances of the type-
I fuzzy logic system is more accurately described and analyzed. The overall system reliability is 
enhanced [28]. 

4. Simulation, Results and Discussions 

In order to obtain better active controllers, the error signal can be used to adapt the FIR controller, 
using the least mean squares algorithm. The adaptation of the filter is derived by filtering the 
detection signal using a model of the system. 
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Fig. 4.1: SIMULINK model of fuzzy noise control 

In Figure 4.1 the Simulink model control it is assumed in which the two signals are given one is 

information signal and another is noise signals after that fuzzification is done. Then the rules are 

formed using formulas and from that output is analyzed. The snapshots as given below show the 

simulation. 

 Fig. 4.2: FIS editor 
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Fig 4.3: Input variable Fuzzification 

Figure 4.3 is the snapshot the input variable as simulated in Fuzzy Logic Tool Box in MAT Lab.  

This figure shows that the two inputs to the Anfis fuzzy logic controller are information signal 

and noise signal. Using fuzzy control rules the output control is adjusted, which constitutes the 

noise control of the system. The figure shows that the membership functions are designed for the 

error signal and range is selected from -1 to 1. The membership functions are Gaussian and 

various ranges are selected for these membership functions 

 

                                                                           
Fig. 4.4: Input variable fuzzification 

The figure 4.4 shows that the membership functions are designed for the error signal and range is 

selected from -1 to 1. The membership functions are trapezoidal and triangular and various ranges 

are selected for these membership functions. The key features are specialized GUIs for building 
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fuzzy inference systems and viewing and analyzing results, membership functions for creating 

fuzzy inference systems, support for AND, OR, and NOT logic in user-defined rules, standard 

Anfis Sugeno-type fuzzy inference systems, automated membership function shaping through 

neuro adaptive and fuzzy clustering learning techniques, ability to embed a fuzzy inference 

system in a Simulink model. In addition, the toolbox provides a fuzzy controller block that you 

can use in Simulink to model and simulate a fuzzy logic control system. Like all MATLAB 

toolboxes, Fuzzy Logic Toolbox can be customized. You can inspect algorithms, modify source 

code, and add your own membership functions or defuzzification techniques. 

 

                              
Fig. 4.5: Output variable Fuzzification 

In figure 4.5 shows that the membership functions are designed for the output variable i.e. noise 

Controls and range is selected from -0.4103 to 0.05334. The shape of membership functions is linear 

and various ranges are selected for these membership functions. There is one Fuzzy sets 

out1mf1.The output Fuzzy sets is gauss. Fuzzy inference is a method that interprets the values in 

the input vector and, based on user-defined rules, assigns values to the output vector. Using the 

GUI editors and viewers in the Fuzzy Logic Toolbox, you can build the rules set, define the 

membership functions, and analyze the behavior of a fuzzy inference system (FIS). The following 

editors and viewers are provided. Membership Function Editor lets you display and edit the 

membership functions associated with the input and output variables of the FIS.  Surface Viewer 

generates a 3-D surface from two input variables. 
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Fig. 4.6: Rule base formation 

The figure 4.6 shows the rule editor in which nine rules are made for self tuning of each parameter of 

fuzzy logic controller. 

 
Fig. 4.7: Rule Viewer 

The figure 4.7 shows the rule viewer in which nine rules are made for self tuning of each parameter of 

fuzzy logic controller are shown. 

 
Fig. 4.8: Structure Model 
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   Fig. 4.9: Surface view for controls 

This chapter presents simulation results and various plots. The developed Fuzzy Logic model is 
robust, adaptive and intelligent as these employ artificial intelligence techniques. Takagi and 
Sugeno (ANFIS) based fuzzy logic model is able to approximate a large number of nonlinear 
systems. The Takagi-Sugeno (TS) fuzzy model consists of representing the base rules. The fuzzy 
sets in the rules serve as an interface amongst qualitative variables in the model, and the input and 
output numerical variables. In this section, we have developed a fuzzy logic scheme to filter a 
noisy signal. This can be applied in industrial domain to reduce noise from signal. A two input 
and one output fuzzy inference system is designed for the filter where the input is a noisy signal 
with information signal and the output is filtered output. Fuzzy rules have been used to obtain the 
filtered output. The de-fuzzified filter output has been obtained using centroid axis and noisy 
signal is taken along x axis. This figure shows the nine membership functions used for noisy 
signal input and he filtered output. In comparison point of view in Mamdani filter the output of 
FIS occurs is 0.297 but with the help of latest technology means artificial intelligence the output 
comes is 0.257 which is far better than the Mamdani model. 

 

 

5. Conclusions and Future Scope 

This work applies fuzzy modeling to real-time noise data. Here, knowledge base, comprising of 
rule and data bases to support the fuzzy inference are being developed.  Recent research in control 
has emphasized the importance of nonlinear model-based control, increasing the performance of 
several types of systems. From the different nonlinear techniques, fuzzy modeling is one of the 
most appealing. Rules have been designed and developed. Conclusions are being drawn. Using 
fuzzy models, this complexity can be reduced, since a single model can represent multiple inputs 
and outputs, and the control loop will be exactly the same. However, as a future scope to this 
work, hybrid algorithms can be used like neuro-Fuzzy, Fuzzy-GA, Fuzzy-PSO etc. As a scope to 
this work, Fuzzy clustering can be used to identify models directly from data. The extension of this 
research is to apply the neural network techniques for the noise control applications. 
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