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Abstract 
This paper presents the global optimal solution for active noise cancellation using Genetic algorithm technique. The 
conventional active noise control methods such as FXLMS have problem of local minima. The proposed global optimal 
solution based on Genetic algorithm can handle this problem very well and give batter results. Computer simulation 
results demonstrate that Genetic algorithm based active noise control system give more optimal results. 
Keywords: Active noise control, optimal solution, genetic algorithm. 
Introduction 

Acoustic noise is composed of a mixture of sound 
that has no beneficial effect on human beings since it is 
incomprehensible. In fact, it is a source of irritation that 
disrupts mental concentration. Generally, it is regarded as 
a type of environmental pollution that can have adverse 
effects on human life in various ways. 

In recent years, acoustic noise problems are 
becoming more evident with the increase in the use of 
industrial equipment such as engines, fans, transformers 
and compressors. The growth of high-density housing 
increases the population's exposure to a wider spectrum 
of noise source. In addition, manufacturers have the 
tendency to use lighter materials for buildings and 
transportation that further add to the environmental noise. 
Hearing loss is probably the most significant and serious 
health problem caused by excessive noise. Continuous 
exposure can lead to varying levels of hearing loss 
ranging from a mild ringing in the ears to total deafness 
due to the damaged auditory receptors in the ear. 
Researchers have shown that if a person is subjected to 
a sound level of over 85 dB for several hours a day, 
permanent damage will occur. The greater the amount of 
sound, the longer the exposure and the higher the 
intensity, the greater will be the possibility of deafness 
occurring. 

Noise can also mask important sounds and disrupt 
communication between individuals in a variety of 
settings. This process can cause anything from a slight 
irritation to a serious safety hazard involving an accident 
or even a fatality because of the failure to hear the 
warning sounds of imminent danger. Such warning 
sounds can include the approach of a rapidly moving 
motor vehicle, or the sound of malfunctioning machinery. 

Noise-induced sleep interference is one of the critical 
components of community annoyance. It can produce 
short-term adverse effects, such as mood changes and 
decrements in task performance the next day, with the 
possibility of more serious effects on health and well 
being if it continues over long periods. 

In an effort to overcome these problems, active noise 
control has received considerable interest and has shown 
significant promise. It works on the principle of destructive 
interference between the sound fields generated by the 
primary sound source and that due to the secondary anti-
sources. Fig.1 shows the primary unwanted noise signal, 
anti-noise signal, and residual original signal that result 
when they are superimposed. To achieve the optimal 
performance of noise cancellation, it is required that the 
anti-noise signal is of the same amplitude but inverse 
phase as that of the noise to be canceled.  

This paper present a global optimal solution using 
genetic algorithm based FIR (finite-impulse response) 
filter to minimize the unwanted noise signal in active 
noise control system. Genetic algorithm search globally 
and update the coefficients of FIR filter optimally. 

Active noise control (ANC) is an old concept that has 
received attention for more than 50 years. Traditional 
approach to acoustic noise control uses passive 
techniques such as enclosures, barriers, and silencers to 
attenuate the undesired noise. Besides, the traditional 
noise control approach often involves the rearrangement 
of    the   noise   source,  the    physical   structure    and  
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Fig.3. ANC control system in adaptive filter configuration 

surrounding environment. The development of adaptive 
digital signal processing theory and hardware resolve 
these problems. Considerable research works had been 
done in active noise control area and now the ANC 
systems are commercially implemented in air-
conditioning ducts, active headsets, transformer noise, 
engine noise in certain aircraft cabins and cars 
(Dehandschutter et al., 1995; Smith et al., 1996; Crawford 
& Stewart, 1997). In medical sciences ANC also play very 
important role, Hirayama and Kida (2008) worked on 
active noise control system use for reducing noise in MRI 
machine; this ANC system used optical microphone and 
piezo-electric loudspeaker for ANC system. Bilinear 
FXLMS algorithm is proposed by Kuo and Wu (2005) for 
nonlinear adaptive filters to solve the 
problems of signal saturation and other 
nonlinear distortions that occur in ANC 
systems. A sub-band adaptive filtering (SAF) 
technique is used by Milani & Panahi (2009) 
in designing of active noise control (ANC) 
systems. They reduce the computational 
complexity of ANC algorithms, particularly, 
when the acoustic noise is a broadband 
signal. 

Artificial Neural Networks (ANN) had 
been applied to the ANC due to the limitation 
of presently employed linear control 
strategy. Sutton and Elliot (1991) developed 
a non-linear adaptive harmonic controller by 
using the ANN. Ma and Sinha (1996) wrote 
on the development of a neural network 
based optimal system to control vibration in 
flexible structures subjected to deterministic 
and periodic excitation. They used large 
numbers of actuators on structures to control sound 

transmission through structures. In an 
attempt to further simplify the control 
process. Delemotte and Montassier (1995) 
suggested using hierarchical bio control in 
which a small number of signals are sent 
from an advanced, centralized controller 
and are then distributed by local simple 
rules to multiple control actuators. 
Active noise control system 

The basic block diagram of Active 
Noise Control system is shown in Fig.2. 
The unwanted noise signal is detected by 
sensor and fed in to the active noise 
controller. The controller generates control 
signal whose amplitude is same but 
inverse in phase from unwanted noise 
signal. The ANC controller manipulates the 
control signal according to the input signal 
and the feedback signal coming from the 
error sensor. The efficiency of unwanted 
noise cancellation depends upon the 

effectiveness of the ANC controller algorithm. 
Active noise control system can also be realized in an 

adaptive control system classification structure, shown in 
Fig. 3; where adaptive filter )(zw  is used to predict an 

unknown plant )(zp .  

When adaptive filter converged, then )(zw  = )(zp  and 
error signal will become zero and the output of the 
adaptive filter )(ny  will become equal to )(nd  which is 
unwanted signal and resultant error signal will be 

0)()()(  nyndne              (1) 
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Well-known Least Mean Square (LMS) algorithm as 
adaptive filter algorithm has been widely studied and 
applied to noise cancellation (Clarkson & White, 1989). 
Beside LMS, the FXLMS algorithm is also very famous 
algorithm for the ANC system. It is in essence a method 
searching local optimum with a gradient following 
technique. These conventional approaches are easy to 
converge to a local optimal solution if the initial condition 
is not appropriate. To solve the problem of local minima, 
genetic algorithm can be use as an alternative and more 
efficient methodology in the ANC. 
Proposed global optimal solution 

The application of GA in the ANC is demonstrated in 
Fig.4, which shows the block diagram of the Genetic  
Algorithm based Active Noise Control system. The 
adaptive filter used here is a Finite Impulse Response 
(FIR) filter with order of L-1. FIR filter incorporates only 
zeros. Hence, it is always stable and can provide a linear 
phase response. 

In this diagram x(k) is the unwanted noise sensed by 
the primary sensor, d(k) is the  acoustic signal at the error  

 
sensor, y(k ) is the anti-phase signal that is generated by 
the adaptive filter, y’(k ) is the signal filtered through the 
secondary path, e(k) is the residual noise signal after 
cancellation. S (z) denotes the acoustic path from the 
secondary source to the error microphone, G(z) denotes 
acoustic path from the primary noise source to the error 
sensor and W(z) is FIR filter whose coefficients are 
updated by using GA algorithm. 
Since the unwanted noise date vector signal is: 
 

          TLkxkxkxkxkx 1........,2,1,             (2)  
And adaptive filter weight vector is:  

       ],1........,,2,,1,,0[)( kLwkwkwkwkw jjjj        (3)  

with   pj ..21   
Where “p” is the groups of population for Genetic 
algorithm. 
Then signal y(k ) that is generated by the adaptive filter in 
vector form will be: 
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Fig.4. Genetic algorithm based ANC system 



 
 
Indian Journal of Science and Technology                                                        Vol. 4     No. 9   (Sep  2011)               ISSN: 0974- 6846 
 

Research article                                                                                          “Global solution for noise control”                                                                                       S.F.Ahmed et al.         
Indian Society for Education and Environment (iSee)                                         http://www.indjst.org                                                                                              Indian J.Sci.Technol. 

1018

 
 

 

     
     

     

 
 

 










































































































1
.
.
.
.
.

1

,1...,1,0
......
......
......
......
......

,1...,1,0
,1...,1,0

.

.

.

.

.
222

111

2

1

Lkx

kx
kx

kLwkwkw

kLwkwkw
kLwkwkw

ky

ky
ky

pppp

 (4)

 And the signal y’(k ) that is filtered through the 
secondary path  
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Therefore the residual noise signal e(k) after cancellation 
of unwanted noise can be calculated by equation: 
 

)(')()( kykdke jj    (6)  

Genetic algorithm in active noise control system 
Genetic Algorithm consists of three operations: Selection, 
Genetic Operation, and Replacement. The population is 
basically a group of chromosomes from which candidates 
can be selected for the solution of a problem. Initially, a 
population is generated randomly. The fitness values of 
the all chromosomes are evaluated by calculating the 
objective function (Omar Ali Beg & Vali uddin, 2009). 
a) Fitness evaluation 
To evaluate the goodness of chromosomes, an objective 
function is needed to calculate the fitness value. The 
results of this evaluation will provide an indication on the 
fitness level of the individual chromosome. 
A 'windowed mean-square-error' function is proposed 
here for the fitness evaluation.                            
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Where: 

iC (e) = fitness value of i th chromosome in the 

population 
e  (k) = calculated error signal at k time 

i        = p,.....3,2,1  

z      = window size. 
 
b) Selecting Parenting Population 
The reproduction operator determines how the parents 
are selected to generate the offspring. This operator is a 
process in which chromosomes are copied according to 
their objective function values (Rahman, 2001). 
A chromosome with the lowest value has the greatest 
probability of mating. The cost weighting technique can 
be use for the selection. 
Cost weighting 
In cost weighting method, the probability is calculated 
according to the cost of the chromosomes. 
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Where: 

iC  = Fitness value of i th chromosome 

jC = Fitness value of jth chromosome with lowest cost 

weight. 

ipb = Probability of jth chromosome being selected as a 

parent. 
This approach weights the top chromosome more when 
there is a large cost difference between the best and 
worst chromosomes. 
c) Crossover operator 
Crossover is the core operator of the GA. It creates a 
group of children from the parents by exchanging genes 
among them. A new offspring contains mixed information 
from both the parents.  
Gene exchange 
For the binary coding, the crossover is based on bit 
exchange. It selects one or more points in the 
chromosome randomly. The genes among these points 
are swapped between the two parents. 
To achieve better chromosomes, the gene values from 
both the parents are combined into new parameter values 
in the children using following equation. 

    211 .5.0.5.0 ppCnew                (9) 

    212 .5.0.5.0 ppCnew              (10) 
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Fig. 5. Original signal 

Fig. 6. Noise signal picked by error sensor 

Fig. 8. Original signal recovered by ANC system 

Fig. 7.Desired signal for the adaptive filter 
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Where: 1p & 2p = Values of two parent genes;  

1newC
 
& 2newC =Values of two child genes;  

 =Random value between [-0.6, 0.6]. 

d) Mutation operator 
Even though the reproduction and crossover come up 

with many new chromosomes, they do not introduce any 
new information into the population at a gene level (Erguo 
Li, 2004). Mutation operator solves this problem by 
randomly disturbing the genetic information. 
e) Replacement of population 

The replacement is the last stage of any breeding 
cycle. It determines how new chromosomes will be put 
into the population, and how chromosomes are to be 
eliminated. Through one GA cycle, two parents are drawn 
from a population. They breed two children. But not all of 
them can return to the population, two have to be 
discarded. Two of the weakest individuals in the 
population are replaced by the two children, so long as 
the children are fitter. 
f) Termination criterion 

After Reproduction, Crossover, Mutation, and 
Replacement, the new generation of the offspring forms a 
new population with part of the previous generation. This 
new generation will undergo further round of the GA 
operation until a predefined Termination Criterion is met. 
This criterion can be a given minimum acoustic 

energy  ke2 . The GA will stop searching when the 
minimum fitness value in the population drops below the 
convergence value. It can bring the search to a speedy 
conclusion while ensure to reduce noise to a low level. 
Simulation and results 

At the beginning of the simulation, GA parameters 
are initialized as population size is 30 chromosomes, 
crossover rate is 0.75, mutation rate is 0.1 and the order 
of the filter is 32. The chromosome values are given 
randomly and are evaluated according to an objective 
function. Then a parenting population is selected. The 
whole GA cycle will consist of Crossover, Mutation, 
Fitness re-evaluation, and Replacement. The best 
chromosome will be chosen to generate the anti-noise 
signal. In simulation results Fig.5 shows the original 
signal, the signal picked by the error sensor is shown in 
Fig.6. The desired signal for the adaptive filter which is 
the combination of original signal and filtered noise signal 
(Fig.7) and the recovered original signal is illustrated in 
Fig.8. From these results, it has been observed that the 
error between the two signals reduces gradually. It is 
noticed that the noise can be reduced significantly in first 
50 iterations and after around 100 iterations the noise 
signal is almost vanished and original signal is recovered. 
Conclusion 

We have proposed and implement the global optimal 
solution for active noise cancellation problem by using 
genetic algorithms. From the simulated results we can 

concluded that genetic algorithm is feasible solution for 
active noise control system problem, it search globally 
and find optimal solution. This technique is simple, 
effective and can generate batter results with high 
stability.  
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