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Abstract - Least mean square (LMS) algorithm is a type of adaptive filter used to depict a desired filter by finding the filter 
coefficients that relate to producing the least mean squares of the error signal. This is applied for Adaptive Noise Control 
(ANC) system for vehicle exhaust noise reduction. ANC is a method of reducing the unwanted noise by actively generating 
an anti-sound, cancelling out the noise. This provides a new structure for improving noise reduction. And, simulation results 
have proven the effectiveness of the proposed algorithm. 
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I. INTRODUCTION 
 
The noise cancellation with passive absorbers is well 
suited for the high frequency range of the acoustic 
spectrum, however their size, weight and the cost 
increase for the low frequency range (50-500Hz) 
making them not suitable for mobile vehicles like 
aircrafts, helicopters, cars and also industrial 
applications like exhaust and ventilator ducts. This is 
due to the fact that the passive absorbers reduce the 
noise by obstructing their propagation and this 
requires the size of the passive absorbers to be of the 
order of the wavelength of the noise frequency. At 
2000Hz, though the wavelength of sound is 0.18m, at 
100Hz, it is 3.4m. Further, a high surface density 
material passive absorber like lead is required to 
achieve higher attenuation. In view of this, the size, 
weight and hence the cost of the passive noise 
absorber, is not a viable solution for the mentioned 
applications. [4] 
A propeller engine driven aircraft is 25% more fuel 
efficient than a jet aircraft, but it is noisier. The very 
aircraft structure itself is a source of noise as it has 
many discontinuities like tail-plane, trailing edge 
flaps, main wings, leading edge stats, landing gear 
and engine nacelle spillage and these create 
turbulence and this gets accumulated as air flows 
from front to back. The release of landing gear itself 
increases the noise level by 10dB. The lightweight 
and 4 strokes automobiles (compared to 2stroke) 
though fuel efficient are noisier. In many industrial 
applications the use of passive absorbers generates 
backpressure and hence calls for the use of increased 
power. For proper mobile communication, reduction 
of noise is essential. These necessitate the use of 
Active Noise Control (ANC) technology as an 
alternative to passive absorbers. [4] 
 
1.1Basic Concepts:  
Noise Cancellation makes use of the notion of 
destructive interference. When two sinusoidal waves 
superimpose, the resulting waveform depends on the 
frequency amplitude and relative phase of the two 

waves. Fig.1 shows, if the original wave and the 
inverse of the original wave encounter at a junction at 
the same time, total cancellation occur. The 
challenges are to identify the original signal and 
generate the inverse without delay in all directions 
where noises interact and superimpose. 
 

 
Fig.1. Signal cancellation of two waves out of phase 

 
1.2 Application: 
The applications of active noise cancellation are as 
follows: 

 Noise cancellation requires the noise should 
be cancelled at the source such as from loud 
speaker and this effect works well with 
headsets. 

 The electronic noise cancellation headsets 
can be used by people working near aircraft 
or in noisy factories. 

 Active noise cancellation has great 
applications in automotive industries such as 
noise reduction in engine. 

 
II. ADAPTIVE FILTERING ALGORITHM 
 
An adaptive filter is a linear filter that has a transfer 
function controlled by variable parameters and a 
means to adjust those parameters according to an 
optimization algorithm. Because of the complexity of 
the optimization algorithms, most adaptive filters 
are digital filters. The error signal is used as feedback 
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to the closed loop adaptive filter to refine its transfer 
function. Generally speaking, the closed loop 
adaptive process involves the use of a cost function, 
which is a measure for optimum performance of the 
filter, to feed an algorithm, which determines how to 
modify filter transfer function to minimize the cost on 
the next iteration. The most common cost function is 
the mean square of the error signal. 
 
They are two types: 1) LMS algorithm 

                               2) RLS algorithm 
 
2.1 LMS Algorithm: 
Least mean squares (LMS) algorithms are a type of 
adaptive filter used to depict a desired filter by 
finding the filter coefficients that relate to producing 
the least mean squares of the error signal (difference 
between the desired and the actual signal).Basic block 
diagram of LMS algorithm is shown in Fig.2 and 
explained below. 
 

 
Fig.2. Block diagram of LMS algorithm 

 
The LMS algorithm is made up of two processes – 
first, a filtering process which produces the output 
signal and the estimation error, and second is an 
adaptive process responsible for the automatic 
adjustment of filter tap weights. The following 
definitions and notations will be used throughout: 
 
   Input signal: x (n) 
   Desired signal: d (n) 
   Filters tap weights: w (n) 
                                 M-1 
  Filter output: y (n) =∑ wk

*u (n-k)=  wH(n)x(n) 
                                          k=0 

  Estimation error: e (n)=d (n)-x(n) 
  LMS filter coefficient adjustment: 
w(n+1)=w(n)+µx(n)e*(n) 
 
III. ACTIVE NOISE CONTOL SYSTEM 
 
We proposed the LMS algorithm applied for 
Adaptive Noise control (ANC) system for vehicle 
exhaust noise reduction. This is a widely applicable 
set of noise attenuating techniques, unlike simple 
filtering, ANC techniques attenuate noise through the 
addition of an “anti-noise” signal with 180. Degree 
phase difference, thereby reducing the energy of the 
noise waves. There are several algorithms used to 
calculate the “anti-noise” signal. In this project we 
used Least Mean Square algorithm for active noise 

control. And Fig.3 is the flow chart of our proposed 
system. 

 
Flow Chart: 

 
Fig.3.Flow chart of proposed system 

 
3.1 Active Noise Control System: 

 
Fig.4. Block diagram of ANC 

 
In the ANC, as explained before, the aim is to 
minimize the noise interference that corrupts the 
original input signal. In the Fig.4, the desired signal d 
(n)is composed by an unknown signal, that we call s 
(n),corrupted for an additional noise n2 (n), and 
generated for the interference. The adaptive filter is 
then installed in a place that the only input is the 
interference signal n1 (n). The signals n1 (n)and n2 
(n)are correlated. The output of the filter y(n) is 
compared with the desired signal d(n), generating an 
error e(n) , which is the system output, is used to 
adjust the variable weights of the adaptive filter in 
order to minimize the noise interference. In an 
optimal situation, the output of the system e (n),is 
composed by the signal s(n), free of the noise 
interference n2(n). 
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IV. RESULTS: 
 
4.1 Algorithm: 
The system model as shown in Fig.5 was designed 
and simulated by the MATLAB/ Simulink . 

 
Fig.5. LMS simulation system 

 
The simulation of the adaptive algorithm i.e. LMS, is 
carried out with the following specifications: Filter 
order N=32, step size µ= 0.1 and Simulation time=30, 
60, 90 seconds. Figure6, 7,8 shows the simulated 
results for sinusoidal signal for 30,60,90 sec 
respectively. 
 

 
FIG.6. FOR SIMULATION TIME 30 SEC 

 

 
FIG.7. FOR SIMULATION TIME 60 SEC 

 

 
FIG.8. FOR SIMULATION TIME 90 SEC 

4.2 ANC for Exhaust noise reduction: 

 

 
Fig.9. ANC simulation system 

 
The simulation system used the basic block functions 
of MAT LAB/ Simulink with the subsystems made of 
the basic block functions or experimental models. 
The upper part of Fig.9 shows the exhaust noise 
before control, with the engine speed described by the 
"chirp" block. The variable engine speeds were 
simulated by specifying the fundamental frequency 
and its harmonic components and the sweep start and 
end frequency. Constant engine speed was 
approximated using sweep time intervals close to 
infinity. The "Matrix gain" block represented the 
amplitudes of the harmonic components of the 
exhaust noise and the Transport delay" block 
expressed the phase differences between the engine 
outlet and the exhaust muffler. The 'Zero-order hold" 
block converted the continuous system into a discrete 
system, and the 'Noise" block considered the system 
disturbed noise.  
The simulation of the Active noise control system i.e. 
ANC, is carried out with the following specifications: 
Filter order N=32, step size µ= 0.1 and Simulation 
time=30, 60, 90 seconds. Figure 10, 11,12 shows the 
simulated results for sinusoidal signal for 30,60,90 
sec respectively. 
 

 
FIG.10. FOR SIMULATION TIME 30 SEC  
 

 
FIG.11. FOR SIMULATION TIME 60 SEC 
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FIG.12. FOR SIMULATION TIME 90 SEC 

                                                              
TABLE.1.COMPARISION TABLE FOR SIMULATION 

 
 
CONCLUSION 
 
The simulation of Active noise control system for 
vehicle noise reduction using LMS  algorithm have 

been done using MATLAB Simulink environment 
and their responses have been studied. And it is 
observed from Table.1 that as simulation time 
increases, the error or noise from the signal is 
effectively reduced. 
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