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Abstract: Active Noise Control (ANC) systems are developing rapidly because of their improvements in 
environmental noise reduction. ANC is based on either feedforward or feedback control. Feedback
structures are employed in applications that the reference signal is not available. The step size of filters 
used in ANC systems plays an essential role in performance of the system. Any variation from the 
appropriate value leads to divergence or inefficiency of the noise controller system. These parameters are 
often set exp erimentally, which is a time consuming task. In addition, there is no guaranty that the system 
can adapt itself with situation changes. The objective of this paper is to propose a new self-tuning feedback 
ANC method with online secondary path modeling. Using this technique the system calculates the 
parameters continuously during the operation. Results of computer simulations demonstrate robustness of 
the proposed method.
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INTRODUCTION

Active noise control comprises an electroacoustic 
or electromechanical system which neutralizes the
unwanted noise on the basis of superposition principle. 
Basically, the cancelation is carried out in generating an 
anti-noise of equal amplitude and reverse phase by the 
system and combining it with unwanted noise [1]. ANC 
is based on either feedforward or feedback control.
Feedback structures are employed in applications that 
the reference signal is not available. 

There is an acoustic path, named secondary path,
leading from the loudspeaker generating the anti-noise
to the error microphone, which extensively affects
performance of the ANC system. Due to the effect of 
secondary path, the conventional Least Mean Square 
(LMS) algorithm must be modified to ensure
convergence of the system. Hence, FxLMS algorithm, 
the modified version of LMS algorithm, is employed in 
ANC system that uses the online estimation of
secondary path [6]. 

Step size parameters of the controller and estimator 
filters have a large effect on the convergence and 
performance of the adaptive algorithm. These
parameters have been calculated manually before the 
system operation. This method not only is time
consuming and needs vast experiments, but also is not 
able to guaranty convergence of the system in different 
situations, for example variation of noise or

environmental condition. It is an important issue that 
step size parameters of the filter could be tuned with 
system characteristics automatically. This novel idea 
has been initially proposed in [5]. 

This paper proposes a self-tuning feedback ANC 
system with online secondary path estimation. Using 
this method, the adaptive system can determine the 
appropriate value for step size parameters during the 
proceeding. Consequently ANC system changes its 
parameters corresponding to noise or environment
mutations. Hence, the noise controller system will not 
oppose the diversity dilemma. 

The remainder of the paper is organized as follows. 
Section 2 details the feedback structure and the
proposed method. Section 3 illustrates computer
simulation results to validate performance of the
proposed model and Section 4 provides concluding 
remarks.

PROPOSED SELF-TUNING
FEEDBACK ANC SYSTEM

Consider the feedback ANC system shown in Fig. 
1. Transfer functions of the primary and secondary 
paths were respectively depicted by P(z) and S(z) in 
this figure. Inherently, the secondary path is a nonlinear 
parameter and leads to the system’s delay. In order to 
compensate for such difficulties, the secondary path is
preferably   modeled   online.  Utilizing   the   online 



World Appl. Sci. J., 9 (6): 649-654, 2010

650

Fig. 1: Block diagram of the feedback ANC system

secondary path modeling method [3], an adaptive filter 
)z(Ŝ is applied to model S(z) during operation of ANC 

system. In this model, a random noise is assigned as a 
training signal, providing the input signal for the
modeling filter.

In feedback scheme, the primary noise d(n) is not 
available during operation of the system. In this
situation, the basic idea is to estimate d(n) as a means to 
provide the reference signal x(n) for controller filter, 
W(z). Let consider the situation that S(z) is
approximated by )z(Ŝ , specifically, Ŝ(z) S(z)= the
primary noise can be estimated as a synthesized
reference signal x(n):

)()(ˆ)()(ˆ)( nynsnendnx +=≡ (1)

)(ˆ)(ˆ ndnx =

where e(n) is the error signal and y(n) is the anti-noise
which is produced by controller filter, computed as 
below:

)n(x)n(w)n(y L
T= (2)

where

( ) T
1L10 )]n(w)n(w)n(w[nw −= 

is the tap weight vector and 

( ) T
L )]1Ln(x)1n(x)n(x[nx +−−= 

represents the  reference  signal  vector  with  the length 
of L samples. The residual error signal e(n) is expressed 
as:

)('̂)(')()( nvnyndne +−= (3)
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where ν(n) is the generated white noise that acts as the 
training noise signal. It is injected into the input of the 
modeling filter )z(Ŝ and secondary path filter S(z), with 
the purpose of estimating the secondary path transfer 
function:

)()(ˆ)('ˆ nVnSnv M
T= (4)

where M is the length of modeling filter S(z).
Generating the appropriate error signal for W(z) we 
have:

ˆf(n) d(n) y(n) v(n) v(n)′ ′ ′= − + − (5)

Coefficients of the modeling filter )z(Ŝ are updated 
as follows:

s
ˆ ˆS(n 1) S(n) µ V(n)f(n)+ = + (6)

where µS is the step size parameter of the modeling
filter. Eventually, the weight vector of the control filter 
W(z) are updated using FxLMS algorithm: 

)()('ˆ)()1( nenxnWnW w+=+ (7)

)('ˆ nx is the filtered reference signal. According to (1), 

)('ˆ)('̂ nxnd = , so we have:

)()(ˆ)('ˆ nxnSnx M
T= (8)

where
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Fig. 2: Block diagram of the proposed method

( ) ( ) ( )[ ]TM 1Mnx1nxnx)n(x +−−= 
And

T
1M10 )]n(ŝ)n(ŝ)n(ŝ[)n(Ŝ −= 

are M   sample  estimated  reference  signal  vector
and the impulse response of the modeling filter )z(Ŝ
respectively.

In order to acquire the proper noise cancelation 
result, there are some necessities that must be satisfied. 
One of them is the exact value of the step size of filters. 
Essentially, the LMS algorithm converges from initial 
value to optimum value if and only if [1, 2]:

max

20
λ

〈µ〈 (9)

where λmax is  the  largest  eigenvalue  of  the  input 
auto-correlation matrix Rx = E[xxT]. Equation (9) is not 
practical to apply as it is hard to calculate λmax when the 
filter’s length is large. It would be desirable to estimate 
it using equations below:

[ ] ( ) ∑
−

=

λ==
1L

0l
lxx 0LrRtr (10)

In the above equation, tr[R] denotes the trace of 
auto correlation matrix R. It follows that

( ) )powersignal(L0Lrxx

1L

0l
lmax ==λ≤λ ∑

−

=

(11)

where rxx(o) is the diagonal value of matrix x(n). In 
practice, we typically use

)powersignal(L3
20 <µ< (12)

It is not possible to calculate the exact value under 
such circumstances. Finding the proper step size
parameter using (12) has been performed by trial and 
error method, which is a time consuming experiment. 
Since those restrictions are not enough for calculating 
the proper value, the objective of the self-tuning
method is to propose a constant equation for providing 
the distinctive value for µ each time. Consequently, the 
ANC system would be able to adapt its parameter with 
any situation; hence, there is no need to adjust
parameters manually. Figure 2 shows the block diagram 
of the proposed method. By adapting µ with the
estimated reference signal power Pd(n) and filtered 
estimated reference signal power Pd′(n), we propose the 
following equation to control operation of the filter: 

( )
( ) ( ) ( )( )nPnPL

n
xx

w
'ˆˆ.7

1
+

= (13)

Powers can be estimated using:

        Pγ (n) = λ Pγ(n-1)+(1-λ)γ2(n) (14)
0.9<λ<1

As mentioned in Section 1, the self tuning idea was 
initially proposed in [5].  However, the authors have
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Fig. 3: Block diagram of the initial self-tuning ANC system proposed in [5]

implemented the self-tuning method only on
feedforward structure, using the online secondary path 
estimation. Coefficients related to the step size of
controller and modeling filters are described as:

( ))n(P)n(P)n(P)1L(
1)n(

d̂xx̂
w ++

=µ
′

(15)

where x̂P (n)′  is the signal power of the filtered
reference signal, Px(n) and 

d̂
P(n)  are respectively power 

of the reference signal and power of the estimated 
reference signal d̂(n) . Figure 3 shows block diagram of 
the self-tuning approach proposed in [5]. 

Following equations (9)-(12) the step size of the 
modeling filter is achieved as:

V
s P)1M(

1
+

<µ< (16)

]R[tr
1

V
s <µ< (17)

where pν  is   power   of   the  generated  white  noise
and RV = E[VVT] is the vector of white noise. It is 
obvious  that  µS  has  inverse  relation  with  values  of 
M and  Rv. To have  a  more  accurate  Rv,  the  length 
of v(n)  is  considered  as L. therefore, µS is obtained 
as below:

]R[tr)ML(
1)n(

V
S +

=µ (18)

EXPERIMENTAL RESULTS

In this section computer simulations are carried out 
using MATLAB version 7.1. Due to the lack of
feedback ANC system with online secondary path
modeling method, performance of the proposed method 
is compared with Eriksson’s [3] and Akhtar’s
feedforward ANC systems [4]. It should be mentioned 
that these models have been converted to feedback 
structure. Step size parameters of the two methods have 
been provided in Table 1. 

To model transfer functions of the primary and 
secondary paths, the experimental data provided in [1] 
have been used. Using these data P(z) and S(z) are
considered as FIR filters with lengths of 48 and 16 
respectively. The magnitude responses of these paths 
are shown in Fig. 4. The control filter W(z) and 
modeling filter )z(Ŝ are FIR filters with lengths of L =
32 and M = 16, respectively. A sampling frequency of 2 
kHz was used in the experiment.

The unwanted noise x(n) is a narrowband signal 
comprising frequencies of 100Hz, 200 Hz, 300 Hz and 
400 Hz which its variance is adjusted to 2 and a white 
noise with SNR of 30dB is added. The training noise 
signal v(n) is a white Gaussian noise with the variance 
of 0.05.

Table 1: Constant parameters for the two compared methods in this 
research, Eriksson’s and Akhtar’s methods

Eriksson’s method 3
s

5
w 105,105.1 −− ×=µ×=µ

Akhtar’s method 5 3
w smaxµ 1.5 10 , µ 15 10− −= × = ×

µsmin = 75×10−4 λ = 0.99
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Fig. 4: Magnitude response of acoustic paths

Fig. 5: Noise reduction versus iteration time

The noise reduction performance R(dB) and
modeling accuracy ∆S(db), for various methods are 
computed as:
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The controller filter W(z) is initialized to zero. In 
order to initialize )z(Ŝ , offline secondary path modeling 
is performed. This modeling is on the basis of
measuring the modeling error (20). Whenever its value 
reduced to -10 dB offline modeling is stopped.
Resulting weights are considered as )0(Ŝ in ANC online 
operation. All the results shown below are averaged
over 10 experiments.

As it can be seen from Fig. 5 and 6, compared with 
the other two methods the proposed method shows a 

Fig. 6: Modeling error versus iteration time n

Fig. 7: Power spectral density of the residual error
signal and primary noise

Table 2: Variance of error signal in steady state
Akhtar's method 0.3614
Eriksson’s method 0.3851
Proposed method 0.3445

better noise reduction and modeling accuracy. It should 
be reminded that the proposed method doesn’t need to 
initialize the step size parameters manually.
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In order to show the residual noise for various 
methods in steady-state, the variance of error signals 
versus iteration time, from n=20000 are noticed in
Table 2. Also Fig. 7 shows the power spectral density 
of the residual error signal. The spectrum of the input 
signal X(n) is also shown as a reference.

CONCLUSION

In this paper, a self-tuning feedback ANC with 
online secondary path estimation is proposed. This 
method is able to calculate step size parameters of the 
controller and modeling filter continuously in an
automatic form. Simulation results demonstrate that the 
proposed method provides improved noise reduction 
and modeling accuracy. The advantage of the proposed 
method is its adaptation with variable environmental
situations.

As future work, proposed method could be
implemented on hybrid structure with emphasize on 
increased noise reduction and modeling accuracy.
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