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ABSTRACT . Error
In this paper, we propose a feedback active noise control microphone
(ANC) system including a linear prediction filter. The pro- > 0

posed ANC system can reduce narrowband noise while sup-
pressing disturbance having broadband components. The
disturbance makes the conventional feedback ANC system
unstable or divergent because the disturbance corrupts the

input signal to the system. In the proposed ANC system, Secondary

source

a linear prediction filter is combined with the feedback ANC
system in order to suppress the disturbance. Simulation re- Controller
sults demonstrate that the proposed feedback ANC system I

is superior to the conventional feedback ANC system on the
stability while maintaining the same noise reduction ability. )
Figure 1: Conceptual diagram of the feedback ANC system.

1. INTRODUCTION

Acoustic hoise problems become more and more serious with

increasing use of industrial equipment. Active noise control 2. FEEDBACK ANC SYSTEM

(ANC) [1] has been studied in order to solve such acoustic )

noise problems. ANC is a technique based on the principle dfigure 1 shows the conceptual diagram of the feedback ANC
superposition, i.e., an antinoise with the same amplitude andystem. The feedback ANC system consists of a secondary
opposite phase is generated and combined with an unwantégurce which radiates an antinoise and an error microphone
noise, thus resulting in the cancellation of both noises. Th#hich measures a residual error. The controller attempts to
control structure of the ANC is classified into two groups.minimize the residual error using the past unwanted noise,
One is a feedforward structure and the other is a feedbadRat is, predicting the present unwanted noise. Hence, the
one. The feedforward ANC is very popular and can reducéeedback ANC system can reduce only predictable noise
all classes of noise, but the system scale is likely to be largée-9. multi-sinusoidal and narrowband noises). The feed-
one. On the other hand, the feedback ANC system [2] haBack ANC system is on a small scale compared with the
small system scale in comparison with the feedforward ANdeedforward ANC system because the latter one needs a ref-
system. The feedback ANC system is effective for narrow£rence microphone to obtain a reference input. However, the
band noise and widely used for headset applications [3, 4gedback ANC system cannot cancel the broadband noises.
because of the small system scale. However, the feedba&kence, the broadband noise behaves as an uncontrollable dis-
ANC system becomes unstable or divergent due to broadurbance in the feedback ANC system.

band noise mixed into the narrowband noise because of the

control scheme. We call this broadband noise “disturbance2.1 Basic Principle and Algorithm

In this paper. We therefore propose a novel feedback AN igure 2 shows the block diagram of the ordinary feedback
system which can suppress the effect of the disturbance ONC system using the Filtered-X LMS (EXLMS) algorithm,
the control scheme. _The proposed feedback ANC SYSteherew is the noise control filterC is the secondary path

exploits a linear prediction filter [5] in order to remove the . A

broadband noise because the linear prediction filter can coﬁomttze Ouépllﬂ %W t?l tge error mécrophophec |sdth|e es-d

vey only predictable narrowband noise. Hence, the proposey'al€d moadel okl called a secondary path model, anda
tglenotes sample timed, is the narrowband noise which is

feedback ANC system has robust control ability compared ) h LY
Y y P e control targety, is the disturbance which is an uncon-

the ordinary ones. X . X
The organization of this paper is as follows. First, thetrollable broadband noise, is the error signal measured at

principle and problem of the conventional feedback ANCthe error microphone, is the input signal for the system,
system are introduced. Next, the proposed feedback AN¢S the filtered reference signaj, is the output signal of the
system utilizing the linear prediction filter is explained andnoise control filter, ang, is the anti-noise originating from
the effectiveness is demonstrated through some simulatiof- The basic idea of the feedback ANC system is to estimate
results. Finally, the conclusions and future works are prethe narrowband noise, and use it as an input signa. In
sented. other words, it is desirable fal, andd, to become equal.
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The narrowband noisé, is not available during the opera-
tion of ANC because of being canceled by the antingise

Hence, the error signah and the output signah filtered by )
C are combined with each other in order to reconstdJcs Ayt

d, . %}
. W{ Va Vi
follows: 1 ?‘
dn=en+2"y, 1)
.

€ =0dn—Y,+Vn (] LMS ey
& =[6(1) &2)---&(i)---eM)]T ¢
]T +

Yn=[nYn-1-"Ynit1 " Yn-Mi1

wheret is the coefficient vector of the secondary path model
andM is the tap length.T denotes transpose. The output
signaly,, is generated as

W : Noise Control Filter C : Secondary Path Model
C : Secondary Path

Figure 2: Block diagram of the conventional feedback ANC

.
Yn=Wndn_1 () system using FXLMS algorithm.

Wi = [Wn(1) Wn(2) W i) - Wn(N)] "
an = [6n dAn—l"'d\n—i+l'"dAn—N+1}T

wherew,, is the coefficient vector of the noise control filter d, f* "
andN is the tap length. The coefficients of the noise control @‘
filter are updated by FXLMS algorithm as follows: i - ]4 y, - ”
Wn1 = Wn + Hwl'n€n ) I
_ . T
= [rn I'n—l"'rn—|+1"‘|'n—N+1] *
r o
. . . 1 n LMS €n
whereL is the step-size parameter and the filtered reference (=] = "
signalry, is expressed as follows: I:C’:I
+ M
A BRI |
fn=2"dn 1 (4) O~—Lpr]
i i . W : Noise Control Filter € : Secondary Path Model
The algorithm for the feedback ANC system is summarized C - Secondary Path LPF : Linear Prediction Filter

in (1) to (4). By the way, in real application, the power nor-

malized version of FXLMS algorithm called as FXNLMS iqre 3: Block diagram of the proposed feedback ANC sys-
algorithm is commonly used because of giving a better congs, using FXLMS algorithm.

vergence property. FXNLMS algorithm is expressed as fol-

lows:
Qw
Wni1 =Wn+ ————Tnén %) e,
T a2+ B " ' =
wherea,, andf,, are the step-size and the regularization pa- I_Z_i|
rameters, respectively. g}/ é,
2.2 Effect of Broadband Noise
As stated above, the error and the output signals are com- — | NLMS

bined with each other in order to generate the input sigpal

to the noise control filter. However, the uncontrollable broadFigure 4: Block diagram of the linear prediction filter using
band noiser, such as background noise is always included_MS algorithm.

in the error signaé,. The broadband noise consequently

corrupts the input signal, as the disturbance at all times.

If the disturbance increases, the ANC system becomes un-

stable and divergent. Hence, it is desirable to remove the

disturbance components from the input sigial feedback ANC system. In the proposed feedback ANC sys-
tem, the linear prediction filter whose input is the error sig-
3. PROPOSED FEEDBACK ANC SYSTEM nal e, is incorporated. Figure 4 shows the block diagram of

the linear prediction filter using NLMS algorithm. The lin-
We propose a novel feedback ANC system which can removear prediction filter prevents unpredictable broadband signals
the disturbance from input signal in order to improve the staand passes only predictable narrowband signals. The update
bility. Figure 3 shows the block diagram of the proposedalgorithm of the linear prediction filter at sample times
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Table 1: Simulation conditions S/N=15dB  —S/N=10dB  — S/N=5dB
Sampling frequency 6000Hz 15
N 300 m
M 250 %
K 300 3}
aw 0.01 5 10
an 0.05 3
Bu 106 ©® 5
Bn 10
A 5 ;
ol
0 1 2 3 4 5 6
Sample time [x104]
expressed as follows: (a) Conventional feedback ANC system
20
Qh S/N=15dB — S/N=10dB  — S/N=5dB
hnt1 =hn+ —5——5enaf 6
n+1 n ||fn||2+Bhen Aln (6)
€= hlean @ 15
fa=en—& ';
hn = [hn(l) hn(z) ' "hn(i) ' "hn(K)]T '«% 10
€n=[enen1---€nir1 B k-]’ =
& s
wherepy, is the step size parametd; is the regularization
parameter, is the coefficient vector of the linear prediction
filter, f, is the prediction error, and is the tap length of the 0
linear prediction filter.A is the delay of the input signal to 0 1 2 3 4 5 6
the linear prediction filter and is determined according to the Sample time [x104]
auto-correlation characteristic of the removing signal. That (b) Proposed feedback ANC system

is, A is set to a small value for \(vhite noise and pink noise.
and to a large value for speech signal because the speech Sigg, re 5. Comparison of convergence properties within 6
nal has stronger auto-correlation characteristic than the whitgy iterations
and the ping noises. In the early stages of the convergence, '
the linear prediction filter passes only the narrowband noise
dn while removing the disturbanog,. In this case, the dis- )
turbancev, is removed from the original error signaj and [0 = 200Hz as the narrowband noige
then the new error signa, is output from the linear pre- 5
diction filter. On the other hand, the original error signal dn=an Z sin(2mk fon) (8)
e, contains only the disturbanag in the steady state, and _ K=1
then€, becomes equal to zero because the narrowband noigg, - o 5 is the amplitude of the multi-sinusoidal wave and
h is canceled due to the original function of ANC . Hence, hanaes with time according to
the proposed feedback ANC system can improve the stabif- 129 9
ity because the disturbangg corrupting the input signai, a, = 6000+ 6005sin(0.001n) 9)
is removed. The update algorithm of the proposed feedbaclk , o
: : N the convergence property, the vertical axis indicates the
ANC system is the almost same as the 'copventlopal one e)rJ::duction of the unwanted noise (Reduction) which is defined
cept for Eq. (1) to generate the input siga) that is, Eq. as follows:
(1) is rewritten as follows; ’

Reduction=10lo Zd’% (20)
Hoye
Figures 5 and 6 show the convergence property witnl6*
4. COMPUTER SIMULATION and 6x 1(P iterations, respectively. In these cases, the SNR
(narrowband noise-to-disturbance power ratio) is changed to
In this section, we demonstrate the effectiveness of the pra5, 10 and 5dB. It can be seen from Fig. 5 that the proposed
posed feedback ANC system through some simulation réeedback ANC system has the same convergence property as
sults. First, we compare the proposed feedback ANC syghe conventional one in early stages of convergence. On the
tem with the conventional one on the convergence propether hand, it can be seen from Fig. 6 that the proposed feed-
erty. In this simulation, the disturbance is white noise andack ANC system shows the different convergence property
the magnitude is changed. We assume that the seconddrgm the conventional one. Fig. 6(a) shows that the conven-
path model has the same impulse response as the secondaoyal one tends to diverge after the convergence. The distur-
path. The simulation conditions are shown in Table 1. Webance causes the instability of the system because the diver-
use the multi-sinusoidal whose fundamental frequency igent speed varies as the SNR varies. On the other hand, Fig.

dn =@ +2Ty, @)
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can converge stably for a long time regardless of the mag-
nitude of the disturbance. Figure 7 shows the spectra of the
input signald, in the proposed and the conventional ANC

?grsc:g:jnbsémljt ;;get; ?niﬁjzr;(;r?nﬁlhzi?ﬁpl:t 23&;?5 riidslt;ér:(?ncﬁigure 7: Comparison of input spectra between the proposed
th tional f k AN t .
about 15dB within the frequency range from 0 to :%OOOHz.and e conventional feedbac C systems

Hence, the proposed feedback ANC system can effectively
remove the disturbance and improve the system stability.

Next, we compare the proposed and the conventionala| can be predicted by the linear prediction filter but the
feedback ANC systems in case where the disturbance is chuto-correlation is weaker than that of the narrowband noise.
ored noise. Other simulation conditions are the same as thgccordingly, the delay\ of the linear prediction filter is set
previous ones. Figure 8 shows the comparison of the convefy a large value in order to prevent the linear prediction fil-
gence properties where the disturbance is pink noise. Fig. @r from predicting the speech signal. In the simulation, we
demonstrates that the proposed ANC system can convergenpirically set the delag to 40. Figure 10 shows the com-
stably while reducing the narrowband (predictable) noiseparison of the convergence properties where the disturbance
Figure 9 shows the spectra of the input sigthain the pro-  is speech signal. Fig. 10 demonstrates that the proposed
posed and the conventional ANC systems. It can be seeiNC system can converge stably for the speech disturbance
from Fig. 9 that the proposed ANC system can accuratelwhile reducing the narrowband (predictable) noise. Figure
estimate the narrowband noise and reduce the colored broaght shows the spectra of the input sigxfalin the proposed
band noise about 15dB. Hence, the proposed feedback ANgnd the conventional ANC systems. It can be seen from Fig.
system is effective for the colored broadband noise. 11 that the proposed ANC system can accurately estimate the

Finally, we compare the performance of the proposedarrowband noise and reduce the speech disturbance about
and the conventional feedback ANC systems for narrow10dB. Hence, the proposed feedback ANC system is also ef-
band noise superimposed with speech signal. Speech sifgctive for the speech disturbance.

Frequency [Hz]
(c) SIN=5dB
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Figure 8: Comparison of convergence properties in caskigure 10: _Compariso_n of convergence properties in case
where the disturbance is pink noise. where the disturbance is speech signal.
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Figure 9: Comparison of input spectra between the proposedtigure 11: Comparison of input spectra between the pro-
and the conventional feedback ANC systems in case wheqgosed and the conventional feedback ANC systems in case
the disturbance is pink noise. where the disturbance is speech signal.

[4] S.M.Kuo, S. Mitra, and W. S. Gan, “Active noise control
system for headphone applicationl#EE Trans. Con-

5. CONCLUSIONS

In this paper, we have proposed a novel feedback ANC sys- ~
tem utilizing the linear prediction filter in order to remove trol Systems Technologyol. 14, no. 2, pp. 331-335,

the disturbance such as uncontrollable broadband noise. The Mar. 200_6' . . )
simulation results have demonstrated that the proposed fee® J- R. Zeidler, “Performance analysis of LMS adaptive
back ANC system can reduce narrowband noise stably for ~Prediction filters,”Proc. of IEEE vol. 78, no. 12, pp.
various disturbances regardless of the magnitude of the dis- 1781-1806, Dec. 1990.

turbance. In the future, we will implement the proposed feed-

back ANC system on DSP.

REFERENCES

[1] P. A. Nelson and S. J. Elliot&\ctive Control of Sound
London, U. K. : Academic Press Ltd., 1992.

[2] S. J. Elliott and T. J. Sutton, “Performance of feedfor-
ward and feedback systems for active contréEEE
Trans. Speech and Audio Processingl. 4, no. 3, pp.
214-223, May 1996.

[3] W.S. Gan, S. Mitra, and S. M. Kuo, “Adaptive feedback
active noise control headset: Implementation, evaluation
and its extensionsJEEE Trans. Consumer Electronics
vol. 51, no. 3, pp. 975-982, Aug. 2005.

35



