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Abstract— This paper presents using a 1 2 2x x  active noise 
control (ANC) system with virtual sensing technology on 
headrests. Based on the feedforward structure and the filtered-x 
least mean square (FXLMS) algorithm, the proposed system 
cancels broadband noise without put an error sensor at desired 
location. Real time processing experiments show that the 1 2 2x x  
feedforward ANC system with integration of virtual sensing 
technique achieves satisfactory performance for noise reduction. 
The zone of quiet (ZoQ) is measured to assure system 
performance. 
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I. INTRODUCTION 

For those people who live close to an airport, it is quite 
noisy when an airplane taking off or landing. This paper tries 
to implement ANC on headrests to reduce the airplane taking 
off noise and other broadband noise. Basically, ANC system 
is an effective approach to reduce the noise at control point by 
generating anti-noise with the same amplitude and 180 degree 
phase shift to the undesired noise. This idea was proposed by 
Lueg [1] with the principle of superposition, as shown in the 
Fig. 1. 

 
 
 
 
 
 
 

Fig. 1 - Superposition idea of ANC 

 
In general, ANC systems can be divided into two parts-

feedforward and feedback structures. The feedback structure 
is effective to cancel predictable noise, while the feedforward 
ANC system (see Fig. 2) [2-4] uses a reference microphone to 
pick up the reference noise signal and uses a secondary 
loudspeaker to generate the anti-noise to reduce the undesired 
noise. The error microphone is used to monitor the 
performance of the ANC system. The feedforward method is 
the effective scheme to cancel broadband noise. Usually, the 
center of zone of quiet (ZoQ) of the feedforward scheme is at 
the location of the error microphone and the size of ZoQ is 

strongly depends on the wavelength of noise to be canceled [5, 
6]. When the frequency of the noise is higher, the wavelength 
is smaller and the ZoQ which achieved by a feedforward 
ANC system will be small accordingly. 

 
 
 
 
 
 
 
 
 

 
Fig. 2 - Basic Feedforward ANC system 

 
The best performance of the feedforward ANC is at the 

location of the error microphone. However, the desired 
location of noise reduction is usually around user’s ears for a 
headrest case. But it is not convenient to place the error 
microphone and take signal from people's ear canal. Hence, in 
this paper, we focus on the development of a 
1 2 2x x feedforward structure [7-11] with virtual sensing 
technique [12] in order to reduce broadband noise around 
users' ears. Experimental results demonstrate the performance 
of the proposed scheme on a headrest ANC system. 

II. PROPOSE SYSTEM 

A general multi-channel feedforward filtered-x LMS 
(FXLMS) algorithm uses multiple reference sensors, 
secondary loudspeakers, and error sensors. The goal of the 
proposed work is to generate a quiet zone with adequate size 
surrounding the headrest. Therefore, we choose the 1 2 2x x  
feedforward ANC with FXLMS algorithm which uses one 
reference sensor, two secondary sources, and two error 
sensors.  
 
A. 1 2 2x x   Feedforward ANC 
As shown in Fig. 3, the ( )x n is the reference signal, 1( )y n  

and 2 ( )y n are the canceling signals generated by the 

corresponding adaptive filters 1( )W z  and 2 ( )W z , respectively; 

1( )e n  and 2 ( )e n  are the error signals measured by the error 
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sensors; 11( )S z  and 21( )S z  are the secondary paths from 

1( )y n  to two error sensors; 12 ( )S z  and 22 ( )S z  are the 

secondary paths from 2 ( )y n  to two error sensors. The FIR 

filtering for generating anti-noise are expressed a 
 

1 1( ) ( ) ( )Ty n w n x n       ,     2 2( ) ( ) ( )Ty n w n x n            (1) 

 
where T denotes the transpose operation, ( )x n  is the 

reference signal vector, 1( )w n  and 2 ( )w n  are the weight 

vectors of  1( )W z  and 2 ( )W z , respectively. The weight 

vectors are updated by the 1 2 2x x  FXLMS expressed as 
 

1 1 11 1 21 2
ˆ ˆ( 1) ( ) {[ ( )* ( )] ( ) ( )* ( )] ( )}w n w n s n x n e n s n x n e n     

(2) 
and 
 

2 2 12 2 22 2
ˆ ˆ( 1) ( ) {[ ( )* ( )] ( ) ( )* ( )] ( )}w n w n s n x n e n s n x n e n     

(3) 
 
where *  denotes linear convolution, 11ˆ ( )s n , 21ˆ ( )s n , 12ˆ ( )s n , 

and 22ˆ ( )s n  are the identified impulse response of the 

secondary-paths, 11
ˆ ( )S z , 21

ˆ ( )S z , 12
ˆ ( )S z , and 22

ˆ ( )S z  

respectively.  The error signal 
 

1 1 1( ) ( ) ( )e n d n y n       ;     2 2 2( ) ( ) ( )e n d n y n       (4) 

 
can be derived accordingly. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 3 - Conventional 1 2 2x x  FFANC block diagram 

 
We integrate the virtual sensing technology [13] with the 

conventional 1 2 2x x  ANC system to transfer the quiet zone to 
close to the users' ears. The detail deduction of the virtual 
sensing technology was described in [13] which is neglected 
in this paper.  

 

B. Experimental Setup 

The experimental setup of the proposed headrest ANC 
system is shown in Fig. 4. One microphone is put closed to 
the primary loudspeaker (L0) to pick up the reference signal. 
Two secondary loudspeakers (L1 and L2) are mounted inside 
a headrest to generate anti-noise signals for left and right ears. 
Two microphones (M1 and M2) are set beside the secondary 
loudspeakers to pick up the error signals. A manikin is put to 
sit on the chair with its head slightly in front of the headrest. 
Since the error microphones are not very close to the 
manikin's ears, we set the locations of the two virtual 
microphones (M3 and M4) to be just at the manikin's both 
ears. Besides, the distance between the primary loudspeakers 
to the headrest is about 150 cm. The distances between of 
manikin to the headrest and between the microphones to the 
loudspeakers are shown accordingly. The size of the headrest 
is 40 cm x 15 cm. 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig. 4 - Top view of the experiment setup 

 

III. EXPERIMENTAL RESULT AND ANALYSIS 

Two kinds of broadband noise are used to verify the 
effectiveness of the proposed 1 2 2x x  FFANC system with the 
virtual sensing technique. The ZoQ is examined too. All the 
performance shown below is taken by the left ear of KEMAR. 
The sampling rate is 2kHz, the filter lengths for both the 
secondary path and virtual filter are 120. The tap length is 250 
for 1( )W z , 2 ( )W z  and the auxiliary filter for virtual sensing. 

The step size is 0.2 for the secondary path at tuning stage and 
0.001 for  1( )W z  and 2 ( )W z . 

 
A. Reduction for White noise 

Figure 5 shows the performance of the proposed method 
to cancel the white noise. The locations of the microphones 
and loudspeakers are the same as shown in Fig. 4. The 
characteristic of a general ANC system is to achieve the best 
noise cancelation at the location of the error microphone. In 
Fig. 5 (a), we show the signal at the error microphone while 
the ANC system is turned on.  However, in the meantime, the 
performance at the ear of the manikin (virtual microphone 
location) is not satisfactory when the ANC is activated, as 
shown in Fig. 5(b). By integrating the virtual sensing 
technique, we can find the performance at the virtual 
microphone is enhanced, shown in Fig. 5(c).  
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(a) 

 
 
 
 
 
 
 
 
 
 
 

(b) 

 
 
 
 
 
 
 
 
 
 
 
 

(c) 
Fig. 5 - White noise reduction, (a) 1x2x2 Feedforward ANC at error 

microphone, (b) manikin's ear location, (c) Feedforward ANC with virtual 
sensing at ear location. 

 
B. Reduction for practical noise 

Figure 6 shows the performance of the proposed method 
to cancel airplane take off noise. The locations of the 
microphones and loudspeakers are the same as shown in Fig. 
4. The characteristic of a general ANC system is to achieve 
the best noise cancelation at the location of the error 
microphone. In Fig. 6 (a), we show the signal at the ear of 
the manikin (virtual microphone location) while the ANC 
system is turned on. However, the performance is not 
satisfactory. By integrating the virtual sensing technique, 
we can find the performance at the virtual microphone is 
enhanced, shown in Fig. 6 (b). 

 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 

(a) 

 
 
 
 
 
 
 
 
 
 
 
 

(b) 

 
Fig. 6 - Airplane taking-off noise reduction, (a) Conventional 

Feedforward ANC and (b) Feedforward ANC with virtual sensing at ear 
location in time-domain 

 
C. Quiet Zone Performance 

 The performance of ZoQ which is measured using a 
measurement grid. The measurement grid is performed at 
every 6 cm in the plane with the same height of the manikin's 
left and right ears, shown in Fig. 7. First, we show the ZoQ of 
the testing noise (80 to 850 Hz band-limited white noise). The 
noise reduction is calculated by measuring the different of 
noise level when the ANC system is activated or not. This 
paper only present the plane which is through the manikin’s 
ears and the height of the manikin is simulates a 175 cm tall 
human sitting on the headrest chair. The filter length of 
1 2 2x x  ANC system are both 250. 

The result in Fig. 7(a) shows the conventional 1 2 2x x  
feedforward ANC performance of the ZoQ by white noise at 
ear location. It shows the performance is good at the error 
microphone location but is not satisfactory around manikin's 
ear location. By integrating the virtual sensing technique, the 
result in Fig. 7(b) achieves a better performance when 
compared with the conventional feedforward ANC at ear 
location. 
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(b) 
 

Fig. 7 - ZoQ by (a) Conventional Feedforward ANC system, 
(b) Feedforward ANC system with virtual sensing 

 

IV. CONCLUSIONS 

In this paper, we follow the technique of virtual sensing 
and successfully integrate with the 1 2 2x x  feedforward ANC 
system on a headrest system. Experimental results to cancel 
band-limited white noise and an airplane taking off noise are 
examined. Experimental results verify that the virtual sensing 
technique can transfer the center of ZoQ to a desired location. 
When compared with the conventional feedforward ANC 
system, the virtual sensing technology provides a better 
solution especially for those cases where the desired noise 
cancellation point is not suitable to put an error sensor. 
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