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Introduction

Much o f the progress on active noise control (ANC) has been 
achieved in the case o f one-dimensional sound-fields, as found in 
ducts or very small enclosed spaces, such as hearing protectors. 
The possibility o f  using ANC to attenuate noise in free-field 
environments has been studied. ANC in three-dimensional 
enclosed sound fields, such as rooms and aircraft cabins, though 
relatively difficult, has also attracted increased studies, though the 
special cases o f a low modal density1"1 or a diffuse sound fielcr"1 are 
always assumed. When the enclosed space is very small (that is, the 
wavelength at the frequency o f interest is large compared with its 
size), the sound field consists o f  a few dominant modes, and the 
moaal-depression method is often used. The sound energy can be 
significantly attenuated by reducing the energy o f each mode. This 
is the mechanism normally involved in active air-mufflers and 
active noise control in small cabins. However, when the enclosure 
is large (that is, the wavelength at the frequency of interest is much 
smaller than its size), there are too many modes to be controlled. 
An approach that assumes that the enclosure contains a diffuse 
sound field demonstrates that the noise can be controlled only over 
a very small area. However, in many practical enclosed 
environments, the sound field is neither o f low modal density nor 
diffuse - examples are workshops, offices, and classrooms11. The 
noise in these environments is usually difficult, or even impossible, 
to control by traditional means. The application of ANC in such 
non-diffuse environments is an option that needs to be investigated 
theoretically, and with respect to practical implementation.

In this paper, the effectiveness o f ANC in enclosed environment is 
studied using an image-source model developed in this study. Both 
global and local control strategies are investigated with different 
configurations o f the primary source, control source and error 
microphone. The total power output o f the sources, and the size of 
quiet zone created fry the local control strategy, are the two 
indicators o f control efficiency used in this study.12

Image-source model

To calculate the effectiveness o f ANC in an enclosure, a sound 
prediction model is necessary. There are many such models based 
on ray-tracing, image-source, and modal analysis. However, most 
o f  the existing models are either too time-consuming, or are unable 
to provide phase information that necessary for ANC analysis.
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A computer model based on the image-source approach has been 
developed for the general analysis o f ANC in enclosed spaces. 
According to the image-source method, for a rectangular enclosure, 
the steady-state sound pressure at a  position X  generated by a point 
sound source located at X '  can be expressed by"
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Theoretically, an infinite number o f  reflections from the walls 
(infinite image sources) needs to be included in the calculation.

Fig. 1. Power output via the number o f images.

However, this is impossible in practice. One o f the main tasks of 
the model development was to determine the least number of 
images that is accurate enough to describe the sound field. It has 
been found in this study that the least number o f images depends 
on many room parameters, such as the room dimension, reflection 
coefficients o f  the walls, and the location o f  the sound source. 
Figure 1 shows how the calculated sound power output o f the 
source W changes with increased number or images included N. 
The enclosure in this example is a rectangular room with dimension 
o f  15x20x6 m3. The reflection coefficients o f the six walls are 
chosen to be the same, and to take the values B  indicated.

It can be shown that the calculated sound-power output gradually 
converges with the increase o f the reflections included. The lower 
are the reflection coefficients o f  the walls, the less is the number of 
the images needs to be calculated. In the example above, more than 
40 reflections needed to be included when the reflection coefficient 
is B=0.90. This number reduced to 21 and 12 when the reflection 
coefficient decreased to 0.80 and 0.70, respectively.

Sound energy reduction

The reduction o f total sound energy in the enclosure was studied 
through the reduction o f total sound-power output when a control 
source was introduced into the enclosure, using the imaee-source 
model. The power-output reduction in a room considered by 
Bullmore et al.2 which is o f  the dimensions of 2.264x1.132x0.186 
m is shown in Fig. 2 for both global and local control strategies. 
The primary source is at (0,0,0), the control source at (2.264,0,0), 
and the error microphone at (1.132,0.566,0) for local control. The 
reflection coefficients o f all six walls were chosen to be the same at 
B=0.9. It shows that both global and local control strategies reduce 
the sound energy in the enclosure significantly at low frequencies 
(f<120 Hz). At high frequencies, while the local-control strategy 
increases the sound energy, the global-control strategy is still 
effective in some frequency ranges.
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Fig. 2. Total energy reductions with both control strategies.

Fig. 3. Energy reduction with primary source at (0,0,0).
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Fig. 4. Energy reduction with primary source at (7.5,10,3).

However, it has been found in trfis study that the performance of 
the control system depends not only on the relative position o f  the 
primary and control sources, but also on their positions in the 
enclosure. A  rectangular room with dimensions o f 15x20x6 m3 is 
chosen to illustrate this fact. Figure 3 shows the total sound-power 
output reduction for both global and local control strategies. The 
global reduction in free-space is also included as a reference. The 
primary source is at (0,0,0), the control source is at (0.5,0.5,0.5), 
and the error microphone is at (7.5,10,3). The reflection 
coefficients o f  the walls have the same value o f B=0.90, and 41 
reflections are included in the calculation. A significant total 
sound-power output reduction is seen for both control strategies at 
low frequencies (f<150 Hz), and the reduction in the enclosure is 
much larger than that in free-space for the same separation o f the 
primary and control sources. Figure 3 also implies that the local 
control strategy works as well as global control strategy does in 
achieving big reduction o f  sound energy at low frequencies, which 
is much easier to be implemented.

When the primary source is at (7.5,10,3), and the control source is 
at (8,10.5,3.5) and the error microphone is at (15,20,6), the power- 
output reduction at low frequencies for both control strategies 
decreases, as shown in Fig. 4. The difference between the results o f 
Fig. 3 and Fig.4 are very evident at low frequencies, even though 
the distance between the primary and control sources is the same m 
these two configurations.

More analysis indicates that, in most cases, the sound-cncrgy 
reduction is more significant for both control strategies when the 
primary source is in a com er or close to a wall o f the enclosure.

Sound-pressure reduction

The same enclosure o f 15x20*6 m3 with the same reflection 
coefficients o f the six walls, B=0.90, is chosen to demonstrate the 
sound-pressure reduction. Figure 5 shows the sound-pressure 
reduction in the enclosure by the global-control strategy when the 
primary source is at (0,0,0), the control source is at (0.5,0.5,0.5), 
and the error microphone is at (7.5,10,3). A sharp reduction of 
sound pressure (more than 10 dB) occurs almost everywhere within 
the enclosure. The reduction by the local control strategy in this 
case is very similar.

However, the large reduction o f sound pressure in the whole 
enclosure disappears when the primary source is located at 
(7.5,10,3) when the local-control strategy is applied, as shown in

Fig. 5. P ressure  red u c tio n  with primary source at (0,0,0). 
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Fig. 6. P ressure  reduction  with primary source at (7.5,10,3).

Fig. 6, even when the separation o f the primary and control sources 
is the same as in the case shown in Fig. 5. The control source 
makes the sound field very non-uniform in this case. It reduces 
sound pressure at some places, but increases it in other places. No 
large quiet zones exists.

It has been found in this study that the size o f  the quiet zone 
created around the error microphone is also dependent on the 
positions o f  the sources and error microphone, as well as the 
frequency o f  interest and the reflection coefficients o f the walls. 
Figure 7 shows the size o f the quiet zone created by the control 
system when the primary source is at (7.5,0,3), the control source is 
at (7.5,10,3), and the error microphone is at (7.5,15,3). It is obvious 
that the size o f the quiet zone is much larger than an area with 
maximum diameter o f A./10, a typical size o f  the quiet zone 
predicted in a diffuse field.

Conclusions

The image-source model works well in the analysis o f ANC in 
enclosures, and can accurately describe the sound field with not 
many images when the reflection coefficients o f the walls are not 
very large.

The total sound energy can be greatly reduced, or a large quiet zone 
can be created in the enclosure when the control system is suitably 
arranged. However, the control efficiency is highly dependent, not 
only on the relative positions o f the primary and control sources, 
but also on the positions o f the sources and error microphone in the 
enclosure. There are preferable locations for the primary source for 
which the control system works much better.
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Fig. 7. Quiet zone around error microphone.
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