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ABSTRACT

This work is a preliminary study which focused on subjec-
tive improvements of vehicle interior noise by using active
noise control techniques. A local active noise control sys-
tem has been mounted inside a room in order to reduce syn-
thesized and real engine noise in the area around the head-
rest of a typical car seat. Recordings before and after cancel-
lation have been made using a Head Acoustics mannequin
positioned in the seat with two calibrated microphones at the
ear-canals. Two methods were used to evaluate the comfort
improvements achieved by active noise control. First, a pre-
diction model of comfort based on four psychoacoustic de-
scriptors (loudness, roughness, sharpness and tonality) was
applied. Secondly, the subjective evaluation of controlled
signals was carried out by means of a jury test. The reduc-
tion of noise levels does not necessarily reduce the annoy-
ance of car engine noise, that depends on spectral character-
istics of noise.

1. INTRODUCTION

Usefulness of active noise control methods for low frequency
noise reduction have been extensively shown in numerous
works [1][2][3]. However, the final objective of active con-
trol inside a vehicle should be to achieve a more pleas-
ant psychological sensation, in automotive industry words
this means to improve the comfort sensation. Therefore, it
seems necessary to analyze how active control influences
comfort sensation.

Numerous factors affect human sound perception and
play an important role in subjective sensations. In this work
we analyze the subjective sensation caused by an active con-
trol system working inside an enclosure by means of two
strategies: a jury test and a predictive comfort model [4]
that uses some known psychoacoustic parameters. Our ob-
jective is to somewhat evaluate subjective improvements af-
forded by active noise control in car interiors and also to
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Fig. 1. Schematic diagram of the 2:2 ANC system (two
secondary sources and two error sensors).

get some valuable information in order to predict its behav-
ior in general cases. Four psychoacustic parameters have
been considered: loudness, sharpness, roughness and tonal-
ity [5][6]. A prediction model of the noise pleasantness has
been used in this preliminary study.

Fig. 2. Mannequin seated on the car seat illustrating the
relative position of the error and monitoring sensors.

2. ANC PROTOTYPE DESCRIPTION

The local active noise control (ANC) system was tested in
a listening room of dimensions 7.35 m x 4.16 m x 2.59 m.
Two error sensors were mounted on the headrest of a typ-



Fig. 3. Power spectral density of the signal measured at
the left mannequin‘s microphone in the 2:2 system before
the ANC operation (solid line) and after the ANC operation
(dashed line) with real engine noise. Arbitrary units. Sam-
pling rate 500Hz. Cut-off frequency 150Hz.

ical car seat. The primary loudspeaker and the two sec-
ondary sources were located facing the seat in the direction
of the largest horizontal dimension of the room. Figure 1
shows an schematic diagram of the ANC system (2:2 sys-
tem). Reference signals were generated using alternatively
a DAT player or a HP function generator. The multichan-
nel control algorithm was the Multiple Error LMS [1], im-
plemented on a DSP card. Recordings were made using a
Head Acoustics torso with two calibrated microphones, see
figure 2. A similar experiment was developed by the authors
in [2].

Different primary signals have been considered in the
local ANC system. The synthesized signals were generated
using the HP function generator: single tones, engine noise
(repetitive noise with harmonics of 10, 20 and 25 Hz) and
random noise. Real engine noise (idling, constant speed and
acceleration signals) was recorded using the DAT recorder.
As an example, figure 3 shows power spectral density mea-
sured at the left monitoring microphone (left ear) using the
2:2 ANC system with real engine noise as reference signal.

3. PSYCHOACOUSTIC PARAMETERS

Four psychoacoustic parameters [5][6] have been consid-
ered to evaluate the comfort produced by the noise with and
without the application of ANC techniques:

� Loudness: It represents a dominant feature for any
sound quality evaluation. It can be calculated by the
ISO 532B norm and it is measured in sone.

� Sharpness: It represents an attribute for the evalua-
tion of tone color. High values of sharpness indicate
significant spectral components at high frequency. On
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Fig. 4. Estimated comfort variation depending on psychoa-
coustic parameters changes: Roughness (solid line), Sharp-
ness (discontinuous line ), Loudness (thick dotted line) and
Tonality (thin dotted line).

the other hand, the addition of more low frequencies
can reduce the sharpness value. Units are acum.

� Roughness: It represents the human perception of
temporal variations of sounds. In this sense, it arises
from amplitude modulation as well as frequency mod-
ulation of the sound, and depends on the modulation
frequency (in the range of 20 to 300 Hz), modulation
depth and sound pressure level. Roughness is mea-
sured in asper.

� Tonality: It is used to measure how many pure tones
components has the noise spectrum.

In this preliminary research an empirical model described
in [4] has been used to estimate the comfort improvements
using ANC systems. This model is a function of the param-
eters described above:
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where , is the roughness, - is the value of sharpness, .
is the tonality parameter and / represents the loudness.

�
is the comfort descriptor which increases when estimated
comfort improves. Figure 4 shows relationship between
each independent psychoacoustic parameter and the

�
term

(the other parameters are fixed). The greater sharpness,
loudness or roughness the less the term

�
. On the contrary,�

increases with tonality. Also it can be observed how sen-
sitive is the model to sharpness and tonality changes.

4. EVALUATION OF COMFORT USING THE
AURES MODEL

In order to evaluate how ANC affects comfort, the recorded
noises before and after control using the Head Acoustics
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Fig. 5. (a) Comfort estimation obtained with Aures model
and (b) noise pressure level, before (dark bars) and after
(light bars) using ANC system. Measurements related to
right canal (first bar) and left canal (second bar) of the man-
nequin.

mannequin were analyzed. After ANC operation, loudness
changes improved comfort sensation. This is due to the fact
that to minimize error signal power implies to reduce sound
pressure level which consequently improves comfort, see
figure 4. Changes of the other psychoacoustic parameters
due to ANC did not provide estimated comfort improve-
ments.

Figure 5 shows the estimated comfort (5.(a)) and the
sound pressure level (5.(b)) for single tones from 50Hz to
200Hz with 10Hz steps before (dark bars) and after (light
bars) using the ANC system. The first bar of each couple
is related to the measurement obtained at different man-
nequin’s ears (right ear-first bar and left ear-second bar).
Clearly noise level always decreases but comfort does not.
None the less, ANC should not be considered harmful for
comfort improvement. A good explanation of this fact is
that single tones are yet considered quite pleasant by the

Signal Attenuat.(dB) Comf. Comf.(%)
Idling -12.50 -0.27 -39

Accelerat. -6.83 0.01 1.8
Const. speed -7.20 0.02 9.5

Random -13.20 0.08 38.1

Table 1. Attenuation achieves for different signals and es-
timated comfort improvements using ANC. Recordings at
the left ear of the mannequin.

Aures model before applying ANC. However, ANC reduces
noise power levels making residual noise poor in tonal com-
ponents. That implies that loudness level decreases, related
with noise power level. On the other hand, roughness, tonal-
ity and sharpness changes impair estimated comfort (rough-
ness and sharpness increase, and tonality decreases), see fig-
ure 4.

In addition to single tones and synthesized repetitive
noise, real car engine noise (idling, constant speed and ac-
celeration) and random noise have been also used as ref-
erence signals. Table 1 shows attenuation and differences
of estimated comfort after applying ANC. The percentage
of comfort improvement is indicated in the last column.
Estimated comfort improvements are only meaningful for
random noise (around 40%) whereas comfort is severely im-
paired in idling noise case. For the other two signals com-
fort improves slightly. Attenuation noise levels are quite
good with the four reference signals but sharpness increases
and tonality decreases after applying ANC to idling noise
which impair Aures model comfort.

5. JURY TEST

ANC performance has also been evaluated using a jury test.
Different signals recorded before and after ANC system op-
eration have been presented to a group of 27 volunteers in
order to evaluate how the comfort and silence level have
been modified.

Ten different sounds were tested (4 low-frequency sin-
gle tones, synthesized repetitive noise (20 and 25 Hz har-
monics), random noise and real engine noise (idling, con-
stant speed and acceleration)). Jury people hear the noise
pairs (firstly noise recorded before control and secondly the
residual noise). After listening they expressed their impres-
sion by selecting a score. An improvement of comfort or
silence is marked between 1 and 5, and if both subjective
characteristics impair, evaluators asses from -1 to -5. Re-
sults of subjective evaluations using the jury test is shown
in figure 6 (6.(a) silence evaluation and 6.(b) comfort eval-
uation). Most cases jury people decided noise was more
pleasant after ANC, so they scored between 1 and 3. It is
important to note that 94.12% of cases where noise gets qui-
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Fig. 6. Histograms of the jury test results: (a) sense of si-
lence and (b) sense of comfort.

eter, comfort also improves. This does not agree with Au-
res model, where comfort was not so affected by silence
level. In table 2, subjective results of the jury test com-
paring noises before and after applying ANC are summa-
rized. Control has been considered damaging in nearly 20%
of cases.

It should be emphasized that almost all evaluators con-
sider comfort improves for the 130 Hz single tone, in con-
trast to Aures model which estimated an impairment in com-
fort. The reason is that after applying ANC noise spectral
peaks decrease making its spectral characteristics quite sim-
ilar to random noise, which is considered by Aures model
a poor pleasant noise. Besides, it should be noted that low
frequency noise attenuation is not well scored in jury test
because of human hearing masking effects.

6. CONCLUSIONS

This work evaluates the quality of sound after applying mul-
tichannel active noise control to real and synthesized car

(%) Much Worse Same Better Much
worse better

Sile. 0.4 18.4 13.2 54.8 13.2
Comf. 1.2 19.6 6 60.8 12.4

Table 2. Subjective evaluation of different signals with re-
spect to their sense of comfort and silence using the jury
test.

engine noise. Analysis has focused on estimated comfort of
noise after active control using two methods.

Results show that Aures model fails to satisfactorily pre-
dict the pleasantness of engine sound because it depends on
parameters which are not directly controlled by ANC, and
in some cases their changes can negatively affect comfort
estimation. Only random noise provides a good Aures com-
fort estimation. In current research new psychoacoustic pa-
rameters are being considered and a new predictive comfort
descriptor is being developed, which better describe subjec-
tive engine noise character, following [7].

However, jury test validates ANC performance. On the
other hand, the human perception of acoustic comfort does
not necessarily match with silence increasing, since some-
times a louder noise is classified as pleasant. This is because
subjective evaluation of noise is complex and shows consid-
erably variation between different exposed populations.

Finally, ANC techniques can be considered as a useful
method to minimize noise levels, which often causes a com-
fort improvement but depending on spectral characteristics
of noise, and not always on the noise reduction levels finally
achieved.
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