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Introduction
Beside the design and the optical appearance of a car also
the interior sound is important for its perceived charac-
ter. In order to quantify and to characterise the differ-
ent factors contributing to the sound perception of a car
and to explore the differences in the perceived image be-
tween listeners from a different origin, a hearing test was
designed and carried out in Central Europe and North
America. In the course of the statistical evaluation of
the test it was found that the subjectively judged rough-
ness and the predicted roughness showed practically no
correlation.

Study
Test sounds from three driving modes (acceleration,
cruising and idle) had to be compared according to 12
different attributes within a paired tournament test. Al-
together 30 test subjects took part in the test for each
driving conditions and in each country. Test persons were
of both genders and mostly lay persons. For each driving
condition 16 test sound samples had to be evaluated.

Concerning the accuracy of the results, a complete paired
comparison test would be appropriate. But for the large
number of sound samples a complete test is not practical.
For that reason, a paired comparison tournament test
was choosen as test procedure. The test starts with 8
pairs of sound samples which are randomly selected from
the 16 sounds. A comparison judgement has to be made,
and only the “winner” is compared with the winner of
another pair. So the number of comparisons is reduced
to 15 for one attribute. The test persons had to make a
decisions about the relative“markedness”of a pair within
twelve categories. These were (among others):
• loud
• booming
• smooth
• sharp
• powerful
• luxury
• fun to drive
• sporty
• ...

Test results were checked for concordance and inter-
individual reliability. A factor analysis (PCA) was per-
formed on the average scale values within one driving
condition. A multivariate analysis was performed to re-
late sensory attributes (like “luxury” or “sporty”) with
objective psychoacoustic parameters.

Roughness of the sound samples
A comparison of subjective judgements and objective
psychoacoustic parameters showed that the correlation
between subjective roughness and the psychoacoustic pa-
rameter objective roughness [4] was quite poor. An ex-
ample for this behavior of the predicted roughness vs. the
subjective judgements is given in Figure 1.

In the hearing test the verbal attribute “smooth” as the
antonym of “rough” was employed. In the following fig-
ures the predicted roughness is plotted vs. subjective
roughness which is calculated as the negative scale value
of the “smoothness” attribute. Subsequently, the scale is
shifted toward positive values.

Figure 1: Predicted roughness (classical roughness model)
and the subjective results for the German test persons from
the paired comparison test. Results are for the acceleration
configuration.

A recently presented model [1, 2, 3], which considers
the order structure of car sounds (or, more generally of
sounds which depend on rotational speed) was employed
to improve the correlation between subjective and objec-
tive psychoacoustic roughness. The spectral decomposi-
tion of the sample sounds is controlled by the rotational
speed. So the centre frequencies of the filter bank are not
fixed, e. g. on a Bark scale but placed on the main or-
ders of the engine sound. A block diagram of the model’s
signal processing is shown in Figure 4 on the next page.
Since the model requires an rpm-signal, which was not
available for all sound recordings employed in the hear-
ing test, evaluation was restricted to these 12 sounds for
which an rpm-signal was measured.

This model improves the correlation of predicted and sub-
jective roughness. An example is given in Figure 2 for the
same subjective results as in Figure 1. The correlation
between both data sets increases from -0.06 to 0.68.
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Figure 2: Comparison of the predicted roughness originat-
ing from the new roughness model with the same subjective
results as in Figure 1.

Figure 3 shows the comparison of subjective and objec-
tive roughness for the idle configuration. It could be ob-
served that the correlation of the predicted values with
the subjective results improves when the modulations of
the signal are evaluated with a modulation filter which
is centered at a frequency lower than 70Hz which was
employed for the higher rotational speeds. The better
performance of the model for low rotationals speeds with
a 40 Hz filter can be explained with the fact that at these
speeds the engine orders are spaced closer which results
in lower modulation frequencies of the total signal.

Figure 3: Comparison of the predicted roughness (new
roughness model) and the subjective results for the idle config-
uration. For this configuration (rotational speeds) the fluctu-
ations in the signal envelope are evaluated employing a mod-
ulation filter with a centre frequency at 40Hz.

Conclusion
A recently developed model can improve the quality of
the prediction of the roughness of interior car sounds.
For low rpm’s the model’s behavior can be improved em-
ploying a modulation filter with a centre frequency at
40 Hz.
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DAGA 2001.

[4] Zwicker, E.; Fastl, H.: Psychoacoustics. Facts and
models. Springer, 1999.

CFA/DAGA'04, Strasbourg, 22-25/03/2004

770


