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Summary

The newly developed third-octave band based assessment of the analyzed rail-
way sounds with tonal components results in highly significant correlations (up
to -0,906) between the calculated tonality values and the subjective tonality jud-
gements. Thus, the research reported here reveals potentials of third-octave band
spectra for the tonality assessment of railway sounds. Moreover, the work contri-
butes to extend the understanding of the percipience of railway sounds with tonal
components. The developed third-octave band based procedures for the assessment
of railway sound tonality were faced to results from psychoacoustic laboratory
studies about tonality and annoyance. The results of existing procedures for the
determination of tonality (DIN 45681 (2002), procedures of prominence ratio and
determination of the tonality with Artemis© based on publications by Terhardt
and Aures) were regarded comparatively. Third-octave band spectra were used as
the basis of evaluation, since sound data in the form of third-octave band spectra
are often simpler to receive than sound data for a narrow-band analysis. The de-
velopment of the new third-octave band spectra based procedures integrates the
findings on the percipience of tonality (Kapitel 2.1.2.2) as well as the results of
laboratory studies (Kapitel 4).

The principal component analyses of the individual ranking for the judgements of
paired comparison regarding tonality and annoyance lead to maximally 5 factors
which make clear the judgement area of the experimental subjects (see Kapi-
tel 4.1.2.4). The first factor, which covers the largest judgement range in each
case, exhibits between 42% and 76% of the data’s variance in the single runs.
Hence, the first factor is of outstanding importance for the judgement behaviour.
The first factor of the tonality examinations can be assigned to different sound
parameters of tonality. For single runs of the study, factors 2 and 3 can be ex-
plained even by means of further psychoacoustic parameters, such as sharpness.
The results of the study B show that railway sounds, which have been assessed as
more tonal, are usually also rated as more annoying (Kapitel 4.3.3.1). This coin-
cides with the findings of Klemenz (2005). He stresses the tonality as a quantity
of which increases the annoyance of railway sounds - due to traction in this case.
The judgement behaviour of annoyance, however, is not only determined by tonali-
ty but also by further psychoacoustic and contextual parameters (Kapitel 4.3.2.1).

For a selection of 18 different noises – 14 of them modified and original railway
noises –, very high and significant correlations between the subjective evaluation
of the tonality of the noises and the tonality values computed by means of the new
third-octave band based procedures could be proven. Here, we have the evidence
that railway sounds, which contain tonal components, can be evaluated correctly
by means of third-octave band spectra. Not only sounds with tonal components



which fall in two adjacent third-octave bands were inclosed in the evaluation but
also sounds with tonal components in the frequency range from 40Hz to 200Hz.

The results of one-third-octave band-based assessment variants, which include
spectral masking ISO 532 (1975), the tonal threshold according to Pollack (1948),
and a separate analysis of the outstand in the spectrum of two adjacent third-
octave bands, explain the judgements of the experimental subjects better than
variants, which do not consider this. Fragmentation of the entire signal into pieces
of 1 second and the following analysis of the third-octave band spectra were found
to be successful for the examination of time varying signals. The maximum value
is recommended as summarizing parameter for the tonality values of the third-
octave band spectra of the 1 sec fragments because it generally produces the best
results. The advantage of a frequency-dependent evaluation - based on ISO/DIS
1996-2 (2003) – becomes clear when it is compared to a frequency-independent
evaluation as it was developed based on DIN prEN ISO 3095 (2001). The calculati-
on according to the variant „WOB15_K2“ (see Kapitel 5) crystallized particularly
recommendable. This variant correlates very significantly with -0,890 to the sub-
jective tonality judgements.

For existing tonality assessment procedures, high and significant corelations (see
to Tabelle C.43) are obtained to the results of the already performed studies, if
only the rough stationary sounds are included into the analysis. The analysis of
all sounds of study A and B – including the strong instationary sounds – proves
that in the evaluation of the total sound starting and braking in particular are
underestimated when using the existing procedures of tonality assessment (Abbil-
dung 4.30). These procedures are not intended for strong instationary sounds.

The high and significant correlations between assessment procedures and the sub-
jective judgements alone are not sufficient to make a statement on suitable tonal
adjustments. The determined values according to DIN 45681 (2002) for the two
analyzed broad band noise signals (see Kapitel 4.4.2) allow for a clue how the
determined tonality values can build up a basis for tonal adjustments in dB.

The evaluation of the comments after the Grounded Theory (Strauss (1991)) leads
to different categories. Inquiring these categories allows insights into the perception
of tonality. That finally results in a better understanding of percipience and judge-
ment patterns become clearer. The experimental subjects emphasize the stronger
annoyance of high-pitched tones and are able to describe their way of acting with
the comparative assessment (Kapitel 4.3.2.3).

All the hypotheses made (Kapitel 3.1) without hypothesis II were confirmed by the
results of the study (Kapitel 4.4.4). The present work could show that third-octave



band based procedures offer great potentials for the assessment of railway sounds
with tonal components. Some of the developed third-octave band based procedures
represent very good solutions for the assessment of the examined railway sounds
with tonal components. Using these procedures allows the evaluation of tonality
of railway sounds at rather small expenditure. Preferably, calculations should be
made by means of a computer program. In particular, the procedure „WOB15_K2“
(see Kapitel 5) is recommended for assessment.
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